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COMPOUNDS, PHARMACEUTICAL COMPOSITIONS, AND METHODS OF PREPARING
COMPOUNDS AND OF THEIR USE

Field of the Invention
The invention relates to compounds and pharmaceutical compositions, their preparation and their
use in the treatment of a disease or condition, e.g., cancer, and, in particular, those diseases or
conditions (2.9., cancers} which are dependent on the activity of human Polymerase Theta (Pol8) and/or

have high celiular MMEJ/Theta mediated repair or Alternative End-joining repair.

Background

DNA damage occurs continually in cells as a resuit of envirenmental insuits including ultraviciet
radiation, X-rays, and endogenous stress factors, such as reactive oxygen and replicative stress. Cancer
cells, in particular, are subject to a higher rate of DNA damage as a consequence of dysregulated DNA
replication or ag a consequence of anti-cancer therapy including irradiation or chemotherapy. Several
DNA damage response pathways have evolved in a highly coordinated manner to heip repair DNA
damage and to act as a cellular checkpoint to stop the replication of cells with damaged DNA, allowing for
repair functions to oceur before the damaged DNA is passad on to daughter cells. Each of the identified
DNA repair pathways sense and repair distinct but overlapping types of DNA damage. Double-strand
breaks {(DSBs), in which both strands in the double helix are severed, are particularly deleterious to the
celi because they can iead to genome rearrangement and cell death. DSBs are repaired by homologous
recombdination (HR), classical nonhomaologous end joining (CNHEJ), or by PoiB-mediated end joining {also
known as alternative end joining (Alt-EJ) or microhomology mediate joining).

Pol@ is a multifunctional enzyme comiposed of a superfamily 2 Hel308-type helicase domain at
the N terminus, a low-fidelity A-family polymerase domain at the C terminus, and a non-structured central
domain. The N-terminal helicase domain of polymerase theta is suggested to displace replication protein
A and/or RADS1 moiecules from 3" single-stranded DNA to facilitate DNA synapsis at the microhomology
sequences. Subsequently, Pol8-polymerase extends one end of the break by using the opposing strand
of the other break end as a template. Polg-polymerase can osciiiate betwaen templated and non-
templated activities resulting in nuclectide insertions at alt-EJ repair junctions.

Pold is also frequently overexpressed in human cancers and its overexpression is linked to poor
progniosis in breast cancer. Furthermore, PolB expression confers resistance to DSB-forming agents,
including IR and chemotherapy drugs. importantly, cancer cslis that have defaclive HR or cNHEJ
inciuding BRCAT or BRCAZ mutated breast and ovarian cancer cells become increasingly depend on
Pol8 for repair and survival, As a result, Poi6 has emerged as a highly relevant cancer drug target. There

is a need for new anti-cancer therapies and, in particular for Poi@ inhibitor-based anti-cancer therapies.

Summary of the invention

In an aspect, the invention fealures a compound of formula {i):
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or a pharmaceutically acceptable salt theredf,
wherein

Vis Nor CR;

W is opticnally substituted Ci¢ alkylene, Ci.s alkoxyi, optionally substituted Cas alkeny!, opticnally
substituted Cz-s alkynyi, optionally substituted Ca-s cycloalkyl, or optionally substituted Cs-10 aryl;

X is optionally substituted Cog heterocyciviene, optionally substituted Czo hetercarylene, or
optionaiy substitutad Ce 1o arylene, wherein X is further opticnally substitiied with -L'-R%, wherein L
is -0O-, -NRXI- optionally substituted C1.6 alkylene, optionally substituted C1.s heteroalkyl, optionaily
substituted Gz alkenyl, optionally substituted allenyl, optionaily substitutad Cas alkynyi, optionally
substituted Czg heterocyclylene, optionally substituted Ca¢ heteroarylene, or optionally substituted Cas
cyclnalkylene, RXis halo, aming, optionally substituted Ci.es alkoxyl, optionally substituted acyi, carboxyl,
amido, optionally substituted Ci.e alkyl, optionally substituted Cos heteroalkyl, optionally substituted Ceo
heterocyclyl, optionally substituted Ca¢ heteroaryl, optionally substituted Css cycloalkyl Cre alityl, or
optionaily substituted Ca.o hateroaryt Cie alkyl, and R*! is hydrogen or optionally substituted Cie alkyl;

Y is optionally substituted Cas heterccyclyl, optionally substituted Cao hetercaryl, optionally
substituted Cs-10 aryl;

Zis a H, halo, optionally substituted C1.s alkyl, optionally substituted Ca.s alkynyi, optionally

substituted Cre alkoxy, optionally substituted Css cycloalkyl, optionally substituted Ca.s heterocyclyl,

optionaily substituted Ceo hateroaryi, optionally substiiuted Ce1o arvi, optionally substitited Cae alkenyl,
acyl, or amido; and

R is hydregen, halogen, optionally substituted Crs alkyl, CN, optionally substituied Cse cycioalky!,
optionally substituted Cis alkoxy, optionally substituted Cas cycloakoxy, N(Rz2, or G{OYNH2, wherein
each R' is independently hydrogen, optionally substituted Cis alkyl, or optionally substituted Cas
cycloalkyl.

In some embodiments:

Vis N or CR;

W is optionally substituted Cr alkylene, optionally substituted Cos alkenyiene, optionally
substituted Czs altkynyiene, opticnally substituted Css cycloalkyiene, or optionally substituted Ca1o
arylene;

X is optionally substituted Cog heterocyciviene, optionally substituted Cz.o hetercarylene, or
optionaty substituted Ce-1o arylene, wherein X is further opticnally substittited with -L-R%, wherein L
is -0O-, -NRX-, optionally substituted Cz¢ heterocyclylense, optionally substituted Cz.0 heteroaryiene, or

optionally substituted Cs.s cycloalkylens, R* is optionally substitutad Ci.s alkyl, optionally substituted Cae

heteroalkyl, optionally substituted Ce-a heterocyelyl, optionally substituted Co-s heteroaryl, optionally

substituted Cas cycloalkyl Cis alkyl, or optionally substituted Ceze heteroaryl Cis alkyl, and R*' s
hydrogen or optionally substituted Ci-s alkyl;

Y is optionally substituted Cae heterocyclyl, optionally substituted Czg heteroaryl, optionally
substituted Ce1o aryl;

Zis a H, optionally substituted Ci.¢ alkyl, optionally substituted C2s alkynyl, optionally substituted
Ci.6 alkoxy, optionally substituied Cs.g cycioalky!, optionally substituied Cz.¢ heterocyclyl, optionally

substituted Cao heteroaryl, or optionally substituted Ce-1c aryl; and
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R is hydregen, halogen, optionally substituted Cis alkyl, CN, optionaily substituied Ca.g cycloalkyl,
optionally substitutad Ci.s alkoxy, optionally substituted Cas cycloalikoxy, N{RH2, or C(OMNH:, wherein
each R’ is independently hydrogen, optionally substituted Ci alkyl, or optionally substituted Cs-s
cycloalkyl.

In some embodiments:

Vis N or CR;

W is optionally substituted Cis alkylene, optionally substituted Cos alkenyiene, opticnally
substituted Cae alkynylene, optionally substituted Css cycloalkylene, or optionally substituted Ce1o
arylene;

X is optionally substituted Cas heterocyclylene, optionally substituted Cao hetercarylene, or
optionally substituted Ce-10 arylene;

L1 is optionally substituted Cas alkenyl, optionally substituted Cos alkynyi, optionally substituted
Cs-Cs cycloalkyl, optionally substituted aryl, or optionally substituted heterocaryl;

Y is optionally substituted Ca heterocyelyi, optionally substituted Coo hateroaryl, optionally
substituted Ce-1o aryl;

Zis a H, optionally substituted Ci.s alky!, opticnally substituted Cz¢ alkynyl, optionally substituted
Ci.6 alkoxy, optionally substituted Ca.e cycioalkyl, optionaily substituted Ca.o heterocyelyi, optionally
substituted Czo hetercaryl, or optionally substituted Cs.10 aryl; and

R Is hydrogen, halogen, optionally substiiuted Ci.e alkyl, CN, opticnally substituted Gs.s cycloalkyl,
optionally substituted Cie alkoxy, optionally substituted Css cycloalkoxy, N{R*)z, or C{O}NH2, whersin
each R' s independently hydrogen, opticnally substituted Cre alkyl, or optionally substitutad Cas
cycloaikyl.

In some embodiments:

VisNorC

W is opticnally substituted Ci-e alkylene, opticnally substituted Cos alkenylene, optionally
substituted Ceo6 alkynylene, optionally substituted Cs.a cycloalkylene, or optionally substituted Ceto
arylene;

X is opticnaly substituted Ca.s heterocyciyiene, optionally substituted Cog hetercarylene, or
optionally substituted Cs-10 arylene;

Y is optionally substituted Cog heterocycivi, optionally substituted Cae hetercaryl, optionally
substituted Cs-o aryl;

Zis a H, optionally substituted Ci6 alkyi, optionally substituted Ci.5 allkoxy, optionally substituted
Cs.z cycloalkyi, optionally substituted Cas hetercoyclyl, optionaily substituted Czg hetervaryi, or optionally
substituted Ce-10 aryl; and

R is hydrogen, halogen, optionally substituted Ci.s alkyl, ON, optionally substituted Cs.¢ cycloalkyl,
optionally substituted Cis alkoxy, optionally substituted Cas cycloakoxy, N{RYz, or C(O}NH:, wherein
each R' is independently hydrogen, optionally substituted Cis alkyl, or optionally substituted Csas
cycloalkyl.

In some embodiments, W is ethylene, sthynylene, or cyclopropylene. in some embediments, Vis
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In some embodiments, the compound is a compound of formula (i):

Y., -ﬁ N=N
Ve W
ﬁ’ks}“&m\z
(1t
or a pharmaceutically acceptable salt thereof.
In some embodiments, the compound is a compound of formula (H):
Y, N=N
N
x»iiN/QCN\Z
H b
(i
or a pharmaceutically acceptable salt thereof.
In some embodiments, V is CR. In some embodiments, V is CH.

It some embodiments, the compound is a compound of formula (1V):

v § N
i 5 B z’
{1V}
or a pharmaceutically acceptable salt thereotf.

In some embodiments, the compound is a compound of formula (V)

Y Jz Ny
Y
X ﬁ-‘fq;\v\z

{v)
or a pharmaceutically acceptable salt thereof.

In some embodiments, X is opticnally substituted 5- or §-membeared Cz.9 heterocyclylene,
optionally substituted bicyelic Cae heterocyclylene, or optionally substituted phenylene. In some
embodiments, the valences of X are vicinal. In some embodiments, X is optionally substituied with one or
two groups independently selected from the group consisting of halogen, CFs, CN, Ca4 cycloakyl, Cie
alkyl, Crs alkoxy, Cs4 cycioalkoxy, N(RY2, —(CH2)pC(OIN{R )2, -C=C-R?, and —{CH2)4-L-(R%), wherein
each R is independently H, Crs alkyl, or Cz.4 cycloalkyl, p and g are each independently 0 or 1, B%is 4-
hydroxyl-tetrahydropyran-4-yl, 3-hydroxy-oxetan-3-yi, L is 5-membered heteroaryleng, and R3is H or Cis
alkyl.

In some embodiments -X-Y is

,flz

R% X%
e ~ N
L X3
wherein ===is a single bond, X2is N, and X%is CO, or ===is a double bond, X2is C, and X%is N or CH.
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In some embodiments, Y is optionally substituted 5- or 8-membered Cas heterocyclyl or opticnaliy
substituted phenyl. in some embodiments, Y is optionally substituted 5- or 6-membered Ca¢ hetercaryl or
optionaily substituted phenyl. in some embodiments, Y is optionally substituted pyridiny! or opticnally
substituted phenyl. in some embodiments, Y is optionally substituted with one, two, or three groups

independently selected from the group consisting of halogen, CHF2, CFs, or Ci-s atkoxy. in some

F
iN\ F TN*‘K(’F@ R OFs
e LA i
Q O/*\f/// CI/\J
embodiments, Yis | e I , or s

In some embodiments, 7 is M, hale, optionally substituted Css alkyl, optionally substituted Css
cycloalkyl, optionally substituted Cz. heterocyclyi, or opticnally substituted phenvi. In some embodiments,
Zis H, opticnally substituted Cas alkyi, optionally substituted Cs-¢ cycloalkyd, optionally substituted non-
aromatic Cas heterocyclyl, optionally substituted 5 or 6-membered Czo heterocycly! or optionally
substituted phenyl. in some embodimeants, Z is optionally substituted pyrazoivl, optionally substituted

phenyl, optionally substituted cyclopropy!, optionally substituted cyclobutyl, optionally substituted
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spiro]3.3iheptyl, optionally substituted 1,3-thiazole, alkoxycarbonylamino, dialkylamino, optionally
substituted methoxy, optionaily substituted methyl, optionaily substituted ethynyi, .

In some embodiments, Z is optionally substituted with one, two, or three groups independently
selected from the group consisting of halogen, CFs, CN, Cas cycloakyl, Cis alkyl, Cis alkoxy, Csa
cycioalkoxy, N(RY2, and C{O)NH2, wherein each R! is independently H, Ci¢ alkyl, or Css cycloalkyl.

In some embodiments, Z is

Ci
E |
Y Y Am\:m Y Y ey

s

In some embodiments, al least one haterocyclyt includes pyridyl, pyrimidinyl, pyrazinyl,
imidazolyl, pyrazolyl, thiazolyl, oxazolyl, oxadiazolyl, triazolyl, or pyridonyl. In some embodiments, at ieast
one cycloalkyl inciudes cyclopropyl, cyclobutyl, cyclopentyl, or spire]2.2lpentyl. In some embodiments, at
ieast one heterocyclyl includes oxetanyl, tetrahydrofuryl, morpholinyl, piperidinyl, or piperazinyl. In some
embodiments, at least one heterocyclyl includes indolyl, indazelyl, benzimidazolyl, benzothiazolyl,
benzoxazolyl, imidazof1,2-ajpyridyl, or guinoclinyl.

In some embodiments, the compound is a compound of formula (Vi):

{vh
or g pharmaceutically acceptable salt thereof,
wherein
nisGori;

RAtis a Ca-Co hetercaryl optionally substituted with Ci-Cs alkyl or a ©4-Ce heterocyclyi optionally
substitutad with oxo;

RA%is a Ci-Cs alkyl, Ci-Ce alkoxy, or halogern;

RS is hydrogen or a halogen;

each of X' and V is independently N or CH; and

=zzig g single bond, X2 is N, and X% is CO, or ===is a double bond, X2 is C, and X®is N or CH.

In some embodiments, V is CH. In some embodiments, V is N. In some embodiments, ===is a

single bond, X2 is N, and X% is CO. In some embodiments, ===is a double bond, X?is C, and X¥is N. in
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some embodiments, ===is a double bend, X? is C, and X3 is CH. in some embediments, R* is Cis alkoxy.
In some embodiments, RA2 is methoxy. in some embodimants, R is hydrogen. In some embodiments,
RAtis Ce-Co heteroary! optionally substituted with C+-Cs alkyl. in some embediments, the C2-Cg heteroaryl
is opticnally substituted with methyl. in some embediments, the C2-Co hetercaryl is a 5-membered
heteroaryl. In some embodiments, the C»-Cs heteroaryl is a 6-membered heteroaryl.

In some embodiments, nis 0. In some embodiments, nis 1.

In some embodiments, the compound is selectad from the groun consisting of compounds 359-
843 and pharmaceutically acceptable salts thereof.

In a second aspect, the disclosure features a pharmaceutical composition including the
compound of the first and a pharmaceutically acceptable excipient. in some embodiments, the
composition is isotopically enriched in deuterium.

Int & third aspect, the disclosure features a method of inhibiting Pol8 in a cell expressing Polg, the
method comprising contacting the celi with 2 compound selected from the group of compounds in Tabie
2, or a pharmaceuticaily acceptable salt thereof. In some embodiments, the cell is In a subject.

In a fourth aspect, the disclosure features a method of treating a subject in nesd thereof
comprising administering to the subject a compound selected from Table 2, or a pharmaceutically
acceptable salt thereof.

In some embodiments of the third or the fourth aspect, the method includes administering an
additional anticancer therapy. In some embodiments, the additional anticancer therapy is a radiotherapy,
a radioligand, an ADC, an immune checkpoint inhibitor, PARP inhibitor, DNA-FIK inhibitor, an ATM
inhikitor, an ATR inhibitor, a wee1 inhibitor, a PKMYT1 inhibitor, or a CHK1 inhibitor. In some
embodiments, the additional anticancer therapy is a radiotherapy or a radioligand.

In a fifth aspect, the disclosure features a method of inhibiting Pold in a cell expressing Pol8, the
method comprising contacting the cell with a compound of Formula (1) (e.9., any one of compounds 1 {o
543), or a pharmacsutically acceptable sait thereof, in combination with a radictherapy or a radioligand. In
some embodiments, the cellis in a subject.

In a sixth aspect, the disclosure features a method of treating a subject in need thersof
comprising administering to the subject a compound of Formutia (1} {e.g., any one of compounds 1 to
843}, or a pharmaceutically acceplable salt thereof, in combination with a radictherapy or a radicligand.

In some embodiments of the fifth or the sixth aspect, the compound is a compound selected from
Tabla 1, or a pharmaceutically acceptable salt thereof.

In some embodiments of the third, fourth, fifth, or sixth aspect, the radicligand is selected from
the group consisting of zevalin, actimab-A, iomab-ACT, iomab-B8, lutetium-177-DOTAGA-PEG-AL,
tozaride, 880110, BAY-2701439, "7Lu-rhPFSMA-10.1, CTT-1403, iopofosine, SAR-BBN, SAR-bisPSMA,
SARTATE, FAP-2286, CONV-01-¢, 7"Lu-PSMA-I&T, FPI-2059, FPI-1434, FPI-1966, |7y} ludotadipep,
BITh-PSMA-IZT, ITA-31, ITM-11, NJ-83086420, 1-197-1095, azedra, PSMA TTC / BAY-2315487, 777Ly-
DOTA-EB-TATE, betalutin, AAAS1T7, AAABOS, lutathera, pluvicto, PPMX-T002, 188RNL, PNT2003, CAM-

2, AlphaMedix, RYZ101, Sn-1"m-DTPA, TLX592, TLX68, TLX250, TEXE31, TLX101, *2-omburtamab,
GD2-SADA, ¥Y-omburtamab, and pharmacsutically acceptable saits thereof.
In some embodiments, the subject is suffering from, and is in need of a treatment for, a disease

or condition having the symptom of cell hyperproliferation. In some embodiments, disease or condition is
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a cancer. In some embodiments, the cancer is a carcinoma, sarcoma, adenocarcinoma, leukemia,
lymphoma, or melanoma.

In some embodiments, the cancer is a carcinoma selacted from the group consisting of medullary
thyroid carcinoma, familial medullary thyroid carcinoma, acinar carcinoma, acinous carcinoma,
adenocystic carcinoma, adernoid cystic carcinoma, carcinoma adenomatosum, carcinoma of adrenal
cortex, alveolar carcinoma, alveciar cell carcinoma, basal cell carcinoma, carcinoma basccellulare,
basalold carcinoma, basosguamaous cell carcinoma, bronchicalveolar carcinoma, bronchiolar carcinoma,
bronchogenic carcinoma, cerebriform carcinoma, cholangiocellular carcinoma, chorionic carcinoma,
cotioid carcinoma, comedo carcinoma, corpus carcinoma, cribriform carcinoma, carcinoma en cuirasse,
carcinoma cutaneum, cylindrical carcinoma, cylindrical celi carcinoma, duct carcinoma, carcinoma durum,
embryonal carcinoma, encephalcid carcinoma, epiermoid carcinoma, carcinoma epitheliale adenoides,
exophytic carcinoma, carcinoma ex ulcere, carcinoma fibrosum, gelatiniforni carcinoma, gelatinous
carcinoma, giant cell carcinoma, carcinoma gigantocellulare, glandular carcinoma, granulosa cell
carcinoma, hair-matrix carcinoma, hematoid carcinoma, hepatoceliular carcinoma, Hurthile cell carcinoma,
nyaline carcinoma, hypernephroid carcinoma, infantiie embryonal carcinoma, carcinoma in situ,
intraepidermal carcinoma, intragpithelial carcinoma, Krompecher's carcinoma, Kulchitzky-cell carcinoma,
large-cell carcinoma, lenticular carcinoma, carcinoma lenticulare, lipomatous carcinoma, lymphoepithetial
carcinoma, carcinoma medullare, medullary carcinoma, melanctic carcinoma, carcinoma moile, mucinous
carcinoma, carcinoma muciparum, carcinoma mucocelivlare, mucoepidermoid carcinoma, carcinoma
MUCoSUM, MUCOUS carcinoma, carcinoma myxomatodes, nasopharyngeal carcinoma, oat cell carcinoma,
carcinoma ossificans, ostecid carcinoma, papillary carcinoma, periportal carcinoma, preinvasive
carcinoma, prickle cell carcinoma, pultaceous carcinoma, renal cell carcinoma of Kidney, reserve cell
carcinoma, carcinoma sarcomatodes, schneiderian carcinoma, scirrhous carcinoma, carcinoma scrofi,
signet-ring cefi carcinoma, carcinoma simplex, small-cell carcinoma, solanoid carcinoma, sphercidal cell
carcinoma, spindle cell carcinoma, carcinoma spongiosum, squamous carcinoma, squamous celf
carcinoma, string carcinoma, carcinoma telangiectaticum, carcinoma telangiectodes, transitional cell
carcinoma, carcinoma tuberosum, tuberous carcinoma, verrucous carcinoma, and carcinoma villosum.

In some embodiments, the cancer is a sarcoma selected from the group consisting of
chondrosarcoma, fibrosarcoma, lymphosarcoma, melanosarcoma, myxosarcoma, osteosarcoma,
Abernethy’s sarcoma, adipose sarcoma, liposarcoma, alveolar soft part sarcoma, amelobiastic sarcoma,
botryoid sarcoma, chloroma sarcoma, chorio carcinoma, embryonal sarcoma, Wilms' tumor sarcoma,
endometrial sarcoma, stromal sarcoma, Ewing's sarcoma, fascial sarcoma, fibroblastic sarcoma, giant
celt sarcoma, granulocylic sarcoma, Hodgkin's sarcoma, idiopathic multiple pigmented hemorrhagic
sarcoma, immunoblastic sarcoma of B celis, lymphoma, immunoblastic sarcoma of T-cells, Jensen's
sarcoma, Kaposi's sarcoma, Kupffer cell sarcoma, angiosarcoma, leukosarcoma, malignant
mesenchymoma sarcoma, parosteal sarcoma, reticulocytic sarcoma, Rous sarcoma, serocystic sarcoma,
synovial sarcoma, and {elangiectaliic sarcoma.

In some embodiments, the cancer ig a leukemia selectad from the group consisting of
nionlymphocytic ieukemia, chronic lymphoeytic leukemia, acute granulocytic ieukemia, chronic
granulocytic leukemia, acute promyelocytic leukemia, adult T-cell isukemia, aleukemic leukemia, a

leukocythemic isukemia, basophylic leukemia, blast cell leukemia, bovine isukemia, chronic myelocytic

leukemia, leukemia cutis, embryonal leukemia, sosinophilic leukemia, Gross' ieukemia, hairy-cell
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leukemia, hemoblastic leukemia, hemocytoblastic leukemia, histiocytic leukemia, stem cell leukemia,
acute monogcytic leukemia, leukopenic leukemia, lymphatic leukemia, lymphoblastic leukemia,
iymphocytic laukemia, lymphogenous leukemia, lymphoid leukemia, lymphosarcoma cell leukemia, mast
cell leukemia, megakaryocytic leukemia, micromyeloblastic leukemia, monocylic leukemia, myeloblastic
ieukemia, myelocylic leukemia, myeloid granulocytic leukemia, myeiomoncceytic leukemia, Naegei
leukemia, plasma cell leukemia, multiple myeloma, plasmacytic leukemia, promyelocytic leukemia, Rieder
cell leukemia, Schilling's leukemia, stem cell leukemia, subleukemic leukemia, and undifferentiated call
ieukemia.

In some embodiments, the cancer is a melanoma selected from the group consisting of acrai-
ientiginous melanoma, amelanotic melanoma, benign juvenile melanoma, Cloudman's melanoma, 8591
melancma, Harding-Passey melanoma, juvenile melanoma, lentigo maligna melanoma, malignant
melanoma, nodular melanoma, subungual melanoma, and superficial spreading melanoma.

In some embodiments, the cancer is prostate cancer, thyroid cancer, endocrine system cancer,
brain cancer, breast cancer, carvix cancer, colon cancer, head & nack cancer, liver cancer, kidney
cancer, lung cancer, non-small cell lung cancer, melanoma, mesothelioma, cvarian cancer, sarcoma,
stomach cancer, uterus cancer, meduiioblastoma, colorectal cancer, or pancreatic cancer.

It some embodiments, the cancer s Hodgkin's disease, Non-Hodgkin's lymphoma, muitiple
myeloma, neurcblastoma, glioma, glichlastoma multiforme, ovarian cancer, rhabdomyosarcoma, primary
thrompocytosis, primary macroglobulinemia, primary brain tumor, malignant pancreatic insulanoma,
malignant carcinoid, urinary bladder cancer, premafignant skin lesions, testicular cancer, lymphoma,
thyroid cancer, esophageal cancer, genitourinary tract cancer, malignant hypercaicemia, endometrial

cancer, adrenal cortical cancer, neoplasms of the endocrine or exocrine pancreas, medullary thyroid

cancer, medullary thyroid carcinoma, melanoma, colorectal cancer, papiiiary thyrold cancer,
hepatoceiiular carcinoma, or prostate cancer.
In some embodiments, the subject is suffering from, and is in need of a treatment for, a pre-

malignant condition.

Abbreviations

Abbreviations and terms that are commonly used in the fields of organic chemistry, medicinal
chemistry, pharmacology. and medicine and are well known fo practitioners in these figlds are used
herein. Representative abbreviations and definitions are provided below:

Ac is acety! [CHaC(O)-], AczO is acetic anhydride; AcOH is acetic acid; APC is antigen-presenting
cell; ag. is aqueous; 8-BBN is 8-borabicycio]3.3.1nonane; BINAP is (2,2 -bis(diphenylphosphinc)-1,1'-
binaphthyl); Bn is benzyl; BOC is tert Butyloxycarbonyl; CDl is carbonyidiimidazole; DCM is
dichioromethane; DIAD is diisopropylazodicarboxyiate; DIBAL is diisobutyialuminum hydride; DIPEA is
diisoproplyethy! amine; DMA is dimethylacetamide; DMAF is 4-dimethylaminopyridine; DMF is N,N-
dimethyiformamide; DMSO is dimethy! suifoxide; dppf is 1,1'-bis(diphenylphosphinoiferrocene; EDAC (or
£0C) is 1-ethyl-3-{3-(dimethylaminc)propyil-carbodiimide HCI; £8lis electrospray ionization mass
spectrometry; EO is disthyl ether; EtsN is triethylamine; Et is ethyl; EtOAc is Ethyl acetate; EtOH is
ethanoi; 3-F-Ph is 3-flucrophenyl, HATU is (1-{ois(dimethylaminoimethylenal-1H-1,2,3-triazolo{4,5-
blpyridinium 3-oxide hexafiuorophosphate; HCl is hydrochloric acid; HOBt is 1-hydroxybenzotriazole;
HPLC is high performance liquid chromatography; IPA is isopropyl alcohol; LOMS is HPLC with mass
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speciral detection; LIHMDS is lithium bis{trimethylsilylyamide; LG is ieaving group; M is molar; mCPBA is
metachiorcparbenzoic acid; mmaoi is millimole; Me is methyl; MeCN is acetonitrile; MeOH is methanol; Ms
is methanesulfonyl; MS is mass spectrometry; MW is microwave; N is normal; NaHMDS is sodium
hexamethyldisiiazide; NaOAc is sodium acetate; NaGtBu is scdium feri-butoxide; NMO is N-
methylmorpholine N-oxide; NMP is N-methyi pyrrolidinone; NMR Is nuclear magnetic rescnance
spectroscopy; Pd{PPhs)s is Paliadium-tetrakis{iriphenylphosphine) ;PdCiz(dibpf) is {1,1'-Bis{di-ter+-
butylphosphino)ferroceneldichloropaliadium(il) ;Pd(t-BusP): is Bis{iri-tert-hutylphosphine)pailadium{Q);
Pda(dba)s is tris(dibenzylideneacetone)dipaliadium; PdCi2(PPhs)z is dichlorobis-(triphenylphosphene)
palladium; PG Denctes an unspecified protecting group; Ph is phenyl; PhMe is toluene; PPhs is
friphenylphosphine; PMB is para-methoxybenzyl, 1t is room temperature; RBF is round-bottom flask;
RuPhos Pd G1 is chloro-(2-dicycichexylphosphing-2',6'-diisopropoxy-1, 1-biphenyh){2-(2-
aminoethyljphenyilpailladium(il}; SEM Is {2-(trimathylsilyliethoxyimethyl, SFC is supereritical fluid
chromatography; SwAr is nucleophiiic aromatic substitution; S-Phos Pd G3 is (2-dicyclohexyiphosphine-
2 8-dimethoxybiphenyl) [2-(2-amino-1,1-biphenyl)lpalladium{ll} methanesulfonate: P{iBu)3 Pd G4 is 2-
[2-ftert-butyl{phenyliphosphanyliphenyi]-1-N, 1-N,3-N,3-N-tetramethylbenzene-1,3-
diamine;methanesuifonic acid;N-methyl-2-phenylaniline;palladium; T3P is propanephosphonic acid
anhydride; TBAB is tetrabuty! ammonium bromide; TBAF is tetrabuty! ammonium fiuoride; TBS is tert-
butyldimethylsilyi; tBu is fert-butyl; Tf is triflate; TFA is trifluoroacetic acid; THF is tetrahvdrofuran; THP is

tetrahydropyran; TLO is thin layer chromatography; TMAD is tetramethylazodicarboxamide; TMS is

trimethylsilyl; TPAP is tetrapropylammonium perruthenate; Ts is p-toluenesulfonyl; UPLC is ultra
performance liquid chromatography; Xantphos is (2,9-dimethyi-9H-xanthena-4,5-
diyiibis(diphenyiphosphane); Xantphos Pd GS is [{4.5-Bis(diphenylphosphino)-9,9-dimethylxanthene)-2-

{2’-amino-1,1"-biphenyijpaliadium{il} methanesulfonate.

Definitions
The term "aberrant,” as used herein, refers to different from normal. When used to describe

enzymatic activity, aberrant refers to activity that is greater or less than a normal conirol or the average of

normal non-diseased control samples. Aberrant activity may refer to an amount of activity that resulis in a
disease, where returning the aberrant activity to a normal or non-disease-associated amount (e.g., by
administering a compound or using a method as described herein), results in reduction of the disease or
one or more disease symptoms. The aberrant activity can be measured by measuring the modification of
a substrate of the enzyme in question, a difference of greater or equal to a 2-fold change in activity could
be considered as abarrant. Aberrant activity could also refer to an increased dependence on a particular
signaling pathway as a result of a deficiency in a separate compiementary pathway.

The term "acyl,” as used herein, represenis a group ~C{=0}-R, where R is alkyl, alkenyi, akynyl,
cycloalkyl, cycloalkenyi, cycloalkynyi, aryl, hateroaryl, or heterocyclyl. Acyl may be optionally substituted
as described herein for each respective R group.

The term "adenocarcinoma,” as used herein, represents a malignancy of the arising from the

glandular cells that line organs within an organism. Non-iin

iting examples of adenocarcinomas include
non-smaii cell lung cancer, prostate cancer, pancreatic cancer, esophageal cancer, and colorectal

cancer.
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The term “alkanoyl,” as used herein, represents a hydrogen or an alkyl group that is attached to
the parent molecular group through a carbonyi group and is exemplified by formyi {iL.e., a
carboxyaldehyde group), acetyi, propionyi, butyryl, and iso-bulyryl. Unsubstituted alkanoy! groups
contain from 1 to 7 carbons. The alkanovi group may be unsubstituted of substituted (e.g., optionally
substituted C1-7 alkanoyl) as described herein for alkyi group. The ending "-oyl" may be added to
another group defined herein, e.q., aryl, cycloalkyl, and heterocycivl, to define “aryloyi,” “cycioalkanoyl,”
and “(heterocyciviioyl.” Thase groups represent a carbony! group substituted oy aryl, cycioalkyl, or
heterocyclyl, respectively. Each of “aryloyl.” "cycloalkanoyl,” and “(heterocyclyiloyl” may be opticnally
substituted as defined for "aryl,” "cycloalkyl,” or "heterocyciyl,” respectively.

The term “alkenyl,” as used herein, represents acyclic monovalent straight or branched chain
hydrocarbon groups of containing one, two, or three carbon-carbon double bonds. Non-limiting exampies
of the alkenvl groups include ethenvl, prop-1-enyl, prop-Z-enyl, 1-methylethenyi, but-1-enyl, but-2-enyl,
but-3-enyl, 1-methylprop-t-enyi, 2-methylprop-1-eny, and 1-methylprep-2-enyl. Akenyi groups may be
optionaily substituted as defined herein for aikyl.

The term “alkenylene,” as used herein, refers to a divalent alkeny! group. An optionally
substituted alkenyiene is an alkenyiene that is opticnally substituted as descrioed herein for alkyl.

The term "alkoxy,” as usad herein, represents a chemical substituent of formula ~OR, where R is
a C6 alky! group, unless otherwise specified. In some embodiments, the alkyl group can be further
substituted as defined herein. The term "alkoxy” can be combined with other terms defined herain, e.g.,
aryl, cycloalkyi, or heterocyciyl, to define an “aryl alkoxy.” “cycloalkyi alkoxy.” and "(heterocyclyhalkoxy”
groups. These groups represent an alkoxy that is substituted by aryl, cycloalkyi, or heterocyciyl,

"o

respectively. Each of “aryl alkoxy.” “cycloalkyl alkoxy,” and “(heterocyclylialkoxy” may optionally
substituted as defined herein for each individual portion.

The term “alkoxyalkyl,” as used herein, represents a chemical substituent of formula -L-0-R,
where L is Cre alkylene, and Ris Cts alkyl. An optionally substituted alkoxyalkyl is an aikoxyalkyl that is
optionally substituted as described herein for alkyl.

The term “alkoxycarbonyiamino,” as used herein, represents a chemical substituent of formula -
N(R";COOR2, where R is H or optionally substituted alkyl, and R? is optionally substitutad alkyl.

The term “alikiyl,” as used herein, refers to an acyclic straight or branched chain saturated
hydrocarbon group, which, when unsubstituted, has from 1 to 12 carbons, unless otherwise specified. n
certain preferred embodiments, unsubstituied alkyl has from 1 1o 6 carbons. Alkyl groups are exempiified
by methyl; ethyl; n- and isc-propyi; n-, sec-, iso- and tert-butyl; necpentyl, and the like, and may be
optionally substituted, vaiency permitting, with one, two, three, or, in the case of alkyi groups of two
carbons or more, four or more substituents independently selected from the group consisting of: aming;
alkoxy; aryl; arvioxy; azido; cycloalkyl; cycloalkoxy; cycloalkenyl; cycioalkynyl; halo; heterocyclyl;
{(heterocyclyijoxy; heteroaryl; hydroxy; nitro; thiol; silyl; cyang; alkylsulfonyl; alkkylsulfinyt; alkylsulfenyl; =0;
=83; -802F, where R is aminc or cycioalkyl; =NR’, where R is H, alkyl, aryi, or heterocyclyl. Each of the
substituents may itself be unsubstitutad or, valency permitling, substituted with unsubstituted
substituent{s) defined herein for each respective group.

The term “alkylene,” as used herein, refers {0 a divalent alkyi group. An optionally substituted

alkylene is an alkyiene that is optionally substituted as described herein for aliwyl.
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The term “alkylamine,” as used herein, refers 10 a group having the formula —-N{(RM")z or ~NHRM,
i which RN is aikyl, as defined herain. The alky! portion of alkyiaminc can be optionally substituted as
defined for alkyl. Each optional substituent on the substituted alkylamino may itself be unsubstituted or,
valency permitling, substituted with unsubstituted substituent(s) defined herein for each respective group.

The term "alivylsuifenyl,” as used herein, represents a group of formuia -8—{alkyl). Alkylsulfenyl
may be optionally substituted as defined for alkyl.

The term “alkyisuifinyl,” as used herain, represents a group of formula -S{O)—(alkyi). Alkyisulfiny
may be optionally substituted as defined for alkyl.

The term "alkylsulfonyl,” as used herein, represents a group of formuia -S(O)2-{alkyl).
Alkylsuiforiyi may be optionally substituted as defined for akyl.

The term “alkynyl” as used herein, represents monovalent straight or branched chain
hydrocarbon groups of from two to six carbon atoms containing at least one carbon-carbon triple bond
and is exemplified by ethynyl, 1-propynyl, and the like. The alkyny! groups may be unsubstituted or
substituted (e.g., optionally substituted alkynyl) as defined for alkyl.

The term "allenyl,” as used herein, refers to univalent hydrocarbons having two double bonds
from one carbon atom to two others, e.g., -R'-C=C=C-R%, where R and R? are independently H,
optionally substituted alkyl, optionally substituted cycloalkyl, optionally substituted aryl, or optionally
substituted heterocyciyl.

The term “alkynylene,” as used herein, refers to a divalent alkyny! group. An opticnally
substituted alkynylene is an alkynylene that is opticnally substituled as descrived herein for alkyl.

The term “aming,” as used herein, represents —N(RN)o, where, if amino is unsubstituted, both RN
are H; or, if amino is substituted, each RN ig independently H, -OH, -NOz, -N(RM2)z, -SC0RN2, -80:RN2, -
SORM, -COORN2, an N-protecting group, alkyl, alkenyi, alkynyl, alkoxy, aryl, arylalkvi, aryloxy, cycloalkyl,
cycloalkenyl, heteroatkyl, or heterocyelyl, provided that at least one RN is not H, and where each RN s
independently H, alkyl, or aryl. Each of the substifuents may itself be unsubstituled or substituted with
unsubstituted substituent(s) defined herein for each respective group. In some embodiments, amino is
unsubstituted amine (Le., -NHz) or substituted amino {(e.g., NHRNY, where RM is independently -OH, -
SO0RN2, -SCeRN2 -SORN2 -COORN2, optionally substituted alkyl, or optionally substituted aryl, and
sach RN2 can be optionally substituted alkyl or optionaily substituted aryl. in some embodiments,
substituted amine may be alkviaming, in which the alky! groups are optionally substituted as described
herein for alkyl. in some embodiments, an amino group is ~NHRNY, in which RV is optionally substituted
alkyl.

The term “aryl,” as used herein, represents a mono-, bicyclic, or mutlticyclic carbocyelic ring
systern having one or two aromatic rings. Aryl group may include from 6 to 10 carbon atoms. All atoms
within an unsubstituted carbocyclic aryl group are carbon atoms. Non-limiting examples of carbocyciic
vi
indenyi, etc. The aryl group may be unsubstituted or substituted with one, two, three, four, or five

aryl groups include phenyl, naphthyl, 1,2-dinydronaphthyl, 1,2.3,4-tetrahydronaphthyi, fluorenyl, indanyl,
substituents independently selaected from the group consisting of: alkyi; alkenyt; alkynyl; akoxy;
allylsulfinyl; alkylsuifenyl; alkyisuifonyl; amino; aryl; aryloxy; azido; cycloalkyl; cycloalkyl alky!; cycloalkyl
alkynyi; cycloaikoxy; cycloalkenyl; cycioalkynyl: halo; heteroalkyl; heterocyclyl; (heterocyclyljoxy;

heterocyclyi alkyl; heterceyely! alkynyi; hydroxy; nitro; thiol; silyl; and cyano. Each of the substituents may
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itself be unsubstituted or substituted with unsubstituted substituent(s} defined herein for each respective

group.

n

he term “aryl alkyl,” as used herein, represents an alky! group substituted with an aryl group.
The aryl and alky! portions may be optionally substituled as the individual groups as described herein.
nie term “arylene,” as used herein, refers to a divalent aryl group. An optionally substituted
aryiene is an arylene that is optionally substituted as described herein for aryl.

The term “aryloxy,” as used herein, represents a chemical substituent of formula -OR, where R is
an aryl group, unless otherwise specified. in opticnally substituted aryioxy, the aryl group is optionally
substituted as described herein for aryl.

The term "cancer,” as used herein, refers {o ail types of cancer, neopiasm or malfignant tumors
found in mammals (e.g., humans), including leukemia, carcinomas and sarcomas. Non-limiting examples
of cancers that may be treated with & compound or method provided herein include cancer of the
prostate, thyroid, endocrine system, brain, breast, cervix, colon, head & neck, iiver, kidney, lung, non-
smali cell lung, melanoma, mesothelioma, ovary, sarcoma, stomnach, uterus, medulloblastoma, colorectal
cancer, and pancreatic cancer. Additional non-limiting examples may include, Hodgkin's disease, Non-
Hodgkin's iymphoma, multiple myeloma, neurcblastoma, glioma, glicklastoma multiforme, ovarian cancer,
rhabdomyosarcoma, primary thrombocytosis, primary macrogiobulinemia, primary brain tumors, cancer,
malignant pancreatic insulinoma, malignant carcinoid, urinary bladder cancer, premalignant skin lesions,
testicular cancer, lymphoma, thyroid cancer, neurcblastoma, esophageal cancer, genitourinary tract
cancer, maiignant hypercalcemia, endometrial cancer, adrenal cortical cancer, neoplasms of the
endocring or exocrine pancreas, medullary thyroid cancer, meduilary thyroid carcinoma, melanoma,
colorectal cancer, papillary thyroid cancer, hepatocellular carcinoma, and prostate cancer.

The term "carbocyclic,” as used herein, represents an optionally substituted C3-16 monocyclic,
bieyclic, or tricyclic structure in which the rings, which may be aromatic or non-aromatic, are formed by
carbon atoms. Carbocyclic siructures include cycloalkyl, cycloalkenyl, cycloalkkynyi, and certain aryl
groups.

The term “carbonvl,” as used herein, represents a ~C(O)~ group.

The term “carcinoma," as used herein, refers {o a malignant new growth made up of epithelial
celis tending to infiltrate the surrounding tissues and give rise to metasiases. Non-limiting examples of
carcinomas that may be treated with a compound or method provided harein include, e.g., medullary
thyroid carcinoma, familial medullary thyroid carcinoma, acinar carcinoma, acinous carcinoma,
adenocystic carcinoma, adenoid cystic carcinoma, carcinoma adenomatosum, carcinoma of adrenal
coriex, alveolar carcinoma, alveoiar cell carcinoma, vasal celi carcinoma, carcinoma basocellulare,
basaloid carcinoma, bascsguamous cell carcinoma, bronchicalveolar carcinoma, bronchiolar carcinoma,
bronchogenic carcinoma, cergbriform carcinoma, cholangioceliular carcinoma, chorionic carcinoma,
colioid carcinoma, comedo carcinoma, corpus carcinoma, cribriform carcinoma, carcinoma en cuirasse,
carcinoma cutaneum, cyviindrical carcinoma, cylindrical cell carcinoma, duct carcinoma, carcinoma durum,
embryonal carcinoma, encephaleid carcinoma, epiermoid carcinoma, carcinoma epitheliale adenoides,
exophytic carcinoma, carcinoma ex ulcere, carcinoma fibrosum, gelatiniforni carcinoma, gelatinous
carcinoma, giant cell carcinoma, carcinoma gigantoecellutare, glandular carcinoma, granulosa cell
carcinoma, hair-matrix carcinoma, hematoid carcinoma, hepatocetivlar carcinoma, Hurthie cell carcinoma,

hyaline carcinoma, hypernephroid carcinema, infantile embryonal carcinoma, carcinoma in situ,
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intraepidermal carcinoma, intragpithelial carcinoma, Krompecher's carcinoma, Kulchitzky-cell carcinoma,
large-cell carcinoma, lenticular carcinoma, carcinoma lenticulare, lipomatous carcinoma, lymphoepithelial
carcinoma, carcinoma medullare, medullary carcinoma, melanctic carcinoma, carcinoma molle, mucinous
carcinoma, carcinoma mugciparum, carcinoma mucoceliulare, mucoepidermoid carcinoma, carcinoms
MUCOSUM, MUCoUs carcinoma, carcinoma myxomatodeas, nasopharyngeal carcinoma, oat cell carcinoma,
carcinoma ossificans, osteoid carcinoma, papiilary carcinoma, periportal carcinoma, preinvasive
carcinoma, prickie cell carcinoma, puitaceous carcinoma, renal cell carcinoma of Kidney, reserve cell
carcinoma, carcinoma sarcomatodes, schneiderian carcinoma, scirrhous carcinoma, carcinoma scroti,
signet-ring cell carcinoma, carcinoma simplex, smalli-cell carcinoma, solanoid carcinoma, sphercidal cell
carcinoma, spindle cell carcinoma, carcinoma spongiosum, squamous carcinoma, squamous cell
carcinoma, string carcinoma, carcinoma telangiectaticum, carcinoma telangiectodes, transitional cell
carcinoma, carcinoma tuberosum, tuberous carcinoma, verrucous carcinoma, and carcinoma villosum.

The term "cyano,” as used herein, represents —~CN group.

The term “cycloalkenyl,” as used hearsin, refers to a non-aromatic carbocyclic group having at
ieast one double bond in the ring and from three to ten carbons {e.g., a Cs1c cycloalkenyl), unless
otherwise specified. Non-limiting examples of cycicalkeny! include cycloprop-1-enyl, cycioprop-2-enyi,
cyclobut-1-anyl, cyclobut-1-enyi, cyclobut-2-enyl, cyclopent-1-enyi, cyclopent-2-anyl, cyclopent-3-enyl,
norbornen-1-yl, norbornen-Z-vi, norbornen-5-yi, and norbornen-7-yl. The cycloalkeny! group may be
unsubstituted or substitiied {e.g., optionally substituied cycloalkenyi} as descricad for cycloalkyl.

The term "cycloaikeny! alkyl,” as used herein, represents an alkyi group substituted with a
cycloalkenyi group, each as defined herein. The cycioalkenyl and alkyl portions may be substituted as
the individual groups defined herein.

The term “cycloaikoxy,” as used herein, represents a chemical substituent of formula —OR, where
R is cycloalkyl group, unless otherwise specified. In some embodiments, the cycloalkyl group can be
further substituted as defined herein.

The term “cycloaikyl,” as used herein, refers to a cyclic alky! group having from three to ten
carbons (e.g.. a Cs.cio cycloalkyl), unless otherwise specified. Cycloalky! groups may be mongeyclic or
bicyclic. Bicyclic cycloalkyl groups may be of bicyciolp.q.Oalkyi type, in which each of p and g is,
independently, 1,2, 3,4, 5,6, or 7, provided that the sumof pand gis 2, 3, 4, 5, 6, 7, or 8. Alternatively,
bicyclic cycloalkyl groups may include bridged cycloakyl structures, e.g., bicyclofp.g.riakyi, in which r is
1,2, 0r 3, each of p and g is, independently, 1, 2, 3, 4, 5, or 6, providad that the sumof p, g, and ris 3, 4,
g, 8,7, or 8. The cycloalkyl group may be a spirocyciic group, £.9., spircfp.glakyl, in which each of p and
qis, independently, 2, 3, 4,5, 6, or 7, provided that the sumof pand qis 4, 5, 8, 7, 8, or 8. Non-limiting
examples of cycloalkyl include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycicheptyl, 1-
bicyclof2.2.1. theptyl, 2-bicycio]2.2.1. theptyl, 5-bicyclof2.2.1.Jheptyl, 7-bicyciof2.2.1. Jhepiyl, and decalinyl.
The cycloalky! group may be unsubstituted or substituted (e.g., optionally substituted cycloaky!) with one,
wo, three, four, or five substituents independently selected from the group consisting of: alkyl; alkenyl;

alkynyl; alkoxy; alkylsulfinyl; alkylsuifenyl; alkylsulfonyl; aming; aryl; aryloxy; azido; cycioalkyi;
cycloalkoxy; cycloalkenyl; cycloalkynyl; halo; heteroalkyl; heterocyclyl; (heterocyclylyoxy; heteroaryl;
hydroxy; nitro; thiol; silyl; eyano; =0; =8; -S02R, where R is amino or cycloalkyl; =NR', where R is H,
alkyl, aryl, or heterocyelyl; or ~CON{RA)2, where each R* is independently H or alkyl, or both R, together

with the atom o which they are attached, combine to form heterocyclyl. Each of the substituents may
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itself be unsubstituted or substituted with unsubstituted substituent(s} defined herein for each respective
group.

The term “cycloaikyl alkyl,” as used herein, represents an alky!l group substituted with a cycloalkyi
group, each as defined hergin. The cycloalkyl and alky! portions may be oplionally substituted as the
individual groups described herein.

The term “cycloalkyl alkynyl,” as used herein, represenis an alkynyl group substituted with a
cycloaikyl group, each as defined herein. The cycloalky! and alkyny! portions may be opticnally
substituted as the individual groups described herein.

The term "cycloakylaming,” as used herein, represents a group -NHR, where R is cycloalkyl, as
defined herein. An optionally substituted cycloalkylamino is a cycioalkylamino that is optionally
substituted as described herein for cycloalkyl.

The term “cycloalkylene,” as used herein, represents a divalent cycloalkyl group. An optionally
substituted cycioalkylene is a cycloalkylene thatl is oplionally substituied as described herein for
cycloalkyl.

The term "cycloalkynyl,” as used herein, refers 10 a monovalent carbocyclic group having one or
two carbon-carben triple bonds and having from eight to twelve carbons, unless otherwise spacified.
Cycloakynyl may include one transannular bond or bridge. Non-limiting examples of cycloaikynyl include
cyclooctynyl, cyciononynyl, cyclodecynyi, and cyclodecadiynyl. The cycioalkynyl group may be
unsubstituted or substitiied {e.g., optionally substiiuted cycloalkynyl} as defined for cycloalkyl.

The term “dicycloalkylamine,” as used herein, represents a group -NRz, where each R is
independently cycloalkyl, as defined herein. An optionally substituted dicycloaikylamino is a
dicycloalkylamino that is optionally substituted as described herein for cycioalkyl.

‘Disease” or "condition” refer to a staie of being or health stalus of a patient or subiect capable of
baing treated with the compounds or methods provided herein.

The term “halo,” as used hergin, represents a halogen selected from bromine, chiorine, iodine,
and fiuorine.

The term “heteroalkyl,” as used herein refers to an alkyl, alkenyl, or alkynyl group interrupted
onca by one or two hetercatoms; iwice, each time, independently, by one or two hetercatoms; three
times, each time, independently, by one or two hetercatoms; or four times, each time, independently, by
one or two hetercatoms. Each hetercatom is, independently, O, N, or S. in some embediments, the
hetercatom is O or N. None of the hetercalky! groups includes two contiguous oxygen or sulfur atoms.
The heteroalky! group may be unsubstituted or substituted (e.g., optionally substituted heteroalkyl).
When hetercalkyl is substituted and the substituent is bonded {o the heteroatom, the substituent is
selected according to the nature and valency of the heteratom. Thus, the substituent bonded to the
heteroatom, valency permitting, is selected from the group consisting of =0, -N{RM)z, -SC0RN3, -
SOLRMN2, -SORN, -COORNS, an N protecting group, alkyl, alkenyl, alkynyl, aryl, cycloaikyl, eycloalkenyl,
cycloalkynyl, heterogyclyl, or cyano, where each RM is independantly H, alkyi, cycicalkyl, cycloalkenyl,
cycloalkynyl, arvi, or heterocyclyi, and each RNe s indepandently alkyl, cycloalkyl, cycloalkenyl,
cycloalkynyl, aryl, or heterocyclyl. Each of these substituents may itself be unsubstituted or substituted
with unsubstituted substitueni(s) defined herein for each respective group. When heteroalkyl is

substituted and the substituent is bonded to carbon, the substituent is selected from those described for
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alkyl, provided that the substituent on the carbon atom bonded to the heteroatom is not G, Br, or | itis
understood that carbon atoms are found at the termini of a heteroalkyl group.

The term “heteroaryl alkyl,” as used herein, represents an alkyi group substituted with a
hatercaryl group, each as defined herein. The heteroaryl and alkyl portions may be optionally substiiuted
as the individual groups described herein.

The term “heteroarylene,” as used herein, represents a divalent heteroaryl. An optionally
substituted heteroaryiene is a heterparyiene that is optionaily substituted as described herein for
heteroaryl.

The term "heteroaryloxy,” as used herein, refers to a structure —~OR, in which R is hetercaryl.
Heteroaryloxy can be opticnally substituted as defined for heterceyclyl.

The term “heterocyclyl,” as used herein, represents a monocyclic, bicyclic, tricyclic, or tetracyclic
ring system having fused, bridging, and/or spiro 3-, 4-, 5-, 8-, 7-, or 8-membered rings. unless ctherwise
specified, containing one, two, three, or four helercatoms independently selected from the group
consisting of nitrogen, oxygen, and sulfur. in some embodiments, "heterocyclyl” is a monocyclic, bicyclic,
tricyclic, or tetracyclic ring system having fused or bridging 5-, 6-, 7-, or 8-membered rings, unless
otherwise specified, containing one, two, three, or four heteroatoms independently selacted from the
group consisting of nitrogen, oxygen, and sulfur. Sulfur may Heterocyelyl can be aromatic or non-
aromatic. Non-aromatic &-membered heterocyciyl has zerg or one double bonds, non-aromatic 8- and 7-
membered haterocyclyl groups have zero to two double bonds, and non-aromatic 8-membered
nieterocyclyi groups have zero to two double bonds and/or zero or one carbon-carbon triple bond.
Heterocyclyl groups include from 1 to 16 carbon atoms unless otherwise specified. Certain heterocyclyl
groups may include up to 8 carbon atoms. Non-aromatic heterocycly! groups inciude pyrrofinyl,
pyriolidiny, pyrazolinyl, pyrazolidinyi, imidazolinyl, imidazolidinyl, piperidinyl, homopiperidinyl, piperazinyl,
pyridazinyl, oxazolidiny], isoxazolidinyl, morpholinyl, thiomorpholinyl, thiazolidinyl, iscthiazofidinyi,
thiazolidinyt, tefrahydrofuranyl, dihydrofuranyl, tetrahydrothienyl, dihydrothienyl, dihydreindelyl, pyranyi,
dihydropyranyl, dithiazolyl, ete. if the heterocyclic ring system has at least one aromatic resonance
structure or at least one aromatic tautomer, such structure is an aromatic heterocyclyi {i.e., heteroaryi}.
Non-limiting examples of heteroaryi groups include benzimidazolyl, benzofuryl, benzothiazolyi,
benzothienyl, benzoxazolyl, furyl, imidazolyl, indolyi, indolinyl, isoindazolyl, isoquinclinyl, isothiazolyl,
isothiazolyl, isoxazolyl, oxadiazolyl, oxazoiyl, purinyl, pyrrolyl, pyridinyl, pyrazinyl, pyrimidinyl, qunazoliny|,
quinelinyl, tetrahydroiso,quinolinyi tetrahydroquinolinyl {e.g., 1.2.3.4-tetrahydroquinolinyi), thiadiazolyl
{e.g., 1,3,4-thiadiazole), thiazciyl, thienyl, triazolyl, tetrazolyl, etc. The term “heterocyciyl” alsc represents
a heterocyclic compound having a bridged muiticyclic structure in which one or more carbons and/or

heterpatoms bridges two non-adjacent members of a monoeyclic ring, e.g., quinuclidine, tropanes, or

diaza-bicyclof2. 2. 2joctane. The term “heterocyciyi’ |

ncludaes picyclic, tricyclic, and tetracyclic groups in
which any of the above heterocyclic rings is fused to one, two, or three carbocyciic rings, .9., an aryl
ring, a cyclohexane ring, a cyciohexene ring, a cvclopentane ring, a cyclopeniene ring, or another
monocyclic heterocyciic ring. Exampies of fused heterocyclyls include 1,2,3,5,8,8a-hexahydroindolizine;
2,3-dihydrobenzofuran; 2,3-dihydroindole; and 2,3-dihydrobenzothiophene. The heterocyclyl group may
be unsubstituted or substituted with onea, two, three, four or five substituents independently seiected from
the group consisting of: alkyl; alkenyl; alkynyi; alkoxy; alkylsulfinyl; alkyisuifenyl; alkyisulfonyl; amino; aryi;
aryloxy; azide; cycloalkyl; cycloalkyi alkyl; cycloaikyl alkynyl; cycloalkoxy; cycloalkenyi; cycloalkynyi; haio;
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heteroalkyl; heterocyclyl; (heterocycivhoxy; heterocyciyl alkyl; heterocyclyl alkynyl; hvdroxy; nitre; thiol;
sityl; cyano; =0; =8; =NR’, where B is H, alkyl, aryl, or heterocycivi. Each of the substituents may #self
be unsubstituted or substituted with unsubstituted substituent(s} defined herein for each respective group.

The term “heterocyclyl alkyl,” as used herein, represants an alky! group substituted with a
neterocyclyi group, each as defined herein. The heterocyclyi and alky! portions may be optionally
substituted as the individual groups described herein.

The term “heterocyclyl alkynyl,” as used herein, represents an alkynyl group substituted with a
heterocycly! group, each as defined herein. The heterocyclyl and alkyny! portions may be optionally
substituted as the individual groups descrided herein.

The term “heterocyclylene,” as used herein, represents a divalent heterocyclyl. An optionally
substituted heterocyciviene is a heterocyclylene that is optionally substituted as described herein for
heterocyclyl.

The term “(heterocyclylloxy,” as used herein, represents a chemical substituent of formuia —OR,
where R is a heterocyclyl group, unless otherwise specified. {Heterocyclyiloxy can be optionally
substituted in a manner described for heterocyclyl.

The terms “hydroxy!” and “hydroxy,” as used interchangeably herein, represent an -OH group.

The term “isctopically enriched,” as used herein, refers to the pharmaceutically active agent with
the isotopic content for one isctope at a predetermined position within a molecule that is at least 100
times greater than the natural abundance of this isotope. For example, a composition that is isolopically
enriched for deuterium includes an active agent with at least one hydrogen atom position having at least
100 times greater abundance of deuterium than the natural abundance of deuterium. Preferably, an
isotopic enrichment for deuterium is at least 1000 times greater than the natural abundance of deuterium.
More preferably, an isctopic enrichment for deuterium is at least 4000 times greater (e.q., at least 4750
times greater, e.g., up to 5000 times greater) than the natural abundance of deuterium.

The term "leukemia,” as used herein, refers broadly to progressive, malignant diseases of the
blood-forming organs and is generally characterized by a distortad profiferation and development of
feukocytes and their precursors in the biood and bone marrow. Leukemia is generally clinically classified
on the basis of (1) the duration and charactar of the disease-acute or chronic; {2) the type of cell involved;
myeloid (myelogencus), lymphoid (lymphogenous), or monocytic; and (3) the increase or non-increase in
the number abnormal cells in the blood-leukemic or aleukemic (subleukemic). Exemplary ieukemias that
may bhe treated with a compound or method provided herein include, e.g., acute nonlymphocytic
ieukemia, chronic lymphocytic leukemia, acute granulocytic leukemia, chronic granulocytic leukemia,
acute promyelocytic leukemia, adult T-cell leukemia, aleukemic leukemia, a leukocythemic leukemia,
basophyiic leukemia, blast cell leukemia, bovine leukemia, chronic myelocytic leukemia, leukemia cutis,
embryonal leukemia, ecsinophilic leukemia, Gross' leukemia, hairy-cell isukemia, hemoblastic leukamia,
hemocytoblastic leukemia, histiocytic leukemia, stem celi leukemia, acute monocytic leukemia,
leukopenic leukemia, lymphoma, lymphatic leukemia, lymphobiastic leukemia, lymphocytic leukemia,
iymphogenous leukemia, lymphoid leukemia, lymphosarcoma cell leukemia, mast cell leukemia,
megakaryocytic leukemia, micromyeloblastic leukemia, monoceytic leukemia, myeloblastic leukemia,
myelocytic leukemia, myeloid granulocytic leukemia, myelomonocytic leukemia, Naegeli leukemia,

plasma cell leukemia, multipie myeioma, plasmacytic leukemia, promyelocytic leukemia, Rieder cell
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ieukemia, Schilling

s leukemia, stem cell leukemia, subleukemic leukemia, and undifferentiated cell
leukemia.
The term “lymphoma,” as used herein, refers to a cancer arising from cells of immune origin.
Non-limiting examples of T and B cell lymphomas include non-Hodgkin lymphoma and Hodgkin dissase,
diffuse large B-cell lymphoma, foliicular lymphoma, mucosa-associated lymphatic tissue (MALT)
iymphoma, smal cell lymphocoytic vymphoma-chronic lymphocytic leukemia, Mantle cell lymphoma,
mediastinal (thymic) large B-cell lymphoma, lymphoplasmacytic lymphoma-Waidensirom
macroglobulinemia, peripheral T-cell iymphoma (PTCL), angioimmunaobiastic T-cell
iymphoma {(AiTL)/follicutar T-cell iymphoma (FTCL), anaplastic large cell lymphoma (ALCL), enteropathy-
associated T-cell ivmphoma (EATL), adult T-cell leukaemia/lymphoma {ATLL), or extrancdal NiK/T-cell
lymphoma, nasal type

T

he term "melanoma,” as used herein, is taken to mean a tumor arising from the melanocytic
system of the skin and other crgans. Melanomas that may be ireated with a compound or method
provided herein include, e.g., acrai-lentiginous meianoma, amelanctic melanoma, benign juveniie
melanoma, Cloudman's melanoma, S91 melanoma, Harding-Pasgsey melanoma, juvenile melanoma,
lentige maligna melanoma, malignant melanoma, noduiar melanoma, subungual melanoma, and
superficial spreading melanoma.

The term "nitro,” as used herein, represents an -NOG2 group.

The term “0x0,” ag used herein, reprasents a divalent oxygen atom (e.g., the struciure of oxo may
be shown as =0},

The term "Ph,” as used herein, represents phenyl.

he term “pharmaceutical composition,” as used hergin, rapresents a composition containing a
compound described herein, formuiated with a pharmaceutically acceptable excipient, and manufaciured
or soid with the approval of a governmental regulatory agency as part of a therapeutic regimen for the
treatment of disease in a mammal. Pharmaceutical compositions can be formulated, for example, for cral
administration in unit dosage form (e.g., a tablet, capsule, caplet, gelcap, or syrup); for topical
administration (e.g., as a cream, gel, lotion, or ointment); for intravenous administration {e.g., as a sterile
soiution free of particulate emboli and in a solvent system suitable for intravenous use); or in any other
formulation described herein.

The term “pharmaceutically acceptable excipient” or “pharmaceuticaily acceptable carrier,” as
used interchangeably herein, refers to any ingredient other than the compounds described harein (e.g., &
vethicie capabie of suspending or dissolving the active compound) and having the properties of being
nontoxic and nen-inflammatory in a patient. Excipients may include, for example: antiadherents,
antioxidants, binders, coatings, compression aids, disintegrants, dyes (colors), emcliients, emulsifiers,
fillers (diluents), film formers or coatings, flavors, fragrances, glidants {flow enhancers), lubricants,
preservatives, printing inks, sorbents, suspending or dispersing agents, sweetensrs, or waters of
hydration. Exemplary excipients include, but are not limited to: butylated hydroxytoluene (BHT), calcium
carbonate, calcium phosphate (dibasic), calcium stearate, croscarmealiose, crosslinked polyvinyi
pyrrolidone, citric acid, crospovidone, cysteine, ethyleeliuiose, gelatin, hydroxypropyl cellulose,
hydroxypropyi methylcelivlose, factose, magnesium stearate, maltitol, mannitol, methiconine,

methylcellulose, methyi paraben, microcrystaliine celluiosa, polyethylene glycol, polyvinyt pyrrolidone,
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povidone, pregelatinized starch, propyl paraben, retinyt palmitate, shellac, silicon dioxide, sedium

carboxymethyi cellulose, sodium citrate, sodium starch glycoiate, sorbitol, starch {corn), stearic acid,

stearic acid, sucrose, tale, titanium dioxide, vitamin A, vitamin E, vitamin C, and xylitol.

n

The term “pharmaceutically acceptable salt,” as use herein, represents those salts which are,
within the scope of sound medical judgment, suitable for use in contact with the tissues of humans and
animals without undue toxicity, irritation, aliergic response and the ke and are commensurate with a
reasonable benefivrisk ratic. Pharmaceutically acceptable salis are well known in the art. For example,
pharmaceutically acceptable salts are described in: Berge et al., J. Pharmaceutical Sciences $6:1-19,
1977 and in Pharmaceutical Salts: Properties, Selaction, and Lse, (Eds. P.H. Stahl and C.G. Wermuth),
Wiley-VCH, 2008. The salts can be prepared in situ during the final isolation and purification of the
compounds described herein or separately by reacting the free base group with a suitable crganic acid.
Reprasentative acid addition salts include acetate, adipate, alginate, ascorbate, aspartats,
benzenesulfonate, benzoate, bisulfate, borate, butyrate, camphorate, camphorsulfonate, citrate,
cyclopentanepropionaie, digiuconate, dodecyisuifale, ethanesulfonate, fumarate, glucchepionate,
glycerophosphate, hemisuifate, hepionate, hexancate, hydrobromide, hydrechloride, hydroiodide, 2-
hydroxy-ethanesulfonate, lactobionate, iactate, laurate, lauryl suifate, malate, maleate, malonate,
methanesuifonate, 2-naphthalenasulionate, nicotinate, nitrate, cleate, oxalate, palmitate, pamoate,
pectinate, persulfate, 3-phenylpropionate, phosphate, picraie, pivalate, propionate, stearate, succinate,
suifate, tartrate, thiocyanate, toluenesuifonate, undecanoate, valerate salis, and the iike. Representative
alkali or alkaline earth metal salis include sodium, lithium, potassium, calcium, magnesium, and the like,
as well as nontoxic ammonium, quaternary ammonium, and amine cations, including, but not limited to
ammonium, tetramethylammonium, tetraethylammonium, methyiamine, dimethylamine, frimethyiamine,

triethylamine, ethyiamine, and the like.

12 {erm "Pol8,” as used herein, refers to Human Polymerase theta.

he term "Pol8 inhibifor,” as used herein, represents a compound that reduces the activity of Pol@

in a blochemical assay, such that the measured Pol@ iCso is 10 uM or less {e.g., BuMorless or 1 yMor
less). For certain PolB inhibitors, the Pol8 iCsy may be 100 nM or less {eg 10 nM or less, or 1 nM or less)
and could be as low as 100 pM or 10 pM. Preferably, the Pol8 ICso is 1 nM o 1 uM (e.g., 1 pM to 750
nM, 1 nM o 500 nM, or 1 nM to 250 nM).

The term "Pol8 inhibitor,” as used herein, also represents a compound that upon contacting a cell
expressing Pold reduces the activity of Pol8, such that the measured Pol8 {Cey is 10 pM or less (e.9., 5
M or less or 1 UM or less). For certain Pol8 inhibitors, the Pol6 [Cse may be 100 nM or less {(eg 10 nM or
less, or 1 nM or less) and could be as low as 100 pM or 10 pM. Preferably, the Pol8 [Csois 1 nM to 1 uM

{e.g., 1 nM to 750 nM, 1 nM to 500 nM, or 1 nM to 250 nM). The term "Poi8 inhibitor,” as used herein,

may also represent a compound that upon contacting a cell reduces MMEJ or Alt-NHEJ activity.

The term "Pol8 overexpression” refers to the increased expression or activity of Poil in a
diseases cell €.g., cancerous cell, relative 1o expression or activity of Poié in a normal cell {(e.g., non-
diseasad cell of the same Kind). The amount of Pol@ can be at lzast 2-fold, at least 3-fold, at least 4- foid,
at least 8- fold, at least 10-fold, or more relative to the PolB expression in a normal cell. Examples of Polb
cancers include, but are not limited to, breast, ovarian, cervical, lung, colorectal, gastric, bladder and

prostate cancers.
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The term "pre-malignant” or "pre-cancerous,” as used herein, refers {0 a condition that is not
malignant but is poised to become malignant. Non-limiting examples of pre-malignant conditions include
myelodysplastic syndrome, polyps in the colon, actinic keratosis of the skin, dyspiasia of the cervix,
metaplasia of the ung, and leukopiakia.

The term “protecting group,” as used herein, represents a group intended to protect a hydroxy, an
aming, or a carbonyi from participating in one or more undesirable reactions during chemical synthesis.
The term “G-protecting group,” as used herein, reprasenis a group intended to protect a hydroxy or
carbony! group from participating in one or more undesirabie reactions during chemical synthesis. The
term “N-proteciing group,” as used herein, represents a group intended to protect a nitrogen containing
{e.g., an amino, amido, heterocyclic N-H, or hydrazine) group from participating in one or more
undesirable reactions during chemical synthesis. Commonly used O- and N-protecting groups are
disclosed in Greene, "Protective Groups in Organic Synthesis,” 3rd Edition {John Wiley & Sons, New
York, 1999), which is incorporated herein by reference. Exempiary O- and N-protecting groups include
alkanoyl, aryloyl, or carbamyl groups such as formyi, acetyl, propionyl, pivaloyl, t-butylacetyl, 2-
chioroacetyl, 2-bromoacetyl, trifluoroacetyi, trichloroacetyi, phthalyi, c-nitrophenoxyacetyl, a-chlorobutyryl,
benzoyl, 4-chlorobenzoyi, 4-bromaobenzoyl, -butyldimethyisiiyl, tri-iso-propyisilytoxymethyl, 4,4'-
dimethoxytrityl, ischutyryl, phenoxyacetyl, 4-isopropyipehenoxyacetyl, dimethyiformamidine, and 4-
nitrobenzoyl.

Exemplary O-protecting groups for protecting carbonyl containing groups include, but are not
fimited to: acetals, acylals, 1,3-dithianes, 1,3-dioxanes, 1.3-dioxolanes, and 1,3-dithiclanes.

Qther O-pretecting groups include, but are not fimited to: substituted alkyl, aryl, and aryl-alkyl
ethers (e.g., Irityl; methyithiomethyl; methoxymethyl; benzyloxymethy!; siloxymethyl; 2,2,2,-
trichloroethoxymethyl; tetrahydropyranyl; tetrahvdrofuranyl; ethoxyethyl; 1-[2-(trimethylsilyliethoxylethyl;
Z-trimethyisilviethy!; t-butyl ether; p-chlorophenyl, p-methoxyphenyl, p-nitrophenyl, benzyl, p-
methoxybenzyl, and nitrobenzyl); silyl ethers {(e.g., trimethylsilyl; triethyisilyl; triisopropylsityl;

dimethylisopropyisilyl; t-butyldimethyisilyl; t-butyidiphenylsilyl; tribenzyisilyl; triphenylsiiyl; and

diphenymethyisiiyi); carbonates (e.g., methyl, methoxymethyl, 9-flucrenyimethyl; ethyl; 2,2,2-
trichloroethyl; 2-(trimethylsilyliethyt; vinyi, aliyl, nitrophenyt; benzyl; methoxybenzyi; 3,4-dimethoxybenzyl;
and nitrobenzyl).

QOther N-protecting groups inciude, but are not limited 1o, chiral auxiliaries such as protected or
unprotected D, L or D, L-amino acids such as alanine, leucine, phenylalanine, and the like; suifonyi-
confaining groups such as benzenesulfonyl, p-toluenesuifonyl, and the like; carbamate forming groups
such as benzyloxycarbonyl, p-chlorobenzyloxycarbonyl, p-methoxybenzyloxycarbonyl, p-
nitrobenzyloxycarbonyl, 2-nitrobenzyloxycarbonyi, p bromobenzyloxycarbonyl, 3.4-
dimethoxybenzyloxycarbonyl, 3,5 dimethoxybenzyl oxycarbonyi, 2,4-dimethoxybenzyloxycarbonyl, 4
methoxybenzyioxycarbonyl, 2-nitro-4,5-dimethoxybenzyloxycarbonyl, 3,4,5 trimethoxybenzyloxycarbonyl,
1-{p-biphenylyl-1-methyiethoxycarbonyi, a,a-dimethyl-3.5 dimethoxybenzyloxycarbonyl, benzhydryloxy
carbonyl, t-butyioxycarbony!, diisopropylmethoxycarbonyl, iscpropyloxycarbonyl, ethoxycarbonyi,
methoxycarbonyl, allyloxycarbonyi, 2,2,2,-trichloroethoxycarbonyl, phenoxycarbonyl, 4-nitrophernoxy
carbonyl, fluorenyi-S-methoxycarbonyl, cyclopentyloxycarbonyl, adamantyioxycarbonyl,
cyclohexyloxycarbonyl, phenyithiccarbonvi, and the iike, aryl-alkyi groups such as benzyl, p-
methoxybenzyl, 2,4-dimethoxybenzyi, triphenyimethyi, benzyloxymethyl, and the like, silylalkyiacetal
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groups such as {2-(trimethyisilylethoxylmethy! and silyl groups such as trimethyisiiyl, and the like. Useful
N-protecting groups are formyl, acetyl, benzoyl, pivaloyl, t-butylacetyl, alanyl, phenyisulfonyl, benzyi,
dimethoxybenzyl, [2-{trimethyisilylethoxy]methyl (SEM), tetrahydropyranyl {THP), t-butyloxycarbonyl
{Boc), and benzyloxycarbony! (Cbz).

The term "tautomer” refers to structural isomers that readily interconvert, often by reiccation of a
proton. Tautomers are distinct chemical species that can be identified by differing spectroscopic
characteristics, but generally cannot be isolated individually. Non-limiting exampies of tautomers include
ketone - enol, enamine - imine, amide - imidic acid, nitroso - oxime, ketene — ynol, and amino acid -
ammonium carboxylate.

The term "sarcoma” generally refers to a tumor which is made up of a substance like the
embryonic connective tissue and is generally composed of closely packed cells embedded in a fibrillar or
homogenecus substance. Non-limiting exampies of sarcomas that may be treated with a compound or
method provided herein include, e.g., a chondrosarcoma, fibrosarcoma, lymphosarcoma,
melanosarcoma, myxosarcoma, osteosarcoma, Abernethy’s sarcoma, adipose sarcoma, liposarcoma,
alveolar soft part sarcoma, ameloblastic sarcoma, botryoid sarcoma, chisroma sarcoma, chorio
carcinoma, embryonal sarcoma, Wims' tumor sarcoma, endometrial sarcoma, stromal sarcoma, Ewing's
sarcoma, fascial sarcoma, fibroblastic sarcoma, glant cell sarcoma, granulocytic sarcoma, Hodgkin's
sarcoma, idiopathic multipie pigmented hemorrhagic sarcoma, immunoblastic sarcoma of B cells,
immunoblastic sarcoma of T-cells, Jensen's sarcoma, Kaposi's sarcoma, Kupifer cell sarcoma,
angiosarcoma, leukosarcoma, malignant mesenchymoma sarcoma, parosteal sarcoma, reticulocytic
sarcoma, Rous sarcoma, serocystic sarcoma, synovial sarcoma, and telangiectaltic sarcoma.

The term “subject,” as used herein, represents a human or non-human animal {e.g.. a mammal}
that is suffering from, or is at risk of, disease or condition, as determined by a gualified professional {e.g.,
a doclor or a nurse practitioner) with or without known in the art laboratory test(s) of sample(s) from the
subject. Preferably, the subject is a human. Non-limiting examples of diseases and conditions include
diseases having the symptom of cell hyperproiiferation, e.g., a cancer.

“Treatment” and "treating,” as used herein, refer to the medical management of a subject with the
intent to improve, ameliorate, stabilize, pravent or cure a disease or condition. This term includas active
freatment (freatment directed to improve the disease or condition); causal treatment {treatment directed to
the cause of the associated disease or condition); palliative treatment {treatment designed for the ralief of
symptoms of the disease or condition); preventative treatment (ireatment directed to minimizing or
partially or completely inhibiting the development of the associated disease or condition); and supportive

treatment (freatment employed to supplement ancther therapy).
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Description of the Drawings

FIG. 1A shows the percent viability of HCT 118 BRCA2-/- cells as a function of Compound 113
concentration and olaparib concentration. FIG. 1B shows the percent viability of HCT116 BRCA2-/- celis
as a function of Compound 113 concentration and niraparib concentration.

FIG. 2 shows the reduction of HCT 116 BRCA2-/- tumor volume in mice treated with either
vehicle, Compound 113 alone, Claparib alone, or a combination of Compound 113 and olaparib.

FiG. 3 shows that Compound 113 sensitizes MDAMBA436 breast tumor cells to AZD-7648, a
DNA-PK inhibitor.

FIG. 4 shows that Compound 113 sensitizes DLD1 BRCAZ null tumor calls to AZD-7648, a2 DNA-
PK inhibitor.

FIG. 5 shows that Compound 113 sensitizes DOTC24510 breast tumor cells to irradiation.

FIGS. 6A and 8B show that Compound 113 sensitizes DLD1 BRCAZ null tumors to carboplatin.

Detailed Descriplion of the Invention

In genaral, the invention provides compounds, pharmaceutical compositions containing the samae,
methods of preparing the compounds, and methods of use. Compounds of the Invention may be Poig
kinase inhibiters. The compound of the invention may be, e.g., a compound of formuia {1}

Yo § eV
\X—%E ‘,_{{s}k\ S
{h
or a pharmaceutically acceptable salt thereof,
wherein

VisNorCR;

W is optionally substituted Cis alkylene, Cis alkoxyl, opticnally substituted Co alkenyi, optionally
substituted Cae alkynyi, optionally substituted Cs.s cycloalkyl, or optionally substituted Ce-1 aryl;

X is optionally substituted Cos heterocyclyiene, optionally substituted Cz heteroarylene, or
optionaily substituted Ca.10 arylens, wherein X is further optionally substituted with -L'-RX, wherein L!
is -0-, -NR*-, optionally substituted Ci16 alkylene, optionally substituted Ci¢ heteroalkyl, optionally
substituted Cz6 alkenyl, optionally substituted alienyl, optionaily substituted Czs alkynyi, optionally
substituted Coo heterocyclylene, optionally substitited Cee heteroarylene, or optionally substituted Cse
cycloalkylens, R is amino, hale, optionally substituted Crs alkoxyl, optionally substituted acyl, carboxyl,
amido, optionally substituted C1s alkyl, optionally substituted Cae heteroalkyl, optionally substituted Cas
heterocyclyl, optionally substituted Ca.s heteroaryl, optionally substituted Cas cycloalkyl Cis alkyl, or
optionaily substituted Gz heteroaryi Cis alkyl, and R* is hydrogen or optionally substituted Cre alkyh;

Y is optionally substituted Cao heterocyclyl, optionally substituted Ceas heteroaryl, optionally
substituted Cs.1o aryl;

Zis a H, halo, optionally substituted Ci.¢ alkyl, optionally substituted Ceze alkynyl, optionally
substituted Cis alkoxy, optionally substituted Cas cycloakyl, optionally substituted Cas heterocyclyl,
optionaily substituted Cao hetercaryl, optionally substituted Cs-i0 aryl, optionally substituted Cas alkenyi,
acyl, or amido; and
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R is hydregen, halogen, optionally substituted Cis alkyl, CN, optionaily substituied Ca.g cycloalkyl,
optionally substituted Ci.s alkoxy, optionally substituted Cas cycloatkoxy, N{R 2, or G(O)NH:, wherein

each R’ is independently hydrogen, optionally substituted Ci alkyl, or optionally substituted Cs-s

cycloalkyl.
5 The compound of the invention may be, e.g., a compound of formuia (i)
0]
Y, N=N
AY
XJLN"‘Q Pz
H S ez
(i

or a pharmaceutically acceptable salt thereof.

The compound of the invention may be. e.g., a compound of formuia (1)

o]
Y, N=N
S J{ ¢
X N-‘A\S}WZ
10 H
(i)

or a pharmaceutically acceptable salt thereof.

The compound of the invention may be, e.g., a compound of formuia (IV}:

v. & N
N M {
Y IS\ ==

H z
15 {1V}
or a pharmaceutically acceptable salt thereof.
The compound of the invention may be, e.g., a compound of formuia (V):
Y. & N
\X’ﬁ‘m’{ie\ z
H ¥
V)
20 or a pharmaceutically acceptable salt thereof.

The compound of the invention may be, e.g., & compound of formuia (Vi):

vh

or a pharmaceutically acceptable salt thereof,
25 wherein
nisGort,
RAYis a Cz-Ce heteroary! optionally substituted with C+-Ce alkyl or a Csa-Cs heterocyely! optionally

substituted with oxo;
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RA% s & C1-Cs alkyi, Ci-Ce alkoxy, or halogen;
RA%is hydrogen or a halogen;

each of X' and V is independently N or CH; and

Advantageocusly, compounds disciosed herein may exhibit superior stability (e.g., microsomal
stabiiity) and/or superior metabolic profiles (e.g.. reduced CYP3A4 inhibition or reduced PXR activation)
relative to the compounds in which the thiazole or thiadiazole core is bonded o an oxygen atom at the
position proximal to the endocyciic sulfur atom.

The compound of the invention may be, e.g., 8 compound of formula (Vi)

F

A3
X! )< R

F

v RAZ'e
o
i
N //*\\S ’0

RAt K2 /I, i
X

(vin
or a pharmaceutically acceptable salt thereof,
wherein

nisfort;

oisDor1;

Rt ig a C2-Co heteroary! optionaily substituted with C-Cs alkyl, C1-Cs perfluocroaliyi, hale, or a
C+-Ce heterocyclyl optionally substituted with oxo;

RA%is a Ci-Ce alkyl, C1-Cs alkoxy, or halogen;

RA%is hydrogen or a halogen;

RA is optionally substituted C+-Cs alkyl, optionally substitutad Ci-Cs atkenyl, optionally substituted
Cas alkynyl, optionally substituted Cs-Cs cycloalkyl, optionally substituted Cs-Cs heterocyclylene, halo,
triflucromethyl, CN, or optionally substituted Cao hatercarylene; or

the bond between RA* and the cycloakyl is an alkene.

each of X! and V is independently N or CH; and

===is a single bond, X2 is N, and X3 is GO, or ===is a double bond, X2is C, and X2 is N or CH.

In some embodiments, the compound of the invention may be, e.¢., a compound listed in Table 1

below or a pharmaceutically acceptabie salt thereof.

Tabile 1

P
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In some embodiments, the compound of the invention may be a compound listed in Table 2

below or a pharmaceutically acceptable sall thereof.
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Mathods of Preparing a Compound of the Invention
Compounds of the invention may be prepared using reactions and technigues known in the art

and those described herein.

Method A

Compounds of Type i (Scheme 1) can be prepared by amide coupling of acids Type Xi and
amines of Type Vi, The Type X} acids can by prepared in two steps by first, palladium cross-coupling
reaction between aryl or hetercaryl bromo ester of Type IX and aryl or heteroaryl boronic acids of Type
Vili, followed by saponification. The 1,3,4-thiadiazol-2-amine of Type ¥# are prepared by condensation
of commercially avaiiable acids of Type Vi with thiosemicarbazide in presence of FOCk. Compound of
Type B may alternatively be generated from the ester of Type X and 1,3.4-thiadiazoi-2-amine of Type Vit
upon heating in presence of 1,5,7-trlazabicycio}4.4.0idac-5-ane.
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Method B

Compounds of Type il {Scheme 2) can be prepared by a Soncgashira coupling between the Type
5 Xl bromo thiadiazol and Type XIV alkynyl. Type Xl bromo thiadiazol can be prepared by the amide
coupling between Type Xl acid described previcusly and 5-bromo-1,3,4-thiadiazol-2-amine. Type XiV
alkynyl can be prepared, if not commercially available, by Sonogashira coupling using the appropriate
halogenated ary! or heteroaryl and ethynylirimethylsilane followed by removal of the trimethyisiiane

protective group.

10
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Method C
15 Alternatively, Compound of Type B (Scheme 3} may be prepared by Sonogashira coupling

between the alkyny! thiadiazol of Type XV and commercially available aryi or heteroaryl bromide of Type
XV Alkynyl thiadiazol of Type XV can be obtained by amide coupling between acid of Type Xi and 5-
ethynyi-1,3,4-thiadiazol-2-amine. The latter is prepared in two steps starting from the Sonogashira
coupling betwean Boc protected 5-bromo-1,3,4-thiadiazol-2-amine with ethynyitrimethylsitane followed by

20 a one-pot double daprotection.
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Method D
5 Alternatively, Compound of Type li {Scheme 4} may also be prepared by amide coupling of

previously described acid of Type Xi and amino thiadiazol alkynyl of Type XV The latfer can be
prepared in two steps by first Sonogashira coupling between tert-buty! (5-bromo-1,3,4-thiadiazoi-2-yl)
carbamate and previously described alkynyl of type X1V foliowed by removal of the Boc protecting group.
Compound of Type ¥ may alternatively be generated from the ester of Type X and amine thiadiazol

10 alivynyi of Type XVill upon heating in presence of 1,8.7-triazabicyciof4.4.0]dec-5-ene.

Scheme 4.
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15 Method E
Compound of Type IV (Scheme 8) may be prapared in a similar sequence of reactions described
for compounds of Type i in Scheme 4. Amide coupling of previously described acid of Type Xi and
amino thiazole alkynyl of Type XX. The latter can be prepared in two steps by first Sonogashira coupling
between tert-putyl (5-bromothiazol-2-ylcarbamate and pravicusly described alkynyt of type XV followed
20 by removal of the Boc protecting group. Compound of Type IV may alternatively be generated from the
ester of Type X and amino thiazole alkyny! of Type XX upon heating in presence of 1,5,7-

friazabicycioj4.4.0ldec-5-ene.
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Method F

Compound of Type XX (Scheme 8} can be prepared in one step from the advanced 2-chloro
pyridine intermadiate of Type XXI by an SnAr type addition of a properly substitited aming (H-NR'R?) in
presence of a strong base. Similarly, compound of Type XXilf can be prepared using the same
intermediate XX by an SnAr type addition of a properly substituted alcohol (H-ORY in presence of a

strong base.
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Method G
Compound of Type XX3V (Scheme 7) can be prepared in one step from the advanced 2-chioro

pyridine intermediate of Type XX via a Sonogashira coupling with a properly substituted alkyne.
Similarly, compound of Type XXVi can be prepared via a Sonogashira coupling using bromo phenyl

intermediate XXV.

20



10

15

20

WO 2024/069592 PCT/IB2023/059814
82

Scheme 7
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Method H

Compounds of Type XXVili (Scheme 8) can be prepared in one step from the advanced 2-chloro pyridine
intermediate of Type XXVl via a Sonogashira coupling with a properly substituted atkyne. Compound of
Type XXVii can be prepared via amide coupling of acids Type Xi and amines of Type Vii. Alternatively, a
Sonogashira coupling can be performed first, with a properly substifuted alkyne on the ester of Type XXX
to generate ester of Type XXX, Saponification and subseguent coupling with amines of Type Vi, can
provide compounds of Type XXVIl.

Scheme 8
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Mathods of Treatment

Compounds of the invention may be used for the reatment of a disease or condition mediated by

PolB in a subject by administering to the subject an eifective amount of the compound of the invention.
The disease or condition may have the sympiom of cell hyperproliferation. For example, the
disease or condition may be a cancer. The cancer may be, e.¢., carcinoma, sarcoma, adenocarcinoma,
lymphoma, leukemia, or melanoma.
Non-limiting examples of cancers inciude prostate cancer, breast cancer, ovarian cancer, multiple

myeloma, brain cancer, glioma, lung cancer, salivary cancer, stomach cancer, thymic epithelial cancer,
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thyroid cancer, leukemia, melanoma, lymphoma, gastric cancer, pancreatic cancer, Kidney cancer,
bladder cancer, colon cancer, and liver cancer.

Non-limiting examples of carcinomas include meduliary thyroid carcinoma, familiai medullary
thyroid carcinoma, acinar carcinoma, acinous carcinoma, adenocystic carcinoma, adsnoid cystic
carcinoma, carcinoma adenomatosum, carcinoma of adrenal cortex, alveciar carcinoma, alveciar cell
carcinoma, basal cell carcinoma, carcinoma basoceliulare, basaloid carcinoma, basosquamous cell
carcinoma, bronchioalveciar carcinoma, bronchiolar carcinoma, bronchogenic carcinoma, cerebriform
carcinoma, cholangioceliular carcinoma, chorionic carcinoma, colloid carcinoma, comedo carcinoma,
corpus carcinoma, crivriform carcinoma, carcinoma en cuirasse, carcinoma cutaneum, cylindrical
carcinoma, cylindrical cell carcinema, duct carcinoma, carcinoma durum, embryonal carcinoma,
encephaloid carcinoma, eplermoid carcinoma, carcinoma epitheliale adenoides, exophytic carcinoma,
carcinoma ex ulcere, carcinoma fibrosum, gelatiniforni carcinoma, gelatinous carcinoma, giant cell
carcinoma, carcinoma gigantoceliulare, glandular carcinoma, granuiosa cell carcinoma, hair-matrix
carcinoma, hematoid carcinoma, nepatoceliular carcinoma, Hurthle cell carcinoma, hyaline carcinoma,
nypernephroid carcinoma, infantile embryonal carcinoma, carcinoma in situ, intraepidermal carcinoma,
intraepithelial carcinoma, Krompecher's carcinoma, Kulchitzky-cell carcinoma, large-cell carcinoma,
lenticular carcinoma, carcinoma lenticulare, fipomatous carcinoma, lymphoepithelial carcinoma,
carcinoma medullare, medullary carcinoma, melanotic carcinoma, carcinoma moile, mucinous carcinoma,
carcinoma muciparum, carcinoma mucoceliulare, mucoepidermoid carcinoma, carcinoma mucosum,
mucous carcinoma, carcinoma myxomatodes, nasopharyngeal carcinoma, oat cell carcinoma, carcinoma
ossificans, osteoid carcinoma, papillary carcinoma, periportal carcinoma, preinvasive carcinoma, prickle
cell carcinoma, pultaceous carcinoma, renal cell carcinoma of kidney, reserve celf carcinoma, carcinoma
sarcomatodes, schneiderian carcinoma, scirrhous carcinoma, carcinoma scrotl, signet-ring celi
carcinoma, carcinoma simplex, smail-cell carcinoma, solanoid carcinoma, spheroidal cell carcinoma,
spindle cell carcinoma, carcinoma spongiosum, sguamous carcinoma, squamous cell carcinoma, strin
carcinoma, carcinoma telangiectaticum, carcinoma telangiectodes, transitional cell carcinoma, carcinoma
tuberosum, tuberous carcinoma, verrucous carcinoma, and carcinoma villosum.

Non-timiting examples of sarcomas inciude chondrosarcoma, fibrosarcoma, lymphosarcoma,
melangsarcoma, myxosarcoma, osteosarcoma, Abernethy’s sarcoma, adipose sarcoma, liposarcoma,
alveolar soft part sarcoma, ameloblastic sarcoma, botryoid sarcoma, chioroma sarcoma, chorio
carcinoma, embryonal sarcoma, Wilms' tumor sarcoma, endometrial sarcoma, stromal sarcoma, Ewing's
sarcoma, fascial sarcoma, fibroblastic sarcoma, giant cell sarcoma, granulocytic sarcoma, Hodgkin's
sarcoma, idiopathic multiple pigmented hemaorrhagic sarcoma, immunoblastic sarcoma of B cells,
immunobiastic sarcoma of T-cells, Jensen's sarcoma, Kaposi's sarcoma, Kupffer cell sarcoma,
angicsarcoma, leukosarcoma, malignant mesenchymoma sarcoma, parosteal sarcoma, reticulocytic
sarcoma, Rous sarcoma, serocystic sarcoma, synovial sarcoma, and telangiectaltic sarcoma.

Non-limiting examples of leukemias include acute nonlymphocyiic leukemia, chronic tymphocytic
leukemia, acute granulocytic leukemia, chronic granulocytic leukemia, acute promyelocytic leukemia,
adult T-cell lsukemia, aleukemic ieukemia, a leukocythemic leukemia, basophylic leukemia, biast cell
leukemia, bovine leukemia, chronic myelocytic leukemia, ieukamia cutis, embryonal leukemia,
eosinophilic leukemia, Gross' leukemia, hairy-cell leukemia, hemobiastic leukemia, hemocytoblastic

feukemia, histiocyiic leukemia, siem celi leukemia, acute monocytic leukemia, leukopenic leukemia,
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lymphoma, lymphatic leukemia, lymphoblastic leukemia, lymphocytic leukemia, lymphogenous leukemia,
iymphoid leukemia, lymphosarcoma celi leukemia, mast cell leukemia, megakaryocytic leukemia,
micromyeloblastic leukemia, monocytic isukemia, myelobiastic leukemia, myeloeylic leukemia, myeloid
granulocylic leukemia, myslomonocylic leukemia, Naesgeli leukemia, plasma cell leukemia, multiple
myeloma, plasmagcytic laukemia, promyslocytic leukemia, Rieder cell leukemia, Schilling's leukemia, stem
cell leukemia, subleukemic leukemia, and undifferentiated cell leukemia.

Nor-timiting examples of melanomas inciude acral-lentigincus melanoma, amelanclic melanoma,

benign juvenile melanoma, Cloudman's melanoma, $S91 melanoma, Harding-Passey melanoma, juvenile

melanoma, lentigo maligna melancoma, malignant melanoma, nodular melanoma, subungual melanoma,
and superficial spreading melanoma.

A compound of the invention may be administered by a route selected from the group consisting
of oral, sublingual, buccal, transdermal, intradermal, intramuscular, parenteral, intravenous, intra-arterial,
intracranial, subcutaneous, intracrbital, intraventricular, intraspinal, intraperitoneal, infranasal, inhalation,
intratumoral, and topical administration.

The methods of the invention may include a step of identifying a subject as being a candidate for

a Pol8 innibitor therapy. For example, the subject may be identified as being a candidate for a Pol6

inhibitor therapy by detarmining (i) whether the subject has cancer with defects in DNA repair; (i) whether

the subiect has cancer, cancer cells, or cells expressing genetic aberrations in cancer-driving genes or
oncogenes; (i) whather the subject has cancer, cancer cell, or celis with one or more defect{s} in a
protein or gene invoived in DNA repair; (iv) whether the subject has cancer with defects in a protein or
gene inveived in homoelogous recombination; (v) whether the subject has a cancer with defects ina
protein or gene that have been implicated in sensitivity to Pold inhibitors or genetic perturbation of Poi;
ar {vi) whether the subject has a cancer with genetic or protein characteristics that have been implicate
in sensitivity to Pol@ inhibitors.

The compounds, compositions, and methods described may be used to ireat a subject having a
cancer with an aberration in DNA repair. For example, the aberration in DNA repair may be, 2.g., altered
expression or activity of one or more of the following proteins /genes inciuding but not imited to: BRCA2
and BRCA1. Aberrations in DNA repair may be identified by the presence of genomic scars reflective of
use of microhomologies in DNA repair. Additionally, DNA repair may be identified as foliows: 20% or
greater change in RADST or gamma-HZ2AX focl.

The compounds, compositions, and methods descrived may be used to treat a subject having a
cancer, cancer celis, or cells with one or more aberration{s) in DNA repair. For example, cancers which
are homologous repair deficient by mechanisms other than BRCA deficiency, such as those with
promoter hypermethylation. In these tumours where no DSB repair pathway may be fully down regulated
the Pol8 inhibitor may be given along with ancther DNA damage response modulaior such as a PARP
inhibitor, a DNA-PK inhibitor, an ATM inhibitor, an ATR inhibitor, a weet inhibitor, a PKMYT1 inhibitor ora
CHK1 inhibitor.

The compounds, compositions, and methods described may be used o treat a subject having a
cancer, cancer celis or cells with one or more aberration{s) in a protein or gene involved in homologous
recombination. For exampie, the abearration in homoiogous recombination may ke alterad exprassion or
activity of one or more of the following proteins/genes including but not limited to: BRCA1, BRCAZ,
MRE11, RADS0, RADS1, RADS2, RADSB4L, NBN, ATM, HZAX, PALB2, RPA, BRIP1, BARD1, ATR,
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ATRX, CHK1, CDK12, CHK2, MDM2, MDM4, FANCA, FANCC, FANCD2, FANCE, FANCF, FANCG, and
FANCL.

The compounds, compositions, and methods described may be used to treat a subject having a
cancer, cancer celis or celis with one or more aberration(s) in a prolein or gene implicated in sensitivity 1o
Pol@ inhibitors or genetic perturbation of the Polb signaling pathway including Pol8 over-expression.

There are many methods known in the art for determining whether a tumor has an aberrationin a
protein or gene. For example, sequencing of either the genomic DNA or mRNA products of each
specified gene (e.g., UNG, PARP1, or LIG1)} can be performed on a sample of the tumor to establish
whether mutations expected to modulate the function or exprassion of the gene product are presant. In
addition to the mutationai inactivation, tumor celis can modulate a gene by hypermethylating its promoter
region, leading to reduced gene expression. This is most commonly assessed using methviation-specific
polymerase chain reaction (PFCR) to quantify methylation levels on the promoters of base excision repair
genes of interest. Analysis of DNA repair gene promaoter methyiation is available commercially.

The expression levels of genas can be assessed by dirgctly quantifying levels of the mRNA and
protein products of each gene using standard techniques, e.g., quantitative reverse transcriptase-coupled
polymerase chain reaction (RT-PCR), RNA-Seq for gene expression, and immunohistochemistry (IHC)
for protein expression. Gene amplification or delstion leading to aberrantly over- or under- expressed
proteins (respectively) can aiso be measured by FISH {fluorescent in situ hvbridization) analysis using a
probe speciiic for the gene of interest.

The methods described above (gene sequence, promoter methylation, and mRNA expression)
may also ke used to characterize the status (e.g., expression or mutation) of other genes or proteins of
interest, e.g., DNA-damaging oncogenes expressed by a tumor or defects in the DNA repair pathways of

a cell.

FARP Inhibitors

PARP inhibitors that may be used in the present invention include compounds that upon
contacting PARP, whether in vitro, in celi cuiture, in an animai or in a patient, reduce the activity of PARP,
such that the measured PARP ICso is 10 uM or less (e.g., 5 uM or less or 1 uM or less). For certain
PARP inhibitors, the PARP 1Cso may be 100 nM or less {e.g., 10 nM or less, or 1 nM or less} and could be
as low as 10C pM or 10 pM. Preferably, the PARP ICscis 0.1 nM to 1 M {e.g., 0.1 nM 1c 750 nM, G.1 nM
t0 500 nM, or 0.1 nM to 250 nM). For exampie, certain PARP inhibitors may be prepared using
technigues and methods disclosed in, e.g., International Application No. PCT/AIS2022/0253587, which is

incorporated by reference herein.
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PARP inhibitors include:

PCT/IB2023/059814

olaparib

5 niraparib

2X-121

10 AZLDY574

and pharmaceutically acceptable s

CEP-8722

rucaparib

iniparib

O
!

G

alts thereof.

2 N"”\

talazoparib

AZD5305

FaS RN
{ s
\w“‘fs‘g\‘ (/\\NwNﬁ

pamiparib

Non-limiting examples of PARP inhibitors include those described in PCT applications

PCT/CN2022/086311, PCT/CNZ022/1 15258,
PCT/CN2022/087969 and U.8. Patent Nos. 11,325,906, 8,716,493, 8,236,802, 8,071,
15 7,732,481, 7,550,603, 7,531,530, 7,151,102, and 6,495,541, eac

reference herein.

PCT/ASS2022/027334, PCT/CN2022/088983, and

823, 8,012,978,

h of which is incorporated herein by

A PARP inhibitor may be isotopically enriched (e.g., enriched for deuterium).
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DONA-dependent Protein Kinase Inhibitors

DNA-dependent Protein Kinase (DNA-PK) inhibitors that may be used in the present invention
include compounds that upon contacting DNA-PI, whether in vitro, in cell cuiture, orin an animal, reduce
the activity of DNA-PK, such that the measured DNA-PK {Cso is 16 uM or iess {e.g., S M or less or 1 uM
or less). For certain DNA-PK inhibitors, the DNA-PK ICss may be 100 nM or less {e.g.. 10 nMor lgss, or 1
nM or less) and could be as low as 100 pM or 10 pM. Preferably, the DNA-PK {Css is G.1 nM o 1 M
{e.g., 0.1 nM to 750 nM, 0.1 nM to 500 nM, or 0.1 nM to 250 nM}.

DNA-PK inhibitors include AZD-7648, Peposertib, M8831, IMP11, NUS455, BAY-8400, 7L-2201,
adMare Bioinnovations DNA-PK Program, XRD-0394, Avadomide, NERx Ku program, CC-115,
KUB7788, Z8TK474, LY3023414, BR101801, XRD-0394 and NK-314.

Antibody Drug Conjugates

Antibody drug conjugates (ADCs) that may be used in the present invention inciude conjugaies
that upon contacting cancer cells, whether in vitro, in cell culture, or in an animal, inhibit the cancer cali,
such that the measured 1Cso is 10 puM or less (e.g., 5 uMor less or 1 uM or less). For certain ADRCs, the
{Cs may be 100 nM or less {e.g., 10 nM or less, or 1 nM or less) and could be as fow as 100 pMor 10
pht. Praferably, the ADC 1Cso is 0.1 nMto 1 uM (e.9., 0.1 nM to 750 nM, .1 nM to 500 nM, or 0.1 nM to
250 nM).

ADCs include Disitamab vedotin, Belantamab mafodotin, Trastuzumab deruxtecan, Ujvira,
Mirvetuximab soraviansine, Gemtuzumab ozogamicin, Enfortumab vedotin, Inotuzumab ozogamicin,
Trastuzumab emtansine, Tisotumab vedctin, Sacituzumab govitecan, Polatuzumab vedctin,
Loncastuximab Tesirine, Brentuximab vedotin, PF-08804103, MGTA-117, FOR4€, MRG0O01, SOT102,
ZV0203, ACC 1020, PRO1184, BATE009, BB-1705, 8107, SHR-A1912, CMGS01, Ladiratuzumab
vedotin, BATB008, RC108, BAT8008, Mipasetamab Uzoptirine, NBE-002, Zanidatamab zovodotin,
FOO0D2-ADC, SKB315, GQ1001, ABBV-837, XMT-2056, TORL-1-23, FDAD22, DYNE-251, ST1-5128,
Qzuriftarmab vedotin, Farletuzumalb Ecteribulin, Trastuzumab vedotin, DB-1303, OMTX705, TRS005,
ispectamab debotansine, DXC-008, ESG-401, ARX788, BAT8010, Tusamitamab raviansine, ABBV-154,
Naratuximab emtansine, PSMA ADC, TAK-164, ADCT-602, ADCT-301, SHR-A1201, GB251, ABL202,
SHR-AT821, 9MW2821, HS-200983, BIO-106, SKB264, Camidaniumab Tesirine, Datopotamab
deruxtecan, Telisotuzumab vedotin, L-DOS47, AVID100, OBI-9%9, DP303c, ALURIXIM, MT-8633,
IMGCO36, BB-1701, AQOC 1001, JS108, TAC-001, SYSA1801, SHR-AZ009, TORL-2-307-ADC, B8L-
MO7D1, STRO-001, A166, Mecbotamab vedotin, Trastuzumab duccarmazine, ASNG04, ABBV-011,
Mirzotamab clezutoclax, OBTO76, HS830, SGN-STNVY, FDAD18, ABBV-400, AZDB205, iBi-343, SGN-
ALPV, TAK-500, JBH492, ALT-P7, ifinatamab deruxtecan, DXC-004, IMGN151, XMT-1660, M1231, LM-
102, ORM-5029, STI-3258, SGN-B7H4V, TPX-4589, IKS0S, Zilovertamab Vedotin, ARXS517, Pivekimal
Sunirine, Lonigutamab Ugodotin, TRPH-222, MRG004a, DS-6000a, REGN5023-M114, Trastuzumab
imbotolimod, RC88, HTI-1066, BI-CON-02, SGN-CD228A, AOC 1044, DB-1305, ABBV-319, Patritumab
Deruxtecan, RC118, Trastuzumab rezetecan, ARX305, Upifitamab Rilscdotin, NBT828, TAAC13, BL-
B01D1, BL-M02D1, GQ1007, DS-8606a, NBTH08, BOO3, DX126-262, XB002, FS-1502, Fraluzatamab
raviansineg, AMT-151, M8140, indatuximab ravtansine, Cofetuzumab pelidotin, RG7861, AG362P1, CX-
2029, SGN-BBA, Unspecified TROP2 ADC, Unspecified HER2 ADC, RC98 ADC, DYNE-101, SHR-

A1904, Anetumab ravtansing, Vobramitamab duccarmazine, Luveltamab tazevibulin, Serclutamab
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talirine, MRGO03, SYD1875, BYON3521, SGN-PRL1V, JSKN-003, YL201, HS-20089, DXC-007,
8Y86002, and HDP-101,

Radiotharapy

Radictherapy may be used in conjunction with the other methods of this disclosure for the
freatment of cancer. Radictherapy is a treatment method where ionizing radiation is provided to
cancerpus tissue 1o induce DNA damage and cell death. Radiotherapy methods of this disciosure include
radiation from an external beam (i.e., external beam radiation), sealed source radiotherapy, (i.e.,
brachytherapy}, and injection of radionuclide isotopes (i.e., radionuciide therapy} or radioligand therapy
{RLT) in which pharmaceuticals comprising antibodies or cell surface ligands are linked to radicnuclides
for administration. External beam radiation can include freatment with photons (X-rays), electrons,
protons, carbon lons, boron capture neutrons, etc. Radionuclides usad in brachytherapy, radicnuclide
therapy, and radioligand therapy can include: 191, 7Ly, 1838m, 90y, 228Rg 228Ac, 1AL 235, 212PR/212R))
1817, 125) 181055 10813y, 103p 82p 33p 67Cy 398y, lesDy’ 188y 138Ra 188Rg S0Co, sic.

In some embodiments, the radictherapy is part of a chemoradictherapy (CRT). The
chemotharapeutic agent can be etoposide, doxorubicin, topctecan, irinotecan, flucrouracil, gemgcitabine,
paciitaxel, a platin, an anthracycline, and a combination theraof.

The radiotherapy can be a treatment given with electrons, photons, protons, alpha-emitiers, beta-
emitters, other ions, radio-nucleotides, boron capture neuirons, and combinations theraof.

In some embodiments, the radictherapy is given either with fractionation {e.g., 0.10, 0.15, 0.20,
0.25, 0.30, 0.35, 0.40, 0.45, 0.50, 0.55, 0.60, 0.85, 0.70, 0.75, 0.80, 0.85, 0.90, 0.95, 1.00, 1.10, 1.15,
1.20, 1.25, 1.30, 1.35, 1.40, 1.45, 1.50, 1.55, 1.60, 1.65, 1.70, 1.75, 1.80, 1.85, 1.90, 1.95, and 2.00 Gy
per day for 5 days a week) up to a total dose of 50-70 Gy. In some embodiments, the radiotherapy is
given sither with fractionation (0.1 to 2 Gy per day for 5 days a week} up to a total dose of 50-70 Gy.
Other fractionation schedules could aiso be envisioned, for example, a lower dose per fraction but given
twice daily. Higher daily doses over a shortar period of time can aiso be given. in one embodiment,
sterectactic radictherapy as well as the gamma Knife are used. In the palliative setting, other fractionation
schedules are also widely used for example 25 Gy in 8 fractions or 30 Gy in 10 fractions. For
radictherapy, the duration of treatment will be the time frame when radictherapy is given. These
interventions apply to freatment given with slectrons, photons and protons, alfa-emitiers or other ions,
treatment with radio-nucieotides, for exampla, treatment with 5% given to patients with thyroid cancer, as

well in patients treated with boron capture neutron therapy.

Radictherapy Ligands

Radictherapy Ligands (RLTs} that may be used in the present invention include agents that upon
contacting cancer cells, whether in vitro, in cell culture, or in an animal, inhibit the cancer cell, such that
the measured iICs is 10 uM or less (e.g., 5 uM or less or 1 uM or less). For certain RLTs, the 1Cso may be
100 nM or lass {e.g., 10 nM or less, or 1 nM or less) and could de as fow as 100 pM or 10 pM.
Preferably, the RLT 1Cso is 0.1 nM to 1 uM {e.g., 0.1 nM to 750 nM, 0.1 nM to 500 nM, or 0.1 nM to 250
niv).

RLiTs include Zevalin, Actimab-A, lomab-ACT, lomab-B, Lutetium-177-DOTAGA-PEG-IAC,
Tozaride, SS0110, BAY-2701439, 177Lu-rhPSMA-10.1, CTT-1403, lopofosine, SAR-BBN, SAR-
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bisPSMA, SARTATE, FAP-2286, CONV-01-q, "7Lu-PSMA-I&T, FPI-2059, FPI-1434, FPI-1965, ['7Lu]
iudotadipep, ¥ Th-PSMA-&T, ITM-31, ITM-11, UNJ-89086420, 1-131-1095, Azedra, PSMA TTC / BAY-
2315497, "Lu-DOTA-EB-TATE, Betalutin, AAAR17, AAABDS, Lutathera, Pluvicto, FPMX-T002, 186RNL,
PNT2003, CAM-H2, AlphaMedix, RYZ101, Sn-""m-DTPA, TLX592, TLX86, TLX28), TLX591, TLX101,
*-omburtamab, GD2-SADA, and **%-omburtamab.

Immune Checkpoint inhibitors

Immune checkpoint inhibitors reinvigorate antitumor immune responses by interrupting co-
inhibitory signaling pathways and promoie immune-mediated efimination of tumor cells which can involve
DNA damage or recognition of DNA damage. Immune checkpoint inhibitors that may be used in the
present invention include compounds that upon contacting a cell, whether in vitre, in cell culture, inan
animal, or in a patient, block an immune checkpoint. Immune checkpoint inhibitors include: antl CTLA-4
{pilimumab (Yervoy), anti PD-1 Nivolumab (Opdivo), anti PD-1 Pembrolizumab (KEYTRUDA), anti PD-1
Cemiplimab (LIBTAYQ}, anti PD-L1 Atezolizumab (TECENTRIQ), anti PD-L1 Avelumab (BAVENCIO),
and anti PD-L1 Durvalumab (IMFINZY.

Pharmaceutical Compositions

The compounds used in the methods described herein are preferably formuiated into
gharmaceutical compositions for administration to human subjects in a biclogically compatible form
suitable for administration in vive. Pharmaceutical compositions typically inciude a compound as
descrioed herein and a pharmaceutically acceptable excipient. Certain pharmaceutical compositions may
inciude one or more additional pharmaceutically active agents described herein.

The compounds described herein can also be used in the form of the free base, in the form of
salts, zwitterions, solvates, or as prodrugs, or pharmaceutical compositions thereof. All forms are within
the scope of the invention. The compounds, salts, zwitterions, soivates, prodrugs, or pharmaceutical
compositions thereof, may be administered to a patient in a variety of forms depending on the selected
route of administration, as wiill be understood by those skilled in the art. The compounds used in the
methods descrioed herein may be administered, for exampie, by oral, parenteral, bucecal, sublingual,
riasal, rectal, patch, pump, or transdermal administration, and the pharmaceutical compositions
formulated accordingly. Parenteral administration includes intravenous, intraperitoneal, subcutansous,
intramuscular, transepithelial, nasal, intrapulmonary. intrathecal, rectal, and topical modes of
administration. Parenteral administration may be by continuous infusion over a selected period of time.

For human use, a compound of the invention can be administered alone or in admixture with a
pharmaceutical carrier selected with regard to the intended route of administration and standard
pharmaceutical practice. Pharmaceutical compositions for use in accordance with the prasent invantion
thus can be formulated in a conventional manner using one or more physioiogically acceptable carriers
comprising excipients and auxiliaries that facilitate processing of a compound of the invention into
preparations which can be used pharmaceutically.

This invention also includes pharmaceutical compositions which can contain one or more
pharmaceutically acceptable carriers. In making the pharmaceutical compaositions of the invention, the
active ingredient is typically mixed with an excipient, diluted by an excipient or enciosed within such a

carrier in the form of, for example, a capsule, sachet, paper, or other container. When the excipient
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serves as a diluent, it can be a solid, semisciid, or Hquid material {e.g., normal saline), which acts as a
vehicie, carrier or medium for the active ingredient. Thus, the compaositions can be in the form of tablats,
powders, lozenges, sachets, cachets, elixirs, suspensions, emulsions, solutions, syrups, and soft and
hard gelatin capsules. As is known in the art, the type of diluent can vary depending upon the intended
route of administration. The resulting compositions can inciude additional agents, e.g., preservatives.

The excipient or carrier is selected based on the mode and route of adminisiration. Suitable
pharmaceutical carriers, as well as pharmaceutical necessities for use in pharmaceutical formulations,
are described in Remington: The Science and Practice of Pharmacy, 21st Ed., Gennaro, Ed., Lippincott
Williams & Wilking (2005}, a well-known raference text in this field, and in the USP/NF (United States
Pharmacopeia and the National Formulary). Examples of suitable excipients are lactose, dextrose,
sucrose, sorbitel, mannitol, starches, gum acacia, cakcium phosphate, alginates, tragacanth, gelatin,
caleium silicate, microcrystaliine celluiose, polyvinyipyrrolidone, celivlose, water, syrup, and methyl
celiulose. The formulations can additionally include: lubricating agents, e.g., taic, magnesium stearate,
and mineral oil; wetting agents; emulsifying and suspending agents; preserving agents, e.g., methyl- and
propylhydroxy-benzoates; sweetening agents; and flavoring agents. Other exemplary excipients are
described in Handbook of Pharmaceutical Excipients, 6th Edition, Rowe ef al., Eds., Pharmaceutical
Press (2009).

These pharmaceutical compositions can be manufactured in a conventional manner, e.q., by

conventional mixing, dissolving, granulating, dragee-making, levigating, emuisifying, encapsulating,
entrapping, or lyophiiizing processes. Methods well known in the art for making formulations are found,
for exampla, in Remington: The Science and Practice of Pharmacy, 21st Ed., Gennaro, Ed., Lippincott
Williams & Witkins (2005}, and Encyclopedia of Pharmacsutical Technology, eds. J. Swarbrick and J. C.
Boylan, 1988-1989, Marcel Dekker, New York. Proper formulation is dependent upon the route of
administration chosen. The formulation and preparation of such compositions is well-known {o those
skilled in the art of pharmaceutical formulation. In preparing a formulation, the active comgpound can be
milled to provide the appropriate particle size prior to combining with the other ingredients. If the active
compound is substantially inscluble, it can be miiled to a particle size of less than 200 mesh. if the active
compound is substantially water soluble, the particie size can be adjusted by milling to provide a

substantially uniform distribution in the formulation, e.g., about 40 mesh.

Dosages

The dosage of the compound used in the methods described herein, or pharmaceutically
acceptable salts or prodrugs thereof, or pharmaceutical compositions thereof, can vary depending on
many factors, e.g., the pharmaccdynamic properties of the compound; the mode of administration; the
age, heaith, and weight of the recipient; the nature and extent of the symptoms; the frequency of the
treatment, and the type of concurrent treatment, if any; and the clearance rate of the compound in the
animal to be treated. One of skili in the art can determine the appropriate dosage based on the above
factors. The compounds used in the methods described herein may be administered initially in a suiiable
dosage that may be adjusted as required, depending on the clinical response. In general, a suitable daily
dose of a compound of the invention will be that amount of the compound that is the lowest dose effective
to produce a therapeutic effect. Such an effective dose will generally depend upon the faciors described

above.
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A compound of the invention may be administered {o the patient in & single dose or in multiple
doses. When multiple doses are administered, the doses may be separated from one anocther by, for
example, 1-24 hours, 1-7 days, 1-4 weeks, or 1-12 months. The compound may be administerad
according to a schedule, or the compound may be administerad without a predetermined schedule. An
active compound may be administered, for example, 1,2, 3, 4. 5, 6,7, 8, 9, 10, 11, or 12 times per day,
every 2nd, 3rd, 4th, 5th, or 6thday, 1, 2, 3,4, &, 6, or 7 times per week, 1, 2, 3, 4, §, or 6 times per
month,or 1,2, 3,4, 5,6,7,8,9, 10, 11, or 12 times per yvear. itis to be undersiood that, for any
particular subject, specific dosage regimes should be adjusted over time aceording to the individual need
and the professional judgment of the person administering or supervising the administration of the
compaositions.

While the attending physician ullimately will decide the appropriate amount and dosage regimen,
an effective amount of a compound of the invention may be, for example, a total dailly dosage of, e.g.,
between 0.05 mg and 3000 mg of any of the compounds described herein. Alternatively, the dosage
amount can be caleulated using the body welght of the patient. Such dose rangas may inciude, for
example, between 10-1000 myg {e.g.. 50-800 mg}. in some embodiments, 50, 100, 180, 200, 250, 300,
350, 400, 450, 500, 550, 800, 650, 700, 750, 800, 850, 200, 850, or 1000 mg of the compound is
administered.

In the methods of the invention, the time period during which multiple doses of a compound of the
invention are administered to a patient can vary. For example, in some embodiments, doses of the
compounds of the invention are administered to a patient over a time peried thatis 1-7 days; 1-12 weeks;
or 1-3 months. in other embodiments, the compounds are administered to the patient over a time period
that is, for example, 4-11 months or 1-30 years. In other embodiments, the compounds are administered
{0 a patient at the onset of symptoms. in any of these embodiments, the amount of compound that is
administered may vary during the time period of administration. When a compound is administered daily,

administration may occur, forexample, 1, 2. 3,4,5,6,7, 8,9, 10, 11, or 12 times per day.

Formulations

A compound identified as capable of treating any of the conditions described herein, using any of
the methods described herein, may be administered to patients or animals with a pharmaceutically
acceptable diluent, carrier, or excipient, in unit dosage form. The chemical compounds for use in such
therapies may be produced and isolated by any standard technigue known {0 those in the field of
medicinal chemistry. Conventionai pharmaceutical practice may be empioyed to provide suitable
formulations or compositions to administer the identified compound to patients suffering from a bacterial
infection. Administration may begin before the patient is symptomatic.

Exermplary routes of adminisiration of the compounds (e.g., a compound of the invention), or
pharmaceutical compositions thereof, usad in the present invention include oral, sublingual, buceal,
transdermal, intradermal, intramuscular, parenteral, intravenocus, intra-arterial, intracranial, subcutaneous,
intrgorbital, intraventricular, intraspinal, intraperitoneal, intranasal, inhalation, and topical administration.
The compounds desirably are administered with a pharmaceutically acceptable carrier. Pharmacsutical
formulations of the compounds described herein formulated for treatment of the disorders descrived

herein are also part of the present invention.
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Formulations for Oral Administration

The pharmaceutical compositions contemplated by the invention inciude those formulated for oral
administration (“oral dosage forms”™). Oral dosage forms can be, for example, in the form of tablets,
capsules, a liguid solution or suspension, a powder, or liquid or solid crysials, which contain the aclive
ingredient(s) in a mixiure with non-toxic pharmaceutically acceptable excipients. These excipients may
be, for exampie, inert diluents or fillers {e.g., sucrcse, sorbitol, sugar, mannitol, microcrystalline celiulose,
starches including potate starch, caicium carbonate, sodium chioride, lactose, caicium phosphate,
calcium sulfate, or sodium phosphate); granulating and disintegrating agents {e.g., cellulose derivatives
inciuding microcrystalline celiuiose, starches including potato starch, croscarmeliose sodium, alginates, or
alginic acid); binding agenis {e.q., sucrose, glucose, sorbitol, acacia, alginic acid, sodium alginate, gelatin,
starch, pregelatinized starch, microcrystaiiineg celluiose, magnesium aluminum silicate,
carboxymethyicellulose sodium, methylceliulose, hydroxypropyl methyiceliulose, ethyleeliuiose,
polyvinyipyrroiidone, or polyethylene glyeol); and lubricating agents, glidants, and antiadhesives {e.g.,
magnesium stearate, zinc stearate, stearic acid, silicas, hydrogenated vegetable oils, or tale). Other
pharmaceutically acceptable excipients can be colorants, flavoring agents, plasticizers, humectants,
buffering agents, and the like.

Stabilized amorphous formulations may also be used for oral administration. A technique such as
spray-dried dispersion may used in which the active drug is mixed with a polymer such as a ceilulose
derivative {e.g., celiulose acetate phthalate {CAF), methyicellulose acetate phthalate,
hydroxypropyimethyi celiulose (HPMGC), and hydroxypropylmethyl celiulose acetate succinate {(HPMCAS,
e.g., HPMCAS grade H, HPMCAS grade L, and HPMCAS grade M)}, a polyacrylate (e.g.,
polymethacrylate, a methacrylate copolymer, and an ethacrylate copolymer), a polyviny! pyrrolidone, a
polyvinyl acetate {(e.g., polyviny! acetate ester and a polyethylene glycol-polyvinylcaprolactam-
polyvinylacetate copolymer), or a copolymer of g polyviny! pyrrolidone and a polyvinyl acetate, and
combinations thereof dissoived in an organic soivent. The resuiting solution may be rapidly dried by a
stream of air in a spray drying apparatus to produce a fine powder containing the active drug as an
amorphous solid. Alternatively, the active drug may be dissclved in a polymer carrier such as povidone,
nydroxypropyl methylceliviose, microcrystaliine celluiose, or a mixture of such agents, using a hot melt
extrusion process to generate an amorphous solid.

Formulations for oral administration may alsc be presented as chewable tablets, as hard gelatin

capsules wharein the active ingredient is mixed with an inert solid diluent (e.g., potate starch, lactose,

microcrystalline celiulose, calcium carbonate, caicium phosphate or kaolin), or as soft gelatin capsules
wherein the active ingredient is mixed with water or an oil medium, for example, peanut oil, fiquid paraffin,
or olive oil. Powders, granulates, and peliets may be prepared using the ingredients mentioned above
under tablets and capsules in a conventional manner using, e.g., a mixer, a fluid bed apparatus or a spray
drying equipment.

Controlied release compositions for oral use may be constructed io release the active drug by
controlling the dissolution and/or the diffusion of the active drug substance. Any of a number of sirategies
can be pursued in order to obtain controlled release and the targeted plasma concentration versus time
profile. in one example, controlied release is obtained by appropriate selaction of various formulation
parameters and ingredients, including, e.g., various types of controiied release compositions and

coatings. Examples include singie or muitiple unit tablef or capsule compositions, ol solutions,
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suspensions, emulsions, microcapsules, microspheres, nancpaiticles, patches, and liposomes. In certain
embodiments, compositions include biodegradable, pH, and/or temperature-sensitive polymer coatings.

Dissoiution or diffusion-controlied release can be achieved by appropriate coating of a tablet,
capsule, pellet, or granulate formulalion of compounds, or by incorporating the compound intc an
appropriate matrix. A controiied release coating may include one or more of the coating substances
mentioned above and/or, e.¢., shellac, beeswax, glycowax, castor wax, carnauba wax, stearyl alcohol,
glyceryl monostearate, glyceryl distearate, glycerct palmitostearate, ethyicelluloge, acrylic resins, di-
polylactic acid, cellulose acetate butyrate, polyvinyi chioride, polyvinyl acetate, vinyl pyrrolidone,
polyethylene, polymethacrylate, methylmethacryiate, 2-hydroxymethacrylate, methacrylate hydrogels, 1,3
butylene glycol, ethyiene giycol methacryiate, and/or polyethylene glycols. In a controlled release matrix
formulation, the matrix material may aiso include, e.¢., hvdrated methyicelluiose, carnauba wax and
stearyl alcohol, carbopol 934, silicone, glyceryl tristearate, methy! acrylaie-methy! methacryiate, polyvinyl
chioride, polyethyiene, and/or halogenated fluorocarbon.

The fiquid forms in which the compounds and compositions of the present invention can be
incorporated for administration orally include aguecus solutions, suitably flavored syrups, aqueous or oil
suspensions, and flavored emulsions with edible oils, e.g., cottonseed oil, sesame oil, coconut olf, or

peanut oif, as well as elixirs and similar pharmaceutical vehicles.

Forimutations for Parenteral Administration

The compounds described herein for use in the methods of the invention can be administered in
a pharmaceutically acceptadle parenteral {e.g., intravenous or intframuscuiar) formulation as described
herein. The pharmaceutical formulation may also be administered parenterally (intravenous,
intramuscular, subcutanesous or the like) in dosage forms or formuiations containing conventional, non-
toxic pharmaceutically acceptable carriers and adjuvants. In particular, formulations suitable for
parenteral administration include aqueous and non-agueous steriie injection solutions which may contain
anti-oxidants, buffers, bacteriostats and solutes which render the formulation isotonic with the blood of the
intended recipient; and agqueous and non-aguecus sterile suspensions which may include suspending
agents and thickening agents. For exampie, to prepare such a composition, the compounds of the
invention may be dissolved or suspended in a parenterally acceptabie liguid vehicle. Among acceptable
vehicies and solvents that may be emploved are water, water adjusted to a suitable pH by addition of an
appropriate amount of hydrochloric acid, sodium hydroxide or a suitable buffer, 1,3-butanediol, Ringer's
sclution and isctenic sodium chioride solution. The aqueous formulation may also contain one or more
preservatives, for exampie, methyl, ethyi, or n-propyl p-hydroxybenzoate. Additional information
regarding parenteral formulations can be found, for example, in the United States Pharmacopeia-National
Formulary (USP-NF), herein incorporated by reference.

The parenteral formuiation can be any of the five general types of preparations identified by the
USP-NF as suitable for parenteral administration:
{1} “Prug injection:” a fiquid preparation that is a drug substance (e.g., a compound of the invention),
or a seiution thereof;
{2} “Crug for Injection:” the drug substance (e.g.. a compound of the invention} as a dry solid that will

be combined with the appropriate sterile vehicle for parenteral administration as a drug injection;
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3} “Crug Injectable Emulsion:” g liquid preparation of the drug substance {e.g., 2 compound of the
invention) that is disscived or dispersed in a suitable emuigion mediuny;

{4) “Drug injectable Suspension:” a liquid preparation of the drug substance (e.g., a compound of
the invention) suspended in a suitable fiquid medium; and

& “Drug for Injectable Suspension:” the drug substance (e.g.. a compound of the invention) as a dry
solid that will be combinad with the appropriate sterile vehicle for parenteral administration as a drug
injectable suspension.

Formulations for parenteral administration include solutions of the compound prepared in water
suitably mixed with a surfactant, &.9., hydroxypropylceliulose. Dispersions can also be prepared in
glycerol, liquid polyethylene glycols, DMSO and mixtures thereof with or without alcohol, and in oils.
Under ordinary conditions of storage and use, these preparations may contain a preservative 1o prevent
the growth of microorganisms. Conventional procedures and ingredients for the selection and
preparation of suitable formulations are described, for example, in Remington: The Science and Practice
of Pharmacy, 21st Ed., Gennaro, Ed., Lippincott Williams & Wilkins {2005} and in The United States
Pharmacopeia: The National Formulary (USP 38 NF31), published in 2013,

Formulations for parenteral administration may, for example, contain excipients, sterile water, or

ine, polyalkylene glycols, e.g., polyathyiane giycol, oils of vegetable origin, or hydrogenated
napthaienes. Biocompatibie, biodegradable lactide polymer, lactide/glycolide copolymer, or
polyoxyethyiene-poivoxypropylene copolymars may be usad to control the release of the compounds.
Other potentially useful parenteral delivery systems for compounds include ethylene-vinyl acetate
copolymer particles, osmotic pumps, implaniable infusion systems, and liposomes. Formulations for
inhalation may contain excipients, for example, lactose, or may be agueous solutions containing, for
example, polyoxyethylene-9-iauryl ether, glycocholate and deoxycholate, or may be oily solutions for
administration in the form of nasal drops, or as a gel.

The parentsral formulation can be formuiated for prompt release or for sustained/extended
release of the compound. Exemplary formulations for parenteral release of the compound include:
aqueous solutions, powders for reconstitution, cosolvent solutions, oil/water emulsions, suspensions, oil-

based solutions, fiposomes, microspheres, and polymeric gels.

Combinations

Compounds of the present invention may be administered to a subject in combination with a one
or more additional agents, e.g.:

{a) a cytotoxic agent;

{b) an antimetabolite;

(¢} an alkyiating agent:

(d) an anthracyciine;

{g) an antibiotic;

{f} an anti-mitctic agent;

{g) a hormone therapy:

{n) a signa! transduction inhibitor;
(i) a gene expression modulator;
{iy an apoptosis inducer;
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{(k} an angiogenesis inhibitor;

(I} an immunotherapy agent;

{m) a DNA damage repair inhibitor;
{n) a kinase inhibitor

{0) a PARP inhibitor

{p) an ionizing radiation therapy
(q) a radioligand therapy

{r) antibody drug conjugate (ADC)
or

a combination therecf.

The cytotoxic agent may be, e.g., actinomycin-D, alemtuzumab, alitretinoin, aliopuringi,
altretamine, amifostine, amphotericin, amsacrine, arsenic trioxide, asparaginase, azacitidine,

azathioprine, Bacille Calmetie-Guérin (BCG), bendamustine, bexarotene, bevacuzimab, bleomyein,

bortezomib, busulphan, capecitabing, carboplatin, carfiizomib, carmustine, cetuximab, cisplatin,

chiorambuci, cladribine, clofarabine, colchicine, crisantaspase, cyclophosphamide, cyciosporine,

cytarabing, cytochalasin B, dacarbazine, dactinomycin, darbepoetin alfa, dasatinib, dauncrubicin, 1-
dehydrotestosterone, denileukin, dexamethasone, dexrazoxane, dihydroxy anthracin dione, disulfiram,
docetaxel, doxorubicin, emetine, epirubicin, erlotinib, epigallocatechin gallate, epoetin aifa, estramustine,
ethidium bromide, etoposide, everolimus, filgrastim, finasunate, floxuridine, fludarabine, flurouracii (5-FU3,
fulvestrant, ganciclovir, geidanamycin, gemcitabine, glucocorticoids, gramicidin D, histrelin acetate,
hydroxyurea, ibritumomab, idarubicin, fosfamide, imatinib, irinotecan, interferons, interferon aifa-2a,
interferon alfa-2b, ixabepilone, lactate dehvdrogenase A (LDH-A), lenalidomide, letrozole, leucovorin,
ievamisole, fidocaine, lomustine, mechiorethamine, melphalan, 8-mercaptopurine, mesna, methotrexaie,
methoxsalen, metoprine, metronidazole, mithramycin, mitomyein-C, mitoxantrone, nandrolone,
nelarabine, nilotinib, nofetumomab, oprelvekin, oxaliplatin, paclitaxel, pemetrexed, pentostatin, palifermin,
pamidronate, pegademase, pegaspargase, peglilgrastim, pemetrexed disodium, plicamycin, porfimer
sodium, procaine, procarbazine, propraneciol, puromycin, quinacrine, radicicol, radicactive isotopes,
raititrexed, rapamycin, rashuricase, salinosporamide A, sargramostim, sunitinib, temozolomide,
teniposide, tetracaine, B-thioguanine, thictepa, topotecan, toremifene, trastuzumab, trecsulfan, tretinoin,
valrubicin, vinblastine, vincristine, vindesine, vinorelbine, zoladronate, or a combination thereof.

The antimetabgolite may be, e.g., methotrexate, 6-mercaptopuring, 8-thioguanine, cytarabine, 5-
flucrouracit decarbazine, cladribine, pemetrexed, gemcitabine, capecitabine, hydroxyurea,
mercaptopurine, fiudarabine, pralatrexate, ciofarabine, cytarabine, decitabine, floxuridine, nelarabine,
frimetrexate, thioguanine, pentostatin, or a combination thereof.

The alkylating agent may be, &.9., mechlorethamine, thiotepa, chiorambucil, meiphalan,
carmustine {BSNU), lomustine (CCNU), cyciothosphamide, busulfan, dibromomannitol, streptozotocin,
mitomycin C, cis-dichlorodiamine piatinum (1) (DDP) cisplatin, altretamine, cyclophosphamide,
fosfamide, hexamethyimelamineg, altretaming, procarbazine, dacarbazine, temozolomide, streptozocin,

carboplatin, cisplatin, oxaliplatin, uramustine, bendamusting, trabectedin, semustine, or a combination

P

heraof.
The anthracycline may be, e.9., dauncrubicin, doxorubicin, aclarubicin, aldoxorubicin, amrubicin,

annamycin, carubicin, epirubicin, idarubicin, mitoxantrone, valrubicin, or a combination thereof.
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he antiblotic may be, e.g., dactinomycin, bleomycin, mithramycin, anthramycin (AMC},

ampicillin, bacampicillin, caroeniciilin, cloxaciiling dicioxacillin, fiucioxacillin, meziociiin, nafcillin, oxaciifin,
piperaciilin, pivampicillin, pivmeciilinam, ticarciiiin, aztreonam, imipenem, doripenem, ertapenem,
meropenam, cephalosporing, clarithromycin, dirithromycin, roxithromycin, telithromycin, lincomycin,
pristinamycin, guinupristin, amikacin, gentamicin, kanamycin, neomycin, netiimicin, paromomycin,
tobramyvcin, streptomycin, suifamethizole, suifamethoxazole, sulfisoxazole, demeciocycline, minocycline,
oxytetracyciine, tetracycline, penicillin, amoxiciliin, cephalexin, erythromycin, clarithromycin, azithromycin,
ciprofloxacin, levofloxacin, ofioxacin, doxycycline, clindamycin, metronidazole, tigecycline,
chiocramghenicol, metronidazole, tinidazole, nitrofuranioin, vancomycin, teicoplanin, telavancin, linezolid,
cyclosering, rifamycins, polymyxin B, bacitracin, viomycin, capreomycin, quinolones, daunorubicin,
doxorubicin, 4’-deoxydoxorubicin, epirubicin, idarubicin, plicamyein, mitomycin-¢, mitoxantrone, or a
combination theraof.

The anti-mitotic agent may be, e.g., vincristing, vinblasting, vinorelbine, docetaxel, estramustine,
ixabeplione, paclitaxel, maytansineid, a dolastatin, a cryptophycin, or a combination thereof.

The signal transduction inhibitor may be, e.g., imatinip, trastuzumab, erlotinib, sorafenib,
sunitinib, temsirolimus, vemurafenib, lapatinib, bortezomib, catuximab panitumumab, matuzumab,
gefitinib, 8T1 571, rapamyein, flavopirido!, imatinib mesylate, vatalanib, semaxinib, motesanib, axitinib,
afatinib, bosutinib, crizotinib, cabozantinib, dasatinib, entrectinib, pazopanib, lapatinib, vandetanib, or a
cormbination thereof.

The gene expression modulator may be, e.g., a siRNA, a shRNA, an antisense oligonucieotide,
an HDAC inhibitor, or & combination thereof. An HDAC inhibitor may be, e.¢., trichostatin A, trapoxin B,
valproic acid, vorinostat, belinostat, LAQ824, pancbinostat, entinostal, tacedinaline, mocetionstat,
givinostat, resminostat, abexinostat, quisinostat, rocilinostat, practinostat, CHR-3996, butyric acid,
phenylbutyric acid, 4SC202, romidepsin, sirtinol, cambinol, EX-527, nicotinamide, or a combination
thersof. An antisense oligonuclectide may be, e.g., custirsen, apatorsen, AZDY150, trabadersen, EZN-
2968, LErafAON-ETU, or a combination thereof. An siRNA may be, e.9., ALN-VSP, CALAA-C1, Alu-027,
SPC2998, or a combination thereof.

The hormeone therapy may be, e.¢., a luteinizing hormone-releaging hormone (LHRH) antagonist.
The hormone therapy may be, e.g., firmagon, leuproiine, goserelin, buserelin, flutamide, bicalutadmide,
ketoconazole, amincglutethimide, prednisone, hydroxyl-progesterone caproate, medroxy-progasteron
acetate, magestrol acetate, disthyistil-bestrol, ethinyl estradiol, tamoxifen, testosterone propionate,
fluoxymesterone, flutamide, raloxifene, droloxifene, iodoxyvfene, 4-hydroxytamoxifen, tricxifene, keoxifene,
LY117018, onapristone, toremifine citrate, megestrol acelate, exemestane, fadrozole, vorozole, letrozole,

anastrozole, nilutamide, tripterelin, histerelin, arbiraterone, medroxyprogesterone acetate,

diethyistibbastrol, premarin, fluoxymasteronea, trelinoin, fenretinide, troxacitabine, or & combination thereof.
The apoptosis inducers may be, e.g.. a recombinant human TNF-related apoptosis-inducing
figand {TRAIL), campiothecin, bortezomib, etoposide, tamoxifen, or a combination thereof.
The angiogenesis inhibitors may be, e.g., sorafenib, sunitinib, pazopanib, everciimus or a
combination thereof.
The immunotherapy agent may be, &.9., a monoclonal antibody, cancer vaccing (e.g., a dendritic
-+

cell {DC) vaccine), oncolvtic virus, cytokine, adoptive T cell therapy, Bacilie Calmetie-Guérin (BCG), GM-
CSF, thalidomide, lenalidomide, pomalidomide, imiguimod, or 2 combination thereof. The monocional
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antibody may be, e.g., anti-CTLA4, anti-PD1, anti-PD-L1, ant-LAG3, anti-KiR, or a combination thereof.
The monoclonal antibedy may be, e.g., alemtuzumab, trastuzumab, ibritumomab tiuxetan, brentuximab
vedotin, trastuzumab, ado-trastuzumab emtansine, biinatumomab, bevacizumab, cetuximab, pertuzumab,
panitumumab, ramucirumab, obinuiuzumab, cfatumumab, rituximab, pertuzumab, tositumomab,
gemtuzumab ozogamicin, tositumomab, or a combination thereof. The cancer vaccine may be, e.g.,
Siputeucel-T, BioVaxID, NeuVax, DCVax, SuVaxM, CiMAvax®, Provenge,®, hsp110 chaperone complex
vaccine, GDX-1401, MiIS416, CDX-110, GVAX Pancreas, HyperAcute™ Pancreas, GTOP-39 (MyVax®),
or imprime PGG®. The oncolytic virus may be, e.g., talimogene laherparepvec. The cytoking may be,
e.g., -2, [FNa, or a combination thereof. The adoptive T cell therapy may be, e.9., tisagenieclaucel,
axicabtagene ciioleucel, or a combination thereof.

The DNA damage repalr inhibitor may be, £.g., a PARP inhibitor, a DNA-PK inhibitor, a cell
checkpoint kinase inhibitor, or a combination thereof. The PARP inhibitor may be, e.g., olaparib,
rucaparip, veliparib (ABT-888), niraparib (ZL-2308), iniparib (BS1-201), talazoparib (BMN 673}, 2X-121,
CEP-9722, KU-D052438 {AZD2281), PF-01367338, AZD5305, AZDY574, seneparib (IMP4297),
fluzoparib (SHR-3162), XINGC5104, NMS-293 or a combination thereof. The DNA-PK inhibitor may be
AZD7648, nedigertio (M3814), M8831, or BAY-8400. The celi checkpoint Kinase inhibitor may be, e.¢..
RP-8308, MK-1775 or AZD1775, AZD7762, LY26D6368, PF-0477736, AZD0158, GDC-0575, ARRY-575,
CCT245737, PNT-737 or a combination thereof.

The ionizing radiation therapy and radicligand therapy approaches are known in the art. One or

more of these approaches may be combined with the methods described herein.

Examples

The following examples were meant to illustrate the invention. They were not meant {o imit the
invention in any way.

Reactions were typically performed af room temperature (ri) under a nitrogen (Nz} atmosphere
using dry soivents (Sure/Seal™) if not described otherwise in the Intermediates and Compounds below.
Reactions were monitored by TLC or by injection of a small aliquot on a Waters Acquity-H UPLC® Class
system using an Acquity® UPLC HSS C18 2.1x30mm column eluting with a gradient (1.86 min) of
acetonitrile (15% to 98%;) in water (both containing 0.1% formic acid). Purifications by preparative HFLC
were performed on a Teledyne lsco Combi Flash®EZ Prep system using either Phenomenax Gemini®
Sam NX-C18 110A 150 x 21.2 mm column at a flow of 40 mL/min over 12 min {<100mg or multiple
injections of <100mg) or HP €18 RediSep® R gold column (>100mg) eluting with an appropriate gradient
of acetonitriie in water {poth containing 0.1% formic acid) unless otherwise specified. The gradient was
selected based on the retention time observed by reaction monitoring on the Waters Acquity-H UPLC®
Class systemn {see above). Fractions confaining the desired compounds were combined and finally
iyophilized. Purifications by silica ge! chromatography were performed on a Teledyne isco Combi
Flash®Rf system using RediSep®Af silica gel columns of appropriate sizes. Purity of final Compounds
was assessed oy injection of a small aliquot on a Waters Acquity-H UPLC® Class system using an
Acquity® UPLC BEH €18 2.1x50mm column eluting with a gradient {7 min) of acetonitrite (2% to 98%) in

water (both containing 0.1% formic acid).

intermediates
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The following intermediates were used 1o prepare exemplary compounds of the invention

described below.

Table 3

Intermediate 1

Intermediate 2

" on

Iniarmediate 3
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Intermediate 8
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Intermediate 8
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Intermediate 10

Intermediale 11

Intermediate 12
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Intermediate 17
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HNTTS S

n~NH

Intermediate 18
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Intermediate 18
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Intermediate 21
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Intermediate 22

Br O
\);to “ o~
N
RN
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Intermediate 28

Intermediate 24

TN

Intermediate 25

Intermediate 27

Intermediate 29

HoN

Intermediate 33

Intermediate 38

N,

Stap 1

Step 1/ methy! 3-(2-methoxyphenyilisonicotinate

Nz was bubbied for 3D min in a mixture of methyl 3-chloropyridine-4-carboxylate (10.00 g, 58.28

mmoi) and (2-methoxyphenyiyporonic acid {11.50 g, 75.68 mmol) in H20 (50 mL) and 1-4-dioxanne (125
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mb}. To the rasulting mixiure was added Pd{OAC): (855 mg, 2.92 mmol) and dicyclohexyi-{2-(2,6-
dimethoxyphenyiphenyliphosphane (2.38 g, 5.83 mmol}. N2 was bubbled for an extra 15 min, and the
resulting mixture was stirred at 80°C for 4hrs. The reaction mixture was cooled to 1t, poured in water, and
extracted with EtOAc (3x). The combined organic layers were washed with brine, dried over Naz2SC0a,
filtered, and concentrated in vacuo. The residue was purified by silica gei chromatography eluting with a
gradient of EtOAc (10 to 60%) in Heptans. Appropriate fractions were combined and concentrated in
vacuo to afford methyl 3-(2-methoxyphenyiipyridine-4-carboxylate (12.7 g, 90% vield) as a light vellow

solid.

Step 2 / intermediate 1

To a solution of methyl 3-{(2-methoxyphenylipyridine-4-carboxylate (12.7 g, §2.2 mmol) in 1-4
dioxane (100 mL} and MeOH (50 mL) was added LICH.H20 (1 M, 78 mL, 78 mmol}. The resulting
solution was stirred at 80°C for Shrs. The volatiles were evaporated in vacuo, the resulting solution was
diluted with 100mL of water then formic acid (4.0 mL, 108 mmol) was added dropwise. The resulling
white solid was filtered, washed with water twice and dried in vacuo o afford Intermediate 1 (11.7 g. 98%
vield) as a white solid. LCMS nv/z 230.1 [M+H]".

intermediate 2 / 3-(&-fluoro-2-methoxyphenyl)isonicotinic acid

o F

Ci O

@”A‘m’ + NG B
b L f
& HoBon Step 1 N

Step 1/ methy! 3-(5-flucro-2-methoxyphenyljisonicotinate

Nz was bubbied through a biphasic mixiure of methyi 3-chloropyridine-4-carboxylate (2.20 g,
12.82 mmol}, {5-flucro-2-methoxy-phenyiboronic acid (3.08 g, 17.95 mmoi), dicyciohexyi-{2-(2,5-
dimathoxyphenyiiphenyljphosphane (611 mg, 1.49 mmol), KoCOs (5.28 g, 38.2 mmol) in water (6 mL)
and 1.4-dioxane (20 mL) while sonicating for 15 min. Pd{OAc)2 (183 mg, 814 pmol) was then added and
the tube sealed. The reaction mixture was stirred at 90°C overnight. The reaction mixture was cooled to
i, poured in water, and extracted with EtOAc (3x}). The combined organic layers were washed with bring,
dried over Na2804, filtered, and concentrated in vacue. The residue (silica dry pack) was purified by silica
gel chromatography eluting with a gradient of EtOAc (5 to 70%;) in heptane. Appropriate fractions were
combined and concentrated in vacue to afford methyl 3-(8-fluoro-2-methoxy-phenyiipyridine-4-

carboxylate {3.26 g, 97% yield} as light yellow solid.

Step 2 / intermediate 2

To a solution of methyl 3-{5-flucro-2-methoxy-phenyiipyridine-4-carboxylate (3.26 g, 12.5 mmol}
in water (8.0 mL}, MeOH (8.0 mL) and 1,4-Dioxane (32 mL} was added LIOH.H20, 38% (848 mg, 20.2
mmgi) in one portion. The reaction mixture was stirred at 80°C for 2hrs. The reaction mixture was cooled
to 0°C and formic acid, 87% (1.78 mL, 47.4 mmol} was added. After stirring for 5 min, the resulting
pracipitate was filtered, washed with water (3x) and dried in vacuo o aiford intermediate 2 (2.57 g, 83%
yield). LOMS m/z 248.1 {M+H}~
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intermediate 3/ 3-(B-cyano-2-methoxyphenyljisonicotinic acid

N o Peom Step 1

Step 1/ methyl 3-(5-cyano-2-methoxyphenyilisonicotinate
N2 was bubbled through a biphasic mixture of methyi 3-chloropyridine-4-carboxylate (300 mg,
5 1.78 mmol), (5-cyano-2-methoxy-phenyl)boronic acid (464 mg, 2.62 mmol), dicyclohexyi-{2-(2,6-
dimethoxyphenyi)phenyliphosphane (108 mg, 262 umol), K2COs (728 mg, 5.27 mmol) in 1,4-dioxane (3
mb} / H20 (1 mb) while sonicating for 15 min. Pd{QAc)z (41.2 mg, 183 pmol) was then added and the
ke sealed. The reaction mixture was stirred at 90°C overnight. The reaction mixture was cooled {o rt,
poured in water, and extracted with EtOAc (3x). The combined organic iayers were washed with brine,
10 dried over Na2804, filtered, and concentrated in vacuo. The residue was purified by silica gel

chromatography eluting with a gradient of EtOAc (5 to 100%) In Haptane. Appropriate fraction were
combined and concentrated in vacue to afford methyl 3-(8-cyano-2-methoxy-phenylpyridine-4-

carboxylate {337 mg, 85% yield).

15 Siep 2/ intermediate 3
To a solution of methyl 3-(5-cyano-2-methoxy-phenyl)pyridine-4-carboxylate (397 mg, 1.48 mmol}
in 1,4-Dioxane (4 mL), MeOH (1.0 mL) and H20 (1.0 mL) was added LIOH . H20 (101 mg, 2.40 mmol) in
one poition. The reaction mixiure was stirred at 80°C for 2hrs. The reaction mixiure was cooled to 0°C
and formic acid, 97% (200 ul, 5.30 mmol) was added. After 5 min. the resuiting precipitate was filtered,
20  washed with water (3x} and dried in vacuo to afford Intermediate 3 (310 mg, 83% vieid). LCMS m/Zz
255.1 [M+H]*.

intermediate 4 / 5-(5-cyanc-2-methoxyphenyli- 1-methyl-2-oxo-1,2-dihydropyridine-4-carboxylic acid

Br O

/i o
N

C

25 Step 1/ methyl 5-(5-cyano-2Z-methoxyphenyi}-1-methyi-2-oxc-1,2-dihydropyridine-4-carboxylate
N2 was bubbled through a biphasic mixture of methyi 5-bromo-1-methyl-2-oxo-pyridine-4-
carboxylate {2.70 g, 11.0 mmol), {5-cyanc-2-methoxy-phenylivoronic acid {2.33 g, 13.2 mmol},
dicyclohexyl-{2-(2,6-dimethoxyphenyliphenyljphosphane (674 mg, 1.64 mmol), K200 (4.57 ¢, 331
mmei) in 1,4-dioxane (25 mL) / H20 (8.5 mL) while sonicating for 15 min. Pd{QOAc)z2 (185 mg, 823 umol)
30 was then added and the tube sealed. The reaction mixture was stirred at 90°C overnight. The reaction
mixture was cooled to rt, poured in water and extracted with EtOAc {3%). The combined organic layers
were washed with brine, dried over Naz304, filtered, and concentrated in vacuo. The residue was purified

by silica ge! chromatography eluting with a gradient of EtOAc {5 to 100%) in Heptane. Appropriate
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fractions were combined and concentrated in vacuo to afford methyl 5-(8-cyano-2-methoxy-phenyl)-1-
methyl-2-oxc-pyridine-4-carboxylate (1.1 g, 34% yield).

Step 2/ intermediate 4

To a suspension of methyl 5-(5-cyano-2-methoxy-phenyi)-1-methyi-2-oxo-pyridine-4-carboxylate
{1.85 g, 5.20 mmoi} and LIOH H20 (364 mg, 8.68 mmol} in 1,4-Dioxane (30 mb) was added MeOH (10
mi} and Ha0 (10 ml). The reaction mixture was stirred at 40°C for 2hrs, The resuiting mixture was
cooled to 0°C and subsequently formic acid (784 ulk, 20.8 mmol) was added. The resuiting precipitate
was filtered, washed with water, and dried in vacue to afford intermediate 4 (563 mg, 38% yield). LCMS
m/z 285.1 [M+H]*.

Intermediate 5 / 5-(5-fluoro-2-methoxyphenyl)-1-methyl-2-oxo-1,2-dihydropyridine-4-carboxylic acid

Step 1/ methyl 5-(5-fluoro-2-methoxyphenyl)-1-methyl-2-ox0-1,2-dihydropyridine-4-carboxylate

N2 was bubbied for 30 min in a mixture of methyl 5-bromo-1-methyl-2-oxo-pyridine-4-carboxyiate
{921 myg, 3.74 mmal} in H20 (5 mbL} and 1-4-dioxanne (25 mi.). To the resulting mixture was added K2CO3
{1.75 g. 12.66 mmol) and [2-(2-aminophenyl)phenylipaliadium dicyclohexyi-{2-(2,6-
dimethoxyphenyiphenyliphosphane:methanesuifonate (164 mg, 187 umol). Nz was bubbled for an extra
15 min, and the resulting mixture was stirred at 90°C for 4hrs. The reaction mixture was cooled to 1,
poured in water, and extracted with EtOAc (3x). The combined organic layers were washed with bring,
dried over Na=S0y, filtered, and concentrated in vacue. The residue was purified by silica gel
chromatography eluting with a gradient of EtOAc (10 to 100%) in Heptane. Appropriate fractions were
combined and concenirated /i vacue to afford methyl 5-(5-fluoro-2-methoxy-phenyi}-1-methyl-2-oxo-
pyridine-4-carboxylate {762 mg, 70% vield) as a light beige solid.

Step 2 / intermediate 5

To a solution of methy! 5-{8-flucro-2-methoxy-phenvi}-1-methyi-2-oxo-pyridine-4-carboxylate {762
myg, 2.62 mmol) in water (4 mL) and 1.4-dioxane (6 mb} was added LIOH.H20 (2 M, 3.90 mi, 3.90 mmol).
The resulting solution was stirred at 50°C for 1 hour. The volatiles were evaporated in vacuo, the resulting
residue was diluled with 100mL of water then formic acid (350 pi., 9.28 mmol} was added dropwise. The
resulting white precipitate was filtered, washed with water (2x) and dried in vacuo to afford intermediate
§ (722 mg, 99% yieid) as a white solid. LCMS m/z 278.1 [M+H]*.

intermediate 6 / 1-(5-fluoro-2-methoxyphenyl)-1H-imidazole-S-carboxyiic acid
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Step 1/ ethyl 1-(5-flucro-2-methoxyphenyl)-1H-imidazole-5-carboxylate

In 30 mb seal tube, 8-Huorg-2-methoxyaniline (400 mg, 2.83 mmol) was dissolved in EIOH (8 mb)
at rt, followed by the addition of ethyl 2-oxoacetate (290 mg, 2.84 mmol). The reaction mixture was stirred
for 1 hour at rt. To the resuiting mixture was added KoCOs {783 mg, 5.66 mmol) and p-
toluenesulfonylmethyl isocyanide (663 mg, 3.40 mmol). The reaction mixture was heatad to 80°C for 3hrs.
The reaction mixiure was cooled to rt, quenched in water (50 ml), and exiracted with EtOAc (3x}. The
combined crganic layers were dried over NaxSOy, fitered, and concentrated in vacuo. The residue was
purified by silica gel chromatography eluting with of EtOAc {80%) in hexanes. Appropriate fractions were
combined and concentrated in vacuoe to afford ethyl 1-{5-fluoro-2-methoxyphenyl)-1H-imidazole-5-

carboxylate {200 mg, 27% yield).

Step 2 / intermediate 6

In 10 mi sealed tube, ethyl 1-(5-fluorc-2-methoxyphenyl)-1H-imidazole-5-carboxylate (200 mg,
0.757 mmol) was disscived in THF: H20 (1:1, 1 mL) at rf, followed by the addition of LIOH.H20 (80 mg,
2.27 mmol). The reaction mixture was stirred at i for 4hrs. The reaction mixture was concentrated under
vacuum. The resulling crude was diluted with water and acidified with HCI (1N} to afford after
lyophilization 1-(5-fluoro-2-methoxyphenyl)-1H-imidazoie-5-carboxylic acid (110 mg, 62%) as sticky solid

material which was used without further purification. LCMS nm/z 236.8 [M+H]*.

intermediate 7/ 1-(5-cyanc-2-methoxyphenyl)-1 H-imidazoie-5-carboxylic acid
LON

o e S

NH, Step 1 (\wo"’\ Step 2
N

Step 1/ ethy! 1-(5-cyano-2-methoxyphenyl)-1H-imidazole-5-carboxyiate

In 3¢ mb seal tube, 3-amino-4-methoxybenzo e {350 mg, 2.36 mmol} was dissolved in ethanol
(& mL) atrt, followed by the addition of ethyl 2-oxcacetate (288 mg, 2.83 mmol) and the mixture was
stirred for 1 hour. 7o the resulting reaction mixiure was added p-toluenesuifonylmethyl isoccyanide (883
mg, 2.83 mmol} and KaCOs (652 mg, 4.72 mmol}, then the reaction mixture was heated to 80°C for 3his.
The resulting mixture was cooled to i, quenched in water (50 mL) and extracted with EtOAc (3x). The
combined organic layers were dried over NaaSQq, filtered, and concentrated in vacuo. The residue was
purified by silica gel chromatography eluting EtOAc (65%) in hexanss. The appropriate fractions were

combined and concentrated to afford ethyl 1-(5-cyano-2-methoxyphenyi}-1H-imidazole-5-carboxylate

\

{150 mg, 23% yieid).

Step 2/ intermediate 7

It 10 mb round botiom flask, ethyl 1-(8-cyano-Z-methoxyphenyl)-1H-imidazole-5-carboxyiate
{150 mg, 0.553 mmol) was dissolved in THF: HaG (1:1, 2 mb) at 11, followed by the addition of LIOH. H0
{70 myg, 1.7 mmol). The reaction mixture was stirred at rt for 18hrs. The reaction mixture was
concentrated in vacuo, diluted with water (1 mb), and acidified with 1N HCI at 0°C. The aqueous layer

was extracted with MeCOH: DCM (1:8) (3 x B mL). The combined organics layers were dried over NazS0a,
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filtered, and concentrated in vacuo 1o afford intermediate 7 (120 mg, 83%) which was used without any
further purification. LCMS myz 244.0 [M+H]*.

intermediate 8 / 5-ethynyi-1,3,4-thiadiazol-2-amine
N j= =N

ﬁ\aiNi;‘}“‘Br ST TMS e ﬁ\()il\lﬁig}"“‘*}:‘%ms i HZNjiSE)'“*E-H

i Step 1 H Step 2
Step 1/ tert-outy! {5-(cyclopropylethynyli-1,3,4-thiadiazol-2-yiicarbamate

N2 was bubbled through a solution of tert-butyl N-(5-bromo-1,3,4-thiadiazol-2-ylicarbamate (15.0
g, 53.5 mmol), ethynyi{trimethylisilans {80.5 mL, 428 mmol) NEt: (6C mi., 431 mmol} in dry DMF (60.0
mb) while sonicating for 15 min. Pd{PPha)« (6.19 g, 5.35 mmol) was added and the resulting reaction
mixture was stirred at 50°C for 48hrs. The yellow suspension was cooled to it, filtered and the solids
washed with EtsN (x1). The fiitrate was concentrated in vacuo and the resulting DMF solution used as
such in the next step.

Step 2 / intermediate 8

To a solufion of ter-butyl (5-(cyclopropylethynyi)-1,3,4-thiadiazol-2-yl)carbamate (1.08 g, 4.08
mmaoi) in dry DCM (40 mL) was added TFA (8.4 mL, 83 mmol}. The reaction mixture was stirred at 1t for
Z2hrs. Volatiles were removed in vacuo and EtOAc and NaOH (2N, 3.0 mi, 6.0 mmol} were added. The
aqueous phases were extracted with EtOAc (5x). The combined organic phasas were dried ovar MgS04,
filtered, and evaporated to dryness. The residue (silica dry pack) was purified by silica gel
chromatography sluting with a gradient of MeOH (0 to 10%) in DCM. Appropriate fractions were
combined and concentrated in vacue to afford intermediate 8§ (380 mg, 56% vieid) as a light crange
solid. LOMS m/z 126.1 [M+H}*

intermediate 8/ 5-(cyclopropylethynyl)-1.3,4-thiadiazol-2-amine

G NN o NN NN
P Doy + Kmmw{l_____m,,:}t P Doz e —" I g
>E\QAN’L$)%B C)Jl‘.w"’i‘s = H«‘*b}""“‘ﬁ
H Step 1 H Step 2

Step 1/ tert-butyl {B-(cyclopropylethynyl)-1,3 4-thiadiazol-2-yilcarbamate

N2 was bubbled through a solution of fert-butyl N-(5-bromo-1,3,4-thiadiazol-2-yl)carbamate (1.20
g, 4.28 mmol), ethynyicyclopropane (2.0 mk, 34.3 mmol), NEts {(4.80 mL, 34.4 mmol} in dry DMF (4.0
mi} while sonicating for 18 min. Pd{PPhs)s (495 mg, 428 pmol) was added and the reaction mixture was
stirred at 50°C for 48hrs. The resulting yellow suspension was cooled 1o rt, filtered and the solid washed
with EtaN (1x). The {iltrate was concentrated in vacuo, diluted with EtOAc, washed with brine, dried over
MgS04, filterad and concentraled. The residue {silica dry pack) was purified by silica gel
chromatography eluting with a gradient of EtOAc (D to 70%) in Heptane. Appropriate fractions ware
combined and concentrated in vacuo 1o afford tert-buty! (5-{cyclopropylethynyl)-1,3,4-thiadiazol-2-
yvhcarbamate (1.08 g, 95% vield).
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Step 2/ intermediate §

To a solution of terf-butyl (8-{cyclopropylethynyll-1,3,4-thiadiazol-2-yi)carbamate (1.08 g, 4.08
mimol) in dry DCM (40 mL) was added TFA (8.4 mb, 83 mmol). The reaction mixture was stirred at rt for
2hrs. Volatiles were removed in vacuo and EtOAc and NaOH (2N, 8.0 mi, 8.0 mmol) were added. The
aqueous phase was extracted with EtOAc (5x). The combined organic phases were dried over MgS0s,
filtered, and evaporated to dryness. The residue (silica dry pack) was purified by sifica gel
chromatography eluting with a gradient of MeOH (0 to 10%;) in DCM. Appropriate fractions were
combined and concentrated in vacuo to afford intermediate 9 (380 mg, 56% yield) as a light orange
sofid. LOMS nmv/z 186.0 {M+H}*.

intermediate 10 / N-(5-bromo-1,3 4-thiadiazol-2-yl)-3-{5-flucro-2-methoxyphenyliisonicotinamide

In a 100 mi 3 necked round bottom flask under inert atmosphere of N2 gas, intermediate 2 (2.00
g, 8.09 mmol} and 5-bromo-1,3,4-thiadiazol-2-amine (2.18 ¢, 12.13 mmol} were dissolved in DMF (20
mi}. Yo the resulting solution ay 0°C was added HOBt (1.83 g, 12.1 mmol) followed by the addition of
EDC HCI(2.32 g, 12.1 mmol). The final reaction mixture was stirred at rt for 16hrs. The reaction mixture
was pourad into chilled water and the resulting precipitale was filtered and dried in vacuo. The crude
product was purified by silica gel chromatography eluting with MeOH (5%} in DCM. Appropriate fractions
were combined and concentrated in vacuo to afford Intermediate 10 (0.80 g, 24% yield). LCMS: mvz
408.8 [M+H]*

intermediate 11 / N-(5-ethynyl-1,3,4-thiadiazoi-2-y})-3-(5-fitoro-2-methoxyphenyl)isonicotinamide

oM

i §oN e

In 25 mb three neck round bottom flask, intermediate 8 (550 mg. 4.40 mmol) was dissoived in
pyridine (5.8 mi} at 0°C, followed by the addition of intermediate 2 (1.30 g, 5.28 mmei) and EDC.HC!
{1.60 g, 8.80 mmoti). The reaction mixiure was stirred at rt for 4hrs. The reaction mixture was guenched
with water and extracted with EtOAc {3x). The combined organic layers were further washed with 10%
aq. citric acid sciution. The organic layer was dried over NaxS04, filtered, and concentrated in vacuo. The
residue was purified by silica gel chromatography and the product was eiuted using MeOH (3%) in DCM.
Appropriate fractions were combined and concentrated 7 vacuo to afford intermediate 11 (250 mg,
17%). LOMS: m/z 355.01 [M+H}*
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Intermediate 12 / N-(5-bromo-1,3 4-thiadiazoi-2-y)-3-{5-cyano-2-methoxyphenyhisonicotinamide

To an ice-cold suspension of 5-bromo-1,3,4-thiadiazol-2-amine (1.75 g, 9.71 mmol) and
intermediale 3 (1.23 g, 4.85 mmol} and HOBtH0 (1.1 g, 7.28 mmol) in dry DMF (15 mL} was added
EDC (1.40 g, 7.28 mmol). After 5 min at 0°C, the reaction mixture was stirred at 1t overnight then Zhrs at
50°C to complete the reaction. The reaction mixture was poured in Hz0 and the precipilate was filtered,
washed with water. The precipitate (silica dry pack) was purified by silica gel chromatography eluting with
a gradient of MeOH (G 10 8%) in DCM. Appropriate fractions were combined and concentrated in vacuo
o afford intermediate 12 (990 mg, 49% yieid) as an off-white solid. LCMS: m/z 411.1 [M+H]}*.

intermediate 13 / N-(5-ethynyl-1,3,4-thiadiazol-2-y1-5-(5-fluorc-2-methoxyphenyl}-1-methyl-2-ox0-1,2-

dihydropyridine-4-carboxamide

In 100 mL single neck flask, intermediate 5 (2.30 g, 8.30 mmol) was dissolved in pyridine (30
mk) at rt, followed by the addition of Intermediate 8 (1.00 g, 8.96 mmeol} and EDC.HCI (7.956 g, 41.5
mmol}. The reaction mixiure was stirred at i for 16hrs. The reaction mixture was quenched in water and
extracted with EtOAc (3x). The combined organic layers were dried over Na2S0y, filtered, and
concentrated in vacuo. The residue was purified by silica gel chromategraphy eluting with £EtOAc (70%) in
fiexanes. Appropriate fractions were combined and concentrated in vacuo to afford Intermediate 13
(0.840 g, 28% yield). LOMS: m/z 385.2 [M+H]*.

intermediate 14 / 3-(2-methoxy-B-(trifiucromethyhphenylisonicotinic acid

Step 1/ methyl 3-(2-methoxy-5-(triflucromethyliphenylilisonicotinate

Nz was bubbied for 30min in a mixture of methy! 3-bromopyridine-4-carboxylate (300 mg, 1.38
mmol) in H20 (1.0 mL) and 1-4-dioxanne (12 mbL). To the resulting mixture was added Pd{OAc)2 (15.9
mg, 70.8 umol) and dicyclohexy-{2-(2,6-dimethoxyphenyiiphenyiljphosphane (57.1 myg, 139 umol) and
KzCOs (575 mg, 4.16 mmiol). N2 was bubbled for an extra 15 min and the resulting mixture was stirred at
S0°C for 4hrs. The reaction mixiure was cooled to 1t, poured in water and extracted with EtOAc (3x). The
combined organic layers were washed with brine, dried over Nax80s, fillered, and concentrated in vacuo.

The residue was purified by silica gel chromatography eluting with a gradient of EtOAc (10 to 80%;) in
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Heptane. Appropriate fractions were combined and concentrated jn vacuo to afford methyl 3-[2-methoxy-

5-(triflucromethyhiphenylipyridine-4-carpoxylate (308 myg, 71% vield) as a white solid.

Step 2 / intermediate 14

To a solution of methy! 3-{2-methoxy-8&-{triflucromethyl)phenylipyridine-4-carboxylate (308 mg,
990 ymel) in 1-4 dioxane (4.0 ml) and MeOH (1.0 mL) and H20 (1.0 mL) was added LiOH.H20 (1.49 mL,
1.0 M, 1.49 mmol}. The resulting soluticn was stirred at 50°C for 1h. The volatiles were evaporated in
vacuo, the resulting solution was diluted with 3 mb of water then formic acid (80 ul, 2.1 mmol) was added
dropwise. The resulting white solid was filtered, washed with water twice and dried in vacue to afford

Intermediate 14 (260 mg, 88.4% yield) as a white solid. LOMS m/z 298.1 [M+HJ".

Intermediate 15 / 2'-chioro-5'-methoxy-|3,4-bipyridine]-4-carboxylic acid

N, o~

Step 1/ methyl 2-chioro-5'-methoxy-{3,4"-bipyridine|-4-carboxyiate

N2z was bubbied for 30 min in a mixture of methyl 3-bromopyridine-4-carboxylate (528 mg. 2.44
mmot} and (2-chioro-5-methoxypyridin-4-yiboronic acid (600 mg, 3.20 mmol) in H20 (2.0 mL) and 1-4-
dioxane (25 mL). To the resulting mixture was added Pd(OAc)z (32.6 mg, 145 umol), dicyclohexyl-{2-(2,8-
dimethoxyphenyiphenyliphosphane (107 mg, 259 pmol) and K2003 {1.03 g, 7.45 mmool). Nz was bubbled
for an exirg 15min, and the resulling mixture was stirred at 90°C for 4hrs. The reaction mixture was
cooled fo rt, poured in water, and extracted with EtOAc (3x). The combined organic layers were washed
with brine, dried over Na:804, filtered, and concenirated in vacuo. The residue was purified by silica gel
chromatography eluting with a gradient of E1OAc (10 to 80%j) in Heptane. Appropriate fractions were
combined and concentrated in vacuo to afford methyl 3-(2-chloro-5-methoxy-4-pyridyipyridine-4-

carboxylate {270 mg, 40% yield) as a white solid.

Step 2/ intermediate 15

To a solution of methyt 3-(2-chloro-5-methoxy-4-pyridylipyridine-4-carboxylate (160 mg, 574
umol) in 1-4 dioxane {2.0 mL), MaOH (0.5 mL} and H20 (0.5 mb) was added LIOH.H0, 88% (36.8 mg,
365 ymol). The resulting solution was stirred at 50°C for 1 hour. The volatiles were evaporated in vacuo,
the resuiting solution was diluted with 3 mb of waler then formic acid (50.0 uk, 1.33 mmol) was added
dropwise. The resulting white solid was filtered, washed with water twice and dried in vacuo to afford
intermediate 15 (130 mg, 86% vield) as a white solid. LCMS m/z 265.1 [M+H]*.

intermediale 16 / Racemic 4-({1R,2R}-2-(8-amino-1,3,4-thiadiazoi-2-ylcyclopropylibenzonitrile

o)

To a mixture of (1R,2R)-2-(4-cyanophenyijcyclopropane-1-carboxyiic acid (395 mg, 1.84 mmol)

and thissemicarbazide, 99% {164.3 mg, 1.80 mmol) was added dropwise POCI3 (0.6 mb} at 0°C. The
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slurry was heated at 30°C for 4hrs. lce water was slowly added to the resin like mixture and vigorously
stirred at rt for 1 hour and the pH was adjusted to 9 with NaOH flakes. The siurny was stirred at rtfor 1
hour and the resulting precipitate was filtered, washed with water (3x} and dried in vacuo to afford
intermediate 16 (210 mg, 43% vield) as a white solid. LOMS m/z 243.1 [M+H*.

intermediate 17 / 5-((5-methyl-1H-pyrazol-3-yhethynyl}-1,3 4-thiadiazol-2-amine

0 N-N
\ -
e ﬁ\oﬁmﬁs}h“’ o Nty
‘“{T e T L >LOAN"Q‘°- = ‘\N
Nt NN i N-NG.0
ZO) Step 1 tgj Step 2 ‘ U
neN
Piba-—ved
e 1B ;PNH

Step 3

Step 1/ 3-ethynyi-5-methyl-1-(tetrahydro-2H-pyran-2-yi-1H-pyrazole

N2 was bubbied through a solution of 3-jodo-5-methyi-1-tetrahydropyran-2-yi-pyrazole (1.20 g,
4.11 mmol}, ethynyl{trimethyiisilane (4.70 mi, 33.3 mmol}, BN (4.70 mL., 33.7 mmol) in dry DMF (3.0
mi) while sonicating for 15 min. Pd{PPha)« (492 mg, 426 pmol) was added and the resulting mixture was
stirred at 55°C for 48hrs. The yellow suspension was cooled to i, filtered and the solids washed with EfsN
once. The filtrate was concentrated in vacuo and the residue was dissolved in MeOH (5 mL). KoCOs (1.70
g, 12.3 mmol) was added, and the reaction mixture was stirred at rtfor 6 hrs. The resulting mixture was
filtered and concentrated in vacuo. The residue (dry pack) was purified by silica gel chromatography
eluting with a gradient of EtOAc (5 to 30%) in Heptane. Appropriate fractions were combined and
concentrated in vacuo to afford 3-ethynyl-5-methyl-1-{tetrahydro-2H-pyran-2-yi}-1H-pyrazole (585mg,
74% yield).

Step 2 / tert-butyl {5-((5-methyl-1-(tetrahydro-2H-pyran-2-yi}-1H-pyrazol-3-yhethynyl-1,3.4-thiadiazol-2-
yhicarbamate

N2 was bubbled through a solution of tert-butyl N-{5-bromo-1,3,4-thiadiazol-2-yl)jcarbamate (1.72
g, 6.15 mmol), 3-ethynyl-5-methyl-1-tetrahydropyran-2-yl-pyrazole (585 mg, 3.08 mmol), and EtsN (3.50
mi, 25.1 mmot} in dry DMF (3.0 mi} while sonicating for 15 min. PA{PPhs)« (375 mg, 325 umol). The
reaction mixture was stirred at 70°C for 48hrs. EtOAc and brine were added, and the organic phase was
washed with brine (3x). The combined aqueous phases were back extracted with EtOAc (x3). The
combined organic phases were dried over MgSQa, filtered, and concentrated in vacuo. The residue (dry
pack) was purified by silica gel chromatography eluting with a gradient of EtOAc (5 to 70%) in Heptane.
Appropriate fractions were combinad and concentrated in vacuo to afford tert-butyl {5-({5-methyl-1-

{tetrahydro-ZH-pyran-2-yi)-1H-pyrazol-3-yljethynyl)-1,3,4-thiadiazol-Z-ylicarbamate (750 mg, 863% vield).

Step 3/ intermediate 17
To a solution of terf-butyt (5-((6-methyi-1-(tetrahydro-2H-pyran-2-yl}-1H-pyrazol-3-ylethynyl)-

1,3, 4-thiadiazol-2-ylicarbamate (750 mg, 1.83 mmaol) in dry DCM (5 mb) was added TFA (2.97 mi., 38.5

mmoi). The reaction mixture was stirred at i for 4hrs. Volatiles were removed in vacuo and the residue
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was dissolved in EiCAc followed by addition of NaGH 2N untii pH=9. The aqueous phase was back

extracted with EtOAc (6x). The combined organic extracts were dried over MgSQy, filtered, and

evaporated to dryness. The residue {dry pack) was purified by silica gel chromatography eluting with a

gradient of MeOH (0 to 20%) in DCM. Appropriate fractions were combined and concentrated in vacuo o
5 afford Intermediate 17 (320 mg. 81% vield) as a light orange solid. LCMS m/z 206.1 [M+H]*.

intermediate 18/ 5-{cyclopropylethynyijthiazol-2-amine

N N N
i“& P - 7 Y » ¢\
BocHN’L‘S Br == Q = BOCHN/{\S = HZNJ"S =

it e

Step 1 Step 2

10 Step 1/ tert-butyl {5-{cyclopropylethynylithiazol-2-ylicarbamate
A prassure vaessel was charged with teri-butyl (5-bromothiazol-2-ylicarbamate (20.0 ¢, 71.7

mmol} and DMF (200 mL). N2 was bubbled through the soiution for 20 min. EtN (30.0 mL, 215 mmol,}
and Cul {1.38 g, 7.25 mmol) were added, fcliowsd by sthynylcyclopropane (356.0 mi, 425 mmol,} and
finally Pd(PPhajs (8.42 g, 7.29 mmol). The vessel was capped and stirred overnight at 56°C. The reaction

15 mixture was cooled to rt, poured into saturated NH:Cl, and extracted with EtOAc (3x}. The combined
organic layers were washed with brine, dried over Na=B8Qq, filtered, and concentrated in vacuo. The
residue was purified by silica gel chromatography eluting with a gradient of EtOAc (5 to 80%) in heptane.
Appropriate fractions were combined and concentrated in vacuo to afford tert-butyl (5-
{cyclopropylethynylthiazol-2-yi)carbamate (11.7 g, 62% yield) as a light-yellow solid.

20
Step 2 / intermediate 18

To a suspension of tert-buty! N-[5-{2-cyclopropyiethynylithiazoi-2-ylicarbamate (4.10 g. 15.5

mmol} in dry DCM (100 mi) was added TFA (12.0 mk, 156 mmol}. The reaction mixture was stirred at i
for 2 hrs. Volatiles were removed in vacuo and the residue was taken in EtOAc. NaOH 2N was added

25  untii pH=%. The agueous phase was extracted with EtOAc (x3). The combinad organic layers were
washed with brine, dried over Nae80., filtered, and concentrated in vacuo. The residue was purified by
silica gel chromatography eluting with a gradient of MeOH (0 to 15%) in DCM. Appropriate fractions were
combined and concaentrated in vacuo to afford intermediate 18 (1.60 g, 63% yield) as a brown-orange
solfid. LOMS my/z 185.1 [M+H]*.

30  Intermediate 19/ 2-{diflucromethyl}-5-methoxy-4-{4.4.5 5-tetramethyl-1,3,2-dioxaborolan-2-yiipyridine

A
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Step 1/ 2-(hydroxymathyl}-5-methoxy-4 H-pyran-4-one

To a suspension of Kojic acid (1000 g, 7.04 mol} in water (2.0 V) at 25-35 °C. The reaction mass
was cooled to 0-8 °C. A solution of KOH {473.8 g, 8.44 miol) in water (0.4 V) was added slowly over a
period of 30 min at 0-10 °C. The reaction mixiure was stirred for 36 min at same temperature. Then into i,
Dimethyl sulphate (736 mi, 7.76 mol) was added over a period of 45 min at the same temperature. The
reaction mixture was stirred for 16 h at rt. the precipitate was fillered, washed with cold water (2.0 V) and
dried under vacuwim to afford 2-(hydroxymethyi)-5-methoxy-4H-pyran-4-one (781 g, 71% vield} as & white
solid that was used in the next step without any further purification. 'H NMR (400 MMz, DMSO-ds) & ppm:
8.11 {s, 1H), 8.31 (5, 1H). 8.73 (s, 1H), 4.32 (s, 2H), 3.66 (s, 3H). LOMS m/z 156.8 {M+H]".

Step 2 / 2-(hydroxymathyl}-5-methoxypyridin-4{1+}-one

2-(hydroxymethyi}-B-methoxy-4H-pyran-4-one (780 g, 5.00 mol} was added to a 30% aq.
ammonia solution {6.0 V) at rt. The reaction mixture was heated to 85-90°C over a period of 1.0 h and
further stirred for 6 hrs at the same temperature. After completion of the reaction, the reaction mixture
was cooled to rt and then volatiles were concentrated in vacuo and azeotroped with MeOH (2 x 2 V). To
the residue in MeOH (10 V) was added activatad charcoal (0.2 V) and the reaction mixture heated up to
60°C and further stirred for 30 min at that temperature. The reaction mixiure was cooled to 40-45°C and
filtered through a Celite bed. The solids were washed with MeOH (3 V). The filtrate was concentrated in
vacuo to afford 2-(hydroxymethyl}-S-mathoxypyridin-4{(1 H-one (692 g, 89% vield). The residue was used
int the next step without any further purification. *H NMR (400 MHz, DMSO-ds) & ppm: 11.15 {bs, 1H},
7.26 {bs, 1H), 8.07 (bs, 2H)}, 5.58 (bs, 2H}, 4.34 (s, 3H). LOMS m/z 158.2 {M+H}.

Step 3/ 5-methoxy-4-oxo-1,4-dihydropyridine-2-carbaldehyde

To a solution of 2-(hydroxymethyl)-5-methoxypyridin-4{1 H)-cne (6380 g, 4.80 mol) in 1.4-Dioxane
{12 V) and MeOH (8 V) at 25-30 °C was added MnO2 (5.96 kg, 80.05 mol). The reaction mixture was
heatad to 70-75°C over a period of 1 h. and further stirred at the same temperature for 16 hrs. Maore
MnO:z (3.87 kg, 44.47 mol) and further stirred the reaction mixture at 70-75°C for 5 h to complete the
reaction. The reaction mixiure was cooled to rt and then filterad through a Celite bed. The solids were
washed with MeOHM (10 V). The filtrate was concentrated in vacuo to afford 5-methoxy-4-oxo-1,4-
dihydropyridine-2-carbaldehyde (828 ¢, 77%). The residue was used in the next step without any further
purification. 'H NMR (400 MMz, DMSO-d6) 8 ppm: 10.98 (s, 1H), 9.81 (s, 1H), 8.40 (5, 1H), 7.35 (s, 1H),
4.06 {s, 3H). LCMS ny/z 154.2 [M+HJ".

Step 4 / 2-formyl-B-methoxypyridin-4-yl triflucromethanesulfonate

To a solution of EisN (273 mi, 1.98 mol) in DCM (10 V) was added 5-methoxy-4-0x0-1,4-
dinydropyridine-2-carbaldehyde (150 g, 0.88 mol) at rt. The reaction mixture was cooled to 0-5°C. Triflic
anhydride {188 mi, 1.18 moi} was added at the same temperature. The reaction mixture was further
stirred for 30 min at the same temperature. After completion of the reaction, the reaction mixiure was
quenched slowly in ice cold water (10 V). Phases were separated and the aqueous layer was again
extractad with DCM (5 V x 2). The combined crganic layers were washed with water (5 V), dried over
Nax80s, filtered, and concentrated /nn vacuo. The residue was purified by column chromatography eluting
with a gradient of EtOAc (10 1o 30%;) in hexanes. Appropriate fractions were combined and concenirated
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in vacuo 1o afford pure 2-formyl-5-methoxypyridin-4-y! trifiluoromethanesulfonate (112 g, 40% vyield). 'H
NMR (400 MHz, DMSO-dB) 6 ppry: 9.92 (s, 1H), 8.91 (s, 1H), 8.08 (s, 1H), 4.17 (s, 3H). LOMS m/z 286.0
M+H.

Step 5/ 2-(difluoromethyi}-5-methoxypyridin-4-yl trifluoromethanesulfonate

To a solution of 5-methoxypyridin-4-y! trifiuoromethanesulfonate (100 g, 0.350 mol) in DCM (10
V) cooled at 0-5°C was added DAST {46.3 mi, 1.08 mol) over a period of 45 min. The reaction mixtura
was further stirred for 2 h at the same temperature. After completion of the reaction, the reaction mixture
was guenched slowly in ice cold water {2.0 L). The reaction mass was aliowed to warm to 1t and phases
were separated. The aqueous layer was again extracted with DCM (0.5 L x 2}. The combined organic
iavers were washed with water {0.5 L), dried over Na=S0,4, filtered, and concentirated in vacuo. The
residue was purified by column chromatography eluting with a gradient of EtOAc (8 to 15%) in hexanes.
Appropriate fractions were combined and concentrated /n vacuo to afford pure 2-(difluoromethyi)-5-
mathoxypyridin-4-y| trifluoromethanesulfonate (76.0 g, 70% yieid). 'H NMR (400 MHz, DMSG-ds) & ppn:
8.83 {s, tH), 7.95(s, 1H), 7.15-6.87 {m, 1H), 4.11 (s, 3H). LCMS m/z 308.0 [M+H]".

Step 6 / intermediate 18

To a solution of 2-(diflucromethyl)-5-methoxypyridin-4-yi triflucromethanesulfonate (50.0
g, 0.160 mol} in toluene (500 mb) at rt was addad bis{pinacoiatoydiboron (53.81 g, 0.210 mol)
and KOAc (56.0 g, 0.570 mol). The reaction mixture was degassed with N2 gas over a period of
30 min. Then PdCl{dppf).DCM (13.31 g, 16.30 mmol) was added and the reaction mixiure was
heated to 90-95°C over a period of 30 min and further stirred for 18 h at the same temperature.
The reaction mixture was cooled 1o 1t and diluted with EtOAc (1L). The reaction mixture was
stirred for 45 min and then the reaction mixture was filtered through a Celite bed. The solids
were washed with EtOAc (500 mb). The filtrate was concentrated in vacuo The residue was
purified by silica gel chromatography eluting with a gradient of EtOAc {5 10 10%) in hexanes.
Appropriate fractions were combinad and concentrated in vacuo to afford intermeadiate 19 (45.0
¢, 96% vield) that was further purified with pentane washes. 'H NMR (400 MHz, DMSO-ds) &
pom: 8.45 (s, 1H), 7.69 (s, 1H), 7.05-6.77 (m, 1H), 3.92 (s, 3H), 1.28 (s, 12 H). LOMS m/z 203.8

{-Pinacol}.

intermediate 20 / methyl 4-bromo-2-(2-{diflucromethyl}-S-methoxypyridin-4-yhbenzoate

A vessel was charged with methyl 4-bromo-2-icdobenzoate (7.0 g, 20.5 mmol), Intermediate 19
{(5.85 g, 20.5 mmot}, Pd{dppfCiz (751.1 mg, 1.03 mmol), dioxana (110 mL) and aqgueous K2C0z 2 M,
26.0 mi). The vessel was stirred under N2 at 86°C for 1 h. The reaction mixture was cooled down then

i

diluted with EtOAc and H20. The aqueous phase was extracted with EtOAc (2x). The combined organic
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layers were washed with brine, dried over NaeSQy, filtered, and concentrated in vacuo. The residue was
purified by silica gel chromatography eluting with a gradiant of £EtOAc {0 1o 50%) in heptane. Approgiate
fractions were combined and concentrated in vacuo to afford intermediate 20 {(4.67 g, 81% vield)as a
fight-yeliow solid. "H NMR (CDCls) 5: 8.29 (s, 1H), 7.85 (d, J = 8.4 Hz, 1H), 7.64 (dd, J= 8.4, 2.0 Hz, 1H).
7.50 (s, 1H), 7.46 {d, J = 2.0 Hz, 1H),6.66 (t, J = 55.7 Hz, 1H), 3.87 {s, 3H}, 3.68 (s, 3H). LOMS m/z372.2

INM--HT.

Intermediate 21 / methyl 8-chiore-2'-(diflucromethyl}-5-methoxy-[4,4-bipyridine]-3-carboxylate

F
E N'\ F
N ;
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o) (; ' =0 o

e
1\ o O 1 PR E\. oull

P o o
G N g ¢ R

A )

A vessel was charged with methy! 8-chioro-4-icdonicotinate (15.0 g, 50.42 mmol} and
intermediate 19 (15.23 g, 53.42 mmol). Dicxane (200 ml) and aqueous KoCOsz {2 M, 83.0 mk., 128
mmol) were added. Nz was bubbled through the mixture for 10 min, then Pd{dppf)Cl.DCM (4.12 g, 5.04
mmoi) was added and N2 was bubbled through for 8 min. The reaction mixture was heated at 80°C for 1h
30 min. The reaction mixture was cooled down and passed through a Celite pad. The solids were filtered,
washed with EtOAc (500 mL}. The organic layer was separated, diluted with water, washed with brine,
dried over Na2SQsq, filtered, and concenirated in vacuo. The residue was purified by silica ge!
chromatography eluting with a gradient of EtOAc (5 to 80%) in hexanes. Appropriate fractions werg
combined and concentrated in vacuo to afford Intermediate 21 (15.5 g, 93.5% vyieid) as a brown solid. 'H
NMA (400 MHz, DMSC-ds) 5 8.84 (s, 1H), 8.85 (s, 1H), 7.74 (s, 2H), 8.97 {t, J = 55.0 Hz, 1H), 3.87 (s,
3H), 3.69 (s, 3H). LCMS m/z 329.0 [M+H]".

intermediate 22 / methyl 5-bromo-1-{(5-methyi-1,3.4-oxadiazol-2-ylymethyl)-2-oxo-1.2-dihydropyridine-4-
carboxylate
Br O

Br O
‘e C'f NN N~y = O/
H"G:?)L * w«‘(ﬁgk/m —— “‘-{’Q"‘)\.«—N E
G O

To a suspension of methyi 5-bromoe-2-oxo-1.2-dihydropyridine-4-carboxylate (25.0 g, 107.7
mmoi) and 2-(chioromethyi}-5-methyl-1,3,4-oxadiazole (15.0 g, 113.1 mmo!} in dry MeCN (403 ml) at 6°C
was added CsCOs (70.8 g, 217 mmwei) in one portion. The reaction mixture was slowly warmed at 1t
overnight in the cold bath. The solids were filtered on a Celite pad, washed with MeCN (x3} and the
filtrate concentrated in vacuo. The residue was purified by silica gel chromatography eluting with a
gradient of Acetone {0 to 100%;) in DCM. Appropriate fractions ware combined and concentrated in vacuo
to afford intermediate 22 (13.0 g, 37% yield) as a white solid. 1H NMR (400 MHz, DMSO-ds) 3 8.28 (d, J
= 0.6 Hz, 1H), 8.77 (d, J = 0.5 Hz, 1H}, 8.30 (5, 2H}, 3.82 (s, 3H), 2.44 (s, 3H). LCMS m/z 328.9 [M+H]*.
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Intermediale 23 / 6-chioro-N-(5-{cyclopropylethynyl)-1,3,4-thiadiazol-2-yi}-2'-(difluoromethyi}-5'-methoxy-
{4.4'-bipyridine]-3-carboxamide

F F
N N=N
L)
P F ! F HQN’L‘S}\N
e o ™0 o ~
R — o
rd
0 OH
I Step 1 ] Step 2
ci cl >

5  Step 1/ &-chioro-2'-{diflucromethyl)-5-methoxy-{4,4"-bipyridine]-3-carboxylic acid

=z

WAy

Zz

=
o

To a solution of Intermediate 21 (2.0 g, 5.84 mmol) in MaOH (8 mL), dioxane (20 mL) was added
a solution of LIOH. H20 (480 mg, 11.68 mmol) in water {6 ml) and heated to 60°C for 15 min. Volatiles
were removed in vacuo, 10 mbL water was added followed by dropwise addition of HCI (2 M, 5.2 mL). The
precipitate was filtered to afford 6-chloro-2'-(difluoromethyi)-5'-methoxy-[4.,4"-bipyridine]-3-carboxyiic acid
10 {1.84 g, 100% vieid} as a beige solid.

Step 2/ intermediats 23
To a solution of Intermediate 9 (1.16 g, 7.02 mmol) and 6-chioro-2'-(difluoromethyi}-5'-methoxy-
[4.4'-bipyridine}-3-carboxyiic acid (1.84 g, 5.85 mmei) in pyridine (15 mb) was added EDC (2.24 ¢, 11.7
mmaoi). The mixiure was stirred for 2 hrs at rt. Volatiles were removed in vacuo and the residue was
15 diluted with water. The mixture was extracted twice with DCM. Combined organic phases were dried over
NaxSC4, filtered, and concentrated in vacuo. The residue was purified by silica gel chromatography
eluting with a gradient of EIOAc (20 to 85%) in hexanes. Appropriate fractions were combined and
concentrated in vacuo to afford intermediate 23 (1.15 g, 42% yield) as a white solid. 'H NMR (400 MHz,
DMSO-cksy 8 13.57 (brs, 1H), 8.80 (d, J = 19.4 Hz, 1H), 842 (d, J=19.7 Hz, 1H), 7.77 (s, 2H), 8.96 {t, J =
20 55.1 Hz, 1H), 5.74 (s, 1H), 3.63 (s, 3H), 1.75 — 1.57 {m, 1H)}, 1.02-0.90 (m, 2H}, 0.88-0.80 (m, 2H}. LCMS
miz 4821 [M+H*

intermediate 24 / fert-butyl 6-chioro-2'-{diffucromeathyl}-5'-methoxy-{4,4'-oipyridineg]-3-carboxylate

F
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Step 1/ tert-butyl 6-chloro-4-iodonicotinate
To a solution of ter-butoxycarbonyl fert-butyl carbonate (18.48 g, 84.67 mmoi) and 6-chioro-4-
iodonicotinic acid {12.0 9, 42.3 mmol} in THF (200 mL) was added DMAP (1.03 g, 8.47 mmol}. The
mixture was stirred overnight at reflux. The reaction mixture was concentrated, and the residue was
30 purified by silica gel chromatography eluting with a gradient of EtOAc {0 to 30%}) in heptane 1o provide
tert-butyl 6-chioro-4-icdonicotinate (11.18 g, 78% vyieid) as a white solid.
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Step 2 / intermediate 24

To a solution of terf-butyl 6-chioro-4-icdonicotinate (8.00 g, 23.6 mmel) in dioxana (80 mlL) were
added Intermediate 18 (7.06 g, 24.8 mmol), Pd{dppf}Cla (1.72 g, 2.36 mmol) and aguecus K003 (2 M,
23 ml). The mixture was degassed in vacuo and then backfilled with Nz (x3). The mixiure was stirred at
30°C under Nz for 30 min. The reaction mixture was concentrated to a small volume in vacuo, diluted with
water, exiracted with EtCAc {(3x80 mL). The combined organic exiracts were washed with brine, dried
over NexSQy, filiered. The filtrate was concentrated to dryness. The residue was purified oy sifica gel
chromatography eluting with a gradient of EtOAc (20 to 100%) in heptane to provide Intermediate 24
{8.98 g, 80% yield} as an off-white solid. 'H NMR (400 MHz, DMS0O-ds) 5 8.81 (d, J= 0.6 Hz, 1H), 8.56 (s.
1H), 7.72 - 7.83 (m, 2H), .97 {t, J= 54.8 Hz, 2H), 3.88 (s, 3H}, 1.22 (s, 9H). LCMS mv/z 371.3 [M+H].

Intermediate 25 / benzyl 6-chioro-2'-(diflucromethyl}-5'-methoxy-{4.4'-bipyridine}-3-carboxyiate

F
EN\ - )
o N
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0 e g0 ~0 o
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’ Step 1 ¢ Step 2 g

Step 1/ benzyl 6-chioro-4-icdonicotinate

To a solution of 6-chloro-4-iodonicotinic acid (5.00 g, 17.6 mmol) in DMF (30 mL) was added
K2COs (4.88 g, 35.3 mmol) followed by Benzy! bromide (2.50 mi, 21.0 mmal). The mixiure was stirred at
rt for 3.5 h. The mixture was added slowly to 0.6 L of rapidly stirring water. The cloudy mixture was stirred
for 30 min then filtered and dried on high vacuum to afford benzyl 6-chloro-4-iodonicotinate (6.09 g, 92%
vield). tH NMR (Chicroform-d} 8: 8.78 (s, 1H), 8.01 (s, 1H), 7.48 ~ 7.36 (m, 5H)}. 5.40 (s, 2H}.

Step 2/ intermediate 25

N2 was bubbled through a biphasic mixiure of benzyl 6-chloro-4-iodonicotinate (6.07 g, 16.3
mmol}, intermediate 19 (4.94 g, 17.3 mmol) in aqueous K2CO3 (2 M, 20.5 mL) and dioxane (80 mL) for
30 min. Pd{dppf}Cia (1.18 g, 1.62 mmol) was added, and the mixture stirred at 80°C for 35 min. The
reaction mixiure was cocled, diluted with EtOAc and water and filtered through a Celite pad, rinsed with
100 mbL EtOAc. The organic iayer was separated, diluted with water, washed with brine, dried over
Naz804, filtered, and concentrated in vacuo. The residue was purified by silica gel chromatography
eluting with a gradient of EtOAG (0 to 30%) in hexanes. Appropriate fractions were combined and
concentrated in vacuo to afford Intermediate 25 (4.74 g, 72% vield) as a beige solid. 'H NMR (400 MHz,
DMSO-db) 8 8.89 (d, = 0.6 Hz, 1H), 8.41 (s, 1H), 7.74 - 7.71 (m, 2H), 7.33 ~ 7.28 (m, 3H), 7.14 - 7.09
{m, 2H), 8.85 {t, J = 55.0 Hz, 1H), 5.15 (s, 2H), 3.73 (s, 3H}. LOMS m/z 405.1 [M+H]*.
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intermediale 26 / 5-((15,25)-2-ethynyloyclopropyl}-1,3,4-thiadiazol-2-aming

) Y | |
OM OM, HO , Nﬁ.i\; M
O %wo stept O R sepz 0 Q Step3 N N
Step 1/ ethyl (18.28)-2-ethynyicyclopropane-1-carboxylate

To a stirred solution of ethyl (18,28)-2-formylcyclopropanecarboxylate (trans, chiral) (25.9 g, 182
mmoi) in MeOH (245 mL) was added KaCOs (50.4 g, 365 mmol) at 0°C temperature. Reaction mixiure
was stirred at same temperature for 5 min. Dimethy! {1-diazo-2-oxopropyiiphosphonate solution,~10% in
CH3CN (33.0 mL, 220 mmoi) was added dropwise. The reaction mixture was warmed to RT and stirred
for 2h. After completion, the reaction mixture was concentrated, quenched with water (30 mL) and
extracted with EtOAc (3 X 50 mL). The combined organic layers were dried over anhydrous NaxS0« and

concentrated under vacuum. The residue was used in the next siep assuming 100% yield.

Step 2/ (18,25)-2-ethynylcyciopropane-1-carboxylic acid

To the solution of, ethyl {18,28}-2-ethynylcyclopropanecarboxylate {25.2 g, 182 mmol) in dioxane
{230 mL}, MaOH (57 mL) was added LIOH.H20 {15.3 g, 385 mmol). The reaction mixture was stirred for
3hrs at RT. The reaction mixiure was concentrated under vacuum, acidified to pH 3 with HCHIN then
extractad with EtOAc (3 X B0 mL). The combined organic layers were dried over anhydrous
Na280q filtered and concentrated under vacuum up to 30% of total volume. The resulting solution
of (18,28)-2-ethynylcyclopropanecarboxylic acid was used as such for the next step considering 100%
yield. LOCMS: m/z 108.7 [M-HJ~.
Step 3/ intermediate 28

T3P 50% wi in EtOAc (273 mi, 458 mmol, 50% purity} was added to a mixiure of {18,28)-2-
ethynyicyclopropanacarboxylic acid (20.08 g, 182.4 mmol) and thiosemicarbazide (19.94 g, 218.8
mmoi) at RT. The resulting mixture was stirred at 90°C overnight. The reaction mixiure was cocled to RT,
poured in ag. saturated NaHCOs and extracted with EtOAc (3x). The combined organic layers were
washed with brine, dried over NazS0q, filtered, and concentrated in vacuo. The residus was purifiad by
silica gel chromatography eluting with a gradient of acetone (5 to 100%) in heptane. Appropriate fractions
were combined and concentrated in vacuo to afford Intermediate 26 (13.4 g, 45% yield) as a white solid.
H NMR (400 MHz, MeOD) § 2.49-2.45 {(m, 1H), 2.32 (d. J= 1.6 Hz, 1H), 1.86-1.83 (m, 1H), 1.49-1.36
(m, 2H). LCMS m/z 166.1 [M+HI".
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intermediaie 27 / teri-butyl 4-bromo-2-(2-{diffuoromethyli-5-methoxypyridin-4-ylibenzoate

5 Step 1/ tert-butyl 4-bromo-2-iodchenzoate
To a solution of fer-butoxycarbonyl fert-butyl carbonate (20.03 g, 91.8 mmol) and 4-bromo-2-
iodo-benzoic acid (15.0 g, 45.9 mmoi} in THF {200 mL} was added DMAP (1.12 g, 8.18 mmoi). The
mixture was stirred at 85°C overnight. The reaction mixture was concaentrated. The residue was purified
by silica gel chromatography eluting with a gradient of EtOAC {0 to 20%) in heptane to provide tert-butyl
10 4-promao-2-iodo-benzoate (15.73 g, 88.5% yield).

Step 2/ intermediate 27
A suspension of teri-butyl 4-bromo-2-indo-benzoate (5.00 g, 13.1 mmol), Intermediats 18 (3.72

g, 13.1 mmol), Pd{dppf)Cl2 (853 mg, 1.30 mmol), dioxane {70 mL) and aqueous K2CQs (2 M, 16.40 ml)

was flushed with Nz and stirred at 8C6°C overnight. The reaction mixiure was diluted with EtOAc/water and
15 diltered through Celite. The organic layer was separated, washed with brine, dried over NaxSUs, filtered,

and concentrated in vacue. The residue was purified by silica gel chromatography eluting with a gradient

of EtOAc (0 to 50%) in hexanes. Appropriate fractions were combined and concentrated in vacuo to

afford Intermediate 27 (4.11 g, 76% vyield) as a beige solid. LOMS m/z 416.1 [M+H]*.

20 intermediate 28 / methyl 2-(2-(diflucromethyl)-5-methoxypyridin-4-yi}-4-(methylaminc)benzoate

Step 3

Step 1/ methyl 4-((ter-butoxycarbonyl){methyliamino}-2-chlorobenzoate
N2 was bubbled through a mixture of methy! 2-chicro-4-iodobenzoate (7.8 g, 26.3 mmol), tert-

butyl N-methylcarbamate (5.26 g, 40.1 mmol) and Cesium carbonate (5.49 g, 16.9 mmol) in dry Toluene

25 {100 mk) while sonicating for 15 min. Pd{CAGc)z (605 mg, 2.69 mmcoi) was added and the rsaction mixiure
stirred at 90°C undear N2 overnight. The suspension was fitered through a Celite pad, solids were washed
with EtOAc, and the filtrate concentrated in vacuo. The residue was purified by silica gel chromatography
eluting with a gradient of EtOAC (0 to 50%) in Heptane. Appropriate fractions were combined and
concentrated in vacuo to afford methyl 4-((fert-butoxycarbonyli{methyliaminec)-2-chiorobenzoate (6.90 g,

30 87% yield) as a dark yeliow oil.
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Step 2 / methy! 4-({fert-butoxycarbonyll{methyliamino}-2-(2-(diffuoromethyi}-5-methoxypyridin-4-
yhbenzoate

N2 was bubbled for 10 min in a mixture of methyl 4-{{iert-butoxycarbonyi}{methyliamino)-2-
chiorobenzoate {1.80 g, 6.01 mmol), intermediate 19 {1.91 g, 6.70 mmol) and K2C0s {1.90 g, 13.75
mmot} in H20 (4 mbL) and 1-4-dioxane (13 mL). To the resulting mixiure was added Pd{OAc)z (136 mg,
606 umol} and SPhos {482 mg, 1.20 mmol) and the resulting mixture was stirred at 30°C for 2.5 h. The
reaction mixture was cocled to rt, diluted with EtOAc and Ha(, filtered on a Celite bed. Solids were
washed with EtCAc. Layers were separated, aqueous layer was back extracted with EtQAc (2x). The
combined organic layers were washed with brine, dried over Naz304, filtered, and concentrated in vacuo.
The residue was purified by silica gel chromatography eluting with a gradient of EtOAc (5 to 80%) in
Heptane. Appropriate fractions were combined and concentrated in vacuo to afford methyl 4-{{tert-
butoxycarobonyh{meathyljamino}-2-{2-{difiuoromeathyi)-b-methoxypyridin-4-ylibenzoale (2.41 g, 95% vield)

as an amber gum.

Step 3/ intermediate 28

To a solufion of methyt 4-{{tert-butoxycarbenyly(methyliamino)-2-(2-{diflucromethy)-5-
methoxypyridin-4-ylihenzoate (2.21 g, 5.23 mmol) in DCM (7.5 mL} was added Hydrogen Chioride 4M in
dioxane (15 mL, 60 mmeol} . The mixiure was stirred at rt for 1 h 50 min. The reaction mixture was
concentrated to dryness (o afford intermediate 28 (2.02 g, 96% vield) as a yeliow foamy solid (HCI salt).
'H NMR (400 MHz, DMSO-dB) 8 8.41 (s, 1H), 7.72 (d, J = 8.7 Hz, 1H), 7.41 (s, 1H), 6.93 {t, J= B5.1 Hz,
1H), 6.60 (dd, J= 8.7, 2.4 Hz, 1H), 6.34(d, J= 2.4 Hz, 1H}, 3.81 (s, 3H}, 3.51 (s, 3H), 2.73 {s, 3H). LCMS
m/z 4181 {M+HP.

Intermediate 29 / methyl 8-chioro-4-(2-methoxy-5-(triflucromethyliphenynicotinate

o

Nz was bubbled through a biphasic mixture of methyi 6-chlore-4-iodonicotinate (2.0 g, 8.72
mmot}, (2-methoxy-5-(trifluoromethyliphenyiboronic acid (1.50 g, 8.82 mmioly and KoC0s (2.79 g, 20.17
mmol} in 1,4-Dioxane {20 mL)/water (8 mL} while sonicating for 15 min. Pd(dppfCl.DCM (548 mg, 0.67
mmol) was then added. The reaction mixture was stirred at 50°C for 1 h 15 minutes. Volatiles were
removed in vacuo. The residue was purified by silica gel chromatography eluting with a gradient of EtCAc
{5 1o 35%) in Heptane. Appropriate fractions were combined and concentrated i vacuo to intermediate
28 {1.95 g, 84% yield). "H NMR {400 MHz, DMSQ-dB) 8 8.73 {d, J= 0.5 Hz, 1H), 7.78 (ddd, J = 8.7, 2.4,
0.8 Hz, 1H), 7.71 (d. J= 2.7 Hz, 1H), 7.65 (d, J = 0.6 Hz, 1H), 7.23 (d, J = 8.7 Hz, 1H), 3.72 (s, 3H), 3.63
{s, 3H). LOMS m/z 346.0 [Mu+H]*.
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intermediale 30 / methyl 4-bromo-2-{2-chiore-5-methoxypyridin-4-yiibenzoats

To a solution of methyl 4-bromo-2-iodobenzoate (1.0 g, 2.93 mmol) in dioxane (10 mL) were
added aqueous Sodium carbonate (2 M, 3.0 mi), 2-chloro-5-methoxy-4-(4,4.5,5-tetramethyi-1,3-dioxolan-
Z2-ylipyridine (800.0 mg, 2.97 mmol) and Pd(dppfClz {210 mg, 0.28 mmol) in dioxana (10 mL). The
mixture was degassed in vacuo, bacidilied with Na. The mixture was stirred at 80°C for 10 h. The volatiles
were removed in vaeue. The residue was purified by silica get chromatography eluting with a gradient of
EtOAc (0 to 40%) in Heptane. Appropriate fractions were combined and concentrated /n vacuo to afford
intermediate 30 (650 mg, 62% vield) as a white solid. 'H NMR (400 MHz, DMSO-adb) 6 7.98 (s, 1H), 7.81
{d, J=8.4Hz, 1H), 7.80 {ddd, J = 8.5, 2.0, 0.6 Hz, 1H), 7.40 (d, J = 2.0 Hz, 1H), 7.16 (d, J = 0.5 Hz, 1H),
3.77 (s, 3H}, 3.67 (d, J = 0.5 Hz, 3H). LOMS m/z 356.2 [M+H]".

Intermediate 31 / methyl 6-bromo-2- (dl'ﬂ?thy carbamoyi ‘1mxdazo{1 ajpyridine-7-carboxylate

I} Br
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NH, Step 1 N Step 2 Step 3 }N

C)H N

Step 1/ methyl 2-amino-5-bromoiscnicotinate

To a stirred solution of methyi Z-amincisonicotinate (5.00 ¢, 32.9 mmoi} in DMF {50 mL), was
added NES {6.43 g, 36.2 mmol) at rt. The reaction mixture was stirred at rt for 20 min. The reaction
mixture was quenchad with ice cold water {200 mL) and extracted with EYOAC (3 x 100 mb). The
combined organic layers were collected, dried over anhydrous NaxSQs, filtered, and concentrated in
vacuo. The residue was purified by silica gei chromatography eluting with a gradient of EtOAc (D 1o 40%)
in HMeptane. Appropriate fractions were combined and concentrated in vacuo to aiford methyl 2-amino-5-
bromoisonicotinate (3.5 g, 46%). LOMS m/z 231.1 [M+H]*.

Step 2 / §-bromo-7-{methoxycarbonylimidazol1,2-a)pyridine-2-carboxylic acid

a stirred sciution of methyi Z-amino-5-bromoisonicotinate (1.00 g, 4.33 mmol} and 3-bromo-2-
oxopropancic acid {0.870 g, 5.19 mmol} in DMF (5.0 mL), was added p-T3A (0.250 g, 1.24 mmol} under
nitrogen. The reaction mixture was heated at 130°C for 1.5 h. The reaction mixture was poured onto
crushed ice. Solids were filtered and dried in vacuo to afford 6-bromo-7-{methoxycarbonyilimidazef1,2-
ajpyridine-2-carboxylic acid (0.35 g, 27%). LCMS iz 299.0 [M+H]*.

Step &/ intermediate 31
To a stirred solution of 8-brome-7-{methoxycarbonyliimidazol1,2-ajpyridine-2-carboxylic acid
{0.250 g, 0.840 mmol} in DMF {3.0 mL) was added HATU (0.950 ¢, 2.51 mmol) at 0°C and stirred for 30

min. A 2 M solution of Dimethylamine in THF (0.5 mk, 1.0 mmol) and DIPEA {0.44 mL, 2.51 mmol) were



20

25

35

WO 2024/069592 PCT/IB2023/059814
119

then added. The reaction mixture was stirred at rt for 3 hrs. The reaction mixture was poured onio
crushed ice and extracted with EtOAc (3 X 10 mL). The combined organic iayers were collected, dried
over anhydrous Na2S04 and concentrated in vacuo. The residue was purified by aluminum oxide {basic)
chromatography eluting with a gradient of EtOAc (0 to 70%) in Heptane. Appropriate fractions were

combined and concentrated in vacuo to afford intermediate 31 (0.13 g, 48%). LCMS m/z 326.0 [M+H]*.

intermediale 32 / 5-{cyclopropylethynyil-4-methylthiazol-2-amine

N N N
R L oo o i
)-EQMJ\S Br BocHN“l‘g Br B HzN’l‘s e

Step 1 Step 1

Step 2
Step 1/ tert-butyl {5-bromo-4-methyithiazol-2-yljcarbamate

To a solution of 5-bromo-4-methylthiazol-2-amine (15.0 g, 77.70 mmol) in THF (150 mL) was
added Triethyiamine (15.72 ¢, 155.93 mmoi) and DMAP (1.90 g, 15.54 mmcol) followed by siow addition of
Boc anhydride (20.35 g, 93.23 mmel) at 0° C. The reaction was allowed to stir at room temperature for 168
h. The reaction mixture was poured intc water (250 mi) and extracted with EIOAc (3 x 250 mL), the
combined organic layer was dried over anhydrous Na:SQO4 and concentrated in vacuo. The residue was
purified by silica gel chromatography eluting with a gradient of EtOAc {0 to 50%) in heptanes. Appropriate
fractions were combined and concentrated in vacuo to afford tert-butyl (5-bromo-4-methylthiazol-2-
vijcarbamate (8.0 g, 35%). LCMS m/z 2356.5 [M-tBu]".

Step 2/ tert-butyl {5-{cyclopropyiethynyl}-4-methylthiazol-2-ylicarbamate

A solution of tert-butyi (5-bromo-4-methyithiazol-2-yijcarbamate (7.0 g, 23.88 mmol),
ethynyicyclopropane (6.31 g, 85.50 mmol} and N NN N'4ietramethylguanidine (3.02 g, 26.62 mmoi} in
DMF (70 mb) was degassed with Nz gas for 15 min. Then PdCR{Gppf}.DCM complex (0.87 g, 1.19 mmol}
and Cul (0.45 g, 2.38mmol} were added. Then the reaction mixture was heated to 80 °C (Pre-heated oil
bath} for 1 h. The reaction mixture was poured into water (150 ml) and exiracted with EtOAc (3 x 150
mby, the combined organic layer was dried over anhydrous Na2804 and concentrated in vacuo. The
residue was purified by silica gel chromatography eluting with a gradient of EtOAc (0 to 40%;) in heptanes.
Appropriate fractions were combinad and concentrated in vacuo to afford tert-butyl (5-

{cyclopropylethynyl)-4-methylthiazol-2-ylicarbamate (2.2 g, 33%). LCMS m/z 278.8 [M+H]*.

Step 3/ intermediate 32

To a solution of tert-butyl (5-{cyclopropyiethynyli-4-methyithiazol-2-vljcarbamate (2.2 g, 7.90
mmot} in DCM (22 mb) was added slowly TFA (11.0 mL) at 0°C. The reaction was allowed to stir at the
same temperature for 10 min and then at room temperature for 5 h. Volatiles were removed under
vacuum at 40 °C. Then saturated NaHCOz solution (20 mb) was added under stirring and extracted with
EtOAC (8 x B0 mb}, the combined organic layer was dried over anhydrous Na=8Q4 and concentrated in
vacuo. The residue was purified by silica gel chromatography eluting with a gradient of EtOAc (0 to 70%)
in heptanes. Appropriate fractions were combined and concentrated in vacuo to afford 5-

{cyclopropylethynyl}-4-methylthiazoi-2-amine (0.88 g, 48%) as light brown solid. TH NMR (400 MMz,
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DMSO ds) 5 7.17 (s, 2H), 2.07 (s, 3H), 1.52 (bs, 1H), 8.54 (d, J = 5.6 Hz, 2H), 0.67 {bs, 2H). LCMS m/z
179.3 [MH.

intermediate 33 / methyl 4-(cyanomesthyl}-2-(2-(difluoromethy}-5-methoxypyridin-4-yhbenzoate

F
(Y
\O 5 )
LB
G 0
5 ' Step 1 ‘ ' Step 2

Step 1/ methyl 2-bromo-4-{cyanomethylibenzoate
A mixture of 2-bromo-4-(bromomethylibenzoic acid (10 g, 32.47 mmel) and tetrabutylammonium
bromide (1.05 g, 3.26 mmol) in DCM (60 mL) and water (60 mL) was treated with potassium cyanide
10 {6.34 g, 97.41 mmol) dissolved in water (60 ml.}. The mixture was stirred for 2 h at ri. The reaction
mixture was diluted with DCM and the org layer was separated, dried over MgSOu, filtered and
concentrated. The residue was purified by silica gel chromatography eluting with a gradient of EIOAc (10
t0 40%) In heptane to provide methyt 2-bromo-4-(cyanomethyibenzoate (5.18 g, §3% yieid). TH NMR
{Chioroform-d) 8: 7.83 (d, J = 8.0 Hz, 1H), 7.66 {dd, J= 1.8, 0.9 Hz, 1H}, 7.36 (ddt, J= 8.0, 1.6, 0.8 Hz,
15 1H), 3.94 (s, 3H), 3.78(1, J = 0.8 Hz, 2H}.
Step 2/ intermediate 33
A suspension of mathyl 2-bromo-4-(cyanomethylibenzoate (1.0 g, 3.94 mmol), intermediate 19
{1.12 9. 3.94 mmot}, Pd{dppfClz {144 mg, 0.2 mmol), dioxane {20 mL) and aqueous K003 (2 M, 5.0 mL)
was fiushed with Nz and stirred at 80°C overnight. The reaction mixture was diluted with EtOAc/water and
20 filtered through Celite. The organic layer was separatad, diluted with water, washed with brine, dried over
Na=S04, filtered, and congcentrated in vacuo. The residue was purified by silica gel chromatography
eluting with a gradient of EIOAc (3D to 100%) in hexanes. Appropriate fractions were combined and
concentrated in vacuo to afford intermediate 33 (970 mg, 74% yield). 'H NMR {Chloroform-d) 8: 8.30 (s,
tH), 8.01 (3, J=8.0Hz, 1H), 7.53 - 7.46 (m, 2H}, 7.26 (d, J = 1.4 Hz, 1H), 6.67 {t, /= 55.7 Hz, 1H),3.86
25 (s, 3H), 3.85(d, J= 0.8 Hz, 2H)}, 3.68 (s, 3H). LCMS m/z 333.2 [M+H]+.

Intermediate 34 / 6-{cyanomethyl)-2"-(difluoromethyl}-5'-methoxy-{4.4'-bipyridine]-3-carboxylic acid

¥

OtBu Step 2
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Step 1/ tert-butyl 6-(2-(tert-butoxy)- 1-cyano-2-oxoethyl)-2'-(diflucromethyl)-5-methoxy-{4,4"-bipyridine]-3-
carboxylate

A mixture of intermeadiate 24 {1.30 g, 3.51 mmol}, tert-butyl cyancacetate {(0.740 g. 5.27 mmol}
and K2COs (1.45 g, 10.5 mmol) in DMF {10 mL) was heated at 80°C for & hrs. The reaction mixiure was
quenched in ice cold water (80 mL) and extracted with EtOAc (3 X 60 mL). The combined organic layers
were washed with brine (50 mL) and dried over anhydrous Na:S0s, filtered and evaporated in vacuo. The
residue was purified by silica gel chromatography eluting with a gradient of E1OAc (0 to 30%;) in hexanes.
Appropriate fractions were combined and concentrated in vacuo to afford tert-butyl 8-(2-(tert-butoxy)-1-
cyano-2-oxoethyl}-2'-(difluoromethyl)-8-methoxy-{4,4"-bipyridine}-3-carboxylate (1.10 g, 66%). LCMS nvz
476.3 [M+H]*.

Step 2 / intermediate 34

To a solution of ter-butyl 6-(2-(tert-butoxy)-1-cyanc-2-oxcethyl}-2'-(difluorcmethyl}-5'-methoxy-
i4,4'-bipyridine}-3-carboxylate {0.65 g, 1.37 mimol} in toluene (8.5 mL} was added Montmorillonite K10
{1.95 g) and the reaction mixture heated at 120°C for 7 hrs. Volatiles were removed in vacuo. The residue
was diluied with ethyl acetate (25 mi), fiterad through a Celite pad, and washed with ethyl acefate (3 x
20 mL). The filtrate was evaporated in vacuo and the residue was triturated with n-pentane to afford
intermediate 34 (0.21 g, 48%;). 'H NMR {400 MHz, DMSO ds) 8 13.28 (s, 1H), 8.97 (5, 1H)}, 8.51 (s, 1H),
7.80 {s, 1H), 7.44 {5, 1H), 6.95(t, /= 54.8 Hz, 1H)}, 4.33 (s, 2H), 4.0 (s, 3H). LOMS m/z 320.1 [M+H]".

intermediate 35 / benzyi 2-(2-{difuoromeathyl}-5-methoxypyridin-4-yi)-4-(4,4,5,5-letramethyi-1,3,2-
dioxaborolan-2-yljbenzoate

Step 1/ benzyl 4-bromo-2-iodobenzoate

To a solution of 4-bromo-2-iodo-benzeic acid (2.00 g, 6.12 mmol} and bromomethylbenzene (800
uk, .73 mmol) in DMF (20 ml) was added Na=2CQ0az (720 mg. 6.78 mmol). The reaction was stirred at 1t
for 18 hrs. The crude reaction mixiure was concentrated to dryness i vacue. The residue was purified on
sHlica gel column eluting with a gradient of EtOAc (0-30%) in hexanes. Appropriate fractions were
combined and congenirated in vacue to afford benzyt 4-brome-2-iodobenzoate (1.85 g, 73% yieldyas a

semi-solid.



10

15

A%
D

25

30

35

WO 2024/069592 PCT/IB2023/059814
122

Step 2 / benzyl 4-bromo-2-(2-{diflucromethyl)-S-methoxypyridin-4-yibenzoate

A vessel was charged with benzyl 4-bromo-2-lodoebenzoate {1.86 g, 4.45 mmol), Intermediate 19
{1.30 g. 4.56 mmot), Pd{dppfiClz (170 mg, 0.230 mmol), agueous K005 {2 M, 5.6 mL, 11.2 mmol) and
dioxane (20 ml). The vessel was degassed in vacuc and then stirred under nitrogen at 80°C for 1 h. The
reaction mixture was diluted with water {30 mL), extracted with EtOAc (3x 30 mil). The combined organic
extracts were washed with water and brine consecutively, dried over Na:=SQq, fillered and concenirated.
The residue was purified by silica gel chromatography eluting with a gradient of EtOAc (0 {0 30%) in
heptane. Appropriate fractions were combined and concentrated in vacuo to afford benzyl 4-bromo-2-(2-

{diflucromethyl}-5-methoxypyridin-4-yhibenzoate (1.38 g, 68% yield).

Step 3/ intermediate 35

A mixture of benzyi 4-bromo-2-(2-(diflucromethyl)-5-methoxypyridin-4-yiibenzoate (200 mg, 0.450
mmaol} , 4,45, 5-tetramethyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaboroian-2-yi}-1,3,2-dioxaborolane (169 mg,
666 umol), aqueous KOAc (132 mg, 1.34 mmaol), dioxans (4 mbL) and Pd{dppi}Clz (2.0 mg, 43.7 pmaol) .
The vessel was stirred under nitrogen at 80°C for 1 h. The reaction mixture was diluted with water (30
mi.}, extracted with EtOAC {3x 30 mi}. The combined organic extracts were washed with water and brine
consecutively, dried over NapS0., filtered and concentrated. The residus was purified by silica gel
chromatography eluting with a gradient of EIOAc (0 to 70%) in heptane to provide intermediate 35 (166
mg, 75% vield). LOMS m/z 495.9 [M+H}+

Preparation of the Compounds of the Invention
Compound 1/ Method A/ Racemic N-(5-{(1R,2R)-2-(4-cyanophenyijcyclopropyi)-1.3.4-thiadiazol-2-yl)-3-

{5-fluoro-2-methoxyphenyilisonicotinamide

To a solution of Intermediate 2 (17.4 mg, 70.2 umol) and intermediate 186 (17.0 mg, 70.2 ymol)
in pyridine (1 mi) was added EDC.HC!{26.9 mg, 140 pmaol}. The reaction mixture was stirred at 35°C for
2hrs. The crude reaction mixture was filtered, and the filirate was purified by preparative HPLC
{Phenomenex Gemini®) eluting with a gradient of CHaCN (35 to 85%) in water both containing 0.1%
formic acid. Appropriate fractions were combined and ivophiiized to afford a racemic mixiure of
Compound 1 (8.0 mg, 24% vield). 'H NMR (400 MHz, DMSO-¢s) 6 13.00 (s, 1H), 8.70 (dd, J=5.0, 1.1
Hz, 1H), 8.59 (d, J = 1.4 Hz, 1H), 7.76 — 7.70 (m, 2H), 7.63 (dd, J = 5.0, 1.3 Hz, 1H}, 7.44 — 7.35 (m, 2H),

7.25 (dd, J = 8.9, 3.2 Hz, 1H), 7.16 (id, J/ = 8.6, 3.0 Hz, 1H), 6.93 (dd, /= 9.0, 4.7 Hz, 1H), 3.42 (s, 3H),
2.84 {ddd, J=9.4, 5.9, 4.4 Hz, 1H), 2.68 (dd, J = 9.1, 5.5 Hz, 1H), 1.77 (dt, J = 8.4, 5.4 Hz, 1H), 1.69 (dt,
J= 9.5, 8.7 Hz, 1H). LOMS m/z 471.9 [MsH]*.
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Compound 2/ Method A/ Racemic N-{5-{(1R,2R}-2-(4-cyanophenyiicyclopropyi)-1.3,4-thiadiazol-2-yi}-3-

{5-cyanc-2-methoxyphenyliisonicotinamide

a solution of Intermediaie 3 (23.1 mg, 80.8 ymol) and 4-{(1R,2R)-2-(5-amino-1,3,4-thiadiazol-
2-yheyclopropyllbenzonitrile previously described (17 mg, 70.2 umel) in pyridine (1 mL) was added
ELBC . HCH{26.9 mg, 140 pmoel). The reaction mixture was stirred at 35°C for 2hrs. The crude reaction
mixture was filterad, and the filtrate was purified by preparative HPLC (Phenomenex Gemini®) eluting
with a gradient of CHaCN (35 to 85%) in water both containing 0.1% formic acid. Appropriate fractions
were combined and lyophilized to afford a racemic mixture of Compound 2 (3.3 myg, 8.5% yield). H NMR
{400 MHz, DMSO-ds) 6 13.08 (s, 1H), 8.78 {d, J = 5.0 Hz, 1H), 8.88 (s, 1H), 7.88 (di, J = 6.8, 2.1 Hz, 2H},
7.76 {d, 2H), 7.71 (dd, J = 5.0, 0.7 Hz, 1H), 7.43 {d. 2H), 716 (d, J = 8.2 Hz, 1H), 3.56 (s, 3H}, 2.88 (dt, J
=9.2,5.2Hz, 1H), 2.71 (ddd, /= 9.8, 8.1, 44 Hz, 1H), 1.80 (dt, /= 8.0, 5.3 Hz, 1H), 1.73 {ddd, J= 8.8,
6.2, 4.9 Hz, 1H). LCMS myz 479.1 [M+H}*

Compound 3 / Method A/ Racemic 3-(5-fiucro-2-methoxyphenyl)-N-(5-{(1R,2R}-2-(1-methyl-1H-pyrazol-

3-yicyclopropyl)y-1,3,4-thiadiazol-2-yliisonicotinamide

Step 1/ Racemic 5-((1R,2R})-2-(1-methyi-1H-pyrazol-3-yijcyclopropyl)-1,3,4-thiadiazol-Z-amine

Racemic (1R,2R)-2-(1-methyl-1H-pyrazol-3-vijeyclopropane-1-carboxyiic acid (250 mg, 1.50
mmol} was dissolved in POCIs (2 mi.}, followed by the addition of Thiosemicarbazide (137 mg , 1.50
mmol). The reaction mixture was stirred at 80°C for 2hrs. After completion, the reaction mixture was
poured into ice coid water, 10% NaOH soluticn was added dropwise 10 bring pH at ~7 and the resulting
mixture was extracted with EIQAe (3x). The combined organic layers were driad over Na:z80q, filtered,
and concentrated in vacuo to afford 5-((1R,2R)-2-(1-methvi-1H-pyrazol-3-yheyclopropyl-1,3,4-thiadiazol-
2-amine (150 mg, 45% yieid) which was used in the next step without any further purification. LCMS m/z
221.8 [M+H]*

Step 2/ Compound 3

To a solution of racemic 5-((1R,2R)-2-(1-methyi-1 H-pyrazol-3-ylicyclopropy)-1,3,4-thladiazol-2-
amine (40 mg, 0.18 mmol) in pyridine (1 ml} was added intermediate 2 (82 mg, 0.21 mmol) and ERC.HCI
{100 mg, 0.538 mmol}. The reaction mixture was stirred at rt for 2hrs. The reaction mixiure was quenchead
in water and extracted with EtOAc (3x). The combined organic layers were dried over Na:SO., filtered,
and concentrated under vacuum. The residue was purified by silica gel chromatography eluting using

MeOH (8%) in DCM. Appropriate fractions were combined and concentrated to afford a racemic mixture
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of Compound 3 (30 mg, 36% yield). TH NMR (400 MHz, DMSO-ds) 5 13.03 (s, 1H), 8.77 (d, J = 4.0 Hz,
1H), B.66 (5, 1H), 7.69 - 7.68 (d, J = 4.2 Hz, 1H), 7.32 - 7.30 (t, J = 8.0 Hz, 1H), 7.22-7.20 (t, J = 8.0 Hz,
1H) 8.12-6.11 (d, J = 4.2 Hz, 1H), 3.77 (s, 3H), 3.47 (s, 3H), 2.66 - 2.684 (t, J = 8.0 Hz, 2H), 1.63 - 1.58 (m,
2H). LOMS nv/z 451.0 [M+H]*.

Compound 4 / Method A/ Racemic 3-(5-fluoro-2-methoxyphenyl)-N-(5-{(1R,2R}-2-(1-methyl-1H-
benzofdjimidazoi-2-ylicyciopropyli-1,3,4-thiadiazol-2-yijisonicotinamide

O O - sl - s

Step 1 Step 3

NHy

‘r
N

Step 1/ Ethyl (E)-G-(1-methyi-1H-benzo[diimidazol-2-yljacrylate

To a solution of 1-methyl-1H-benzoldjimidazole-2-carbaidehyde {1.00 g, 6.25 mmol) in THF (10
mik}, a solution of ethyl(triphenylphosphoranylidenejacetate (3.26 g, 9.37 mmol) in THF (5 mL) was added
at 0°C and the resulting mixture was stirred for 16 hrs at rt. The resulting reaction mixture was diluted with
water and extracted with EtOAc (3x). The combinad organic layers wers dried over NapxS80: and
concentrated under vacuum. The residue was purified by silica gel chromatography eluting EtCAc (40%)
in hexanes. The appropriate fractions were combined and concentrated to afford ethyl (E)-3-(1-methyi-
1H-benzold]imidazol-2-yi}acrylate (1.00 g, 89% yield). LOME m/z 232.14 [M+H]*.

Step 2 / Racemic {1R,2R)-2-{1-methyl-1H-benzo[d]imidazol-2-yi}eyclopropane-1-carboxylic acid

To a suspension of NaH {80% dispersion in oil, 208 mg, 5.20 mmol} in DMSO (6 mL) at 10°C was
added trimethylsulfoxonium icdide {1.01 g, 4.50 mmol). The resulting mixture was stirred for 10 min at 10°C
foliowed by the addition of ethyl a solution of (E)-3-(1-methyl-1H-benzoldlimidazol-2-vijacrylate (800 mg,
2.6 mmol} in 6 mL of THF. The final reaction mixture was stirred at rt for 16hrs. The reaction mixiure was
quenched in ice cold water and non-polar impurities were removed by extraction with EtOAc {2x). The
aqueous layer was collectad and nautralized to pH 7 with diluted formic acid. The product was exiraciad
with DCM/iso-propyl amine (3/1) (3x). The combined organic layers were concentrated under vacuum to
afford racemic (1R, 2R}-2-(1-methyl-1H-benzold]imidazol-2-yhcyclopropane-1-carboxylic acid
{100 mg, 18% yieid) which was used without further purification. LOMS mv/z 217 M+H]*.

Step 3: Racemic 5-({1R,2R}-2-(1-methyl-1H-benzofdlimidazol-2-ylicyclopropyl)-1,3,4-thiadiazol-2-amine
POCH (3 mL) was added to a mixture of racemic {1R,2R)-2-(1-methyl-1H-benzo[djimidazol-2-
yiicyciopropane-1-carboxylic acid (40 mg. 0.18 mmol) and thicsemicariazide {16 mg, 0.18 mmol). The

reaction mixiure was stirred for 1 hour at 80°C. The resuiting reaction mixture was poured in ice cold

water and neutralized with 5% aqueous NaOH (1N). The desired compound was extracted with EtOAc
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{3x}. The combined organic layers were concentrated under vacuum. The residue was purified by silica
gel chromatography and the product was eluted using MeOH (3% in DCM. The appropriate fractions
were combined and concentrated in vacuo to afford racemic 5-((1R,2R)-2-(1-methyi-1H-benzold]imidazol-
2-yieyclopropyl)-1.3,4-thiadiazol-2-aming (25 mg, 49% yield). LOMS m/z 272 [M+H}*.

Step 4: Compound 4

To a mixture of racemic 5-{(1R,2R)-2-(1-methyl-1H-benzofd]imidazol-2-ylcyclopropyl)-1,3,4-
thiadiazol-2-amine (35 mg, 0.12 mmol) and Intermediate 2 (47 mg. 0.19 mmol) in pyridine {0.5 mL) was
added EDC.HC! {73 mg, 0.35 mmol). The reaction mixture was stirred for 1.5 hour at rt. The resulting
reaction mixture was poured in ice cold water and extracted with EtOAc (3x). The combined organic
iayers were concentrated under vacuum. The residue was purified by reverse phase preparative HPLC
carried out using SUNFIRE C18 (250 X 19mm) column and eluting with a gradient of water {0.1% FA) in
CH3CN (0.19% FA) as the mobile phase. Appropriate fractions were combined and lyophilized to afford a
racemic mixture of Compound 4 (5.0 mg, 8% vield). 'H NMR (400 MHz, DMSO-ds) 5 12.06 (s, 1H), 8.76
{d, J=52Hz, 1H), 8.65 (s, TH), 7.7 (d, J = 4.8 Mz, 1H)}, 7.58-7.51 (m, 2H), 7.32-7.29 (m, 1H), 7.24-7.15
{m, 3H), 7.01-6.98 {m, 1H), 3.88 (5. 3K}, 3.49 (s, 3H}, 3.08-2.80 (m, 2H}, 1.92-1.84 (m, 2H). LCMS m/z
501.4 {M+H]*.

Compound 26 / Method A/ Z2'-chioro-N-(5-{(1R,2R}-2-{4-cyanophenyicyclopropyi}-1.3.4-thiadiazol-2-yi}-
5'-methoxy-[3,4"-bipyridine]-4-carboxamide

To a solution of intermediate 15 (20.0 my, 75.6 ymoi} and intermeadiate 16 {(12.3 mg. 79.7 umol)
in pyridine (0.4 mbL) was added EDC.HC! (29.7 mg. 155 umoi}. The reaction was stirred at 50°C for 30
min. The crude reaction mixiure was filtered, and the filtrate was purified by preparative HPLC
{Phenomenex Gemini®) eluting with a gradient of CHsCN (40 to 70%;) in water both containing 0.1%
formic acid. Appropriate fractions were combined and lyophilized to afford Compound 26 (10.0 mg, 26%
yieid). "HNMR (400 MHz, DMSO-ds) 8 13.16 (5, 1H), 8.79 (d, J = 5.0 Mz, 1H}, 8.67 (s, 1H}, 8.10 (s, 1H)},
7.75~7.70 {m, 3H), 7.56 (s, 1H), 7.42 - 7.37 (m. 2H), 3.54 (s, 3H), 2.84 (dt, J = 9.4, 5.3 Hz, 1H), 2.68 (d1,
J=9.2 89 Hz, 1H), 1.77 (dt, J = 8.0, 5.3 Hz, 1H), 1.69 (dt, J = 8.7, 5.4 Hz, 1H). LOMS m/z483.1 [M+H]".

Compound & / Method 8/ 3-(5-cyano-2-methoxyphenyl}-N-(8-{spirof2. 2ipentan-1-ylethynyi}-1.3,4-

thiadiazol-2-yl)isonicotinamide

N2 was bubbied through a solution of intermediate 12 (81 mg, 195 pmol) Z-ethynylspiro[2.2]
pentane (57.2 mg, 821 ymol) triethylamine (220 pb, 1.58 mmol) in dry DMF {1 mL) while sonicating for 15
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min. Pd(PPhs)e (45.7 mg, 38.5 umol). The reaction mixture was stirred at 50°C overnight. The crude
regction mixture was filtered, and the filtirate was purified by preparative HPLC (Phenomenax Gemini®)
eluting with a gradient of CHsCN (50 to 80%) in water both containing 0.1% formic acid. Appropriate
fractions were combined and lvophiiized fo afford Compound & (21.3 mg, 26% yield). H NMR (400 MHz,
DMBO-ds) 8 13.40 (5, 1H), 8.78 (dd, J= 5.0, 0.9 Hz, 1H), 8.66 (s, 1H), 7.89 - 7.83 (m, 2H), 7.69 (d, J =
5.0 Hz, 1H), 7.1 (4, J= 8.8 Hz, 1H), 3.49 (5, 3H}, 2.08 (dd, .J = 7.8, 4.4 Hz, 1H), 1.50 (dd, J= 7.8, 3.9 Hz,
tH), 1.30 (1, J= 4.2 Hz, 1H)}, 1.02 - .96 {m, 1H), 0.96 — 0.84 (m, 3H). LEMS m/z 428.0 [M+H]*.

Compound 7 / Method 8: 3-(5-cyano-2-methoxyphenyi)-N-{5-{oxetan-3-ylathynyl}-1,3,4-thiadiazol-2-

vhisonicotinamide

N2z was bubbled through a solution of intermediate 12 (83.0 mg, 199 umol), 3-ethynyioxetane
{52.3 myg, 637 umol}, triethylamine {225 gL, 1.61 mmol) in dry DMF (1 mL} while sonicating for 15 min.
Pd(PPhs)4 (46.8 mg, 40.5 ymol) was then added and the reaction mixiure was stirred at 50°C overnight.
The cruda reaction mixture was filtered, and the filtrate was purified by preparative HPLC (Phenomeneyx
Gemini®) eiuting with a gradient of CHsCN (30 to 809%; in water both containing 0.1% formic acid.
Appropriate fractions were combinad and lyophilized to afford Compeound 7 (38.1 mg, 47% yield). 'H
NMR (400 MMz, DMSO-ck) 6 13.48 (s, 1H), 8.77 (d, J= 5.0 Hz, 1H), 8.67 (s, 1H), 7.80 - 7.83 (m, 2H),
7.73-7.89 (m, 1H), 7.12 (d, J = 8.6 Hz, 1H), 4.79 (dd, J = 8.5, 5.6 Hz, 2H), 4.61 (dd, /= 8.9, 5.5 Hz, 2H},
4.24 {1, J=8.8,7.0 Hz, 1H), 3.49 (s, 3H). LCMS m/z 418.1 [M+H]*.

Compound 8 / Method C/ N-(5-{{1-(cyanomethyi}-1H-pyrazol-4-yiiethynyl)-1,3,4-thiadiazol-2-yh-3-(5-
fluoro-2-methoxyphenyhisonicotinamide

N2 was bubbled through a sclution of intermediate 11 (83.0 mg, 234 ymol) 2-{4-icdopyrazol-1-
yhacetonitrile (164 myg, 703 ymol}, Triethylamine (264 upb, 1.88 mmol) in dry DMF (0.25 mL} while
senicating for 18 min. Pd{PPhsjs (54.1 mg, 46.9 pmol) was added and the resulting mixture was stirred at
80°C overnight. The crude reaction mixiure was filterad, and the filtrate was purified by preparative HPLC
{Phenomenex Gemini®) eluting with a gradient of CHsCN (35 to 85%;) in water both containing 0.1%
formic acid. Appropriate fractions were combined and lyophifized to afford Compound 8 (23.2 mg, 22%
yield) HH NMR (400 MHz, DMSO-de) 8 13.42 (s, 1H), 8.68 (d, J = 5.0 Hz, 1H), 8.57 (s, 1H), 8.35 (s, 1H),
7.97 {s, iH), 7.86 (d, J = 5.0 Hz, 1H), 7.40 - 7.34 {m, 1H), 6.90 — 6.82 (m, 2H}, 5.52 (s, 2H}, 3.44 (s, 3H}.

CMS mvz 480.2 [M+H]*.
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Compound 12/ Method D / 3-(5-cyanc-2-methoxyphenyh)-N-(8-(cyclopropylethynyl)-1,3,4-thiadiazol-2-
yhisonicotinamide

To a solution of Intermediate 3 (54.0 mg, 212 pmoi) and intermediate 9 (35.0 mg, 212 umol) in
pyridine (0.5 ml) was added EDC.HCI (83 mg, 326 ymol). The reaction was stirred at 25°C for 2hrs. The
crude reaction mixture was filtered, and the filtrate was purified by preparative HPLC {(Phenomenex
Gemini®) eiuting with a gradient of CHsCN (35 to 65%;) in water both containing 0.1% formic acid.
Appropriate fractions were combinad and lyophiiized to afford Compeound 12 (22.8 mg, 33% yield). 1+
NMR (400 MHz, DMSO-ds) 6 13.42 (s, 1H), 8.80 (d, J= 5.0 Hz, 1H), 8.89 (s, 1H), 7.92 - 7.87 (m, 2H),
7.73(dd, J=5.0,0.7 Hz, 1H), 7.15(d, J = 8.5 Hz, tH), 3.52 (5, 3H), 1.7C (i, J = 8.3, 5.0 Hz, 1H), 1.05 —
0.94 {m, 2H), 0.91 — 0.81 (m, 2H). LOMS m/z 402.2 [M+H]*.

Compound 27 / Method 0/ 3-{2-methoxy-5-(triflucromethylphenyl]-N-[5-[2-(5-methyl- 1H-pyrazol-3-
yhethynyil-1,3,4-thiadiazol-2-vijpyridine-4-carboxamide

To a solution of intermediate 14 (50.0 mg, 168 ymol) and Intermediate 17 (38.3 mg, 186 umol)
in Pyridine (0.4 mL) was added EDC.HC] (66.5 mg, 347 pmol} in one shot. The reaction was stirred at
50°C for 30 min. The crude reaction mixture was filtered, and the filtrate was purified by preparative HPLC
{Phenomenex Gemini®) eluting with a gradient of CH3CN (40 to 70%) in water both containing 0.1%
formic acid. Appropriate fractions were combined and lyophilized to afiord Compound 27 {16 mg, 19%
yield). tH NMR (400 MHz, DMSO-ds} & 12.53 (s, 1H), 13.26 ~ 12.98 {m, 1H), 8.80 - 8.74 (m, 1H)}, 8.68 (d,
J=2 4 Hz, tH), 7.71 (dd, J = 5.1, 2.3 Hz, 3H), 714 (d, J= 8.4 Hz, 1H}, 6.40 (s, tH), 3.51 (d, J= 2.1 Hz,
3H), 2.22 (d, J = 2.1 Hz, 3H). LOMS n/z 485.1 [M+H].

Compound 28 / Method D / 3-{2-chlcro-5-methoxy-4-pyridy}-N-[5-[2-(5-methyl-1H-pyrazol-3-ylethynyl-
1,3,4-thiadiazol-2-yllpyridine-4-carboxamide

=N
MY =N
HzNT 78 = NH N~ NH

To a solution of intermediate 15 (25.0 mg, 94.5 umoi) and intermeadiate 17 {(20.5 mg. 89.9 umol)
in Pyridine (0.4 mL} was added EDC HCI {37.4 mg. 195 pmol) in one shot. The reaction was stirred at 50
o for 30 min. The crude reaction mixture was filtered, and the filtrate was purified by preparative HPLC
{Phenomenex Gemini®) eluting with a gradient of CHaCN (35 to 65%;) in water both containing 0.1%
formic acid. Appropriate fractions were combined and lyophifized to afford Compound 28 (7.6 mg, 17%
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vield). TH NMR (400 MHz, DMSO-ds) & 13.64 (s, 1H), 13.13 (s, 1H), 8.83 (d, J = 5.0 Hz, 1H), 8.71 (s, 1H),
8.10 (s, 1H), 7.77 (d, J = 5.0 Hz, 1H), 7.61 {s, TH), 6.39 (5, 1H). 3.53 (g, 3H), 2.22 (s, 3H). LCMS m/z
452.1 [Ma+HJ".

Compound 31/ Method D / N-(5-(cyclopropylethynyii-1,3.4-thiadiazol-2-y1)-2'-(diflucromethyl)-5'-

methoxy-{3,4"-bipyridine}-4-carboxamide

E
i N\ F Q ‘Cﬁ
o + B-B, I
~o Jd o
Br

Step 1/ methy! 2'-(difluocromethyl)-&'-methoxy-[3.4'-bipyridine]-4-carboxylate

oo

4-bromo-2-(diflucromethyl)-5-ethoxypyriding (800 mg, 2.10 mmol}, 4,4,4'.4',5,5,5'.5"-octamethyl-

2.2-bi(1,3,2-dioxaborolane) {825 mg, 3.15 mmol} and KOAc (521 mg, 5.25 mmol) were combined in 1,4~
dioxane (10 mL). Nz was bubbled in the mixture for 2 min then PdCla(dppf) (157 mg, 0.21 mmol) was
added. Nz bubbling was pursued for § minutes, then the vial was sealed and heated to 65°C for 18hrs.
The reaction mixiure was cooled to i, filtered through a plug of silica gel, washed with EtOAc and the
filtrate was concentrated 7 vacuo to afford the desired pinacol boronate as pale brown oil, which was
carried forward in the next step without purification. The later was dissolved in 1,4-dioxane (10 mL).
Methy! 3-bromicisonicotinate (463 mg, 2.10 mmoi), K2CQOa (726 mg, 5.25 mmol) and water (2 mbL) were
added. N2 was bubbled in the mixture for 2 min and PdClo(dpnf) (157 mg, 0.21 mmol) was added. Nz
bubbiing was pursued for & minutes, the vial was sealed, and the finai reaction mixture was stirred at
80°C for 4hrs. The resulting mixture was cooled to ri, filtered through a plug of silica gel eluting with
EtQAc. The filirate was adsorbed onto silica gel. Purification by silica gel chromatography eluting with
EtOAC (2% - 100%) in Heptane. Appropriate fractions were combined and concentrated in vacuo 1o
afford methyt 2'-(difiucromethyl}-5'-methoxy-{3,4-bipyridine]-4-carboxylate (385 mg, 62%). LOMS m/zz
295.0 [M+H]*.

Step 2/ Compound 31

Methy! 2'-(diflucromethyl}-5'-methoxy-{3,4'-bipyridine]-4-carboxylate (385 mg, 1.31 mmeol) and
intermediate 8 (238 mg, 1.44 mmol) were dissoived in THF (15 mL}. 1,5,7-triazabicyclof4.4.0jdec-5-ene
{939 mg, 5.54 mmol) was added, and the resulting mixture was stirred at 30°C for 2hrs. The reaction
mixture was cooled io rt, diluted with EtOAc, and washed with saturated aqueous NH«CIL. The organic
layer was dried over Nax80s, filtered, and concentrated /n vacuo. The residue was purified by reverse
phase chromatography eluting with CHaCN (10% to 100%) in 10mM Ammocnium Formate buffer. The
appropriate fractions were combinad and lyophilized to afford Compound 31 (283 mg, 51% yield). H
NMR (400 MHz, DMSG-ds) 6 13.52 (s, 1H), 8.83 (d, J= 5.0 Hz, 1H), 8.72 (s, 1H), 8.41 (s, 1H}, 7.77 (d, J
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= 5.0 Hz, 1H), 7.73 (s, 1H)}, 6.95 (1, J = 55.0 Hz, 1H), 3.61 (s, 3H), 1.67 (it J = 8.3, 5.0 Hz, 1H), 1.01 —
0.92 (m, 2H), 0.89 - 0.78 (m, 2H). LCMS m/z 428.2 [M+H]*.

Compound 32/ Method U/ 2'-chioro-N-{5-(cyciopropylethynyli-1,3,4-thiadiazol-2-yi)-5'-methoxy-1-
methyl-6-oxo-1,6-dihydro-[3,4'-bipyridine]-4-carboxamide

e
1
NG
B 07 o &
P i o HQ” " “CH Hal
N e
“ Step 1

O

Step 1 / methyl 2'-chioro-5"-methoxy-1-methyi-6-ox0-1,6-dihydro-{3,4'-bipyridine]-4-carboxylate

In a 10 mL seal tube, methy! B-bromo-1-methyl-2-oxo-1,2-dihydropyridine-4-carboxylate (0.100 g,
0.406 mmol) and {2-chicro-5-methoxypyridin-4-yhboronic acid (0.098 g, 0.52 mmol) were dissolved in
1, 4-dicxane (2 mi.) followed by addition of Cs2C02 (0.32 ¢, 1.01 mmol} and water (0.2 mL). The reaction
mixture was purged with N2 gas for 15 min and PdCiz(dppf) {0.032 g, 0.0408 mmol) was added. The
reaction mixiure was stirred at 90°C for 2h. The reaction mixiure was quenched in water (10 mb) and
extracted with EtOAc (3 X 10 mL). The combined organic layers were dried over Na:S0s, filtered, and
concentrated under vacuum. The residue was purified by silica gel flash chromatography eluting EtOAc
{60%;} in Hexane. Appropriate fractions were combined and concentrated (o afford methyl 2'-chlore-5'-
methoxy-1 methyl-8-oxo-1,8-dihydro-[3,4'-bipyridine]-4-carboxylate (70.0 mg, 56%) LCMS m/z 309.1
[Ma+HTw.

Step 2/ Compound 32

Methy! 2'-chiore-5'-methoxy-1-methyi-8-oxc-1,6-dihydro-{3,4'-bipyridine]-4-carboxylate (70.0 mg.
0.227 mmol) and Intermediate 9 (0.041 g, 0.249 mmol} were combined in THF (1 mb). 1,5,7-
triazabicyciofd.4.0ldec-5-ene {0.157 g, 1.13 mmol) was added and the resulting mixiure was stirred at
70°C temperature for 1h. The reaction mixture was cooled to i, guenched in water (10 mL) and extracted
with EtOAc (3 X 10 mL}. The combined organic layers were dried over Na:SO4, fillered, and concentrated

under vacuum. The residue was purified by siiica gel flash chromatography eluting with MeOH (5%) in
DCM. Appropriate fractions were combined and concentrated and further purified by reverse phase
HPLC eluting with CHzCN (10 to 100%) in water both containing 0.1% formic acid. Appropriate fractions
were combined and lyophilized to afford Compound 32 (12.0 mg, 12%). "H NMR {400 MMz, DMSO-ds) 8
13.49 (s, TH), 8.05-8.03 {m, 2H), 7.52 {5, 1H), 6.82 (s, TH), 3.53 (s, 3H), 3.50 (s, 3H), 1.71 (bs, 1H), 1.02
(s, 2H), 0.89 (s, 2H). LOMS vz 442.1 [M+HJ".
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Compound 33/ Method D/ N-(5-(cyclopropylethynyi)-1,3,4-thiadiazol-2-y1)-6-(2-{dimethylamino)-2-
oxoethyi}-4-{2-methoxy-8-(frifluoromethyliphenylnicotinamide

Step 1/ methyl 6-chloro-4-{2-methoxy-5-(trifluoromethylphenylinicotinate

N2 was bubbied for 30min in a mixture of methyt 4,6-dichloropyridine-3-carboxylate 1 (600 mgq,
2.91 mmol), (2-methoxy-5-triflucromethyl)phenyiiboronic acid (841 mg, 2.91 mmol) and K003 (805 mg,
5.83 mmel} in H20 (2.0 mb) and 1-4-dioxane (6.0 mb}. To the resuiting mixture was added PdCix(dtbpf}
{193 mg, 286 pmol) and the resuiting mixture was stirred at 80°C overnight. The reaction mixiure was
cooled to rt, poured in water and extracted with EtOAc (3x). The combined organic lavers were washed
with brine, dried over NaxSO4, filtered, and concentrated in vacuo. The residue was purified by silica gel
flash chromatography eluting with a gradient of EYOAc (5 to 30%) in Heptane. Appropriate fractions were
combined and concentrated in vacue (o afford methyl methy! 6-chloro-4-(2-mathoxy-5-

{triflucromethyphenyl)nicotinate (350 mg, 35% vield) as a yellow oll. LOMS m/z 346.1 [M+H]*.

Step 2 / methyl 6-(2-(dimethylamino)-2-oxcethyl}-4-(2-mathoxy-5-{triflucromethyl}phenylinicotinate

To NaHMDS solution {1 M in THF, 890 ul, 890 pmol) at -30°C, in a sealable tube, was added
dropwise N,N-dimethylacetamide {80 ul, 863 umol). The reaction mixture was stirred at -30°C for 1 h
then ZnClz solution (0.5 M in THF, 1.8 mL, 0.90 mmol} was added dropwise and the reaction mixture was
warmed to rt and stirred for 3hrs. To the resulting white suspension was added methyi 8-chioro-4-{2-
methoxy-5-(trifluoromethyphenylipyridine-3-carboxylate (100 mg, 289 ymol). N2 was bubbled through
the reaction mixiure while sonicating for 15 min before adding Pd(PPhs}4 (67 mg, 58 umol} and ssaling
the tube. The reaction mixture was heated at 80°C for 48hrs. The reaction mixture was cooled {o rt, and
silica gel was added before dry-packing. The residue was purified by silica gel flash chromatography
eluting with a gradient of MeOH (0 to 10%;) in DCM. Appropriate fractions were combined and
concentrated in vacuo to afford methy! 6-(2-(dimethylamino)-2-oxoethyl)-4-(2-methoxy-5-
{(trifluoromethyphenylinicotinate (140 mg, 85% vield, 70% purity) as a green oil. LOMS nvz 387.2
MM

Step3d / Compound 33

To a solution of methy! 6-{2-(dimethylaminc)-2-oxoethyl)-4-(2-methoxy-5-
{trifluoromethylhphenylnicotinate (75.0 mg, 189 umol) and Intermediate 8 (35.0 mg, 210 ymol) in THF
{2.0 mi) was added 1,5,7-triazabicycio[4.4.0ldec-5-ene (132 mg. 950 umol). The reaction was stirred at
30°C overnight. The crude reaction mixiure was filtered, and the filtrate was purified by preparative HPLC
{Phenomenex Gemini®) sluting with a gradient of CHaCN {35 to 85%) in waier both containing 0.1%
formic acid. Appropriate fractions were combined and lvophiiized fo afford Compound 33 (15.9 mg, 16%
vieid). 'H NMR (400 MHz, DMSO-ds) 6 13.33 (s, 1H), 8.79 (s, 1H), 7.81 - 7.768 (m, 1H), 7.65 (d, J=2.4
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Hz, 1H), 7.43 (s, 1H), 7.17 (d, J = 8.7 Hz, 1H), 4.00 (s, 2H), 3.53 (s, 3H), 3.08 (s, 3H), 2.85 (5, 3H), 1.69
tt, J= 8.3, 5.0 Hz, 1H), .02~ 0.96 (m, 2H), 0.88 - 0.83 (m, 2H). LOMS m/z 530.2 [M+H]*.

Compound 34/ Method U/ 5-{2-chioro-5-{trifluoromethyiiphenyl)-N-(S-({cyclopropylethynyi}-1,3.4-

thiadiazol-2-yl)-1-(2-{dimethylamino)-2-oxoethyl)-2-oxo-1,2-dihydropyridine-4-carboxamide

CFa
B O sl B O -l
Amace 1 ° @)LQ/ RO OH
~. N
| Step-1 N}L" Step-2
I3 b i a

Step 1/ methyl 5-bromo-1-{2-(dimethylamino}-2-oxoethyl)-2-oxo-1,2-dihydropyridine-4-carboxylate

To methyl 5-bromo-2-oxo-1,2-dihydropyridine-4-carboxylate {1.00 g, 4.31 mmol) in ACN (10 mL)
was added Cs2003 {3.50 g, 10.8 mmol) and 2-chioro-N N-dimethylacetamide {0.786 g, 6.48 mmol). The
reaction mixiure wasg stirred at rt for 2hrs. The reaction mixture was poured in water (30 ml) and
extracted with EtOAc (3 x 25 mL). The combined organic layers were concentrated, and the residue was
friturated with pentane, filtered and dried under vacuum o afford methy! 5-bromo-1-(2-{dimethylamino}-2-

oxoethyl)-2-oxo-1,2-dihydropyridina-4-carboxylate (.30 g, 22%). LCMS myz 317.0 [M+H].

Step 2/ methyl 5-(2-chlore-5-{triflucromethyliphenyl)-1-(2-{dimethylamino)-2-oxoethyi}-2-oxo-1,2-
dihydropyridine-4-carboxylate

To methyt b-bromo-1-(2-(dimethylamino)-2-oxcethyl)-2-oxo0-1,2-dihydropyridine-4-carooxylate
{0.200 g, 0.630 mmol) and (2-chioro-5-{trifluoromethyliphenyliboronic acid {0.183 g, 0.820 mmol) in 1,4~
dioxane (2 mbL) was added Cs2CQO3 (0.511 g, 1.57 mmol} and water (0.3 mL}. The reaction mixture was
purged with Nz for 15 min and then PdCla(dpnf} (51 myg, 0.43 mimol) was added. The reaction mixture was
purged with Nz gas for 10 min then stirred at 90°C for 3hrs. The resulting mixiure was cooled to 1t
quenched in water (10 mL)} and exiracted with EtOA: (3 X 10 ml), then combined organic layer was dried
over Na=SQq, filtered and concentrated. The residue was purified by silica gel flash chromatography
eluting with EtOAc (60%) in Hexanes. Appropriate fractions were combined and concentrated to afford
methyl B-{2-chioro-5-(frifiuoromethyiiphenyl}-1-(2-(dimathylaminc)-2-oxoethyl)-2-oxo-1.2-dihydropyridine-
4-carboxylate (70 mg, 27% yield). LCMS: m/z 4171 [M+HI

Step &/ Compound 34

To methyt 5-(2-chloro-5-(trifiuoromethyiiphenyl)-1-(2-(dimathylamino}-2-oxoethyl}-2-oxo-1,2-
dihydropyridine-4-carboxylate (80.0 mg, 0.192 mmol} and intermediate 9 (30.0 mg, 0.192 mmol) in THF
{0.5 mL}) was added 1,5,7-triazabicyciof4.4.0]ldec-5-ene {132 mg, 0.96 mmol}. The reaction mixture was
stirred at 70°C for 1h. The resulting mixture was cooled to rt, quenched in water {10 mL) and extracted
with EtOAc (3 x 10 mL). The combined organic layers were dried over Na280q, filtered, and concentrated
under vacuum. The residue was purified by preparative HPLC eluting with CH2CN (10 to 100%) in water
both containing 0.1% formic acid. Appropriate fractions were combined and lyophilized to afford
Compound 34 {12.0 mg, 119%). 'H NMR (400 MHz, DMSO-ds) 8 13.62 (s, 1H), 7.82 (s, 1H), 7.76-7.7C
{m, 3H), B.93 {s, 1H), 4.89 {5, 2H). 3.06 {s, 3H}, 2.87 {5, 3H), 1.69 {m, 1H), 0.99-0.98 {m, 3H), 0.886 (s,
3H). LCMS nv/z 550.2 [M+H]*.
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Compound 35/ Method D/ 2-(2-chioro-5-methoxypyridin-4-y)-N-(5-(cyclopropylethynyi)-1,3,4-thiadiazol-
2-yh-4-(2-(dimethylamino}-2-oxoethylibenzamide

5 Step 1/ methyl 4-bromo-2-{2-chloro-5-methoxypyridin-4-ylbenzoate
To a solution of methyl 4-bromo-2-icdo-benzoate (1.00 g. 2.93 mmol) in dioxane (10 mL) were

added Na2C0s (2 M, 3.00 mL., 6 mmoi}, 2-chiorc-5-methoxy-4-(4,4,5,5-tatramethyl-1,3,2-dioxaborolan-2-
yhpyridine (300 mg, 2.97 mmol) and PdClz(dppf) (210 myg, 287 umel) in dioxane (10 mlL). The mixture
was degassed in vacuo, backfilled with NoThe mixture was stirred af 60°C for 10hrs. The volatiles were

10 removed in vacuo. The residue was purified on silica gel chromatography eluting with EtOAc (0-40%) in
heptane. Appropriate fractions were combined and concenirated to afford methy! 4-brome-2-(2-chloro-5-
methoxypyridin-4-ylibenzoate (650 mg, 82% vyield) as a white solid. LOMS m/z 356.2 [M+Hi*.

Step 2/ methyl 4-(2-{fert-outoxy}-2-oxoethyl)-2-(2-chioro-5-methoxypyridin-4-yiloenzoate

15 To an oven-dried flask were added methyl 4-bromo-2-(2-chloro-5-methoxy-4-pyridylibenzoate
{320 mg, 897 umol), {(2-tert-butoxy-2-oxo-ethyl)zinc chloride (.5 M, 7.60 mL., 3.5C mmol) and Pd{i-BusP)2
{46.0 mg, 90.0 ymol) in THF (5 mL}. The reaction mixture was flushed with Nz for § min and then the
mixture was stirred at 70°C for 10hrs. After cooling 1o i, the reaction was quenched with sat. NHCl,

diluted with water, extracted with EtOAc {(3x20 mb). The combined organic exiracts were washed with

20 brine, dried over Na:S04, filtered, and concentrated to dryness. The residue was purified on silica gel
chromatography eluting with EtOAc (G to 50%) in Heptane. Appropriate fractions were combined and
concentrated to afiord methy! 4-(2-(lert-butoxy}-2-oxoathyl)-2-(2-chloro-5-methoxypyridin-4-ylibenzoate
{20 mgq, 8% vield) as a white soiid.

25  Step 3/ 2-(3-(2-chioro-5-methoxypyridin-4-yi}-4-{methoxycarbonyijphenyljacetic acid

To a solution of methyl 4-{2-{tert-butoxy)-2-cxoethyi}-2-(2-chicro-5-methoxypyridin-4-ylibenzoate
(20 mg. 51.04 pymol) in DCM (0.5 mL) was added TFA (500 uL, 6.49 mmol). The mixture was stirred at rt
for 1h. The volatiles were removed in vacuo to provide 2-{3-(2-chlore-5-methoxy-4-pyridyl}-4-
methoxycarbonyl-phenyilacetic acid (22 mg) as an off-white solid which was used directly in next step
30 without purification. LOMS m/z 336.2 [M+H}.
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Step 4 / methyl 2-(2-chioro-5-methoxypyridin-4-vi}-4-(2-(dimethylaminc}-2-oxoethylibenzoate

To a solution of crude 2-(3-(2-chloro-5-methoxypyridin-4-yi)-4-{methoxycarbonyiiphenyhacetic
acid {22 mg, 49 umol} in DMF {1 mL) were added HATU (30.0 mg, 78.9 ymoi) and Dimethylamine (2 M in
THF, 150 pb., 300 ymol). The mixture was stirred at o for 0.5 h. The volatiles were removed in vacuo. The
residue was purified on silica gel chromatography eluting with EtOAc (0-100%;) in Hep to provide methyl
2-(2-chioro-5-methoxypyridin-4-vi)-4-(2-(dimethyiamine)-2-oxoethylibenzoate (17 mg. 95% yield) as a
white solid. LCMS nv/z 383.3 (M+H]+

Step &/ Compound 35

To a solution of methyt 2-{2-chloro-5-methoxypyridin-4-yl)-4-(2-(dimethylamino)-2-
oxoethyhbenzoate (17.C mg, 47 umol) and intermediate 8 (10.0 mg, 61 gmol) in THF (2 mbL) was added
1.5, 7-triazabicyciol4.4.0}dac-5-ene (20.0 myg, 144 pmol) . The reaction was stirred at 70°C for 18hrs. The
veiatiles were removed in vacue. The residue was dissolved in DMSO, fitered, and the filtrate was
purified by preparative HPLC eluting with a gradient of CHsCN (30 to 100%) in water both containing
0.1% formic acid. Appropriate fractions were combined and lyophilized to afford Compound 35 (10 mg,
43% yigld). 'H NMR (400 MHz, DMSO-0s) 8 13.16 (g, 1H), 8.03 (5, 1H), 7.71(d, J= 7.9 Hz, 1H), 7.456 ~
7.30 {m, 2H), 7.29 (s, 1H), 3.78 (s, 2H), 3.49 {5, 3H), 3.01 (s, 3H), 2.80 (s, 3H), 1.65 (m, 1H), 0.94 (m,
2H), 0.88 — 0.75 (m, 2H). LCMS m/z 496.6 [M+H]*.

Compound 36 / Method D/ N-(5-(cyclopropylethynyl)-1,3.4-thiadiazol-2-y)-6-(2-(difluoromethyl}-5-
methoxypyridin-4-yl}-{ 1,2, 4}triazolo{1.5-alpyridine-7-carboxamide

Br ©C
- e
3 4 i © NN -
: 4 | ] "
i ~ F N\ h HoN 8 - im N
P Rt o NeR
? B oo . R
o8 Step 1 Step 2 i

Step 1/ methyl 6-(2-(diflucromethyl}-5-methoxypyridin-4-yi}-{1,2 4|triazoio} 1,8-a]pyridine-7-carboxylate

In a 10 mL sealed tube, 2-(difluoromethyi}-5-methoxy-4-(4.4,5,5-tetramethyi-1,3,2-dioxaborolan-
2-yhpyriding (see Compound 31, Step 1) (0.200 g, 0.701 mmol) and methy! 6-bromo-{1,2 4|triazoloj,5-
alpyridine-7-carboxylate (0.251 g, 0.980 mmol) was dissolved in 1,4-Dioxane (4.0 mL) at rt followed by
the addition of CsC03 (0.629 g, 1.98 mmol} and water (0.5 mL). The reaction mixture was purged with Nz
gas for 15 min followed by addition of PdCiz{dppf) (57.0 mg, 0.0701 mmol} foliowed by a second Na purge
for 5 min. The reaction mixture was stirred at 90°C for 1h. The resulting mixture was poured in water and
exiractad with EtOAc (3 x 10 mL}. The combined organic layers ware dried over Na:SQOq, filtered, and
concentrated under vacuum. The residue was purified by silica gel chromatography eluting with BtOAc (O
10 60%;) in hexanes. The pure fractions were collected and concentrated to afford methy! 6-(2-
{giflucromethyl}-5-methoxypyridin-4-yi-{1,2, 4]triazolo]1,5-ajpyridine-7-carboxylate (80.0 mg, 34% yield).
LOMS my/z 335.1 [M+H].
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Step 2/ Compound 36

To methyl 6-(2-(difiuoromethyi}-5-methoxypyridin-4-yi}-{1,2 4itriazolof 1,5-ajpyridine-7-carboxylate
{80.0 mg, 0.238 mmol) and Intermediaie 9 (39.0 mg. 0.238 mmol} in THF (1 mL) was added 1,5,7-
triazabicyciold.4.0]dec-5-ene {165 mg, 1.19 mmol}. The reaction mixture was stirred at 70°C for 1h. The
reaction mixture was quenched in water {10 mL) and exiracted with EtOAc {3x10 mL}. The combined
organic layers were dried over NazSQq, filtered, and concentrated under vacuum. The residue was
purifiad by reverse phase HPLC eluting with a gradient of GHaCN (10 to 100%) in waler both containing
0.1% formic acid. Pure fractions were combined and lyophilized to afford Compound 36 (12.0 mg, 11%
yieid) tH NMR (400 MHz, DMSCO-ds) & 13.66 (s, 1H), .25 (s, 1H), 8.74 (s, 1H)}, 8.43 (s, 1H), 8.38 (s, 1H},
7.86 (s, 1H), 6.99 {t, J = B5.2 Hz, 1H}, 1.70 (bs, 1H), 1.01-1.00 (m, 2H), 0.88 (s, 2H). LCMS m/z 468.2
[M+HTw.

Compound 37 / Method D/ N-(5-(cyclopropylethynyil-1,3,4-thiadiazol-2-y)-2'-(diflucromethyl)-5'-
methoxy-1-methyl-6-oxo-1,68-dihydro-{3,4"-bipyridine]-4-carboxamide

B 07
o -
- Step 1

Step t / methy! 1-mathyl-2-oxo-5-{iributyistannyl}-1,2-dinydropyridine-4-carboxylate

To a solution of methy! 5-brome-1-methyl-2-ox0-1,2-dihydropyridine-4-carboxyiate (2.60 g, 10.6
mmoi) in dioxans {7 ml) was added BusS8nSnBus (8.10 g, 15.9 mmol). The resulting mixturs was purged
with N2 gas for 15 min followed by addition of PdClx(dppf) (0.862 g, 1.06 mmol). The reaction mixiure was
stirred at 100°C for 8. The rasulting mixture was quench in ice cold water and extracted with EtQAc {3x30
mi}. The combined organic layers were dry over Naz80u, filtered and concentrated. The residue was
purified by silica gel chromatography eluting with EtOAc (40%) in hexanes. Appropriate fractions were
combined and concentrated in vacuoe to afford mathyl 1-methyl-2-0x0-5-(ributylstannyi)-1,2-
dihydropyridine-4-carboxylate (2.50 g, 52% yield). 'H NMR (400 MHz, DMSO-ds) 8 7.47 (s, 1H), 6.97
(s,1H), 3.84 (s, 3H), 3.48 (s, 3H), 1.48-1.40 {m, 6H), 1.31-1.24 {m, 6H), 0.98 {t, J = 8.0 Hz, 9H), 0.84 (1, J
= 7.8 Hz, 9H).

Step 2 / methyl 2'-(difluoromethyl)-5-methoxy-1-methyi-6-oxo-1.8-dihydro-{3,4"-bipyridinel-4-carboxyiate
To the solution of 1-methyi-2-oxo-5-(ributyistannyi)-1,2-dihydropyridine-4-carboxylate (0.750 g,
1.64 mmol} in DMF (7.5 mL) was added 4-bromo-2-(diflucromethyl}-5-methoxypyridine (0.313 g, 1.31
mmol}. The mixture was purged with Nz gas for 15 min iollowed by addition of LiCH (70.0 mg, 1.64 mmoi),
Cul (31.0 mg. 0.164 mmol) and Pd{PPhs)s (188 mg, 0.184 mmol). The reaction mixture was stirred at
100°C for 1h. The resulting mixture was quenched in water (25 mL) and extracted with EtOAc (3x25 mL}.
The combined organic layvers were dried over Na280, filtered, and concenirated under vacuum. The
residue was purified by silica gel chromatography eluting with MeOH (5%) in DCM. Appropriate fractions
were compined and concentrated to afford methyl 2'-(difluoromethyl}-5'-methoxy-1-methyl-6-oxo-1,6-
dihydro-{3,4'-bipyridinel-4-carboxylate (256 mg, 48% yield). LCMS m/z 324.8 [M+H]*.
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Step 3/ Compound 37

To methyt 2'-(difluoromethyi}-5'-methoxy-1-methyi-6-ox0-1,6-dihydro-{3,4-oipyridine]-4-
carboxylate {0.100 g, 0.370 mmoi) and intermediate 9 (48.0 mg, 0.296 mmol) in THF (3 mL) was added
1.5,7-triazabicycio{4.4.0jdec-5-ene (257 mg, 1.85 mmol}. The reaction mixture was stirred at 50°C for 2h.
The reaction mixture was guenched in water {10 mL) and extracted with EtOAc (3x10 mL}. The combined
organic layers were dried over NazSQq, filtered, and concentrated under vacuum. The residue was
purified by silica gel chromatography eluting with MeOH (4% in DGM. Appropriate fractions weare
combined and concentrated to afford Compound 37 (40.0 mg, 24% yield). 'H NMR (400 MHz, DMSO-ds)
& 13.50(s, 1H), 8.30 (s, 1H), 8.033 (s, 1H), 7.68 (s, 1H), 6.95{t, J = 55.2 Hz, 1H), 6.81 (s, 1H), 1.71-1.58
{m, 1H), 1.00-0.99 {m, 2H}, 0.87 {s, 2H). LOCMS nm/z 458.0 [M+H]".

Compound 38 / Method £/ 2'-chloro-N-(5-{cyclopropylethynylithiazol-2-yi}-5'-methoxy-[3,4'-bipyridine}-4-

carboxamide

>( 0 x o] <
N N N
QJQE—’Q}W B0 OJQN”«S\ = RS H—,N"Q:}\;;:\]-—-“m—-—-%

H
Step 4 Step 2 Step 3

Step 1/ tert-butyl {5-(cyclopropylethynylithiazol-2-ylicarbamate

Cul (27.4 mg, 143 umol), NEt: (805 ul., 4.30 mmoi) and N-Boc-2-Amino-5-bromothiazole (509 uk,
1.43 mmol) were combined in DMF (8.5 mL). N2 was bubbled in the mixture for 10 min then Pd{PPhs)s
{167 mg, 143 pmol} and Cyclopropylacetylene (728 ul, 8.60 mmol) were added. The reaction mixture
was stirrad at 50°C for 12hrs. Silica gel was added to the reaction mixiure and the volatiies were
concentrated under vacuum. The dry pack was purified by silica gel chromatography eluting with EtCAc
{5 to 80%) in Hexanes. Appropriate fractions were combined and concentrated to afford fert-buty! (8-
{cyclopropylethynylithiazol-2-yijcarbamate {226 mg, 80% vield) as an orange solid. LCMS m/z 266.0
M+

Strep 2/ 5-{cyclopropylethynyiithiazol-2-amine

Tert-buty! (5-(cyclopropylethynylithiazol-2-ylicarbamate (200 mg, 757 umol} was dissolved in
DCM (1 mL) and triflucroacetic acid (585 ul, 7.57 mmol) was added. The mixture was stirred for 2hrs at
. The mixture was concentrated, dissoived with DCM, and washed with agueous saturated NaHCOs.
The organic phase was separated, and the aqueous phase was back extracted DCM (3x). The organic
phases were combined, dried over Na:S04, filtered and concentrated to afford 5-
{cyclopropylathynylthiazol-2-amine (100 mg, 80 %) as an orange solid. The product was used in the next
step without further purification. LOMS my/z 186.0[M+H]*.

Step 3/ Compound 38

2'-chloro-5'-methoxy-{3,4'-bipyridinel-4-carboxylate (see intermediate 15, Step 1) (100 mg, 360
umoly and 5-(cyclopropylethynylithiazol-2-amine (70.7 mg, 431 ymol) were dissolved in THF (1.8 mL).
1,8, 7-triazabicyclo{4.4.0ldec-5-ene (255 mg, 1.80 mmoi} was added and the mixiure was stirred at 90°C

for 4hrs. EtOAG and an agueous saturated solution of NH1Cl were added. The agueous phase was back
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exiracted twice with EtCAc. The combined organic layers were concentrated, dissolved in BDMSO (1 mi),
and filtered. The solution was purified by preparative HPLG eluting with CHaCN (30-50%) in 10 mM
aqgueous NHHCOOH. {(Column: Waters CSH C18 OBD Prep Celumn, & pm, 30 mm X 75 mm). The

o

appropriate fractions were combined and ivophilized to afford Compound 38 (5.8 mg, 5 %) as a vellow
soiid. 'H NMR {400 MHz, DMSO-ds} 8 13.02 (s, 1H), 8.81 {d, J= 5.0 Hz, 1H), 8.68 (s, TH), 8.12 5,1H),
7.72 {d, J = 5.0 Hz, 1H}, 7.62(s, 1H),7.5% (s, 1H}, 3.54 {s, 3H}, 1.60-1.54 (m, 1H), 0.93 — €.84 {m, 2Hj},

0.77 — 0.67 {m, 2H). LCMS m/z 411.8 [MsH}.

Compound 108 / Method 0/ N-(5-(cyciopropylethynyl)-1,3,4-thiadiazol-2-y1)-2-(2-(difluoromethyl)-5-
methoxypyridin-4-yl)-4-(3-oxomorpholinc)benzamide

C
Step 1/ tert-butyl 2-(2-(diflucromethy!)-B-methoxypyridin-4-yl)-4-(3-oxomorpholino)benzoate

A microwave vial was charged with intermediate 27 (600 mg, 1.45 mmol), morpholin-3-one (366
mg, 3.52 mmol), dioxane (8 mL) and Xantphos Pd G3 (135 mg, 142.2 umol). Cesium carbonate (945 mg,
2.90 mmol) was added and the vessel was flushed with Mz, sealed and stirred at 90°C overnight. The
reaction mixiure was diluted with DCM and adsorbed on silica. The residue was purified by silica gel
chromatography eluting with a gradient of EtOAc (30 to 100%) in heptane to provide fer-butyt 2-(2-
(diflupromethyl}-5-methoxypyridin-4-yh)-4-(3-oxomorphaolino)benzoate (480 mg, 1.10 mmol, 76% yield).
LOMS m/z 435.2 [M+H].

Step 2 / 2-(2-(diflucromethyl)-5-methoxypyridin-4-yi}-4-{3-oxomorpholincihenzoic acid

A solution of tert-buty! 2-(2-(difluoromethyl)-5-methoxypyridin-4-yi)-4-(3-oxomorpholino)benzoate
{480 mg, 1.10 mmol) in DCM (2.5 mlL.) was treated with HCI 4M in Dicxana (5 mL). The solution was
stirred at rt 2 days. The reaction mixture was concentrated in vacug to afford crude 2-(2-(diflucromethyl)-
S-methoxypyridin-4-vi)-4-(3-oxomorpholino)benzoic acid (418 mg) which was used in the next step
without further purification. LCMS my/z 379.3 [M+H].

Step 3/ Compound 108

A solution of 2-(2-(diflucromethyl)-S-methoxypyridin-4-vi)-4-{3-oxomorphoiino)benzoic acid (418
myg, 1.10 mmol) and Intermediate 9 (192 mg, 1.16 mmoi} in pyridine (6 mL) was treated with EDC (320
mg, 1.67 mmol). The mixture was stirred at rt overnight. The mixture was diluted with EtOAc and water.
The layers were separated, and the agueous layer was exiracied twice with EtOAc. The combined
organic layers were washed with brine, dried over MgSQu, filtered and concentrated. The residue was
purified by silica gel chromatography eluting with a gradient of EtOAc (40 to 100%) in heptans to provide
Compound 108 (402 mg, 63% vield). 'H NMR (DMSG-ck) 6: 13.27 (s, 1H), 8.38 (s, 1H}), 7.85(d, /= 84
Hz, 1H), 7.68 (dd, J = 8.4, 2.1 Hz, 1H), 7.64 (s, 1H), 7.59 (d, J= 2.1 Hz, 1H), 6.97 ({, J = 55.1 Hz, 1H),
4.25 {5, 2H}, 4.06 - 3.97 {m, 2H), 3.82 — 3.84 (m, 2H), 3.82 (s, 3H}, 1.75 - 1.63 {m, 1H), 1.06 ~ 0.96 {m,
2H), 0.90 — 0.83 (m, 2H). LCMS m/z 526.2 [M+HJ*.
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Compound 109 / Method D/ N-{E-(cyciopropyisthynyl)-1,3,4-thiadiazol-2-y1)-2-(2-(difluoromethyl)-5-
methoxypyridin-4-ylj-4-{4-methyl-2-oxopiperazin-1-yibenzamide

2 F 3 ) 3

Step 1/ tert-buty! 2-(2-(diflusromethyl)-5-methoxypyridin-4-yl)-4-(4-methyl-2-oxopiperazin-1-ylibenzoate

To a solution of Intermediate 27 (650 mg, 1.57 mmol) in dioxane (8 mL) were added
Palladium(il} acetate (38.0 mg, 180 umol), 4-methylpiperazin-2-one (205 mg, 1.80 mmel}, Xantphos (138
myg, 239 pmol) and Cs2002 (1.02 ¢, 3.14 mmaol). The mixiure was degassed in vacuo and then backfilled
with Nz in a sealed vial. The resulting mixture was stirred at 80°C under N for 1 hr. After coolling to rt,
the mixture was diluted with water and extracted with EtOAc (3 x 25 mL). The combinad organic extracts
were washed with brine, dried over Nax80., filtered, and concentrated to dryness. The residue was
purified on silica gel chromatography eluting with MeOH (0-10%) in DCM (both solvents contain 0.1%
TEA) to provide tert-butyl 2-(2-(difluoromethyl)-5-methoxypyridin-4-yi)-4-(4-methyl-2-oxopiperazin-1-
vhbenzoate (480 mg, 88% yield) as an off-white solid. LOMS m/z 448.4 [M+H]*.

Step 2/ 2-(2-(diflucromethyl)-5-methoxypyridin-4-vi}-4-{4-methyl-2-oxopiperazin-1 -yl}benzoic acid

The solution of tert-buty! 2-(2-{diffluoromethyl)-5-methoxypyridin-4-yl)-4-(4-methyl-2-oxopiperazin-
t-ylibenzoats {480 mg, 1.07 mmol) in HCI 4M in dioxane (5 mi) was stirred at 1t for 2 days. The volatiles
were removed in vacue to provide 2-(2-(diflucromethyl}-5-methoxypyridin-4-yi)-4-{4-methyl-2-
oxopiperazin-1-ylibenzoic acid (419 mg, 1.07 mmol, 92.81% yield) as an off-white solid which was used

in the next step without further purification.

Step 3/ Compound 103

To a solution of 2-(2-{difluoromethyl}-5-methoxypyridin-4-yii-4-(4-methyi-2-cxopiperazin-1 -
yhbenzoic acid (467 mg, 1.18 mmcl} and intermediate 8 (200 mg, 1.21 mmol) in pyridine (1.5 mL) was
added EDC (550 mg, 2.87 mmol}. The reaction was stirred at rt for 18 hr. The crude reaction mixiure was
concentrated to dryness in vacuc. The residue was dissoived in DMSG, filteraed, and the filtrate was
purified by reverse phase flash chromatography eiuting with a gradient of CHaCN (20 to 100%) in waler
both containing 0.1% formic acid. Appropriate fractions were combined and lyophilized to afford
Compound 108 (180 mg, 28% yield) as an off-white solid. 'H NMR (400 MHz, DMSO-de) 8 13.22 (s, 1H),
833 (s, 1H), 7.79 (d. J = 8.3 Hz, 1H), 7.58 (s, 1H), 7.56 {m, 1H), 748 (d, J= 2.1 Hz, 1H), 6.92 (1, /= 55.1
Hz, 1H), 3.85 —~ 3.67 {m, 2H), 3.57 (s, 3H), 3.11 (5, 2H), 2.79 - 2.68 {m, 2H), 2.25 {s, 3H), 1.85 (m, 1H),
0.89 - 0.93 {m, 2H), 0.85 - 0.73 {m, 2H}. LOMS m/z 538.4 [M+H]".
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Compound 110/ Method D/ N-(5-(cyciopropyiethynyl)-1,3,4-thiadiazol-2-yl)-2'-(diffuoromethyl)-5"-

methoxy-6-(3-oxomorpholino)-i4.4'-bipyridine}-3-carboxamide

il N
I Loy B F
HZN/L‘S e - i/
}—-m".-r..__,g
] o] = i
Step 3 I W
NN '

@)

Step 1/ benzyl 2'-(diflucromethyi}-5-methoxy-6-(3-oxomorpholino)-[4,4'-bipyridine]-3-carboxylate

intermediate 25 (10.84 g, 26.78 mmol}, morpholin-3-one (3.25 g, 32.17 mmol), Pd{OAc)z (600
mg, 2.87 mmol}, XantPhos (2.33 g, 4.02 mmol) and Cs2C03 (17.4 g, 53.5 mmol) were combined in
Dioxane (180 ml} flushed with Nz, sealed and stirred at 80°C for th. The cooled reaction mixturs was
filtered rinsed with EtOAc and concentrated in vacuo. The residue was purified by silica gel
chromatography eluting with a gradient of EtOAc (20 to 100%) in hexanes to provide benzyi 2'-
(difiuoromeathyl}-8'-methoxy-6-(3-oxomorpholino)-i4,4'-bipyridine}-3-carboxylate {10.84 g, 86% vield). *H
NMR (DMSO-cb) 8: 8.95 (d, J = 0.6 Hz, 1H), 8.40 (s, 1H), 8.14 (s, 1H), 7.58 {8, 1H), 7.35 — 7.27 (m, 34},
715 =7.11 (m, 2H), 7.00 (d, J = 54.5 Hz, 1H), 5.15 (s, 2H), 4.29 (s, 2H), 4.03 (dit, J= 6.0, 4.2, 2.2 Hz,
4H), 3.73 (s, 3H). LOMS mi/z 470.2 [M+HJ*.

Step 2 / 2-(diflvoromethyi)-5'-methoxy-8-(3-oxomorpholino}-{4,4'-bipyridine}-3-carboxyiic acid

A solution of benzyl 2-(difluoromethyi}-5'-methoxy-6-(3-oxomorpholino)-[4.4"-bipyridine]-3-
carboxylate (8.70 g, 22.9 mmol) in EtOH {225 mi} and DCM (125 mL) was treated with Pd on Carbon 10
% wt (1.08 g) and stirred under an atmosphere of hydrogen for 24 h. Additional Pd on Carbon 10 % wt
{1.08 g} was added 1o complete the reaction under an atmosphere of hvdrogen for 24hrs. The reaction
mixture was flushed with Na then fiiterad over Celite (filter cake was rinsed with 20% MeQH/DCM) and the
filtrated was concentrated to give 4-{2-(diflucromethyl)-5-methoxy-4-pyridyli-6-(3-oxomaerpholin-4-
vhpyridine-3-carboxylic acid (8.70 g, 89% yield) which was used in the next step without further
purification. H NMR (DMSO-d) 8: 12.11 (s, 1H), 8.91 {d, J = 0.7 Hz, 1H), 8.53 (s, 1H), 8.11 (d, J= 0.7 Hz,
1H), 7.55 (s, 1H), .97 (t, J = 55.1 Hz,1H), 4.29 (s, 2H), 4.09 — 3.98 (m, 4H), 3.87 (5, 3H). LOMS m/z 380.3
{Ma+HT.

Step 3/ Compound 110

A solution of 2-(diflucromethyl}-5'-methoxy-6-(3-oxomorpholine}-[4.4'-bipyridine]-3-carboxylic
acid{175 mg, 461 pymol} and intermediate 8 (115 mg, 696.06 umoi} in pyridine (2.5 mL) was treated with
EDC (220 mg. 1.158 mmol}. The reaction mixiure was stirred at rt overnight, then diluted with EtOAc¢ and
water. The organic layer was washed with brine, dried over MgSO4, filtered and concentrated. The
residue was purified by silica gel chromatography eluting with a gradient of EtOAc (40 to 100%) in
heptane 1o provide a solid which was yophilized in ACN/water 10 provide Compound 110 (130 mg, 54%
vield). *H NMR (DMSO-db) 8: 13.48 (s, 1H), 8.87 (s, 1H}, 8.47 (s, 1H), 8.19 (s, 1H), 7.65 (5, 1H), 7.01 {, J
=550 Hz, 1H), 4.32 (5, 2H), 4.11 - 3.99 {m, 4H), 3.66 (s, 3H), 1.70 (t, /= 8.2, 5.0 Hz, 1H}, 0.98 (dt, J =
8.3, 3.2 Hz, 2H), 0.91 - 0.83 {m, 2H). LCMS m/z 527.3 [M+H}*.
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Compound 111/ Method D/ N-(E-(cyciopropyviethynyl)-1,3,4-thiadiazol-2-yi)-2-(2-(diflucromethyl)-5-
methoxypyridin-4-yl}-4-(5-methyl-1,3,4-oxadiazol-2-yl)benzamide

Step 1/ methyl 2-bromo-4-(5-methyi-1,3,4-oxadiazol-2-yi)benzoate

In a1 L ABF loaded with 3-bromo-4-methoxycarbonyi-benzoic acid (25.0 g, 96.5 mmol), DMF
{0.35 mlL, 4.52 mmol,) was added to thionyl chioride (175 mL, 2.41 mol) and the brown suspension was
refiuxed for 3 hrs. Reaction progress was monitored by adding one drop of the reaction mixiure to a
LOMS vial containing a few drops of propylamine in acetonitrile. The volatiles were removed undear
reduced pressure and remaining thionyl chloride in the residue was remove by one co-evaporation with
acetenitrile to vield methyl 2-bromo-4-chlorocarbonyi-benzoate as an crange residue which was used
without any further purification. The iatter was dissolved in DOM (280 mL) {o which pyridine (23 mi, 284
mmol) was added followed by the portion wise addition of fert-butyl N-aminocarbamate {13.2 ¢, 999
mmod) in four equal portions (exctherm obsarved leading to DOM boiling). The oranga solution was stirred
for 10 min after which LOMS analysis suggested an almost complete conversion o the desired product
tert-butyl 2-{3-bromo-4-(methoxycarbonyiibenzoyiihydrazine-1-carboxylate. Trifluoroacetic acid (200 mi.,
2.60 mol) was then added dropwise, and the resulting solution was stirred at rt for 80 min. LOMS indicate
complate conversion to methyl 2-bromo-4-{hydrazinecarbonylibenzoate. Triethyl ortho acetate (41.0 mb,
223 mmol} was added and the orange suspension was heated to 50°C for 45 min after which more
triethylortho acetate (8 mi, 44.47 mmol)) was added o push reaction to completion and stirred for 10 min.
The volatiles were removed under reduced pressure {o yield a thick crange suspension. 400 mi. of water
was added under vigourous stirring and the orange solution was extracted with EtOAc {(2x). The
combined organic layers were washed with brine, dried over Naz30« and concentrated under vacuum.
The orange oil was diluted with a minimum of dichloromethane and purified by silica gel chromatography
eluting with a gradient of EtOAc (40 to 65%;) in hexanes to afford the desired product as a white solid.
Mixed fractions were repurified on a second silica gel chromatography eluting with a gradient of EtOAc (0
10 30%;) in DCM. The appropriate fractions from both purifications were combined to afford methyl 2-

bromo-4-(5-methyi-1,3,4-oxadiazol-2-ylibenzoate (24.5 ¢, 76.9% vieid, 30% purity) as a white soiid. 'H
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NMR (400 MHz, CDaCl) 8 8.23 (m, 1H), 7.95 (m, 1H), 7.85 {m, 1H), 3.91 (t, J = 2.6 Hz, 3H), 2.66 {1, J =
1.9 Hz, 3H). LCMS m/z 297.0 [M+HJ".

Step 2/ methyl 2-(2-(diflucromethyl)-5-methoxypyridin-4-yi}-4-{5-methyl-1,3,4-oxadiazol-2-yhbenzoate

N2 was bubbled & min through for in a suspension of intermediate 18 (38.0 g, 137 mmoi), methyl
2-bromo-4-(5-methyl-1,3,4-oxadiazol-2-yl)benzoate (36.0 g, 109 mmol) from, KoCOs (2 M, 164 mi, 328
mmot} , and Pd(dppfCl.DOM (8.81 ¢, 16.9 mmol) in dioxane (450 mb) and water (157 mL}. The reaction
mixture was stirred at 75°C for 15 min under a Nz atmosphere. The mixture was extracted with EtOAc
{2x}. The combinad organic layers were washed with brine, dried over N228Q4 and the volatiles were
evaporated under reduced pressure. The brown residue was taken in EtOAc and filtered through a Celite
pad. The fillrate was evaporated under reduced pressure and the residue was taken in a minimum of
dichioromethane and purified by stiica gel chromatography eluting with a gradient of EtOAc (30 to 100%)
in heptane to afford methyl 2-(2-(difluoromethyl}-S-methoxypyridin-4-vi}-4-(5-methyl-1,3,4-oxadiazcl-2-
vhbenzoaie (39.5 g, 87% viald) as a pale orangs solid. 'H NMR (400 MHz, CDCI3) 6 8.28 (g, 1H}, 8.12 ~
8.01 {m, 2H), 7.92 (d, J= 1.8 Hz, 1H), 7.51 (s, 1H), 6.62 {t, J= 85.7 Hz, 1H), 3.82 (s, 3H), 3.66 (s, 3H},
2.58 {5, 3H). LOMS m/z 376.1 IM+H]*.

Step 3/ 2-(2-(diflucromethyl)-5-methoxypyridin-4-vi}-4-(5-methyl-1,3,4-oxadiazol-2-yl)benzoic acid

Methy! 2-(2-{difluoromethyl)-5-methoxypyridin-4-yl)-4-(5-methyl-1,3,4-cxadiazol-Z-yl}benzoate
{39.5 g, 101 mmoel) was dissoived in MeOH (110 mL) and dioxane {265 ml) to yield an orange solution
before the addition of LIOH.H20 (8.50 ¢, 203 mmol} in water {30 mL) resuiting in a brown suspension.
The suspension was heated to 60°C for 1h. MeOH and dioxane were removed under reduced pressure,
and hydrochioride (1 M, 225 mb) was added slowly until pH=3 to yield a milky suspension. The solid was
recovered by filtration and dried 48hrs on the high vacuum pump to afford 2-(2-(diflucromethyl)-5-
methoxypyridin-4-yli-4-(5-methyl-1,3,4-oxadiazol-2-yl)benzoic acid (26.5 g, 73% yield} as a beige solid.
TH NMR {400 MHz, CDCls) 8 8.26 (s, 1H), 8.21 — 8.10 (m, 2H), 7.85 {3, 1H), 7.58 (s, 1H), 6.66 {{, J=55.5
Hz, 1H), 3.80 (s, 3H}, 2.82 (5, 3H). LCMS m/z 362.1 [M+H]*.

Step 4/ Compound 111
2-(2-(difluoromethyh-5-methoxypyridin-4-yi}-4-(5-methyl-1,3,4-oxadiazoi-2-ylibenzoic acid (25.0
g, 68.2 mmol) and Intermediate 9 (13.5 g, 81.71 mmol) were suspendead in Pyridine (150 ml) and EDC
{(28.33 g, 147.8 mmol) was added. The beige suspension was stirred at ri for 2 hrs. LOMS analysis
indicated incomplete conversion. The reaction was stirred for an additional 16 hrs. Most of the pyridine
was removed in vacue to yield a thick brown oll to which water was added slowiy under vigorous stirring
and a beige precipitate was observed. The solid was collected by filtration, washed with H20 (3x},
washed with EtOH (3x} and air-dried to afford a beige solid (36.0 g} that was kept aside. The ethanol
washes were combined, evaporated, taken in a minimum of 10% MeOH in DCM, siiica gel was added,
the volatiles were evaporated under reduced vacuum and the residue was purified by silica ge!
chromatography (dry load) eluting with a gradient of EtOAc (0 to 100%) in DCM. Appropriate fractions
were compined and concenirated in vacuo to afford a pale-yeliow solid (2.10 g). Sclids were compined
dried in vacuum oven at 45°C for 20 hrs to vield Compound 111 (30.3 g, 86% vyield, 100% purity) as a
beige soiid. 'H NMR (400 MHz, DMSO-ds} & 13.44 (s, 1H), 8.38 (s, 1H), 8.14 (dd, /= &.1, 1.8 Hz, 1H),
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8.04 — 7.91 (m, 2H). 7.71 (s, 1H), 8.95 (1, J = 55.1 Hz, 1H), 3.60 {s, 3H), 2.57 {5, 3H). 1.65 {tt, J = 8.3, 5.1
Hz. 1H), 0.94 (m, 2H), 0.88 — 0.75 (m, 2H). LCMS m/z 509.2 [M+H]*.

Compound 112 /Method D / 4-(cyanomethyl}-N-(5-{cyclopropylethynyl)-1,3,4-thiadiazol-2-vi)-2-(2-

{difluoromethyi)-5-methoxypyridin-4-yhbenzamide

Step 1/ 4-(cyanomethyl}-2-(2-{difiucromethyi}-5-methoxypyridin-4-ylbenzoic acid

A sclution of intermediate 33 (877 my. 2.34 mimol) in MeOH (7 mL) and Dioxane (28 ml) was
treated with LIOH {1 M, 7.0 mL, 7 mmol). The mixture was stirred at 50°C for 3 hrs. The reaction mixture
was neutralized with 10% HCH ag solution to pH 5. The volatiles ware evaporated, and the remaining
residue was dissolved in EtQAc. The organic layer was washed with brine, dried over MgSOs, filtered and
concentrated 1o give 4-(cyanomethyi)-2-(2-(difluoromethyl}-5-methoxypyridin-4-yhibenzoic acid (88C mg)
which was used as such in the next step without further purification. LOMS m/z 318.2 [M+H}+

Step 2 / Compound 112

A solution of 4-(cyanomethyl)-2-(2-(difluoromethyi}-5-methoxypyridin-4-ylibenzoic acid (481 mg,
1.51 mmol) and intermediate 9 (275 my, 1.66 mmol} in pyridine (10 mb) was treated with EDC (435 mg.
2.27 mmol). The mixture was stirred at 1t for 2 h. The reaction mixture was diluted with EtOAc and
washed with 10% aguecus HCl. The organic layer was washed with brine, dried over MgSQy, filtered and

a gel chromatography eluting with a gradient of EiOAc (20

concentrated. The rasidue was purified by sl

to 100%) in heptane to provide the desired product. The material was repurified by preparative HPLC
eluting with a gradient of CHzCN (4C to 70%;) in water both containing 0.1% formic acid. Appropriate
fractions were combined and iyophilized to afford Compound 112 (131 mg, 19% yield) 'H NMR (DMSO-
oy 5:13.28 (s, 1H), 8.39 (s, 1H), 7.85 (d, v = 7.9 Hz, 1H)}, 7.63 (5. 1H), 7.60 (dd, /= 8.0, 1.8 Hz, 1H).
7A48(d, J=1.8Hz, 1H)}, 6.98 {, J = 55.1 Hz, 1M}, 4.20 (5, 2H}, 3.862 (s, 3H), 1.68 (i, J = 8.2, 5.1 Hz, 1H),
1.05 - 0.96 {m, 2H), 0.90 — 0.83 {m, 2H). LCMS n/z 466.2 [M+H]*.
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Compound 113/ Method D/ N-(8-(cyciopropyiethynyl)-1,3,4-thiadiazol-2-yl)-2'-(diffuoromethyl)-5'-
methoxy-6-(1-methyi-1 H-pyrazol-3-yh)-{4,4'-bipyridine}-3-carboxamide

Step 1/ methyl 2'-(difluoromethyl}-5'-methoxy-6-(1-methyi-1 H-pyrazei-3-yi)-i4.4'-bipyridine}-3-carboxylate
A RBF was charged with intermediate 21 (15.5 g, 47.2 mmol) and 1-methyl-3-(4.4.5.5-
tetramethyl-1,3,2-dioxaborolan-2-yi}-1H-pyrazole (14.24 g, 68.4 mmol), dioxane {180 mL) and K2CC3 (2
M, 47.2 mi, 94.4 mmol). N2 was bubbled through the mixture under sonication for 10 min, Pd{OAc)2 {(1.59
g, 7.07 mmol) and SPhos (5.81 g, 14.2 mmol) were added, and Nz was bubbled In the resulting mixture

under sonication for ancther 10 min and then heated to 80°C for 1h. The resulting reaction mixture was

cooled to i, filtered on a celite plug, rinsed with EtOAc (300 mbL). The resulting solution was diluted with
He0, layers separated, aguecus laver exiracted with EtOAc. The combined organic extracts were
washed with brine, dried over Naz80y, filtered on a silica gel plug using EtOAc and adsorbed on silica.
The residue was purified by sllica gel chromatography (220g, dry-load) eluting with a gradient of EtOAc
{80 to 100%) in Heptane. Appropriats fractions were combined and concentraled in vacuo to afford
methy! 2'-(difluoromethyl}-5'-methoxy-6-(1-methyi-1 H-pyrazol-3-yi)-{4,4-bipyridine]-3-carboxylate (12.97
g. 74% vield) as a yellowish white solid. TH NMR (400 MHz, CDCl3} 8 916 (d, J = 0.7 Hz, 1H), 8.32 {3,
tH), 7.85 (d, J= 0.7 Hz, 1H), 7.57 (s, 1H)}, 7.45 (d, J= 2.3 Hz, 1H}, 6.97 (d, J= 2.3 Hz, 1H}, 667 (1. J=
55.7 Hz, 1H)}, 3.99 (s, 3H), 3.87 (s, 3H), 3.75 (s, 3H). LCMS m/z 375.1 [M+H]*".

Step 2 / 2-(difluoromethyi}-5'-methoxy-6-(1-methyl- 1 H-pyrazol-3-yl)-[4.4'-bipyridine]-3-carboxylic acid

To a 1L RBF containing methyl 2'-(difluoromethyi}-8'-methoxy-6-(1-methyi-1 H-pyrazol-3-yl)-{4,4'-
bipyridinei-3-carboxylate (24.22 ¢, §4.70 mmoi} was added 525 mi. dioxane, 130 ml. MeOH and agueous
LiOM (1M, 130 mL, 130 mmol). The reaction mixture was heated to 80°C for 1.25 h. The resulting mixture
was cooled o rt, 4M aqueous HH was added dropwise 1o reach a pH of 4-5. The reaction mixture was
concentrated to remove volatiles. The resulting aquecus suspension was stirred for 30-40 min. The solid
was collected by filtration, washed with H20, air-dried then dried in vacuo 1o afford 2'-(diffuoromethyl)-5'-
methoxy-6-(1-methyl-1H-pyrazol-3-vi)-14,4-bipyridine]-3-carboxylic acid (23.25 g, 99% vield) as a light
beige solid. TH NMR (400 Mz, GDCls) 8 9.28 (d, J = 0.7 Hz, 1H), 8.30 (s, 1H), 7.88 (d, J = 0.7 Hz, 1H),
759 (5, 1H), 7.45{d, J= 2.8 Hz, 1H), 6.95{d, J= 2.3 Hz, 1H), 6.68 {t, /= 55.6 Hz, 1H), 3.99 (s, 3K}, 3.86

(s, 3H). LOMS m/z 361.1 {M+H".

Step 3/ Compound 113

To a mixture of 2'-(diffuoromethyl)-5'-methoxy-6-(1-methyl-1 H-pyrazol-3-yl)-i4,4'-bipyridine]-3-
carboxylic acid {22.0 g, 61.1 mmol) and intermediate 8 (13.11 g, 79.38 mmol) in pyridine (220 mL) was
added EDC (29.9 g, 156 mmol) and the mixture was stirred at rt for 4 h. LCMS revealed a 73%
conversion to the desired compound. Additional Intermediate 9 was added (5.53 g, 353.4 mmol} at 4 brs



10

15

20

25

30

WO 2024/069592 PCT/IB2023/059814
143

{2.80 g) and 8 hrs (3.03 g) followed by EDC (5.85 g, 30.5 mmol) at 8 hrs. The resuiting mixiure was
stirred for an additional 12 hrs at 1t to reach a 94% conversion by LCMS. The reaction mixture was
concentrated to remove pyridine. To the residue stirred and 250 mbL H20 was added dropwise. The
resulting mixiure was stirred for 1h at rt. The solid was collected by filiration washed with several portions
of H20 and air-dried. The resulting solid {46g) was stirred in EtOH (100 mb) at 40°C until clumps
disappeared, cooled {o 1, filtered, washed with ice-cold EIOH and air-dried. The resulting solid was
transferred to a crystallizing dish and placed in a vacuum oven at 47°C overnight. The resuiting solid
{25.84¢g) was stirred in acetone (775 mi) at reflux for 1h, cooled to 11, filtered, air-dried then dried
overnight at 48°C in a vacuum oven {o finally afford Compound 113 (25.57 ¢, 83% yield). 'H NMR (400
MHz, DMSO-de} 8 13.47 (s, 1H), 8.95 (s, 1H), 8.47 (s, 1H}, 7.94 (s, 1H), 7.86 (d, J = 2.2 Mz, 1H), 7.78 (s,
1H), 7.01 (1, J=55.0 Hz, 1H), 6.96 (d, J = 2.3 Hz, 1H}, 3.95 (s, 3H), 3.67 {s, 3H), 1.70 (tt, /= 8.3, 5.0 Hz,
1H}, 0.98 (dt, J= 8.2, 3.3 Mz, 2H), 0.88 (dt, J = 4.9, 3.1 Hz, 2H). 1% NMR (376 MHz, DMSO-ds) 8-113.36
{d, J=55.0 Hz). LCMS n/z 508.1 [M+H]*.

Compound 114/ Method £/ 5-(2-chloro-5-(difluoromethyliphenyl)-N-{5-(cyclopropylethynylithiazoi-2-yl)-
1-((5-methyi-1,3.4-oxadiazol-2-yi)methyl)-2-oxo-1,2-dihydropyridine-4-carboxamide

Step 1/ methyt 5~(2-chloro-5-(difluoromethylyphenyl)-1-((5-methyl-1,3,4-oxadiazol-2-ylymethylh)-2-oxo-1,2-
dihydropyridine-4-carboxylate

A mixiure of intermediate 22 (368 mg, 2.95 mmol), 2-{2-chloro-5-(diflucromethyl)phenyi]-4.4,5,5-
tetramethyl-1,3,2-dioxaborolane {880 mg, 2.88 mmol), KoCOs {820 mg, 5.93 mmol}, SPhos Pd G3 (260
mg, 297 pymol), in H20 (4 mL} and 1.4-dioxane {12 ml) was heated for 5 hrs at 80°C. The reaction
mixture was evaporated in vacuo and purified on silica eluting with MeQOH (10%) in DCM. The relevant
fractions were combined to give methyl 5-(2-chloro-5-(diflucromethyi)phenyd-1-((5-methyl-1,3,4-
oxadiazol-2-ylymethyl)-2-oxo-1,2-dihydropyridine-4-carboxylate (504 mg, 42% yield). LCMS m/z 410.2
[M+H.

Step 2 / 5-(2-chloro-5-{diflucromethyliphenyl)-1-((5-methyl-1,3,4-oxadiazol-2-ylimethyl}-2-ox0-1,2-
dihydropyridine-4-carboxylic acid

Yo methyt 5-(2-chicro-5-(diflucromethylipheny)-1-((5-methyl-1,3, 4-oxadiazoi-2-ymethyl)-2-ox0-
1,2-dihydropyridine-4-carboxylate (504 mg, 1.23 mmol) in MeOH (0.5mL}, 1,4-dioxane (2.0 mi} and M0
{0.8ml) was added LIOH.H20 (105 myg, 2.50 mmol} and the resulting mixture was stirred at 60°C for 1.5
h. The reaction mixture was evaporated in vacuo, acidified with formic acid (200 ul, 5.30 mmol,) and

extracted with EtOAc. The organic laver was separated, concentrated in vacuo fo give 5-(2-chloro-5-
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({diftuoromethyliphenyl)-1-((5-methyi-1,3,4-0oxadiazol-2-ylymethyl}-2-oxo-1,2-dihydropyridine-4-carboxylic
acid (298 mg, 81% yieid) and used directly without purification in the next step. LCMS nv/z 386.3 [M+H]*.

Step 3/ Compound 114

A mixture of 5-{2-chloro-5-(diflucromethylphenyl)-1-({5-methyl-1,3,4-oxadiazol-2-yhmethyl)-2-
oxo-1,2-dihydropyridine-4-carboxylic acid {298 mg, 753 ymol), intermediate 18 (125 mg, 761 pmol), EDC
{290 mg, 1.51 mmol) in pyridine (1.5 ml) was heated for 15 min at 50°C. The reaction mixture was
concentrated in vacuo, dissolved in DMSGC (1mL) and purified on reverse phase preparative HPLC eluting
with CHsCN {50-80%;) in water both containing 0.1% FA. The relevant fractions were combined and
ivophilized to give Compound 114 (120 mg, 2% yield). 'H NMR {400 MHz, DMSO-de) d 13.08 (s, 1H),
7.88 {s, 1H), 7.63 - 7.51 (m, 4H), 7.05 (1, J = B5.6 Hz, 1H}, 6.87 (s, 1H), 5.38 {s, 2H), 3.28 (s, 3H), 1.82
{tt, J=8.2, 5.0 Hz, 1H), 0.8%9 - 0.78 {m, 2H}, 0.72 - 0.83 {m, 2H). LCMS m/z 542.0 [M+H}*.

Compound 115/ Method £/ 5-(2-chloro-5-(triflucromethyliphenyli-N-(B-{cyclopropylethynyijthiazol-2-yi)-
1-{{5-methyi-1,3,4-oxadiazol-2-yl)methyl)-2-oxo0-1,2-dihydropyridine-4-carboxamide

8
e

Br O=
e
3~o Zd o . \)-
NG AL i © Step 1 2
i % "
0

Step 1/ methyt 5-(2-chloro-5-{triflucromethyliphenyi}-1-{(5-methyl-1,3,4-oxadiazol-2-yiymethyl}-2-ox0-1,2-

dihydropyridine-4-carboxylate

A mixture of itermediate 22 (1.96 g, 5.97 mmo! (2-chioro-5-(triflucromeathyhphenyliboronic acid
P{tBu)s Pd G4 (130 mg. 239 umol), K003 (1.5 M, 8 mi., 12 mmol) in DMAc (50 mL) was heated at 80°C
for 1.5h. The reaction mixture was poured slowly into water {100mi} at 0°C. The resulting precipitate was

filtered, dried in vacuo to afford methyl 5-(2-chioro-5-(triflucromethyliphenyh)-1-((5-methyi-1,3,4-oxadiazol-

2-ylimethyl}-2-oxo-1,2-dihydropyridine-4-carboxylate (2.14 g, 88% pure by HPLC) which was used in the
next step without purification. LCMS m/z 428.1 [M+H]

Step 2/ 5-(2-chloro-5-{trifluoromethyl)phenyi}-1-{{5-methyl-1,3,4-oxadiazol- 2-yimethyi)-2-ox0-1,2-
dihydropyridine-4-carboxylic acid

A mixture of methyl 5-(2-chloro-5-{triflucromethyl)phenyi)-1-{(5-methyi-1,3 4-oxadiazol-2-
yhmethyl)-2-oxo-1,2-gihydropyridine-4-carboxylate (2.14 g, 88% pure, 4.40 mmol), LIOH H20 (421 mg,
10.0 mmol) in MeOH (5 mL), 1,4-dioxane (20 mL) and H20 (5 mL) was stirred at 60°C for 1h. The
reaction mixiure was evaporated in vacue, diluted with water (100mL}, cooled to 0°C and acidified with
Formic acid (772 pk, 20.5 mmol}. The resuiting precipitate was fillered and dissolvad in EtOAc. The
organic phase was dried over MgSQ0s, concentrated in vacuo 1o afford 5-(2-chioro-5-
{trifluoromethyhiphenyl}-1-({(5-methyl-1,3,4-oxadiazol-2-yiimethyi}-2-oxo-1.2-dihydropyridine-4-carboxylic
acid (2.07 g, 75% pure by HPLC). LOMS nv/z 414.2 [M+HJ".
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Step 3/ Compound 115

A mixture of 5-{2-chioro-5-{trifiuoromethyliphenyl}-1-((5-methyt-1,3,4-oxadiazol-2-yymethyl)-2-
oxo-1,2-dihydropyridine-4-carboxylic acid {1.02 g, 75% pure by HPLC, 1.85 mmol), Intermediate 18 (405
mg, 2.47 mmol, EDC (1.42 g, 7.40 mmol) in pyridine (& mb.} was stirred overnight at ri. Additional EDC
{4.26 g, 22.2 mmoi) was added and the resulting mixture was stirred overnight at rt. The reaction mixture
was concenirated in vacuc, water was added 1o the residue, stirred and the precipitate was filtered. The
latier was dissolved in DCM, purified on silica gel chromatography eluting a gradient of Acetone {0-80%})
in DCM. The relevant fractions were concentrated in vacuo, dissolved in acetonitrile/water 1: 1 and finally
lyophilized to give Compound 115 (246 mg, 24% yield). TH NMR (400 MHz, DMSG-ds) 5 13.09 (s, 1H),
8.03 (s, 1H), 7.82 - 7.68 (m, 2H), 7.66 (d, J = 8.2 Hz, 1H), 7.57 (s, 1H), 6.88 (s, 1H}, 5.37 (s, 2H), 3.26 (s,
3H), 1.52 (it, J = 8.2, 5.0 Hz, 1H), 0.953 - 0.77 (m, 2H), 0.77 - 0.57 (m, 2H). LCMS m/z 560.0 [M+1]".

Compound 117 / Method D/ N-(5-(cyclopropylethynylithiazoi-2-yl)-2'- (difluoromethyl}-5'-methoxy-8-{1-
methyl-1H-pyrazol-3-yli-[4,4 -bipyridine}-3-carboxamide

al

A mixture of 2-(2-(difluoromethyl}-5-methoxypyridin-4-yi)-4-(1-methyl- 1H-pyrazoi-3-yl)benzoic
acid (76.0 mg. 211 umol) (see Compound 113, Step 2), intermediate 18 (66.0 mg, 402 umol) and EDC
{87 mg, 506 umoi} was stirred in pyridine (1.5 mbL} for 2 h 20min. The resuiting mixiure was concentrated
in vacuo, dissoived in DMSQO and purified by preparative HPLC eluting with a gradient of CH3CN (30 to
50%} in water containing 10 mM ammonium bicarbonate (pH adjusted to 16 with NH4OH). Appropriate
fractions were combined and lyophilized to afford Compound 117 (47.0 mg, 44% yield) as an off white
fluffy solid. 'H NMR (400 MHz, DMSO-ds) 8 13.02 (s, 1H), 8.91 (s, 1H), 8.47 (5, 1H), 7.92 {s, 1H), 7.86 {d,
J=2.3Hz, 1), 7.77 (5, 1H), 7.64 (s, 1H), 7.01 {{, J=55.0 Hz, 1H), 8.95 (d, J= 2.2 Hz, 1H}, 3.94 (s, 3H),
3.87 (s, 3H), 1.88 {tt, /= 8.2, 5.0 Hz, 1H), 0.89 (dt, J= 8.1, 3.2 Hz, 2H), 0.74 (dt, J= 4.8, 3.2 Hz, 2H).
°F NMR (376 MHz, DMSC-db) § -113.31 (d, J = 55.2 Hz). 220 nm). LOMS m/z 507.2 M),
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Compound 118 / Method D/ N-(8-(cyciopropylethynyl)-1,3,4-thiadiazol-2-yl)-2-(2- (diflucromethyl)-5-

methoxypyridin-4-yli-4-(methyl{5-methyi-1,3,4-oxadiazol-2-yl)amino)benzamide

mw
Step 3

Step 1/ methyl 2-(2-(difluoromethyl)-5-meathoxypyridin-4-yi-4-(4,4,5 5-tetramethyi-1,3,2-dioxaborolan-2-
yiibenzoate

To a stirred solution of Intermediate 28 (1.00 g, 2.69 mmol) in Dioxane (15 ml) were added
Bis{pinacolato)diboren (1.71 g. 6.73 mmol) and KOAc (€.790 g, 8.07 mmoi). The reaction mixiure was
purged with argon gas for 15 min followed by addition of PdCh(dppf}.DCM (0.220 g, 0.263 mimol}. The
rezction mixture was stirred at 100°C for 4 h. The reaction mixture was poured into water and exiracted
with EtOAc (3 X 25 mL}, the combined organic layers were collectad, dried over anhydrous Naz8Q0x,
filtered, and concentrated in vacuo. The residue was purified by sifica gel chromatography using a
gradient of EtOAc (0 to 50%) in Hexanes. Appropriate fractions were combined and concentrated in
vacuo to afford methyl 2-(2-(difluoromethyl)-5-methoxypyridin-4-yi}-4-(4,4,5,5-tetramethyl-1,3,2~
dioxaborolan-2-ylhbenzoate {0.60 g, 53%). 'H NMR (400 MHz, DMSO db) & 8.46 (s, 1H), 7.89-7.83 (m,
2H), 7.80 (s, 1 H), 7.57 {5, 1H}, 8.97 {1, J = 54.8 Hz, 1H), 3.82 (5, 3H), 3.658 (s, 3H), 1.31 (s, 12H}. LCMS
m/z 419.2 [M+H".

Step 2 / methyl 2-(2-(diflucromethyl)-5-methoxypyridin-4-yi}-4-({5-methyl-1,3.4-oxadiazol-2-
vhaminolbenzoate

To a stirred solution of methyi 2-(2-(difluoromethyli-5-methoxypyridin-4-yl)-4-(4,4,5,5-tetramethyl-
1.3,2-dioxaboroian-2-yhbenzoate {1.20 g, 2.86 mmol) and &-methyl-1,3,4-oxadiazoi-2-amine (0.280 g,
2.86 mmol} in CHsCMNEICOH (5:1; 12 mbL) were added EtsN (190 ul, 1.43 mmoi}, Cu{OAc):{0.510 g, 2.66
mmol) and 4A powdersd molecular sieves (200 mg). The reaction mixture was stirred at rt for 12 hrs
under air. The reaction mixiure was filtered through a Celite bed and washed by EtOAc {3 X 50 mL). The
combined organic layer was collected, dried over NaxS0s., filtered, and concentrated in vacuo. The
residue was purified by silica gel chromatography using a gradient of EtOAc (0 to 50%) in Hexanes.
Appropriate fractions were combinad and concentrated in vacuo to afford methyl 2-(2-(diflucromethyl}-5-
methoxypyridin-4-y[-4-((5-methyl-1,3,4-oxadiazol-2-ylamino)benzoate (100 mg, 9%). 'H NMR (400 MHz,
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DMSO d6) 8 10.88 (s, 1H), 8.48 (5, 1H), 7.93 {d, J = 8.4 Hz, 1H}, 7.71 (d, J= 8.8 Hz, 1H), 7.52 (s, 2H),
6.98 {1, J=55.2 Hz, 1H}, 3.85 (s, 3H}, 3.61 {s, 3H}, 2.43 (s, 3H). LCMS nv/z 381.4 [M+H]}.

Step 3/ methyl 2-(2-(diflucromethyl)-5-methoxypyridin-4-yi}-4-(methyl(5-methyl-1,3,4-oxadiazol-2-
vhaminolbenzoate

A solution of methy! 2-(2-(difluoromethyl}-5-methoxypyridin-4-yl)-4-({(5-methy!l-1,3,4-oxadiazol-2-
yhaminoibenzoate (100 mg, 0.250 mmol) in DMF (1.0 ml) was cooled to 8°C and NaH (80% in oil) (100
mg, 2.56 mmol} was added. The reaction mixture was stirred at 0°C for 30 min foilowed by addition of
CHal (19 ul, .30 mmel). Reaction mixture was stirred at room temperature for 2 hrs. The resuiting
mixture was pourad into water and exiracted with EtOAe (3 X 10 mb}, the combined organic layers were
cofiected, dried over anhydrous NaeSOs, filtered, and concenirated in vacue to afford meathyl 2-(2-
{difluoromethyl}-5-methoxypyridin-4-yh-4-(methyl(5-methy!-1,3,4-oxadiazci-2-ylyaminojbenzoate (.09 g,

87%;) that was used as such for the next step without purification. LOMS m/z 404.7 [M+-HJ*.

Step 4/ Compound 118

To a stirred solution of methyi 2-(2-(difluoromethyl}-5-methoxypyridin-4-yl)-4-(methyl{5-methyi-
1.3.4-oxadiazol-2-yllaminc)benzoate {(50.0 mg, 0.120 mmol) and Intermediate 8 (20.0 mg. 0.120 mmol)
in THF (0.5 mL) was added 1,3,4,8,7,8-hexahydro-2 H-pyrimidof1.2-ajpyrimidine {838.0 mg, 0.61 mmol} at
rt. The reaction mixiure was stirred at 70°C for 3 h. The reaction mixture was poured into water and
exiracted with EtOAc (3 X 10 mL), the combined organic layers were collected, dried over anhydrous
Nax8C., filtered, and concentrated in vacuo. The residue was purified by silica gel chromatography using
a gradient {0 to 3%) of MeOH in DCM. Product was further purified using preparatibe HPLC purification to
get pure Compound 118 (10.0 mg, 15%). 'H NMR (400 MHz, DMSO de) 8 13.21 (s, 1H), 8.38 {5, 1H),
7.85(d, J=88Hz, 1H), 7.71 {d, J = 9.2 Hz, 1H), 7.65 (s, 1H), 7.59 (s, 1H}, 8.97 {1, J= B5.2 Mz, 1H)}, 3.83
(s, 3H), 3.55 (s, 3H), 2.40 (s, 3H), 1.69 (s, 1H}, 0.98 (d, J = 5.2, 2H)}, 0.886 (s, 2H). LCMS nv/z 538.3
[M+H.

Compound 122 / Method D/ N-(5-(cyciopropylethynyly-1,3,4-thiadiazol-2-yl)-2"-(diflucromethyl)-5"-

methoxy-2-ox0-2H-{1,2":4' 4"-terpyridine]-5'-carboxamide

Step 1/ benzyl 2"-(difluoromethyl)-5"-methoxy-2-oxo-2H-[1,2":4" 4"terpyridine]-5'-carboxylate

To a solution Intermediate 25 (200 my, 494 pmol} in DMEO (3 mb) were added Copper(l} iodide
{10.0 mg, 52.5 pmol), 1H-pyridin-2-one (56 mg. 589 umeol}, 8-Hydroxyquincline (8.0 mg, 55 pmoel) and
¥2C0s3 (130 mg, 941 umol). The mixture was degassed in vacuo and then backfilled with N2 in a sealed
vial. The resulting mixture was stirred at 100°C for th. The crude reaction mixiure was filterad, and the
filtrate was purified by preparative HPLC eluting with a gradient of CHsCN (20 to 100%) in water both
containing 0.1% formic acid. Appropriate fractions were combined and lyophilized to afford benzyt 2"-
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difiuoromethyl)-8"-methoxy-2-ox0-2H-[1,2"4' 4"-terpyridine]-5'-carboxylate {138 mg, 60% yieid). LCMS
m/z483.9 M+ 1]

Step 2/ 2"-(diffuoromethyl)-5"-methoxy-2-oxo-2H-[1,2"4" 4"-terpyridine]-5"-carboxylic acid

To a solution of 2"-difluoromethyl)-5"-methoxy-2-oxo-2H-{1,2"4' 4"-terpyridine}-8'-carboxylate
{138 mg, 298 umol) in MeOH (6 mL) was added Pd on activated charcoal {10%) {46.0 mg, 43.2 umol,
10% purity). The mixture was stirred under an atmosphere of Hafor 4h. The reaction mixiure was fillered
on celite, and the filtrate was concentrated to dryness to provide 2"-{diflucromethyl)-5"-methoxy-2-oxo-
2H-1,2" 4", 4" -terpyridine]-5'-carboxylic acid {100 mg, 80% yield) as an off-white solid, which was used

directly in the next step without purification. LOMS m/z 371.8 [M-1].

Step 3/ Compound 122

To a solution of 2"-{diflucromethyl)-5"-methoxy-2-ox0-2H-{1,2":4', 4 "-terpyridine]-5
acid {100 mg, 268 pmoel) and Intermediate 9 {45.0 myg, 272 umel} in pyridine (2 mL) was added EDC

-carboxylic acid

{120 mg, 626 umol). The reaction mixiure was stirred at 1t for 18 hirs. The volatiles were removed in
vacuo. The residue was dissolved in DMBQO, filtered and the filtrate was purified by preparative HPLC
eluting with a gradient of CH3CN (25 to 100%) in water both containing 0.1% formic acid. Appropriate
fractions were combined and lvophilized to afford Compound 122 (44 mg, 32% yield) as an off-white
solid. "H NMR (400 MHz, DMSQ-de) 8 13.57 (s, 1H), 8.85 (5, TH), 8.44 (s, 1H), 7.98 (5, 1H), 7.95 (m, 1H),
7.70 (s, 1H), 7.54 {m, 1H), 6.95{t, J= 851 Hz, 1H), 8.51 (d, J= 9.2 Hz, 1H), 6.40 (d, J= 6.8 Hz, 1H),
3.63 {5, 3H}. 1.68 (m, 1H), 1.06 ~ 0.81 {m, 2H), 0.90 — 0.77 (m, 2H}. LCMS nv/z 520.8 [M+H}.

Compound 124 / Method D/ N-(5-(cyciopropylethynyl)-1,3,4-thiadiazol-2-y1)-2-(2-(diflucromethy!}-5-

methoxypyridin-4-yli-4-(1-{{methyisulfonylymethyl)-1 H-pyrazol-3-ylibenzamide

F £ 3

Step 1/ benzy! 2-(2-(difluoromethyl}-6-methoxypyridin-4-y1)-4-(1-{{methyisulfonylmethyl}-1H-pyrazoi-3-
vijbenzoale

A microwave sealed vial was charged with Intermediate 358 (85.0 mg, 172 ymol}, 3-bromo-1-
{methyisulfonylmethylipyrazole {50.0 mg, 209 pmol), Na=COs (2 M, 200 ul., 400 mmol) and
Pd(dppfiCh.DCM (12.0 mg, 16.4 umol) in dioxane (2 mL}. The reaction mixiure was stirred under N2 at
80°C for 1 h. The reaction mixture was diluted with water (30 mL), exiracted with EtOAc (3x 30 ml). The
combined organic extracts were washed with brine, dried over Naz80q, filtered and concentrated. The

residue was purified by silica gel chromatography eluting with a gradient of EtOAc (0 to 70%) in heptane
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to provide benzyl 2-(2-(difluorcmethyl}-5-methoxypyridin-4-yi)-4-(1-{{methyisulfonylymethyl)- 1 H-pyrazoi-3-
vhibenzoate (63 mg, 70% vield). LOMS m/z 527.8 [M+H]*.

Step 2/ 2-(2-(diflucromethyl)-5-methoxypyridin-4-vi}-4-{1-((methylsulfonylymethyl}-1H-pyrazol-3-
vibenzoic acid

To a solution of benzy! 2-(2-(diflucromethyl)-5-methoxypyridin-4-yi}-4-(1-({methylsulfonyhmethyi}-
1H-pyrazol-3-yijoenzoate {63.0 mg, 119 pmol) in MeOH (3 mbL) was added Pd 10% on activated charceal
{20.0 mg, 18.8 ymol, 10% purity). The mixture was stirred under an atmosphere of Mz at rt for 18 h. The
reaction mixiure was filtered and the filtrale was concentrated {o dryness to provide 2-(2-(difluoromethyl)-
S-methoxypyridin-4-yi}-4-{1-((methylsuifonylimethyh-1H-pyrazol-3-yiibenzoic acid (52.0 mg, 160% yield)
as an off-white solid which was used in the next step without further purification. LOMS m/z 435.7 [M-H].

Step 3/ Compound 124

To a solution of 2-(2-{difluoromethy!)-5-methoxypyridin-4-yi}-4-(1-{(methylsulfonylmethyi)-1 H-
pyrazol-3-ylibenzoic acid (52.0 mg, 1192 umoi} and intermediate 8 (22.0 mg, 138 umol) in pyridine (1 mL)
was added EDG (50.0 mg, 261 umol) . The reaction was stirred at 1t for 18 hrs. The crude reaction
mixture was concenirated to dryness in vacuo. The residue was purified by preparative HPLC eluting with
a gradient of CHsCN {25 to 100%) in water both containing 0.1% formic acid. Appropriate fractions were
combined and lyophilized to afford Compound 124 (40 my, 58% vield) as an off-white solid. 'H NMR
(400 MHz, DMSO-db) 6 13.24 (s, 1H), 8.35 {8, 1H), 8.01 (d. /= 8.0, 1H), 7.94 (d, J= 2.5 Hz, 1H), 7.91 -
7.78 {m, 2H), 7.85 (s, 1H), 717 - 8.77 {m, 2H), 5.78 {s. 2H), 3.59 (s, 3H}, 3.04 (5. 3H), 1.65 (m, 1H}, 0.97
—~0.88 {m, 2H), 0.85~0.76 (m, 2H). LCMS m/z 584.7 [M+H]*.

Compound 130 / Method F7 N-(5-(cyclopropylethynyi)-1,3,4-thiadiazoi-2-y)-2'-(diflucromethyl)-6-(8-

hydroxy-6-methyl-2-azaspiro]3.31heptan-2-yh-&'-methoxy-{4,4-bipyridine]-3-carboxamide

F

HO

P r—R
- Step 1

A solution of intermediate 23 (50 mg, 108 umot), DIPEA (1838 ul, 1.08 mmol,} and 8-methyl-2-
azaspiro[3.3lhaptan-8-ol (138 mg, 1.08 mmol) and in DMF (810 pl} was stirred at 130°C for 10 min. After
cooling to i, the mixture was filtered, and the filtrate was purified by preparative HPLC eluting with a
gradient of GCHaCN (20 to 80%; in water both containing 0.1% formic acid. Appropriate fractions were
combined and lyophilized to afford Compound 23 (8.0 mg, 13% yield, 94%) as a white solid. 'H NMR
{400 Mz, DMSO-de) 8 12.91 (s, 1H), 8.47 (s, 1H). 8.34 (s, 1H), 7.58 (5, 1H), 6.92 (t, /= 55.1, 1H), 6.27
{s, 1H}, 4.90 (s, 1H}, 4.03(d. J= 26.8 Hz, 4H), 3.59 (s, 3H), 2.23 - 2.14 {m, 4H), 1.83 (m, 1H), 1.15 (s,
3H}, 0.93 (m, 2H), 0.80 (m, 2H). LOMS m/z 553.1 [M+H]+.
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Compound 133 / Method D/ N-{E-(cyciopropyisthynyl)-1,3,4-thiadiazol-2-y1)-2-(2-(difluoromethyl)-5-
methoxypyridin-4-yli-4-{4-ox0-8,7-gihydropyrazolol 1,5-ajpyrazin-5{4H}-ylbenzamide

N o
e B0 e R0
Step 1 o Step 2 (\(ﬁ\
@:{&:j \%’N ,vj
= N

Step 1/ benzyl 2'-(difluoromethyi)-5-methoxy-6-(4-0x0-8,7-dihydropyrazolo{1,5-alpyrazin-5{4 H)-yi}-{4,4'-
bipyridine]-3-carboxylate

To a solution of Intermediate 25 (250 mg, 618 umol), 8,7-dihydro-5H-pyrazeloft.5-alpyrazin-4-
one {100 mg, 729 umol) and Xaniphos Pd G2 (55.0 mg, 57.9 umol) in dioxane (3.5 mL) was added
Cs200s (400 mg, 1.23 mmol). The vessal was flushed with No, sealed, and stirred at 80°C for 2 h. The
cooled reaction mixture was diluted with DCM and then adsorbed onto silica. The residue was purified by
silica gel chromatography eluting with a gradient of EtOAc (15 to 100%) in heptane to provide benzyl 2'-
(diflupromethyl}-5'-methoxy-6-(4-oxo-6,7-dihydropyrazoiol1,5-ajpyrazin-5(4 H)-yi}-{4,4 -bipyridine]-3-
carboxylate {272 mg, 87% vyield). LOCMS m/z 505.8 [M+H]*.

Step 2 / 2-(difluoromethyi)-5'-methoxy-6-(4-0x0-8,7-dihydropyrazolof1,5-ajpyrazin-B{4 H)-yl)-14,4'"-
bipyridine]-3-carboxylic acid

Benzyl 2'-(difiuoromethyi}-5'-methoxy-6-(4-oxo-6,7-dihydropyrazolol1,5-ajpyrazin-5(4 H)-yi)-{4,4'-
bipyridine]-3-carboxylate (272 mg, 538 pymol) was dissolved in EtOH (4 mL) and treated with Pd {10%) on
Carbon (27 mg, 253 umol). The mixiure was stirred at rt under an atmosphere of hydrogen overnight.
The reaction was not compilete, and additional Pd (10%;) on Carbon {27 mg, 253.71 pmol) was added and
the mixiure was stirred at rt under an atmosphere of hydrogen overnight again. The reaction mixiure was
filtered through Celite and concentrated to give 2'-{diflucromaethyl}-5-methoxy-8-(4-0x0-8,7-
dihydropyrazolof1.5-ajpyrazin-5(4H)-yi)-{4,4'-bipyridine]-3-carboxylic acid {220 mg, 98% yieid) which was

used in the next step without further purification. LOCMS m/z 415.8 M+H].

Step 3/ Compound 133

2'-(Diflucromethyly-5'-methoxy-6-{4-oxo-8,7-dihydropyrazoic]1,5-ajpyrazin-5 (4 H)-yi}-[4.4'-
bipyridine]-3-carboxylic acid {110 mg, 265 ymol) and Intermediate 8 (65.0 mg, 393 pmol) were dissolved
in pyridine {2 mL}. EDC (125 mg, 6852 ymol) was added and the mixture was stirred at 1t over the
weekend. The crude reaction mixture was filtered, and the filtrate was purified by preparative HPLC
eluting with a gradient of CHsCN {40 to 70%) in water both containing 0.1% formic acid. Appropriate
fractions were combinad and lyophilized to afford Compound 133 (34.0 mg, 63% vieid). 'H NMR (DMSO-
ds) §: 13.49 (s, 1H}, 8.90 (s, 1H), 8.47 (s, 1H), B.08 (s, 1H), 7.68 (d, J = 2.0 Hz, 1H), 7.66 (s, 1H), 7.01 {1,
J=55.1Hz, 1H), 8.97 (d, J= 2.1 Hz, 1H), 4.66 — 4.51 (m, 4H}, 3.87 (s, 3H}, 1.70 (&t, J= 8.2, 5.0 Hz, 1H),
0.99 {(dt, J= 8.2, 3.2 Hz, 2H), 0.90 - 0.84 (m, 2H). LCMS m/z §62.7 [M+H}.
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Compound 138 / Method D/ N-(8-(cyciopropylethynylithiazoi-2-yh-2'-(diffuoromethyl)-8'-methoxy-5-(1-

methyl-1 H-pyrazoi-3-y1)-[3,4'-bipyridine}-2-carboxamide

Br O Br O
R rgiie I Ry 0" coeemmmmeeeeeeeeeee e
E o N i =N s .
c Step 1 Cl Step 2

Step 1 / methyl 3-bromo-5-chioropicolinate
3-Bromo-5-chioropicolinic acid (1.00 g, 4.28 mmol} was dissolved in MeOH {10 mL) at 1t followed
by dropwise addition of Hz804 (1.0 mL}. The reaction mixiure was stirred at 70°C for 4 h. The reaction
mixture was concentrated /n vacuo and the residue was quenched in agueous solution of sodium
10 bicarbonate (100 mL). Solids were filtered out, washed with hexanes {100 mL) and dried to afford methyl

3-promo-5-chioropicolinate {0.95 g, 89%). LOMS mv/z 251.9 [M+Hi+.

Step 2 / methy! 5-chiloro-2'-(diflunromethyl}-5'-methoxy-[3,4'-bipyridine-2-carboxylate
To a mixture of methyl 3-bromo-5-chloropicolinate {0.900 g, 3.59 mmol) and Intermediate 19

15 {1.02 g, 3.59 mmol} in dioxane:water {8:2; 8.0 mi) at rt was added K200z (0.990 ¢, 7.18 mimol). The
reaction mixiure was degassed with argon for 5 min foliowed by addition of PdCizdppf).DCM (0.280 ¢,
0.36 mmol). The reaction mixture was heatsd at 70°C for 1 h. The resuiting mixture was pourad into water
and extracted with EtQAc (3 x 30 mL), the combined organic layer was dried over anhydrous NaxSC04,
filtered, and concentrated in vacuo. The residue was purified by silica gei chromatography using a

20 gradient of EtOAC (0 to 50%) in Hexanes. Appropriate fracticns were combined and concentrated in
vacuo to afford methyl 5-chioro-2'-(diflusromethyl}-5'-methoxy-{3.4'-bipyridine]-2-carboxylate (0.90 g,
76.2%). LCMS m/z 329.0 [M+HJ*.

Step 3 / methyl 2'-(difluoromethyl}-&'-methoxy-5-{1-methyl-1 H-pyrazol-3-y1}-{3,4'-bipyridine]-2-carboxylate

To a mixture of Methvi S-chioro-2'-{difluoromethy!)-5'-methoxy-f3,4'-bipyridine]-2-carboxylate
25 {0.500 g, 1.52 mmol) and 1-methyi-3-(4.4.5,5-tetramethyl-1,3,2-dioxaborolan-2-yi}-1 H-pyrazole (0.316 g,
1.52 mmol} in dioxanewater (8:2; 5.0 mL) at room temperature was added K2COs (0.42 g, 3.04 mmol).
The reaction mixture was degassed with argon for 5 min followed by addition of PdC{dppf).DCM (0.12 ¢,
0.15 mmol). Then the reaction mixture was heated at 70°C for 1 h. The reaction mixture was poured into
water and exiracied with EICA: (3 x 25 mL), the combined organic layer was collected, dried over

30 anhydrous Naz3Q., filtered, and concentrated in vacuo. The residue was purified by silica gel
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chromatography using a gradient of EtOAc (0 to 80%) in Hexanes. Appropriate fractions were combinad
and concentrated in vacuo to afford methyl 2'-(difluoromethyi}-5'-methoxy-5-(1-methyi-1 H-pyrazol-3-vi)-
[3,4"-bipyridine}-2-carboxylate {0.40 g, 70%). LCMS m/z 375.2 [M+H]".

Step 4/ Compound 138

Methy! 2'-(diflucromethyl}-8'-methoxy-5-(1-methyl-1 H-pyrazol-3-yH-[{3,4 -bipyridine]-2-carboxylate
{0.15 g, 0.40 mmoi} and intermediate 18 (0.066 g, 0.40 mmol) were dissoived in THF (1.5 mL) followed
by addition of 1,3,4,8,7,8-hexahydro-2 H-pyrimido{1,2-ajpyrimidine (0.27 g, 2.00 mmol). The reaction
mixture was stirred at room temperature for 5 h. The reaclion mixture was guenched with water (10 mi)
and extracted with EtOAc (G X 10 ml), then combined organic layer was dried over Na:=S0y, filtered, and
concentrated in vacuo. The residue was purified by silica gel chromatography using a gradient of MeOH
{0 to 80%) in DUM. Appropriate fractions were combined and concentrated in vacuo to afford Compound
139 (45 mg, 22% yield). 'H NMR (400 MHz, DMSC o) 8 10.48 {s, 1H), 9.19 (s, 1H), 8.51 (s, 1H), 8.27 (s,
1HY, 7.88 (s, 1H), 7.78 (5, 1H), 7.87 (s, 1H), 7.07 (s, 1M}, 7.02 {t, J = 55.2 Hz, 1H), 3.87 (s, 3H), 3.74 (s,
3HY, 1.59 (m, 1H), 0.93 - 0.80 (m, 2H). 0.75(d, J = 2.4, 2H). LCMS nm/z 507.0 [M+H]*.

Compound 140 / Method D/ N-(5-(cyciopropylethynyli-1,3,4-thiadiazol-2-y1)-3-(2- (difluoromethyl)-5-

methoxypyridin-4-y§)-8-(1-methyl-1H-pyrazoi-3-ylipyrazine-2-carboxamide

o0 )
NORYTVOH e T o~
g Step1 o N
S
Step 4

Step 1/ methyi 3,5-dichloropyrazine-Z-carboxylate

To a stirred solution of 3,5-dichloropyrazine-2-carboxylic acid (7.00 g, 36.3 mmol) in DMF (70 mL)
was added NaHCO; (3.66 g, 43.5 mmol) followed by addition of CH3l (13.5 mb, 217.6 mmol). The
reaction mixiure was stirred at rtfor 16 h. The reaction mixture was quenched with water and exiracied
with EtOAc (3 X 10 mL}). The combined organic layers were collected, dried over anhydrous Na:S04,
filtered, and concenirated in vacuo. The residue was purified by silica gel chromatography using a
gradient of EtOAc (0 to 20%) in Hexanes. Appropriate fractions were combined and concenirated in
vacug to afford methyl 3,5-dichioropyrazine-2-carboxyiate (5.30 g, 70% vield). 'H NMR {400 MKz, DMSO
k) 8 8.92 (s, 1H), 3.93 (s, 3H).

Step 2 / methy! 3-chloro-5-(1-methyl-1 H-pyrazol-3-ylipyrazine-2-carboxylate
A stirred mixture of methyl 3,5-dichloropyrazine-2-carboxylate (1.00 g, 4.88 mmol) and 1-methyi-

3-(4.4.5 . 5-tetramethyl-1,3,2-dioxaborelan-2-yi}-1 H-pyrazole (1.20 g, 5.79 mmoi} in Dioxane:Water (3:1}
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{10 ml) was degassed with Nz for 10 min. Cs2003 (3.15 g, 9.66 mmol) was added and the reaction
mixture was sonicated under Nz atmosphere for 5 min followed by addition of PdClz(dppf). DCM (394 mg,
0.480 mmol). The reaction mixture was heated at 100°C for 1 h. The reaction mixture was poured into ice
coid water (50 ml) and extracted with EtOAc (3 X 50 mL), the combined organic layers were combined,
dried over anhydrous Na2SQOu, filtered, and concentrated Jr vacuo. The residue was purified by silica gel
chromatography using a gradient of EtOAc (0 to 40%) in Hexanes. Appropriate fractions were combinad
and concentrated in vacuo to afford methyl 3-chioro-5-(1-methyi-1 H-pyrazol-3-yhipyrazine-2-carboxyiate
{800 mg, 49% yieid). 'H NMR {400 MMz, DMSO o5) 8 8.17 (d. J= 1.2 Hz, 1H)}, 7.95 (s, 1H), .98 (dd, J =
1.2, 2.0 Hz, 1H). 4.01 {s, 1H), 3.96 (s, 1H}. LCMS m/z 253.08 {M+H}".

Step 3 / methyl 3-(2-(diflucromethyl)-5-methoxypyridin-4-yi)-5-( 1-methyl-1 H-pyrazol-3-yi)pyrazine-2-
carboxylate

A mixiure of methyl 3-chloro-5-(1-methyi-1H-pyrazol-3-yhpyrazine-2-carboxylate (0.15 g, 0.59
mmoi) and intermediate 19 (0.18 g, 0.59 mmol} in Dioxane:Water (3:1) was degassed with N2 for 5 min.
K2C0s3 {0.16 g, 1.19 mmol) was added and the reaction mixture was sonicated under Nz atmosphere for 5
min followed by addition of PACk{dppf). DCM (48.0 mg, 0.059 mmol). The reaction mixture was heated at
80°C for 1 h. The reaction mixiure was poured onto crushed lce and extracted with EiCAc (3 X 10 mL),
the combined organic layer was collected, dried over anhydrous Na:x80q, filtered, and concentrated in
vacuo. The residus was purified by silica ge! chromatography using a gradient of EtOAc (0 to 70%} in
Hexanes. Appropriate fractions were combined and concentrated in vacuo to afford methy! 3-(2-
(diflupromethyl}-5-methoxypyridin-4-y)-5-(1-methyl-1 H-pyrazol-3-ylipyrazine-2-carboxviate (0.13 g, 58%
yield). LOMS m/z 375.9 [M+H}

Step 4/ Compound 140

To a stirred selution of methy! 3-(2-(difluoromethyl-5-methoxypyridin-4-y1)-5-(1-methyl-1 H-
pyrazol-3-yhipyrazine-2-carboxylate {0.13 ¢, 0.34 mmol) and Intermediate 8 (0.057 ¢, 0.34 mmol) in THF
{1.3 mL) af rt was added 1,3,4.6.7.8-hexahydro-2H-pyrimidof1,2-alpyrimidine (0.240 g, 1.73 mmol). The
reaction mixiure wag stirred at room temperature for 3 hrs. The reaction mixture was poured into water
and extracted with EtOAc (3 X 10 mL), the combined organic layer was collected, dried over anhydrous
Na:80s, filtered, and concentrated in vacuo. The residue was purified by silica gel chromatography using
a gradient of MeOH (0 to 1%} in DOM. Appropriate fractions were combinad and concentrated in vacuo to
afford a residue that was further triturated in diethyl sther and pentane fo afford Compound 140 {0.036 g,
20% yield). '+ NMR (400 MHz, DMSO o) 5 13.57 (s, 1H}, 9.28 (s, 1H), 8.57 (s, 1H), 7.94 (d, J = 3.2 Hz,
2H), 7.22 - 6.94 (m, 2H), 4.03 (5, 3H), 3.73 (s, 3H), 1.72 (bs, 1H), 1.02 (d, J = 5.6 Hz, 2H), 0.91 (bs, 2H).
LOMS m/z 509.3 [M+H]".
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Compound 145 / Method D/ N-(8-(cyciopropyiethynyl)-1,3,4-thiadiazol-2-yl)-2'-(diffuoromethyl)-5'-
methoxy-6-(1H-pyrazol-3-yi}-{4,4'-bipyridine]-3-carboxamide

Step 1/ methy! 2'-(diflucromethyl}-&'-methoxy-6-(1-(tetrahydro-2H-pyran-2-yi-1 H-pyrazol-3-yi}-{4,4"-
bipyridine}-3-carboxylate

A vial was charged with intermediate 21 (304 mg, 825 pmel) and 1-fetrahydropyran-2-yi-3-
{4.4,5 5-tetramethyl-1,3,2-dioxaborotan-2-ylipyrazole (279 mg, 1.00 mrmol), dioxane {3 mb) and KoCO3 (2
M, 923 pL, 1.88 mmol). No was bubbled through the mixture, then Pd{OAc)2 (31.0 mg, 138 ymol) and
SPhos (117 mg. 285 umol) were added. N2 was bubbled through the mixture again, the vial was cappad
and heated to 80°C for 2h20min. Additional 1-tetrahydropyran-2-yl-3-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-ylipyrazole (128.63 mg, 462 .43 umol) was added and the reaction mixture was stirred at
80°C for 90 min. The final mixiure was coclad to , filtered on a celite plug, rinsed with EtOAc, diluted
with Hz0. The organic layers were separated and the agueous layer reextracted with EtOAc (2x). The
combined organic extracts were washed with brine, dried over Na280., fillered, and concentrated in
vacuo. The residue was purified by silica gel chromatography eluting with a gradient of EtOAc (20 to
100%) in Hex. Appropriate fractions were combined and concentrated in vacuo to afford methyl 2'-
{diflusromethy)-5'-methoxy-6-(1-(tetrahydro-2H-pyran-2-yi}- 1 H-pyrazol-3-yl)-{4,4"-bipyridine]-3-

carboxylate {219 mg, 53% yield) as an off-white foamy solid. LCMS m/z 445.2 [M+H]*.

Step 2 / 2-(difluoromethyi}-5'-methoxy-6-(1-(tetrahydro-2H-pyran-2-yl)- 1H-pyrazol-3-yl)-[4,4 -bipyridine]-3-
carboxylic acid

To a solution of methyl 2'-(difiuoromethyi)-5'-methoxy-6-(1-(tetrahydro-2H-pyran-2-vi}-1 H-pyrazol-
3-y{-14,4-bipyridine]-3-carboxylate (219 mg, 493 pmol} in MeOH (1.0 mi) and Dioxane (5.0 mbL) was
added LiOH aqueous (1 M, 9380 gL, 0.890 mmol). The resulting mixiure was stirred at 60°C for 45 min.
The voiatiles wers removed in vacuo, the residue was diluted with H20 and acidified to pH 4-5 with 1N
HCL Solid collected by filtration on Buchner and washed with H20, alr-dried and dried in vacuoe, affording
73 mg beige solid. Filtrate left aside overnight, then acidified again to pH 4, filtered to get a second crop
of solid (32mg). The two crops were merged, affording 2'-(diffuoromethyl)-5'-methoxy-6-(1-{tetrahydro-2 H-
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pyran-2-viy-1H-pyrazol-3-yi}-{4,4-bipyridine]-3-carboxylic acid (105 mg, 50% yield) as a light beige solid.
LOMS m/z 431.2 {M+H}.
Step 3/ N-(5-{cyclopropylethynyl)-1.3,4-thiadiazol-Z-yi)-2'-(difluoromethyl}-5'-methoxy-6-(1-(fetrahydro-
2H-pyran-2-yl-1H-pyrazol-3-yi)-{4,4'-bipyridine]-3-carboxamide

To a vial charged with 2'-{diflucromethyl)-5'-methoxy-8-(1-{tetrahydro-2H-pyran-2-yi)-1 H-pyrazoi-
3-yi-{4.4' bipyridine]-3-carboxylic acid (105 mg, 244 umol), intermediate 8 (63.0 mg, 381 umol) and EDC
{142 mg, 741 pmol) was added pyridine (2.0 mL). The mixture was stirred overnight at rt then
concentrated 7 vacuo. The residue was adsorbed on silica using DCM then purified by silica gel
chromatography eluting with a gradient of MeOH (0 to 20%) in DCM. Appropriate fractions were
combined and concentrated in vacuo to afford N-(5-(cyclopropyiethynyiy-1,3,4-thiadiazoi-2-yh-2'-
{(difiuoromethyl)-5'-methoxy-6-(1-(tetrahydro-2H-pyran-2-yi)-1H-pyrazol-3-yi}-14,4 -bipyridine]-3-
carboxamide {124 mg, 88% yield) as a beige foamy solid. LCMS m/z 578.1 [M+H]*.

Step 4/ Compound 145

To a solution of N-(5-(cyclopropylethynyl}-1,3,4-thiadiazol-2-yl}-2'-(difluoromethyt)-5'-methoxy-6-
{1-(tetrahydro-2H-pyran-2-yi}-1H-pyrazol-3-yi}-{4.4"-bipyridine]-3-carboxamide (83 mg, 108 umol) in
MeOH (1.30 mL) was added HCI (4M in Dioxang, 273 pi, 1.09 mmol}. The reaction mixture was stirred
at it for 2h and then concentrated o dryness. The residue was purified by preparative HPLGC eluting with
a gradient of CHaCN (20 to 50%; in water both containing 10 mM ammonium bicarbonate {pH adjusted to
10 with NHaOH}. Appropriate fractions were combined and lyophilized to afford Compound 145 (16 mg,
30% yield) as a fluffy white solid. 'H NMR (400 Mz, DMSO-de) 0 13.48 (br 3, 1H), 13.29 {br s, 1H), 8.97
(s, 1H), 8.47 (s, 1H), 8.00 (5, 1H}, 7.90 {br s, 1H), 7.77 {5, 1H), 7.00 {1, J= 55.0 Hz, 1H}, 6.98 (g, 1H), 3.67
{s, 3H), 1.70(tt, J= 8.2, 5.0 Hz, 1H), 1.03 - 0.96 (m, 2H}, 0.90 — 0.83 (im, 2H}. 19F NMR (376 MHz,
DMSO-d6) 8 -113.35 (d, J = 54.9 Hz). LCMS n/z 494.1 [M+H]".

Compound 146 / Method D/ 1-(2'-(difluoromethyl)-5'-methoxy-€-({tetrahydro-2 H-pyran-3-ylyethynyl)-{4,4'-

bipyridin}-3-yh-2-(5-{{5-methyi-1 H-pyrazol-3-yiethynyi)-1.3,4-thiadiazol-2-yi}ethan-1-one

Step 1/ methyl 2'-(diflucromethyl}-5'-methoxy-8-{(tetrahydro-2H-pyran-3-yl) ethynyl)-[4,4-bipyridine]-3-
carboxylate

To avial charged with intermediate 21 (205 mg, 624 umol) and 3-ethynyltetrahydropyran (111
mg, 1.01 mmol) was added DMF (3 mbL) and DIPEA (197.37 mg, 1.83 mmol, 266 ul). N2 was bubbled
through the solution, then Pd(PPhsj (70.C mg, 60.6 ymol) was added. N2 was bubbled again in the
mixture. The vial was capped and the mixture was stirred overnight at 80°C. The resulting mixture was
concentrated to dryness and the residue was purified by silica gel chromatography eluting with a gradient

of EtOAc (0 to 100%) in heptane, then MeUH in EtOAc (0-10%). Appropriate fractions were combined



10

15

A%
D

o
(&3]

30

35

WO 2024/069592 PCT/IB2023/059814
156

and concentrated in vacuo 1o afford methy! 2'-(difluoromethyl)-8'-methoxy-6-({tetrahydro-2 H-pyran-3-
vhethynyl)-14,4'-bipyridine]-3-carboxylate (270 mg, 88% pure by HPLC) as a dark orange-brown gum.
LOMS m/z 403.2 [M+H]*.

Step 2 / 2-(difluoromethyi)-5'-methoxy-6-({tetrahydro-2H-pyran-3-yhethynyl)-i4.4-bipyridine}-3-carboxylic
acid

To a vial containing methyt 2'-(difiuoromethyi}-5'-methoxy-6-({tetrahydro-2H-pyran-3-ylhethynyi)-
{4.4'-bipyridine-3-carboxyiate {270 mg, 68% pure by HFLC) in Dioxane (3.5 mL) and MeOH {700 pl) was
added aqueous LIOH (Z M, 670 uL, 1.34 mmol). Tha mixture was stirred at 80°C for 2.8 h, cocled to 1t
and ACOM (115 uk, 2.01 mmol,) was added. The resulting mixture was concentrated, diluted with H20
and the pH was adjusted to 4-5 with 1N HCIL The aqueous mixture was exiracted with CHCi/PrOH (4:1,
4x}. The combined organic extracts were concentrated o dryness aifording 2'-(diflucromethyi}-5'-
methoxy-8-({tetrahydro-2H-pyran-3-yhiethynyl)-{4,4'-bipyridine]-3-carboxylic acid (270 mg) as a brown

gum which was used in the next step without purification. LOCMS m/z 389.2 [M+H]*.

Step 3/ Compound 146

To a vial charged with 2'-(difluoromethyi}-5'-methoxy-6-((tetrahvdro-2 H-pyran-3-yiiethynyl)-{4.4'-
bipyridineg}-3-carboxylic acid (129 mg, 332 ymol), Intermediate 17 (100 mg, 487 pymoi) and EDC (205 mg,
1.07 mmol} was added pyridine (2 mi). The resulting mixture was stirred at it overnight then concentrated
to dryness. The residue was purified by preparative HPLC eluting with a gradient of CHaCN {25 1o 55%} in
water containing 10 mM ammonium bicarbonate (pH adjusied to 10 with NH4OH). Appropriate fractions
were combined and lyophilized to afford impure Compound 148, A second purification by preparative
HPLC eluting with a gradient of CHaCN (40 to 70%) in water both containing 0.1% formic acid was
performed. Appropriate fractions were combined and lyophilized to afford Compound 146 (16 mg, 8%
yield) as a fluffy white solid. 'H NMR (400 MHz, DMSO-d8) § 13.66 (brs, 1H), 13.15 (s, 1H), 8.94 (s, 1H).
8.45 (s, 1H}, 7.78 (s, 1H), 7.64 (s, 1H), 6.97 (1, J = 55.0 Hz, 1H), 6.42 (s, 1H)}, 3.88 (ddd, J=11.3,3.8, 1.3
Hz, 1H), 3.75 - 3.88 (m, 1H), 3.67 (s, 3H), 3.55 - 3.39 {m, 2H), 2.88 (it, /= 8.3, 4.0 Hz, 1H), 2.26 (s, 3H),
212 - 1.96 (m, 1H), 1.84 — 1.62 (m, 2H), 1.55 (s, 1H}. 19F NMR (378 MHz, DMSC-dk) 6 ~113.40 (d, J =
55.1 Hz). LOMS m/z 576.1 [M+H}*.

Compound 150 / Method F/ N-(5-(cyclopropyiethynyi}-1,3,4-thiadiazol-2-y)-2'-(difluoromethyl)-5'-
methoxy-6-({tetrahydro-2H-pyran-4-ylimethoxy)-{4,4"-bipyridine}-3-carboxamide

Step 1

To a solution of tetrahydropyran-4-yimethanc! {(125.75 mg, 1.08 mmol} and intermediate 23
{50.0 myg, 108 ymol) in DMF (1 mi) was added NaH (45.0 mg, 1.13 mmol, 60% purity). The mixture was
stirred 5 min at RT and heated at 80°C for 15 min. After cooling to 1, the mixture was neuiralized with



15

[
<D

A
o

30

WO 2024/069592 PCT/IB2023/059814

157

AcOH, diluted with DMSO, filtered and the filtrate was purified by preparative HPLC eluting with a
gradient of CHaCN (20 to 80%;) in water both coentaining 0.1% formic acid. Appropriate fractions were
combined and lyophilized to afford Compound 150 (34 mg, 58% yield) as a white solid. "M NMR {400
MHz, DMSO-ds} 5 13.26 (s, 1H), 8.56 (s, 1H), 8.38 (5, 1H), 7.66 (s, 1H), 7.09 - 6.72 (m, 2H), 4.21 (d, J =
8.8 Hz, 2H), 3.84 (ddd, J = 11.2, 4.5, 1.8 Hz, 2H), 3.80 (s, 3H), 3.26 (s, 2H), 2.00 (m, 1H), 1.70 — 1.58 (m,
3H), 1.39 - 1.22 (m, 2H)}, 0.94 {m, 2H), 0.85 - 0.78 {m, 2H). LOCMS m/z 542.1 [M+H}*.

Compound 268 / Method G/ N-(5-{cyclopropylethynyi}-1,3,4-thiadiazol-2-y})-2'-(diflucromethyl}-5'-
methoxy-8-({tetrahydro-2H-pyran-4-yliethynyi)-{4,4 -bipyridine]-3-carboxamide

To a stirred sciution of intermediate 23 (80.0 mg, 0.173 mmoi} and 4-ethynyltetrahvdro-2H-pyran
{38.0 mg, 0.345 mmol) in DMF (0.8 mL) at rt were added EtsN (72 ul, 0.51 mmol) and Cul (9.0 mg, 0.051
mmol). The reaction mixiure was sonicated under Ne atmosphere for 5 min followed by addition of
PdClz{dppf).DCM (10.0 mg, 0.034 mmol). Reaction mixiure was heated at 50°C for 1 h, poursd onto
crushed ice and extracted with EtOAc (3 X 10 mL). The combined organic layer was dried over
anhydrous Na=SC4 and concentrated in vacuo. The residue was purified by silica gel chromatography
eluting with a gradient of EtOAc (0 o 50%) in Hexane. ft was further purified by preparative HPLC o
afford Compound 268 (42.0 mg, 45%). 'H NMR {400 MHz, DMSO d6) § 13.30 (bs, 1H), 9.04 (s, 1H),
8.44 (s, 1H}, 7.67 (s, 1H), 7.51 {5, 1H), 6.97 {1, J= 55.2 Hz, 1H)}, 3.86-3.83 (m, 2H), 3.87 (s, 3H}, 3.51-
3.46 {m, 2H), 3.00 {m, 1H), 1.91-1.88 {m, 2H), 1.68-1.85 {m, 3H), 0.98-0.87 {m, 2H), 0.84 {m, 2H). LCMS
7z 536.0 [M+H]

Compound 387 / Method D/ N-{8-(cyciopropylethynyl)-1.3 4-thiadiazol-2-yl}-2"-(diflucromethyl})-5"-

methoxy-4-methyl-2-ox0-2H-{1,2"4" 4 "-terpyriding}-5'-carboxamide

Step 1/ methy! 2"-(diflucromethyl)-5"-methoxy-4-methyl-2-oxo-2H-{1,2":4" 4"-terpyridine]-5'-carboxylate
To a solution of Intermediate 21 (10.6 g, 61.0 mmol} and 4-methyi-1H-pyridin-2-one {(6.65 ¢, 50.9

mmot) in dry DMSO {100 mL) was added polassium carbonate (8.43 g, 61.0 mmol}). The reaction was

heated 90°C (heat block) under Nz overnight. The reaction mixture was cooled to rt and iodomethane
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{8.70 mlL, 91.6 mmoi,} was added and the mixture was stirred for 30 min. The reaction mixture was
quanched with saturated NH4Cl, and the mbdure was extracted with EtOAC (2x). The combined crganic
exiracts were washed with Hz0, brine, dried over Na2S04, filtered and concentrated. The residue was
purified by silica gel chromatography eluting with a gradient of EtOAc {0 to 100%) in DCM. Appropriate
fractions were combined and concentrated in vacuo to afford methyl 2°-(difluoromethyl)-&"-methoxy-4-
methyl-2-ox0-2H-{1,274" 4" "-terpyridine]-5-carboxylate (3.01 g, 74% vield) as a white solid. 'H NMR (400
Mz, DMSO-ds) 6 8.99 (s, 1H), 8.57 (5, 1H), 7.97 (g, 1H), 7.93 (d, J= 7.2 Hz, 1H), 7.67 (s, 1H), 6.99 {t, /
= 55.0 Hz, 1H), .42 -~ 6.34 {m, 1H), 6.31 (dd, J= 7.3, 1.8 Hz, 1H), 3.89 (s, 3H), 3.73 (s, 3H), 2.20 {d, J =
1.1 Hz, 3H). LOMS m/z402.1 [M+H]*.

Step 2/ 2"-(difluoromethyl)-5"-methoxy-4-methyl-2-ox0-2H-{1,2" 4", 4 "-terpyridine]-5'-carboxylic acid

To a solution of methyl 2"-(difluoromethyi)-5"-methoxy-4-methyi-2-oxc-2H-[1,2"4',4"-terpyridine}-
&'-carboxylate (9.01 g, 22.5 mmol) in dioxane (200 mL) and MeOH (50 mL) in a water bath was added an
aqueous soiution of fithium hydroxide {1 M, 45 mL}. The bath was removed, and the mixture was stirred
at rt for 3 h. 4 M HCI {10 mL) was added to adjust pH to 4-5 and the resulting mixture was concentrated to
remove volatiles. HoO was added, the pH was adjusted {0 4 using 4 M HCI, the solid was collected by
filtration on Buchner and washed with H0. Solids were air-dried overnight, then dried in vacuo, affording
2"-{diflucromethyl}-5"-methoxy-4-methyl-Z-oxo-2 H-[1,2" 4" 4" -terpyridine}-5'-carboxylic acid (8.16 g, 94%
vieid) as a white solid. 'H NMR (400 MHz, DMSO-ck) & 13.39 (s, 1H), 8.99 (s, 1H), 8.55 (5, 1H), 7.93(d, J
= 7.2 Hz, 1H), 7.90 (s, 1H), 7.63 (s, 1H), .98 (t. J = 55.0 Hz, 1H), 6.37 - 6.34 (m, 1H}, 6.30 (dd, J= 7.3,
1.8 Hz, 1H), 3.88 (s, 3H), 2.20 (d, J = 1.2 Hz, 3H). LOMS m/z 388.1 [M+H]*.

Step 3/ Compound 387

To a solution of 2"-{diflucromethyl}-5"-methoxy-4-methyl-2-ox0-2H-{1,2":4",4"terpyridi

a5
carboxylic acid {5.93 g, 17.2 mmoi), Intermediate 8 (3.55 g, 21.5 mme!) in pyridine {49 mbL) was added
EDC (8.87 g, 35.8 mmol} and the resulting mixture was stirred at vt for 3 h. The reaction mixture was
concentrated to dryness then the residue was triturated in water, sonicated and the suspension was
stirred for 1 h. The solids were collected by filtration on Buchner and washad with Ha0. Air-dried
overnight. The hard filter cake was broken down, slurried in acetone and stirred for about 1 h, then the
solid was collected by filtration on Buchner and washed with acetone and finally air-dried to afford
Compound 387 (8.74 g, 16.35 mmol, 91% yieid) as an off-white solid. 'H NMR (400 MKz, DMSC-ds) 8
13.59 (s, 1H), 8.98 (s, 1H), 8.48 (s, 1H), 8.03 (s, 1H), 7.93 (d, J = 7.2 Hz, 1H)}, 7.73 (s, 1H}, 6.99 (t, J =
55.0 Hz, 1H), 6.39 ~ 6.34 (m, 1H), 6.32 (dd, J/ = 7.3, 1.9 Hz, 1H}, 3.67 (5, 3H), 2.22 (d, J = 1.1 Hz, 3H),
1.70 (i, J = 8.2, 5.0 Hz, 1H}, 1.06 — 0.95 (m, 2H)}, 0.92 ~ 0.83 {m, 2H). LCMS m/z 388.1 [M+HI*. ¥F NMR
(378 MHz, DMSO-ds) ¢ -113.58 (d, J = 55.0 Hz).
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Compound 431 / Method D/ 2"-(difluoromethyl)-N-(5-({13,28)-2-ethynylcyciopropyi)-1,3,4-thiadiazoi-2-
yh-5"-methoxy-4-methyl-2-oxo-2H-{1,2":4' 4" "-terpyridine}-5'-carboxamide
NN

HZN“"Q'SM
¥

¥

Step 1

To a mixture of 2°-(difluoromethyl)-&"-methoxy-4-methyi-2-oxo-2H-{1.2":4' 4 "terpyridine]-5'-
carpoxylic acid {see Compound 387, Step 2) (1.30 g, 3.36 mmol), intermeadiate 26 (665 mg, 4.03 mmol)
and EDC {1.29 g, 6.71 mmol) was added pyridine {16 mL). The resulting mixture was stirred at 50°C for
2hrs, then cooled 1o 1 and concentrated in vacuo. The residue was triturated in waler, sonicated and the
resulting mixiure was stirred overnight at rt. The resulting solid was filtered, washed with water, and
dried. The solid was dissolved in EtOAc and absorbed on silica gel {dry-packed). The mixiure was
purified by silica gel chromatography eluting with a gradient of MeOH {0 io 10%) in DCM. Appropriate
fractions were combined and concentrated in vacuo to afford Compound 431 {1.27 g, 71% yisld) as an
off-white solid. *H NMR (400 MiHz, DMSO-d8) 5 13.29 (s, 1H), 8.95 (s, 1H), 8.48 (s, 1H}, 8.01 (s, 1H),
7.95 - 7.9% {m, 1H), 7.73 (5, 1H), 8.99 (t, J = 55.0 Hz, 1H)}, 6.37 {dt, J = 1.9, 0.8 Hz, 1H),. 6.32 (dd, J =
7.3, 1.8 Hz, 1H), 3.68 (5, 3H), 2.94 {d, J = 2.1 Hz, 1H}, 278 (dt, J = 9.9, 5.3 Hz, 1H), 222 (d, J = 1.1 Hz,
3H}, 2.0C (dddd, J = 8.5, 8.3, 4.4, 2.1 Hz, 1H), 1.57 - 1.50 {m, 1H), 1.44 (ddd, J = 8.7, 6.0, 4.5 Hz, 1H}.

CMS m/z 535.4 [M+H]*. Enantiomeric excess of Compound 431 (e.e. > 99%) was defermined by
Supercritical Fluid Chromatography (SFC)Y using a Lux 5u Amylose-2/ 00G-4472-£0 (4.6 x 280 mm) chiral
column eluting with CHaCN-MeOH (1:1} (5 1o 80%) with 802 (85 1o 40%;). Under these conditions,
Compound 431 has a retention-time of 4.0 minutes, while the enantiomer Compound 480 has a

retention-time of 4.2 minutes.

Compound 432 / Method D/ N-(5-(cyciopropylethynyly-1,3,4-thiadiazol-2-yl)-2'-(difluoromethyl)-5"-
methoxy-6-(4-methyi-8-oxo-4,7-diazaspirc{2.5joctan-7-yi)-{4.4"-bipyridine]-3-carboxamide

£ o

i ek o A oy
N /yF 7 F ) —

s A ~ > o ~g [ o HQN‘J\S =< A

B [ R v

o0 1 son 2 S Y oens o ey " 5
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Step 1/ benzyl 2'-(difluoromethyi}-5-methoxy-6-(8-0x0-4,7-diazaspirof2.5loctan-7-yi)-{4,4-bipyridine}-3-
carboxylate

A suspension of intermediate 25 {4.99 g, 12.3 mmol), 4,7-diazaspiro}2.5loctan-8-one (1.87 ¢,
14.8 mmol) and cesium carbonate (8.02 mg, 24.8 pmol) in dry dioxane {50 mL) was degassed (N2
bubbiing/sonication for 15 min}. Pd(OAc)2 (278 mg, 1.23 mmoel} and Xaniphos (1.07 g, 1.85 mmol) were
added and the mixture degassed again (5 min). The reaction mixture was stirred in a heat block at 80°C
for 1.5 h. The reaction mixture was cooled to 1t, filtered on celite, and the solids were washad with DCM.

The combined filtrates were concentrated, and the residue was puyrified by silica gel chromatography
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eluting with a gradient of 1:1 EtOAc/IPA (0 to 100%) in heptane. Appropriate fractions were combined and
concenirated in vacuo to afford benzyl 2'-(difiuoromethyii-5'-methoxy-6-(8-ox0-4,7 -diazaspiro}2.5loctan-7-
yi)-[4.4'"-bipyridine]-3-carboxylate (5.23 g, 86% yield) as a beige foamy solid. 'H NMR (400 MHz, DMSO-
) 8 9.03 -8.89 (m, tH), 8.43 (s, 1H), 8.04 (5, 1H), 7.5 {s, 1H)}, 7.38 - 7.28 {m, 3H), 7.23-6.76 (m,
3H), 518 (s, 2H), 4.13 (1, J = 5.5 Mz, 2H), 3.76 (s, M), 3.28 {f, J= 7.2 Hz, 1H), 8.15 (g, J = 6.0 Hz, 2H),
1.28 {q, J = 3.5 Hz, 2H), 0.93 — 0.85 (m, 2H). LCMS m/z 495.1 [M+HJ".

Step 2/ benzyl 2'-(diffuoromethyi}-5'-methoxy-6-(4-methyl-8-oxo-4,7-diazaspiro{2.5]occtan-7-y1)-[4.4"-
bipyriding]-3-carboxylate

To a solution of benzyl 2'-(difluoromethyl)-&'-methoxy-6-{8-oxo-4,7-diazaspiro[2.5]octan-7-y)-
4.4 -bipyridine]-3-carboxyiate {4.19 g, 8.47 mmol} in THF (41 mL) at it was added formaideshyde (14.17 ¢,
165.2 mmol, 13 mb, 35% purity) and sodium triacetoxyborohydride (5.39 g, 25.2 mmol) The reaction
mixture was stirred at 40°C for 20 min. The crude reaction mixture was cooled to rt and NaHCOs sat. (100
mb} was added dropwise under stirring. EtOAc was added, the layers were separated, and the aqueous
layer was back extracted with EtOAc. The combined organic extracts were washed with brine, dried over
NaxSC., filtered on a silica plug, washed with EtOAc and concentrated in vacuo. The residue was purified
by silica gel chromatography eluting with a gradient of 1:1 EtCAC/IPA (0 io 100%) In hexane. Appropriate
fractions were combined and concentrated in vacuo ¢ afford benzvi 2'-(difluoromethyl}-5'-methoxy-8-(4-
methyl-8-oxo-4,7-diazaspirof2.5loctan-7-yi}-[4,4 -bipyridine}-3-carboxylate (3.71 g, 86% vyisld) as a light
beige foamy solid. 'H NMR (400 MHz, DMSO-ds) D 8.94 (s, 1H), 8.38 (s, 1H), 8.02 (s, 1H), 7.56 (s, 1H),
740 - 7.23 (m, 3H), 7.22 - 6.73 {m, 3H), 5.14 (s, 2H}, 4.22 (dd, J= 6.5, 5.3 Hz, 2H), 3.72 (s, 3H), 3.26 {1,
J=5.9 Hz, 2H), 2.45 (s, 3H), 1.25 (q. J= 3.8 Hz, 2H), 0.97 {q. J = 3.7 Hz, 2H). LOMS m/z 509.2 [M+H}*.

Step 3/ 2-(difluoromethyi)-5'-methoxy-8-(4-methyl-8-oxo-4,7-diazaspiro[2.5loctan-7-yi}-[4.4 -bipyridine]-3-
carboxylic acid

To a solution benzyl 2-(difiuoromethyl)-5'-methoxy-6-(4-methyil-8-oxc-4,7-diazaspirof2.5]octan-7-
yi)-{4.4'-bipyridine]-3-carboxylate (3.71 g, 7.30 mmol) in MeCH (100 mL) and DCM (50 mL). The fiask
was fiushed with No. Palladium on activated carbon (751 mg, 708 pmol, 10% purity) was added. The flask
was fiushed with H2 and stirred under a M2 atmosphere overnight. The reaction mixture was purged with
N, diluted with 160 mL DCM than filtered on a celite plug prewashed with MaOH, catalyst carefully
washed with portions of MeOH, and DCM. The fillrate was concenirated and driad in vacuo, providing 2'-
{diflucromethyl}-5'-methoxy-6-(4-methyi-8-0x0-4,7-diazaspirc}2 Bloctan-7-y }-[4.4'-bipyridine]-3-carboxylic
acid (2.78 g, 1% yield} as a light yellow solid. H NMR (400 MHz, DMSO-ds} 6 13.07 {g, 1H), 8.90 {d, /=
0.8 Hz, 1H), 8.51 (s, 1H), 7.98 (d, J = 0.6 Mz, 1H}, 7.53 (s, 1H), 8.97 (t. /= 55.1 Hz, 1H), 4.22 (dd, J =
8.8, 5.3 Hz, 2H), 3.86 (s, 3H), 3.26 {d, J= 11.9 Hz, 1H), 2.48 (5, 3H), 1.25 (g, J = 3.8 Hz, 2H), 0.97 (g, J =
3.8 Hz, 2H). LCMS m/z 419.1 [M+H]+.

Step 4/ Compound 432

To a solution of 2'-(diflucromethyl)-5'-methoxy-6-(4-methyl-8-oxc-4,7-diazaspire{2.5]octan-7-yl)-
{4,4'-bipyridine}-3-carboxyiic acid (2.78 ¢, 6.64 mmol}, Intermediate 8 (1.32 g, 7.98 mmoi} in pyridine (40
mi} was added EDC (2.55 g, 13.3 mmol) and the resulting mixture was stirred at rt overnight. The

reaction mixiure was concentrated to dryness then the residue was triturated in water, sonicated and the
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suspension was stirred for 1 h. The solids were coliected by filiration on Buchner, washed with H20 and
air-gried. The cake was triturated with IPA and collected by filtration, washed with small amounts of IPA
and then dried in vacuo to afiord Compound 432 (3.25 g, 868% vield) as an off-white solid. "H NMR {400
MHz, DMSO-ds) 5 13.46 (s, 1H), B.85 (s, 1H), 8.45 (5, 1H), 8.07 (s, 1H), 7.64 (5, 1H}, 7.00 {1, J = 55.1 Hz,
1H), 4.23 (1, J=5.9 Hz, 2H), 3.65 (5, 3H), 3.28 {t, /= 5.9 Kz, 2H), 2.48 (s, 3H), 1.70 (11, /= 8.3, 5.0 Hz,
1H), 1.27 (g, J = 3.8 Hz, 2H), 1.04 — 0.95 {m, 4H), 0.87 {dt, J = 4.9, 3.2 Hz, 2H). LCMS m/z 566.2 [M+H}*.
9F NMR (376 MHz, DMSO-ds) 8 -113.46 (d, J= 55.3 Hz).

Compound 562 / Method A/ 2"-(difluoromethyh)-N-(8-{{18,28}-2-ethynyicyclopropyl)-1,3,4-thiadiazol-2-
yh)-3-fluoro-5"-methoxy-2-ox0-2H-{1,2"4" 4" -terpyridine]-5'-carboxamide

Step t / methy! 2"-(diflucromethyl}-3-fluorc-5"-mathoxy-2-oxo-2#H-1,2":4' 4" -terpyridine}-5'-carboxylate

A mixture of intermeadiate 21 {300 mg, 913 ymol), 3-fluorc-1H-pyridin-2Z-one (310 mg, 2.74
mmaoi), K2COs (375 mg. 2.71 mmol} in BMSO (3.0 mb) was stirred overnight in a sealed vial at 50°C,
The reaction mixture was cooled to 1, diluted with EtOAc and water. The aquecus layer was cut, and the
organic layer was washed with water, brine (2X), dried over Na:SQ«, fiitered and concentrated in vacuo.
The regidue was purified by silica gel chromatography eluting with a gradient of £EtOAc (40 to 100%) in
heptane. Appropriate fractions were combined and concentrated in vacuo to afford methyl 2"-
{difluoromethyi-3-fluoro-8"-methoxy-2-oxc-2H-{1,2"4' 4"-terpyridine}-&'-carboxylate (256 mg, 69% yield)
as a white solid. LCMS m/z 406.1 [M+H].

Step 2/ Compound 562

To a solution of methyl 2"-(difluoromethyi)-3-fluoro-8"-methoxy-2-oxe-2H-{1,27.4",4"-terpyridine]-5*-
carboxylate (80.0 mg, 197 ymol) and Intermediate 26 (98.0 mg, 593 uymol) in THF (2 mb) was added
1,3,4,6,7,8-hexahydro-2H-pyrimidof1,2-ajpyrimidine {42.0 mg, 302 umoi) in one shot. The reaction was
stirred at 50°C overnight. The cooled crude reaction mixture was diluted with DMSQ, filtered, and the
filtrate was purified by preparative HPLC (Phenomenex Gamini®) eluting with a gradient of CHsCN (35 to
65%) in water both coniaining 0.1% formic acid. Appropriate fractions were combined and lyophilized o
afford GCompound 562 (35 mg, 33% yieid). 'H NMR (DMSO-d8) 8: 13.33 (5. 1H), 8.99 (s, 1H}, 8.50 (s,
1H), 8.06 (s, 1H), 7.86 (dt, J = 7.1, 1.5 Hz, 1H), 7.73 (s, 1H}, 7.56 (ddd, J = 10.3, 7.4, 1.8 Hz, 1H), 7.00 {,
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J = 55.0 Hz, 1H), 5.42 (id, J = 7.3, 4.7 Hz, 1H), 3.69 (s, 3H), 2.94 (d, J = 2.1 Hz, 1H), 2.84 — 2.74 (m, 1H),
2.04 — 1.96 {m, TH), 1.50 — 1.48 (m, 1H), 1.48 ~ 1.40 {m, 1H). LOMS vz 539.3 [M+H)".

Compound 583 / Method A/ 2"-(difluoromethyl)-5"-methoxy-4-methyl-N-(5-({18,28}-2-(1-methyl-1 H-
pyrazol-3-yijcyclopropyl)-1,3,4-thiadiazol-2-yi)-2-oxo-2 H-[1,2"4", 4" -terpyridine]-5'-carboxamide

- j
° oM
o S/
! |
N N i N
o W/ W/ -
(=N
S N .
>\:. i By B
HO Step 1 |—‘2N"L‘s Step 2

Step 1/5-({18,28}-2-{1-methyl-1 H-pyrazol-3-yihicyclopropyl)-1,3,4-thiadiazol-2-amine

To the solution of {(18,28)-2-(1-methyl-1H-pyrazol-3-yiicyclopropane-1 -carboxyiic acid (100 mg,
604 umol) were added T3P 50% wit in EtOAc (898 ul, 1.51 mmol, 50% purity), Thiosemicarbazide (66.0
mg, 724 ymol} at rt. The reaction mixture was stirred at 98°C for 16hrs in a sealed tube. The resulting
mixture was cooled o rt, diluted with saturated NaHCOs, and exiracted with £tOAc (3x). The combined
organic layers were washad with brine, dried over MgSQq, filtered and concentrated under vacuum to gat
crude product 5-{(18,28)-2-(1-methyl-1 H-pyrazol-3-ylicyclopropyl-1,3,4-thiadiazol-2-amine (12.0 mg, 8%
vield, 87% purity). LOME m/z 222.0 [M+H]".

Step 2/ Compound 583

A mixture of 2"-(difluoromethyi}-5"-methoxy-4-methyi-2-oxo-2H-[1,2"4' 4"terpyridine]-5'-
carboxylic acid {see Compound 387, Step 2) (15.0 mg, 38.7 pmol}, 5-((18,28)-2-(1-methyi-1 H-pyrazol--3-
vhicyclopropyl)-1,3,4-thiadiazol-2-amine (12.0 mg, 53.1 ymol) and EDC (14.9 mg, 77.5 ymol} in pyridine
{0.3mL) was stirred at 50°C for 30 mins. The crude reaction mixture was concenirated, dissoived in
DMSO, filtered, and the filtrate was purified by preparative HPLC (Phenomenex Gemini®) eluting with a
gradient of CHsCN {25 1o 55%;) in water both containing 0.1% formic acid. Appropriate fractions were
combined and lyophilized to afford Compound 583 (7.9 my, 35% yield) as an off-white solid. H NMR
(400 MHz, DMSO-d6) 8 13.25 (5, 1H), 8.96 (s, 1H), 8.48 (s, 1H}, 7.99 (s, 1H), 7.83{d, J = 7.3 Hz, 1H),
7.72 (s, tH),7.86(d, J = 2.2 Hz, 1H), 6.99 (t, J = 85.1 Hz, 1H)}, 8.37 (ot J = 2.1, 1.1 Hz, 1H)}, 6.32 (dd, J =
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7.3, 1.8 Hz, 1H), 6.10 (d. J = 2.2 Hz, 1H), 3.75 (5, 3H), 3.69 (s, 3H), 2.63 (dt, J = 9.3, 5.0 Hz, 1H), 2.45 (s,
1H), 2.22 (d, J = 1.2 Hz, 3H), 1.65 — 1.51 (m, 2H). LOMS nv/z 591.3 [MaH]".

Compound 834 / Method H/ 2'-{(diflucromethyl)-5'-methoxy-8-(3-morpholinoprop-1-yn-1-y-N-(5-
{{18,28)-2-(thiazol-4-vijeyclopropyl)-1,3.4-thiadiazol-2-yi)-[4,4'-bipyridine]-3-carboxamide

Step 1/ 5-((13,28)-2-(thiazol-4-yhcyclopropyl)-1,3,4-thiadiazol-2-amine

To the solution of {(1R,2R)-2-thiazol-4-yicyclopropanecarboxylic acid {(trans. racemic) {1.00 g. 5.91 mmol)
were added T3P in E1OAC (8.80 mi., 14.8 mmol, 50% purity) and thiosemicarbazide (648 mg, 7.09 mmol}
at rt. The reaction mixture was stirred at 95°C for 18hrs in a sealed tube. The reaction mixture was cooled
to rt, diluted with saturated NaHCOs and extracted with EtOAc (3x). The combined organic layers were
washed with brine, dried over anhydrous NazSO4, filtered, and concentrated under vacuum to get crude
5-((18,28)-2-(thiazol-4-ylcyclopropyl-1,3,4-thiadiazol-2-amine (0.95 g, 72% yield) which was used in the
next step without purification. LCMS myz 225.6 [M+H]

Step 2/ 6-chloro-4-{2-(diflucromethyl}-5-methoxy-4-pyridylipyridine-3-carboxylic acid

intermediats 21 (2.00 g, 5.84 mmol) was dissolved in methanol (8 mL) and dioxane (20 mL)
before the addition of LiOH.H20 (490 mg, 11.7 mmol) in water {6 mL) and heated to 60°C for 15 min.
Volatiles were removed in vacuo, 10 mb water was added followad by dropwise addition of HCH{(Z M, 5.8
mtb, 11.8 mmol). The precipitate was filtered, dried on mechanical pump to afford 8-chioro-4-{2-
{diflucromethyl}-5-methoxy-4-pyridyijpyridine-3-carboxylic acid {1.84 g, 100% yield) as a beige solid.
LOMS m/z 315.0 [M+H]*.

Step 3 / §-chioro-2'-{diflucromethyl)-5'-methoxy-N-(5-{(13,28)-2-(thiazol-d-yi)eyclopropyi-1,3.4-thiadiazol-
2-yi)-{4.4' -bipyridine]-3-carboxamide

A mixture of 8-chioro-4-{2-(difiuoromethyl}-5-methoxy-4-pyridyijpyridine-3-carboxylic acid (135
mg, 429 pymol), 5-[(1S,28)-2-thiazol-4-yicyclopropyl]-1,3.4-thiadiazei-2-amine (87.0 mg, 433 ymol), EDC
{130 mg, 678 ymol) in pyridine (2.0 mL) was heated at 50°C for 15min. The reaction mixiure was cooled
o rt, pourad into water (100mL)} and the resulting solid was filtered to afford §-chloro-2'-(diflucromethyl)-
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5-methoxy-N-(5-{(18,28})-2-(thiazol-4-ylicyclopropyl)-1,3,4-thiadiazol-2-y1)-{4.4'-bipyridine}]-3-carboxamide
(203 mg, 91% yieid) which was used in the naxt step without purification. LOMS m/z 521.2 [M+H]*.

Step 4/ Compound 634

A mixture of 8-chioro-2'-(difluoromethyl}-5"-methoxy-N-(5-((18,28)-2-{thiazoi-4-yljcyclopropyl)-
1,3,4-thiadiazol-2-yl)-i4,4"-bipyridine}-3-carboxamide (70.0 mg, 134 ymol), 4-prop-2-ynyimorpholine {(16.8
mg, 134 umol), TEA (75 pl, 534 ymol), Cui (2.6 mg, 13 umol) , Pd{dppf)Ck.DCM (11.0 mg, 13.5 ymol} in
DMF was heated at 80°C for 20min. The crude reaction mixture was purified directly by preparative HPLC
{Phenomenex Gemini®) eluting with a gradient of CHaCN (30 to 80%; in water both containing 8.1%
formic acid. The relevant fractions were combined and lyophilized to afford Compound 634 (11.0 mg,
13% yield). 'H NMR (DMSO-d6) 5: 13.22 (s, 1H), 9.03 (d, J = 2.0 Hz, 1H), 8.92 (s, 1H), 8.46 (s, 1H), 7.75
{s, 1H), 7.68 {8, 1H), 7.53 (d, J = 2.0 Hz, 1H}, 8.97 (. J = 55.0 Hz, 1H), 3.68 (s, 3H}, 3.65 - 3.56 (m, 6H),
281 {t, J=73Hz, 2H), 255 (1, J = 4.7 Hz, 4H), 1.78 — 1.64 {m, 2H}. LCMS m/z 510.0 [M+H}*.

Spray dried dispersion (SDD) formulation

A spray dried dispersion (SDD) formulation was developed using Compound 113, A 1:1 (w/w}
mixture of Compound 113 and HPMOCAS (grade H) wers fully dissolved in a 4:1 (v/v) mixture of
dichloromethane:methanoi at a loading of ~5% solid (w/w). The solution was spray-dried o an
amorphous powder which was further driad overnight in a vacuum oven set io 40 °C to remove residual

solvents. This SDD material was used for subseguent in vivo dosing in mouse models.

Poi8 ATPase enzymatic assay (3 nM enzyme concentration)

PolC ATPase enzyme (1-894) at 3 nM ig incubated with a 10-point concentration response of
inhibitors for 15 min at ri in the following buffer: 50 mM Tris Ci pH 7.5, 10% glycerol, 5 mM DTT, 10 mM
MgCi, G.1 mg/ml BSA. Following pre-incubation with inhibitors, DNA (Fork C) at 20 nM and ATP at 100
uM are addad to start the reaction. Enzymatic reaction proceeds at 1t for 60 min. ATP consumption is
measured using the ADP-Glo assay from Promega. Luminescence is read on the Envision and IC50 are
determined using the variable slope 4-parameters equation.

DNA (Fork C) is made by annealing 3 different oligos containing the following sequence of
nuclectides:

Fork 44: B-GCACTGGCCGTCGTTTTACGGTCCTGACTGGGAAAACCCTGGCG-8 (SEQ D
NO:1)

Fork 45: 8-TTTTTTTTTTTITTTTTITTTTCCAAGTAAAACGACGGCCAGTGE-3 (SEQ D NO22)

Fork 28: 5-TTGGAAAAAAAAAAAAAAAAAAAAAA-T (SEQ ID NO:3)

Qligos are annealed by heating at 95°C for & min in the following buffer (10 mM Tris-HCI pH7.5,
50 mM NaCl, 1mM EDTA) and cooled to ri.

Pol8 ATPase enzymatic assay (0.5 nM enzyme concentration)

PolQ ATPase enzyme (1-894) at 0.5 nM is incubated with a 10-point concentration response of
inhibitors for 15 min at rt in the following buffer: 80 mM Tris Ci pH 7.5, 10% giycerol, 5 mM DTT, 10 mM
MgClz, 0.1 mg/ml BSA. Following pre-incubation with inhibitors, DNA (Fork C) at 20nM and ATP at 100
1M are added to start the reaction. Enzymatic reaction proceeds at vt for 180 min. ATP consumption is
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measured using the ADP-Glo assay from Promega. Luminescence is read on the Envision and Cso are
determined usging the variable slope 4-parameters equation.

Oligos are annealed by heating at 95°C for 8 min in the following buffer (10 mM Tris-HCI pH7.5,
£0 mM NaCl, 1 mM EDTA) and cooled to 1t

In Table 4, the Compounds were prepared according to Methods describad previously using
Intermediales described hersin, commercially available reagents or intermediates described in the
fiterature. In some cases, the use of protecting groups may be reguired (o prepare Compounds
descrived below. The m/z [M+H]* column indicates the positive ion mass observed by LOMS (ESI). The
{Cso (nM) column relates to average 1Cso’'s generated in the Pol(d ATPase enzymatic assays using either
3 nM or 0.5 nM of PolQ ATPase enzyme (1-894).

Table 4

Compound | Method m/z (M HF {P:;(I?é% %‘.?LM {Figfé](?ﬁm
1 A 471.9 1.1 58
2 A 4791 2.2 3.3
3 A 451.0 23
4 A 501.4 92
5 B 416.1 1.5 2.9
6 B 428.0 0.63 2.0
7 C 418.1 12
8 B 480.2 48
9 B 4171 33
10 C 487.2 54
11 C 472.2 117
12 D 402.2 3.5 2.0
13 o 395.2 4.2 5.9
14 C 4721 139
15 A 509.1 15
16 A 5571 7.
17 C 485.0 3.2 54
18 C 534.3 204
19 C 485.0 27
20 D 432.2 21
21 D 4252 12
22 D 384.2 i2
23 D 380.8 134
24 in} 445 1 0.78 <15
25 D 4121 1.3 1.5
26 A 489.1 0.53 2.6
27 D 485.1 (.26
28 D 4521 0.36
29 D 438.9 0.60
30 A 822.2 0.76
31 D 4282 0.63
32 D 442 1 (.68
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33 D 530.2 < (.25
34 D 550.2 0.29
35 D 496.6 < (0.25
35 D 483.2 6.6
37 D 458.0 3.3
38 e 411.8 1.1
39 D 4942 0.27
490 D 436.3 < 0.25
41 D 479.0 < (0.25
42 D 483.1 1.8
43 D 398.0 < (.25
44 D 416.0 (.31
45 D 489.2 2.2
48 D 477.3 0.20
47 D 514.0 0.62
45 D 493.7 2.5
49 D 484 .1 0.75
50 D 4381 2.4
51 D 547.2 2.1
52 D 533.0 2.4
53 D 538.2 0.31
54 D 507.2 < (.25
55 D 453.2 < (.25
58 D 427.2 < (.25
57 D 411.7 0.37
58 D 502.6 0.91
£9 D 4757 1.89
&0 D 501.1 1.10
61 [n} 561.2 < .25
62 A 530.2 0.36
83 D 524.7 1.9
54 D 478.1 1.9
B85 D 5682.0 2.2
[51§] D 500.2 0.60
87 D 536.2 < (.25
63 D 413.1 1.8
&9 D 4721 (.28
70 D 382.3 2.5
71 D 410.2 1.8
72 D 4371 0.62
73 [n} 4551 0.42
74 D 478.0 0.73
75 D 546.3 < (.25
76 D 521.2 < (.25
77 D 835.2 < (.25
78 D 857.2 2.71
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79 D 418.4 1.21
80 D 4751 2.1
81 D 586.1 < (.25
&2 D 72.3 < 0.25
83 D 511.1 < (0.25
&4 D 525.2 0.28
&85 D 432.2 1.10
315) D 525.2 1.6
87 D 500.2 0.26
88 D 486.1 2.4
89 D 533.1 1.2
90 A 523.1 0.8
91 D 446.1 2.3
92 A 809.2 0.25
93 D 532.2 0.32
94 D 558.2 < (.25
a5 D 518.2 < 0.25
95 [n} 452 1 2.6
a7 D 492.2 2.0
98 D 518.2 0.54
99 D 513.2 (.36
100 D 438.1 < (.25
101 D 446.2 < (.25
102 D 518.2 1.2
103 D 4821 1.2
104 D 4992 .31
108 D 485.2 0.47
106 D 438.1 < 0.25
107 [n} 468.2 .76
108 D 526.2 < 0.25
108 D 539.4 < 0.25
M0 D 527.3 < (.25
111 D 509.2 0.78
12 D 466.2 < (.25
113 D 508.1 0.53
114 &= 542.0 0.26
115 E 560.0 < 0.25
116 E 5221 < (.25
117 E 507.2 2.0
118 D 538.4 .99
118 E 537.4 23
120 E 508.1 2.5
121 D 540.9 2.0
122 D 520.8 <0.25
123 D 582.8 <D.25
124 D 584.7 <0.25
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125 F 5771 21
128 &= 5231 <{0.25
127 D 5081 <0.25
128 F 5401 4.0
129 F 5384.2 1.6
130 F 553.1 2.1
131 E 505.7 <{.25
132 E 538.7 <{(.25
133 D 562.7 <(0.25
134 D 536.8 <0.25
135 D 506.1 <{.25
1368 D 550.1 8.5
137 D 566.8 0.26
138 D 525.3 <0.25
139 D 507.0 61
140 D 509.3 38
141 D 539.1 < .25
142 [n} 537.0 < .25
143 D 524.9 <{0.25
144 D 624.9 0.26
145 D 494.1 < (.25
148 D 576.1 <(.25
147 F 8551 0.31
148 F 528.1 0.93
149 F 528.1 0.37
150 F 5421 <0.25
151 D 5386.1 <(.25
152 D 523.8 1.2
153 [n} 543.0 <0.25
154 A 508.8 <{0.25
155 A 594.4 0.55
158 D 508.4 1.1
157 E 521.4 118
158 D 553.4 <{.25
153 D 5451 0.79
160 A 6804.2 <0.25
161 D 548.0 <0.25
162 F 5251 13
183 D 520.8 <0.25
164 E 522.4 289
165 E 852.4 >100nM
166 D 521.8 0.52
167 D 526.8 <{.25
168 A 586.2 .34
163 & 526.0 24
170 A 480.0 <0.25
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171 A 526.4 <{.25
172 D 5(6.2 1.5
173 D H41.2 0.41
174 D 541.2 <0.25
175 D 524.1 0.51
176 D 597.3 23
177 A 526.0 0.39
178 [n} 537.2 <{(.25
179 E 526.4 1.8
180 F 498.2 4.8
181 F 538.2 0.75
182 F 541.2 1.2
183 F 538.1 0.49
184 D 518.2 0.45
185 D 532.2 <0.25
186 F 528.1 0.79
187 D 508.1 0.91
188 [n} 577.2 1.9
189 D 565.2 <{.25
180 D 4687.3 58
191 D 510.2 15
192 D 525.2 0.33
193 E 465.2 2.5
194 D 540.2 0.61
195 D 560.2 <0.25
196 D 5181 <0.25
197 D 5491 <(.25
188 E 466.3 0.53
182 e 558.3 5.8
200 E 512.8 <{0.25
201 D 5071 <{0.25
202 D 534.1 0.2%
203 D 481.0 2.9
204 & 497.2 0.71
205 £ 553.1 0.16
206 D 5541 <0.25
207 E 527.0 2.6
208 E 543.0 14
209 E 523.2 0.67
210 E 562.3 <{.25
211 [n} 563.3 <{.25
212 D 524.2 <{.25
213 E 5251 <{.25
214 E 572.2 16
215 & 511.3 0.31
216 D 524.26 1.5
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217 £ 538.4 1.9
218 D 5511 0.25
218 D 5501 <0.25
220 D 5541 0.78
221 D 538.3 (.98
222 D 5241 <{.25
223 E 521.3 0.29
224 [n} 571.4 0.35
225 D 484.0 0.56
228 D 486.9 0.61
227 D 540.4 5.9
228 D 554.4 <{.25
229 D 857.4 1.4
230 D 498.4 <0.25
231 D 539.4 1.6
232 D 501.4 <(.25
233 D 5581 <0.25
234 [n} 522.0 34
235 D 518.2 19
238 D 508.2 0.56
237 D 527.4 <(.25
238 E 598.3 3.8
239 £ 512.2 18
240 £ 523.2 0.73
241 D 524.2 0.33
242 D 598.1 0.35
243 D 455.0 15
244 D 523.0 <{.25
245 [n} 513.3 <{.25
246 D 565.8 1.1
247 D 468.3 2.9
248 D 513.2 <{.25
249 D 553.3 0.77
250 D 495.0 1.3
251 D 452.1 0.45
252 D 5081 <0.25
2583 D 510.2 <0.25
254 D 540.4 1.7
255 D 552.4 0.26
256 D 8034 2.9
257 E 497.0 26
258 D 498.0 2.9
259 E 486.1 1.2
260 D 503.1 2.0
261 D 494.3 0.62
262 D 484.2 0.29
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263 D 4953 <0.25
264 D 539.4 <0.25
265 D 511.8 <0.25
266 A 508.0 4.4
267 D 526.0 6.4
268 3 538.0 0.28
269 €] 452.0 0.38
270 [n} 512.0 9.9
27 F 524.0 0.64
272 D 458.0 1.2
273 A 508.0 1.8
274 A 505.0 0.51
275 A 505.0 3.1
276 D 498.4 <0.25
277 D 510.4 3.2
278 D 442.3 <(.25
279 D 412.3 1.5
280 [n} 507 .1 <{.25
281 D 543.1 20
282 D 5241 0.26
283 D 551.4 <(.25
284 D 510.0 5.8
285 D 511.2 4.3
286 D 471.0 21
287 A 503.2 0.93
288 D 583.2 <0.25
289 E 461.0 (.88
290 D 528.1 7.3
291 [n} 4621 0.35
292 D 522.8 11
293 D 498.0 <0.25
294 D 482.4 0.2%
295 D 509.4 2.7
2958 D 5251 1.6
297 D 542.1 (.69
298 D 491.0 0.80
299 D 3951 (.60
300 D 492.0 (.50
301 D 526.2 <{.25
302 D 510.0 0.35
303 A 505.0 1.1
304 A 519.0 13
305 D 493.7 (.38
308 D 473.0 0.56
307 D 491.0 <{).25
308 D 525.0 0.42
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309 D 525.1 (.99
310 D 503.4 4.4
311 D 530.2 8.1
312 D 477.2 0.94
313 D 453.0 0.87
314 D 522.0 0.49
315 D 538.0 4.5
316 D 428.0 1.6
317 D 532.3 <0.25
318 A 490.2 4.8
318 D 555.88 7.5
320 D 504.2 <D.25
321 D 452.3 0.41
322 A 535.3 1.9
323 A 428.2 4.5
324 D 537.3 (.40
3258 D 530.4 <0.25
326 D 5551 a.1
327 D 430.2 4.1
328 D 487.0 3.1
329 D 446.0 4.1
330 D 447.3 3.8
331 D 576.2 24
332 D 539.2 15
333 D 525.2 3.8
334 D 558.2 3.4
338 D 4428 4.3
336 D 518.7 33
337 D 519.7 9.2
338 D 4473 4.7
339 D 4121 3.4
340 D 505.8 12
341 D 476.0 3.2
342 D 494.2 13
343 D 481.0 8.4
344 D 4121 4.3
345 D 4852 3.7
346 D 667.0 13
347 D 555.2 3.4
348 A 505.2 3.6
349 [n} 543.7 <{.25
350 D 543.7 <{.25
351 D 521.8 <0.25
352 D 543.1 <0.25
353 D 553.1 (.49
354 D 510.4 0.27
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355 D 578.2 0.30
356 D 563.1 <0.25
357 D 567.8 <0.25
358 D 583.8 <0.25
359 D 5531 1.7
360 D 581.2 7.2
361 D 539.4 1.9
362 D 538.5 1.4
363 D 538.2 <0.25
364 D 525.8 (0.559
365 D 537.1 100
368 D 552.8 3
367 D 568.2 0.27
388 D 5371 7.1
369 E 546.42 0.31
370 E 547.41 2.9
371 D 5331 8.1
372 D 5491 .39
373 D 509.35 4.6
374 E 508.36 >100
375 D 511.4 <0.25
378 E 533.39 3.0
377 D 5271 =100
378 D 576.1 <0.25
379 D 5271 18
380 D 539.1 11
381 D 5371 <(.25
382 D 6i11.8 <{.25
383 D 537.2 <0.25
384 D 5371 <{0.25
385 D 524.8 0.87
388 D 580.2 <0.25
387 D 534.7 <0.25
388 D 536.8 <{.25
389 D 538.8 <D.25
390 D 538.8 <0.25
391 D 510.35 =100
392 E 509.21 =100
393 D 572.0 <0.25
394 D 5391 <0.25
385 [n} 5685.2 0.25
388 D 526.1 10
397 D 526.1 0.39
398 D 5771 2.1
389 D 591.2 1.5
400 D 5411 0.46
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401 £ 523.2 <{.25
402 D 4941 (.88
403 D 5251 <0.25
404 D 508.8 <0.25
408 D 5081 <0.25
406 D 512.3 2.8

407 D 451.2 <{.25
408 D 538.2 1.4

409 D 523.5 <0.25
410 D 509.5 0.31

411 D 507.2 0.37
412 D 521.2 0.25
413 D 539.2 <0.25
414 D 553.1 <0.25
415 D 566.2 0.25
416 D 526.1 (.69
417 D 493.2 3.7

418 [n} Br2.2 1.6

419 D 5338.1 0.72
420 D 552.1 0.31

421 D 522.1 <(.25
422 D 518.1 0.54
423 D 583.5 0.40
424 D 510.0 2.3

425 D 524.2 0.30
426 D 551.2 0.39
427 D 552.2 0.27
428 D 510.35 <{.25
429 [n} 547.3 <{.25
430 D 509.32 <{0.25
431 D 535.41 <{0.25
432 D 566.2 <{.25
433 D 459.1 5.2

434 D 5511 <{.25
435 D 536.1 <{.25
436 D 5191 <0.25
437 D 535.1 <0.25
438 D 551.1 <(.25
439 D 561.1 <{.25
440 D 5351 <{.25
441 [n} 554.1 0.43
442 D 553.1 <{.25
443 D 551.1 <{.25
444 D 581.2 <(.25
445 D 589.1 <D.25
446 D 561.2 <0.25
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447 £ 580.2 <0.25
448 D 539.2 <0.25
443 D 5391 <0.25
450 D 5221 0.48
451 D 5501 <0.25
452 D 5861 <0.25
453 D 536.2 <{.25
454 [n} 550.1 1.1
455 D 5551 <0.25
455 D 589.1 <0.25
457 D 5281 0.37
458 D 536.2 0.10
459 D 555.1 <0.25
480 D 5511 <0.25
461 D 539.1 <0.25
462 D 562.2 <(.25
483 D 526.1 <{.25
464 £ 5451 <0.25
465 E 565.2 0.27
468 D 553.1 <0.25
467 D 549.2 <0.25
468 D 571.1 <(.25
469 D 580.2 <D.25
470 D 540.3 0.0492
471 D 568.2 2.1
472 D 549.2 <0.25
473 C 4581 3.5
474 C 447 1 7.6
475 A 543.3 0.30
476 D 549.2 <{0.25
477 D 541.3 0.28
478 £ 544.3 0.50
479 E 544.3 7.4
480 A 535.6 1.7
4831 D B855.0 <D.25
482 D 485.3 0.73
483 D 5355 <0.25
484 D 521.8 (.32
485 D 553.6 0.70
486 D 5415 0.36
487 [n} 579.2 <{.25
488 D 536.5 <{.25
489 D 549.6 (.40
430 D 551.2 <0.25
491 D 563.2 <D.25
492 D 564.2 <0.25
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493 D 546.2 <0.25
494 D 579.2 <0.25
495 D 565.4 0.33
496 D 579.4 <0.25
497 D 583.4 0.45
498 e 540.4 0.63
499 D 554 .4 <{.25
500 D 496.3 <{.25
501 D 549.2 0.93
502 D 541.4 2.4
503 D 569.5 <{.25
504 D 561.2 <D.25
505 D 810.2 <0.25
508 D 805.8 <0.25
507 D 535.5 1.5
508 D 591.6 1.2
509 D 565.5 1.7
510 D 59821 0.92
511 D £622.8 0.54
512 D 532.1 3.0
513 D 5181 3.2
514 D 529.0 7.7
515 D 634.2 2.7
518 D 636.2 0.39
517 D 532.2 0.88
518 C 4954 1.4
519 D 535.4 12.0
520 D 580.1 0.27
521 D 5611 150
522 D 606.1 <{0.25
523 D 519.2 <0.25
524 D 538.3 2.3
525 D 538.2 1.3
526 D 6506.2 1.5
527 G 536.1 <D.25
528 G 579.2 0.44
529 G 579.2 (.59
530 G 564.1 <(.25
531 D 5221 0.27
532 A 511.2 1.7
533 [n} 538.2 1.6
534 A 579.2 0.95
535 D 619.2 0.73
538 D 618.2 (.96
537 D 564.2 (.44
538 D 565.2 7
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539 A 536.2 33.3
540 G 564.5 1.0
541 G 5651 0.55
542 G 565.2 0.29
543 G 565.2 51
544 A 5291 1.9
545 A 525.1 1.1
546 A 535.4 <{.25
547 A 535.4 <0.25
548 A 619.2 0.79
549 G 592.5 1.5
550 G 549.4 <D.25
551 A 579.1 0.47
552 A 5791 0.45
5583 G 5775 0.50
554 G 507.4 <0.25
585 3 5433 1.0
556 G 543 4 1.8
557 D 561.3 <{.25
558 G 563.3 <0.25
555 G 550.3 <0.25
560 G 577.4 1.15
561 G 563.3 =100
562 A 539.3 <0.25
583 A 812.4 <0.25
564 D 8241 0.38
568 A 624.2 1.1
566 A 565.4 2.0
567 A 5531 4.3
568 557.8 45
569 A 547.3 55
570 G 549.3 <0.25
571 A 551.3 <0.25
572 G 551.3 <{.25
573 H 551.2 1.0
574 A 566.4 1.1
5758 A 589.3 (.32
576 543.0 29
577 A 554.9 <0.25
578 557 4 25
579 A 594.0 0.33
580 A 551.3 0.34
581 A 595.4 (.99
582 A 531.4 1.3
583 A 591.3 <D.25
584 A 581.4 0.51
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585 A 537.3 0.47
586 A 553.4 1.2
587 A 565.4 0.69
588 A 553.3 0.75
589 G 548.0 0.70
580 A 519.0 <0.25
591 A 555.0 <{.25
592 A 588.4 0.48
593 A 535.3 9.9
594 A 549.0 3.0
595 A 549.0 2.9
596 G 583.0 0.45
597 A 537.0 3.6
598 G 532.0 15
599 G 546.0 21
500 G 535.0 (.60
501 G 532.0 2.7
502 5153 11
803 556.3 40
804 529.3 30
805 A 5683.3 4.0
808 H 541.0 4.0
807 A 599.3 0.95
808 A 545.3 0.79
809 H 595.0 3.1
810 D 583.3 0.27
511 D 634.4 1.2
6512 D G20.1 0.85
813 D gi8.4 0.35
514 D 606.1 0.40
815 E 619.3 1.1
818 A 579.0 0.35
817 A 533.0 <0.25
618 H 539.3 0.81
818 H 500.3 4.9
820 H 514.3 3.2
5621 581.3 6.3
522 H 580.1 1.4
523 A 561.3 <0.25
524 A 555.2 1.1
825 H 500.4 0.42
828 A 620.4 3.5
827 A 618.3 (.30
528 G 509.4 <0.25
823 A 551.0 1.0
830 H 580.1 8.5
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831 H 580.1 .93
832 A 536.0 0.35
633 A 581.4 0.95
534 H 810.0 (.86
535 A 5343 0.25
536 A 8101 0.33
637 A 549.4 <{.25
538 A 552.9 <{.25
839 A 553.0 0.47
540 A 610.0 0.54
641 A 608.0 <{.25
842 A 526.4 0.72
843 A 808.0 0.30

Reversible CYP inhibition

A seven-point semi-log dilution of each test compound (up to 30 uM) or positive control inhibitors
for CYP2C9 (up to 1000 nM suiphenazole), CYPZDE {up to 500 nM quinidine) and CYF3A4 (up to 250
nM ketoconarole) were dissolved in DMSO and added fo the incubation plate using a Tecan 300
{normalized for 0.3% DMSO content). Final reaction conditions were: human liver microsomes (0.1
mg/mL}, potassium phosphate buffer 100 mM pH 7.4, 1mM magnesium chloride, 5 uM diclofenac, 5 uM
dextromethorphan and 2.5 uM midazolam. After a pre-incubation at 37 °C. The reaction was started with
the addition of NADPH solution at the final concentration of 1 mM and carried out at 37 °C for 5 minutes.
The reaction was stoppad by the addition of 1 volume of cold acetonitrile with internal standard (labstaloi}
o the incubation plate. The incubation plate was centrifuged at 3000 rpm for 10 minutes o precipitate
proteins, and the supernatant was analyzed by LC-MS/MS. Metaboiite area ratio (4-OH-diclofenac,
dexirorphan and 1-OH-midazolam) versus ISTD area ratio was used as the quantitative signal. Data were
analyzed using the plot log of concentration (x-axis) versus the percentage of inhibition {v axis) and the

ICs0, Hill Slope and R2 were determined. The results are summarized in Table 4.

PXR method

An expression vector harbering a full-length PXR nuciear receptor plus the appropriate
enhancers and promoters iinked to the iuciferase reporter gene were integrated into the tumor cells.
Tumor cells transfectad with the species-spacific nuciear receptor and the corresponding response
elements were seeded in a 96-well plate. Twenty-four hours after seeding, the cells were treated with six
distinct concentraticns (.03 — 10 pM) of the test compound. The cells were then returned to the incubator
for an additional 24 h. Afier this incubation period, the number of viable celis/iwell were determined using
Promega's Cell Titer Fluor cytotoxicily assay. At the end of the assay, Promega’s ONE-Glo was added to
assess the receptor activation by monitoring reporter gene activity, and by comparing the resuits to
vehicie-treated celis. Activation data were normalized to the number of viable cells/well. Resuits are
expressed as a percentage of the response given by Rifampicin, the positive control, ata 10 uM dose.

The results are summarized in Tabie 4.
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TD method

Test compound or positive contrel inhibitors (CYP2CY: Tienilic acid; CYP2D6: paroxeting;
CYP3A4: mifepristone) were dissoived in DMSO and a semi-log dilution {up to 50.0 uM) was prepared to
2 incubation piates and normalized for a final DMSO content of 0.5%. Human liver microsomes were
diluted at 1 mg/mL with 100 mM potassium phosphate buffer pH 7.4 (1 mM MgCle) and added to both
incubation plates. After pre-incubation at 37 °C, the reaction was started with the addition of NADPH
{(+NADPH condition) or with water (-NADPH condition). Plates were incubated for 30 min and 8 pl. were
transferred to a second incubation plate containing 72 pbk of 1 mM NADPH, 20 uM diclofenac (CYP2C8},
20 uM dextromethorphan (CYP2DE6) and 10 uM midazolam (CYP3A4) in 100 mM potassium phosphate
buffer pH 7.4 (1 mM MgCl). Plates were incubated for 10 min and the reaction was stopped by the

addition of cold acetonitrile containing internal standard (1:1 v/v). Incubaticon plates were centrifuged at

3000 rpm for 10 minutes to precipitate protein, and the supernatant was used for LC-MS/MS analysis.
Metabolite area ratio (4-OH-diclofenac, dextrorphan and 1-OH-midazolam) versus internal standard area
ratio was used as the quantitative signal. Data were analyzed using the plot log of concentration {x axis)
versus the percentage of inhibition (y axis) and 1Css, Hill Slope and R? were determined. The 1Cso shift
was then calculated by dividing the 1Cse -NADPH condition by the 1Cso obtained in the +NADPH condition.
The resuits are summarized in Table 4.

Liver Microsomal Stability Assay

Liver microsomes were thawed on ice prior 1o use. The incubation mixtures were prepared in 86-
well plates and containad test compound or control (1 uM}, liver microsomes (0.5 mg of microsomal
protein/mL), MgClz (5 mM), phosphate buffer (100 mM, pH 7.4}, 0.01% DMSO and 1% acetonitriie. A T=0
aliquot was withdrawn after 10 min pre-incubation at 37 °C on a shaker. Reacticns were initiated by the
addition of NADPH (final concentration of 1 mM) and the plate was kept on a shaker at 37 °C, further

samples were withdrawn at §, 15, 3¢, and 80 minuies. Af each timepoint, the reactions were immediately

terminated by adding of ice-cold acetonitrile containing internal standard to the withdrawn sampie. The
extracted sampies were centrifuged for 10 minutes at 3200 rpm {o pellet the precipitated microsomal
protein, and the supernatant was combined 1:1 with water and analyzed by LC-MS/MS. Using the T=0
peak area ratic as 100%, the percentage of parent compound remaining was calculated. For each
compound, the In percentage remaining versus incubation time was plotied and the slope of this linear

regression {-K} was converted to an in vitro Tz value and Clint using the equations below.

° ClLint (Ul/min/mg mic protein} = -Ke ™ V

° V = volume of incubation/amount of protein = {1000 ul/0.5 mg) = 2000 pl/mg
g Ke = elimination rate constant (slope of semi-natural log curve)

. Tie=in (2} Ke

The rasults are summarized in Table 5.
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Table 5
Time-
dependent PXR
Human Lo

CYP3A4 | Microsomal | O oA4 | activation

I A inhibition {% Max

Compound inhibition | Stability: . R
IC50 (M) CLint - shift activity /

(uL/minimg) after 30 Manx fold
T min with | induction)

NADPH
1.11 45.4 1x 2.0/1.3x
473

0.234 174 1x 17/ 3.9%

1.94 22.5 1x 3.0/1.5x

147 262 > 6.5x 46.0/8.8

0.45 234 3.6x 36.0/79

>30 <7.7 1x 50/1.8
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Combination therapy of Compound 113 and PARRP inhibitors in HCT116 BRCA2-/~ celis
HCT118-BRCA2-/- {750 celis/well) celis were seeded in a 96-well plate (Costar 3595) and
incubated overnight in a tissue culture incubater (5% CO2, 37 °C). The next day, Compound 113 and
PARP inhibitors {olaparib or niraparib) were added using a TECAN D300 instrument. Media was
replenished with fresh compounds every 3 or 4 days. Cellular growth was monitored using the incucyte®
Live-Cell Analysis System until DMSO-treated wells reached 90% confluency (10-12 days). Celluiar
confluency was determined using Incucyte® Cell-by-Ceall Analysis Software Module and dosae-response
curves calculated using GraphPad Prism software. FIG. 1A shows the percent viability of HCT116
BRCAZ2-/- cells as a function of Compound 113 concentration and olaparib conceniration. FIG. 1B shows
the percent viability of HCT116 BRCA2-/- cells as a function of Compound 113 concentration and
niraparib concentration. The results demonstrated that Compound 113 and a PARP inhibitor (olaparib or
nirapariv) when administered together was superior at reducing cancer cell viability compared to the

inhibitors administered alone.

Effect of Pol8-PARP inhibitor combination therapy on HCT116 BRCAZ2-/- tumor volume in mice

HCT116-BRCA2-/- { 107cells/mouse) cells were injected subcutaneously in SCID-Beige mice.
Mice were randomized at a mean tumor volume of 150 mm?. Compound 113 (30 mg/kg as an SDD
suspension in 0.5% methocel « 0.02% SL8) and PARP inhibitor olaparib (25 mg/kg) were dosed orally
{p.0.} QD throughout the study. Control mice were dosed QD with vehicle solution. Tumor volumes
measured (caliper) every 3-4 days. N=10, Welch's t test, *** p = 0.0008. The results demonstrated that
Compound 113 and Qlaparib when administered togather was superior at reducing wmor volume
compared to the inhibitors alone (FIG. 2).

Effect of Pol8-DNA-PK inhibitor combination therapy on MDAMBA36 BRCAT mutant breast tumor
celis

MDAMEB436 BRCAT mutant breast tumor cells were plated at 1500 cells/well in 96 well plates.
Compounds were added on day 1 and cells were grown in at 37 °C for 2 days. Cell growth was assessed
by the Incucyte assay. Cell viability wag normalized to untreated cells. The results demonstrated that the
combination of Compound 113 and AZD-7648 (DNA-PIK inhibitor) was superior at reducing MDAMB436
BRCA1 cell viability compared to AZD-7548 alone (FIG. 3).

Effect of Pols-DNA-PK inhibitor combination therapy on BLD1 BRCA2 null tumor cells

DLDY BRCAZ null tumor celis were plated at 1000 celis/well in 86 well plates. Compounds were
added on day 1 and cells were grown in at 37 °C for 8 days. Cell growth was assessed by the Incucyte
assay. Cell viability was normalized to untreated celis, The results demonstrated that the combination of
Compound 113 and AZD-7648 (DNA-PK inhibitor) was superior at reducing DLD1 BRCAZ null tumor cell
viability compared to AZD-7648 alone (FIG. 4).

Effect of Compound 113 and radiotherapy in DOTC24510 BRCA 2 mutant breast tumor celis
DOTC24510 BRCA 2 mutant breast tumor cells were plated in 96 weil plates al a density of 1000

celis per well and cultured in tissue culture medium at 37 °C. Onday 1, cells were treated with either

DMSO or 200 niM of Compound 113, Celis were irradiated with 0, 0.25, 0.5 or 1 Gy of radiation on days
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2,6, and 9. Cellviability was assessed by incucyle assay on day 13. The results show that the
combination of Compound 113 and radiotherapy (at 0.5 or 1 Gy} is superior at reducing DOTCR24510

BRCA 2 mutant breast tumor cell viability compared to Compound 113 alone (FiG. 5).

Effect of Compound 113 and Carboplatin in DLD1-BRCA2-/- tumors in mice

DLD1-BRCAZ-/- { 107cells/mouse) cells were injected subcutansously in SCID-Beige mice. Mice
were randomized at & mean tumor volume of 150 mm3. Compound 113 (45 myg/kg as an SDD suspension
in 0.5% methocel + 0.02% 8LS) was dosed orally {p.c.) QD throughout the study. Carboplatin (25 mg/kg)
was dosed i.p. OQW. Control mice were dosed QD and QW with corresponding vehicle solutions, Tumor
volumes were measured (caliper) every 2-3 days. The results demoenstrated that the "Compound 113 and
carbopiatin’ combination therapy was superior at reducing tumor volume in mice compared 1o the
monotherapy ireatments (FIG. 8A). FiG. 8B shows the statistical analysis between the “vehicle and
carboplatin” combination and the “"Compound 113 and carboplatin® combination at day 35 (N=10, Weich's
tiest, “ p = 0.0428).

Other Embodiments
Various modifications and variations of the described invention will be apparent to those skilied in
the art without departing from the scope and spirit of the invention. Although the invention has been
dascribed in connection with specific embodiments, it shouid be understood that the invention as claimed
should not be unduly limited to such specific embodiments. Indeed, various modifications of the
described modas for carrving out the invention that are obvious o those skilled in the art are intended to
be within the scope of the invention.

Other embodiments are in the claims.
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Claims
1. A compound selected of Table 2, or a pharmaceutically accepiable salt thereof.
2. A method of inhibiting Poi@ in a cell exprassing Pold, the method comprising contacting the cell

with a compound of Table 2, or a pharmaceutically acceptable sait thereof.

3. The method of claim 2, wherein the cell is in a subject.

4. A method of treating a subject in need thereof comprising administaring 1o the subject a

compound of Table 2, or a pharmaceutically acceptable salt thersof.

5. The method of any one of claims 2 to 4, wherein the method further comprises administering an

additicnal anticancer therapy.

8. The method of claim 5, wherein the additional anticancer therapy is a radiotherapy, a radioligand,
an ADRC, an immune checkpoint inhibitor, PARF inhibitor, DNA-PK inhibitor, an ATM inhibitor, an ATR
inhibitor, a weet inhibitor, a PKMYT1 inhibitor, or a2 CHK1 inhibitor.

7. The method of claim 5 or 6, wherein the additional anticancer therapy is a radiotherapy or a
radiofigand.
&. A method of inhibiting Polf in a cell expressing PolB, the method comprising contacting the celi

with a compound of Formula (1), or a pharmaceutically acceptable salt therecf, in combination with a

radictherapy or a radioligand.

3. The method of claim 8, wherein the cell is in 8 subject.
10. A method of treating a subject in need therecf, comprising administering to the subject a

compound of Formuia {1}, or a pharmaceutically acceptable salt thereof, in combination with a

radictherapy or a radioligand.

11. The method of any one of claims 8 to 10, wherein the compound is a compound of Table 1, or a

pharmaceuticaily acceptable salt thereot.

12. The method of any one of claims 6 to 11, wherein the radioligand is seiected from the group
consisting of zevalin, actimab-A, lomab-ACT, iomab-B, utetium-177-DOTAGA-PEG-IAC, tozaride,
SS0110, BAY-2701439, 77Lu-rhPSMA-10.1, CTT-1403, iopofosine, SAR-BBN, SAR-bisPSMA,
SARTATE, FAP-22586, CONV-01-a, 77Lu-PSMA-I&T, FPI-2059, FPI-1434, FPI-1966, |'77Lu} ludotadipep,
WITEH-PSMA-I&T, ITM-31, ITM-11, dJNJ-890856420, 1-131-1085, azedra, PSMA TTC / BAY-2315497, 77 Lu-
DOTA-EB-TATE, betalutin, AAAB17, AAABCS, lutathera, pluvicto, PPMX-T002, 186RNL, PNT2003, CAM-
H2, AlphaMedix, RYZ101, Sn-"""m-DTPA, TLX592, TLX66, TLX250, TLX591, TLX101, *-omburtamab,
GD2-SADA, Bl-omburtamab, and pharmaceutically acceptable salts thereof.



WO 2024/069592 PCT/IB2023/059814
185

13.

and is in need of a treatment for, a disease or condition having the symptom of cell hyperproliferation.

The method of any one of claims 3 to 7 or claims 8 {0 12, wherein the subject is suffering from,

14. The method of claim 13, wherein the disease or condition is a cancer.

15. The method of claim 14, wherein the cancer is a carcinoma, sarcoma, adenocarcinoma,

ieukemia, lymphoma, or melanoma.

16. The method of claim 15, wherein the cancer is a carcinoma seiecied from the group consisting of
meduliary thyroid carcinoma, familial meduilary thyroid carcinoma, acinar carcinoma, acinous carcinoma,
adenocystic carcinoma, adenoid cystic carcinoma, carcinoma adenomatosum, carcinoma of adrenal
ceriex, alveolar carcinoma, alveoiar cell carcinoma, basal cell carcinoma, carcinoma basocellulare,
basaloid carcinoma, bhasosguamous cell carcinoma, bronchicalveolar carcinoma, bronchiolar carcinoma,
bronchogenic carcinoma, cerebriform carcinoma, cholangioceliular carcinoma, chorionic carcinoma,
calicid carcinoma, comedo carcinoma, corpus carcinoma, cribriform carcinoma, carcinoma en cuirasse,
carcinoma cutaneum, cyiindrical carcinoma, cylindrical cell carcinoma, duct carcinoma, carcinoma durum,
embryonal carcinoma, encephaleid carcinoma, eplermoid carcinoma, carcinoma epitheliale adenoides,
exophytic carcinoma, carcinoma ex ulcere, carcinoma fibrosum, gelatiniforni carcinoma, gelatinous

carcinoma, giant cell carcinoma, carcinoma gigantocellulare, glandular carcinoma, granulosa cell

carcinoma, hair-matrix carcinoma, hematoid carcinoma, hepatoceliular carcinoma, Hurthie cell carcinoma,
hyaline carcinoma, hypernephroid carcinoma, infantile embryonal carcinoma, carcinoma in situ,
intraepidermai carcinoma, intraepithelial carcinoma, Krompecher's carcinoma, Kuichitzky-cell carcinoma,
large-cell carcinoma, lenticular carcinoma, carcinoms lenticulare, lipomatous carcinoma, lymphoepithetial
carcinoma, carcinoma medullare, medullary carcinema, melanctic carcinoma, carcinema molle, mucinous
carcinoma, carcinoma muciparum, carcinoma mucoceliulare, mucoepidermoid carcinoma, carcinoma
MUCOSUM, MUCoUs carcinoma, carcinoma myxomatodes, nasopharyngeal carcinoma, oat cell carcinoma,
carcinoma ossificans, osteoid carcinoma, papiitary carcinoma, periportal carcinoma, preinvasive
carcinoma, prickie cell carcinoma, puitacecus carcinoma, renal cell carcinoma of kidney, reserve cell
carcinoma, carcinoma sarcomatodes, schneiderian carcinoma, scirrhous carcinoma, carcinoma scroti,
signet-ring cell carcinoma, carcinoma simplex, smali-cell carcinoma, solanoid carcinoma, sphercidal cell
carcinoma, spindle cell carcinoma, carcinoma spongiosum, squamous carcinoma, squamous cell
carcinoma, string carcinoma, carcinoma telangiectaticum, carcinoma telangiectodes, transitional celi

carcinoma, carcinoma tuberosum, tuberous carcinoma, verrucous carcinoma, and carcinoma villosum.

17. The method of claim 15, wherein the cancer is a sarcoma selected from the group consisting of
chondrosarcoma, fibrosarcoma, lymphosarcoma, melancsarcoma, myxosarcoma, osteosarcoma,
Abernethy’s sarcoma, adipose sarcoma, liposarcoma, alveolar soft part sarcoma, ameloblastic sarcoma,

botryoid sarcoma, chioroma sarcoma, chorio carcinoma, embryonal sarcoma, Wilms' tumor sarcoma,

endometrial sarcoma, stromal sarcoma, Ewing's sarcoma, fascial sarcoma, fibroblastic sarcoma, giant
cell sarcoma, granuiocytic sarcoma, Hodgkin's sarcoma, idiopathic multipie pigmented hemorrhagic

sarcoma, immunoblastic sarcoma of B celis, lymphoma, immunoblastic sarcoma of T-cells, Jensen's
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sarcoma, Kaposi's sarcoma, Kupffer cell sarcoma, angiosarcoma, leukosarcoma, malignant
mesenchymoma sarcoma, parosteal sarcoma, reticuiocytic sarcoma, Rous sarcoma, serccystic sarcoma,

synovial sarcoma, and telangiectaltic sarcoma.

18. The method of claim 15, wherein the cancer is a leukemia selected from the group consisting of
nonlymphocytic leukemia, chronic iymphocytic leukemia, acute granulocytic leukemia, chronic
granulocytic leukemia, acule promyelocytic leukemia, adult T-ceil lzukemia, aleukemic leukemia, a
leukocythemic isukemia, basophyiic leukemia, blast cell leukemia, bovine leukemia, chronic myelocytic
leukamia, leukemia cutis, emoryonal leukemia, eosinophilic leukemia, Gross' leukemia, hairy-cell
ieukemia, hemoblastic leukemia, hemocytoblastic leukemia, histiocytic leukemia, stem cell leukemia,
acute monocyiic leukemia, leukopenic leukemia, lymphatic ieukemia, lymphoblastic leukemia,
iymphocytic leukemia, lymphogenous leukemia, lymphoid leukemia, lymphosarcoma cell leukemia, mast
cell leukemia, megakaryocytic leukemia, micromyeloblastic leukemia, monocytic leukemia, myeloblastic
leukemia, myelocytic leukemia, myeloid granulocytic leukemia, myelomonoceytic leukemia, Naegeli
leukemia, plasma cell leukemia, multiple myeloma, plasmacytic leukemia, promyelocytic leukemia, Rieder
cell leukemia, Schilling's leukamia, stem cell leukemia, subleukemic leukemia, and undifferentiatad call

leukemia.

19. The method of claim 15, wherein the cancer is a melanoma selectad from the group consisting of
acral-lentiginous melanoma, amelanctic melanoma, benign juvenile melanoma, Cloudmarn's melanoma,
391 melanoma, Harding-Passey melanoma, juvenile melanoma, lentigo maligna melanoma, malignant

melanoma, nodular melanoma, subungual melanoma, and superficial spreading melanoma.

20.

cancer, brain cancer, breast cancer, cervix cancer, colon cancer, head & neck cancer, liver cancer,

2 mathod of claim 15, wherein the cancer is prostate cancer, thyroid cancer, endocrine system

kidney cancer, lung cancer, non-small cell lung cancer, melanoma, mesothelioma, ovarian cancer,

sarcoma, stomach cancer, uterus cancer, medulioblastoma, colorectal cancer, or pancreatic cancer.

21. The method of claim 15, wherein the cancer is Hodgkin's disease, Non-Hodgkin's lymphoma,
muitiple myeloma, neuroblastoma, glioma, glioblastoma muliiforme, ovarian cancer, rhabdomyosarcoma,
primary thrombocytosis, primary macroglobulinemia, primary brain tumor, malignant pancreatic
insulanoma, malignant carcineid, winary bladder cancer, premalignant skin lesions, testicular cancer,
iymphoma, thyroid cancer, esophageal cancer, genitourinary iract cancer, malignant hypercalcemia,
endometrial cancer, adrenal cortical cancer, neoplasms of the endocrine or excerine pancreas, meduliary
thyroid cancer, medullary thyroid carcinoma, melanoma, colorectal cancer, pagillary thyroid cancer,

hepatoceliular carcinoma, or prostate cancer.

22. The method of any one of claims 3 to 7 or claims 9 to 12, wherein the supject is suffering from,

and is in need of a treatment for, a pre-malignant condition.



