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TETRASUBSTITUTED ALKENE COMPOUNDS AND THEIR USE FOR THE TREATMENT OF BREAST
CANCER

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of priority of Indian Patent Application No.
201741018583, filed on May 26, 2017, and Indian Patent Application No. 201641040196,
filed on November 24, 2016, Both of those applications are incorporated by reference as if
fully rewritten herein.

BACKGROUND

Breast cancer is the most commonly diagnosed malignancy among women today with nearly
200,000/1.7 million new cases diagnosed in the US/worldwide each yvear respectively. Since
about 70% of breast tumors are positive for the estrogen receptor alpha (ERu}— a key
oncogenic driver in this subset of tumors— several classes of therapies have been developed
to antagonize ERu function, including 1) selective estrogen recepior downregulators {SERDS)
of which fulvestrant is an example, 2) selective estrogen receptor modulators (SERMSs) of
which tamoxifen is an example and 3) aromatase inhibitors that reduce systemic levels of
estrogen. These therapies have been largely effective in the clinic reducing occurrence and
progression of ERa+ breast tumors. However there are on-target habilities associated with
these different classes of compounds. For example, tamoxifen has been shown to activate
signaling activity in the endometrium leading to an increase in risk of endometrnial cancers in
the clinic (Fisher er al., (1994} .J Natl Cancer Inst. Apr 6,86(7y.527-37, van Lecuwwen ef of .,
(1994) Lancet Feb 19;343(8895):448-52). Tn contrast, since fulvestrant 1s a pure antagonist, if
can fead to loss of bone density in post-menopausal women as ERa activity 1is critical for
bone bulding. In addition to on-target side effects, clinical resistance is also beginning o
emerge to these classes of ER« antagonisis highlighting the need to develop nexi-generation

compounds.

Several mechanismos of resistance have been identified using in visro and in vivo models of
resistance to various endocrine therapies. These mclude increased ERa /HER2 “crosstalk™
{Shou et al., (2004} J Nat! Cancer Inst. Jun 16;96(12):926-35), aberrant expression of ERq
coactivators/corepressors {Osborne et al., (2003} J Nai! Cancer Inst. Mar 5.95(53.353-61) or
loss of ERa altogether to allow ER-independent growth {(Osbome CK, Schiff R (2011} Annu
Rev Med 62: 233-473.
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In the hopes of identifying clinically relevant mechanisms of resistance, great effort has also
recently gone into deeply charactenzing the genetics of endocrine-therapy resistant
metastases isolated from patients. Several independent 1abs have recently published the
multitude of genetic lesions observed in the resistant vs the primary tumors (Li et af , {2013}
Cell Rep. Sep 26;4(6):1116-30; Robinson et al., (2013} Nar Gener. Dec;45(12):1446-51; Toy
et al ., (2013} Nat Gener. 2013 Dec;45(12):1439-45). Among these are the highly recurrent
mutations in the hgand-binding domain of SR/ {gene which encodes ERa protein) found to
e significantly enriched in about 20% of resistant tumors relative o endocrine therapy naive
tumors (Jeselsohn et al., (2014} Clin Cancer Res. Apr 1.20(73:1757-67; Toy et al., {2013} Nat
Genet. 2013 Dec;d5(12):1439-45; Robinson et al., (2013) Naf Gener. Dec;d45(12):1446-51;
Merenbakh-Lanun et al., (2013) Cancer Res. Dec 1;73(23):6856-64; Yu et al | (2014) Science
Jul 11;345(6193):216-20; Segal and Dowsett (2014), Clin Cancer Res Apr 1.20(71.1724-6),
suggesting the potential for these mulations to functionally drive climical resistance. In
contrast to the enrichment in £SR7 mutations observed in therapy-resistant tumors, mutations
in other cancer-related genes failed to show such a robust enrichment strongly implying the
importance of ERo mutations in promoting resistance (Jeselsohn et al., {2014} Ciin Cancer

Res. Apr 1;20(7y.1757-67).

ER- breast cancer patients on average are treated with seven independent therapies including
chemotherapies and various anti-esirogen therapies such as tamoxifen, fulvestrant and
aromatase inhibitors. Recent genomic profiling has revealed that the ERa pathway remains a
critical driver of tumor growth in the resistant setiing as activating mutations in ERa have
emerged. Thus, it 1s critical that more potent ER-directed therapies be developed that can
overcome resistance in the clinical setling. Hence, there 15 a need for novel compounds that

can potently suppress the growth of both wild-tvpe (WT) and ER g-mutant positive tumors,

Most inhibitory drug interactions with eytochrome (CYP) P450 enzymes are reversible, but
i some cases the inhibilory effect mcreases over time and is not promptly reversible. This
effect is due to ureversible covalent binding or quasi-irreversible noncovalent tight binding of
a chemically reactive intermediate to the enzyme that catalvzes its formation. This class of
mnhibitory drug interactions 1s called Time-Dependent Inhibition ("TDI™). When TDI is the
mode of inhibition, the inhibitory interaction will generally be greater over ime following

multiple dosing and be longer lasting after discontinuation of the inhibitor than in a situation

2
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when the inhibitory interaction is reversible. Therefore, TDI should be studied in standard in
vitro screeming protocols by pre-incubating the drug {a potential mhibitor) before the addition
of a substrate {Food and Drug Adnunistration (FDA) guidance; C
fda.gov/downloads/drugs/guidances/ucm292362 pdf (FDA guidance, In Vifro Metabolism-
and Transporter- Mediated Drug-Drug Inferaction Studies, Draft Guidance, October 24,
2017.3). Whether an investigational drug mhibits CYP enzymes is usually investigated in
vitro using human liver tissues such as huran liver microsomes to deternune the inhibition

mechanisms {2.g., reversible or TDI} and inhibition potency. /d.

Citing to Grimim et af., {"The conduct of in vitro studies io address time-dependent inhibition
of drug-metabolizing enzymes: a perspective of the Pharmaceutical Research and
Marufacturers of America,” Drug Metab Dispos. 37:1355-1370, 2009), the FDA recently
described how pharmaceutical companies should evaluate investigational drugs for TDI
potential. In particular, the FDA indicated that pharmaceutical companies “should routinely
study TDI 1n standard in vitro screening protocols by pre-incubating the investigational drug
{(e.g., for at least 30 min) before adding any substrate. Any sigmficant ime-dependent and
co-factor-dependent (e g.. NADPH for CYPs) loss of nitial product formation may indicate
TDIL In these circumstances, the sponsor should conduct definitive in vitro studies to obtain
T parameters (i.e., Kingee and K).7 See FDA guidance, In Vitro Metabolism- and
Transporter-Mediated Drug-Drug Interaction Studies Guidance for Industry, Draft Guidance,

October 24, 2017, pg. 24, lines 854-858.

Patients frequently use more than one medication at a time. Unanticipated, unrecognized, or
mismanaged drug-drug imteractions (BDIs) are an imporiant cause of morbidity and mortality
associated with prescription drug use and have occasionally caused the withdrawal of
approved drugs from the market. Determination of an investigational drug’s potential o
inhibit CYPS in both a reversible manner (i.e., reversible inhibition} and time-dependent
manner (1.e., TDT) will allow for betier characterization of potentially climeally relevant DD
Hence, there is a need to identify and develop investigational drugs that further mitigate or

remove the TDI potential.
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SUMMARY
Described herein are novel compounds useflu} {or trealing cancer. Embodiments may provide

a compound given by Formula ©:

Formula 1

wherein:

Ryis -H or -F;

Ryis ~CHCH;, —CHLCF;, or evclobutyl;
Ryis

1} selected from -H, ~CHj;, and -CH,CH,OH, or

it} forms a 5-7 membered heterocycloalkyl ring with R, and the N to

which R; is attached;

wherein Ry s -H when it does not form satd 5-7-membered heterocycloalky! ring with
R,
XisNor(;

nis 1-2; and

mmmmmm represents a single bond or a double bond;

or a pharmaceutically acceptable salt thereof.
In some embodiment, Ry is -H, -CH;s, or -F.

Embodiments of Formula I may have the following stereochemistry:
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Further embodiments may provide a compound given by Formula 1T

~ N
X N0 N NR3Rs

Formula l§

wherein:

Ryis-Hor -F;

Ryis -UH,CH;, —CH,CF5, or cyclobutyl;
R

1} is selected {rom -H, -CH;, and -CH,CH,OH, or

i) forms a 4-6 membered heterocycloalkyl ring with Rs and the N to
which Rs and Rs are attached, optionally with an additional heteroatom in the 4-6

membered ring;
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iit) forms a 5-7 membered heterocycloalkyl ring with Rs and the N to

which Rj is attached;

wherein Ry s -H when it does not form satd 5-7-membered heterocycloalky! ring with
R,

wherein Rs is -H. -CH;, and -CH,CH,OH when it does not form said 4-6 membered
heterocycloalkyl ring with Rj;

XisNorC: and

nis 1-2; or a pharmaceutically acceptable salt thereof.

Embodiments of Formula H may have the following stereochemisiry:

NR3R5

R4

In further embodiments of Formula I or Formulda II, R, i1s —F. In further embodiments, Ry
is -H.

In still further embodiments, Ry 15 —CH-CFs5. In vet still further embodiments, Ry

is -CH,CHs. In further embodiments of Formula §, zozT=z represents a single bond. In
further embodiments of Formula § or Formula Il nis 1. In still further embodiments, Ry is ~
CH;.

Other embodiments may provide one of the following compounds:

N N-dimethyi-4-[(2-|4-{(1£)-4 4 4-trifluoro-1-(3-fluore-1H-indazol-5-y1}- 1-phenvibut-1-en-
2-yljphenoxy jethyljaminofbutanamide; {7)}-N N-dimethyvi-4-{{2-{{5-(4 4 4-trifluoro-1-(3-
fhuoro-1 H-indazol-S-v)-2-phenyibut-1-en-1-vDpyridin-2-yDoxy yethyDamino Youtanamide;

(E)-N-methyi-4-(2-(5-((7)}-4 4 4-intluoro-1-(3-fluoro-1 H-indazol-3-y1)-2-phenyibut-1 -

6
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envhpyridin-2-vioxyethylaminotbut-Z-enamide; (#)-4-((2-(4-(1-(1 H-indazol-5-vi)-2-
phenylbut-1-en--vDphenoxyviethyamino)-N N-dimethyibutanamide;, (£)-N-methyl-4-((2-
((5-({F)4.4 d4-tnifluoro-1-(3-fluoro- 1 H-indazol-5-y 1)~ I -phenyibut-1-en-2-y Dpyridin-2-
vhoxylethyhaminoybut-2-enamide; {£3-N-methyl-5-((2-((5-((7)-4,4 4-trifluoro-1-(3-fluoro-
1H-indazol-5-yi)-2-phenyibut-1-en-1-yhpyvridin-2-viYoxy jethy Damino)pent-2-enamide; (#)-
N-(2-hydroxyethy-4-((2-{(5~({7)~4 4. 4-rifluoro-1-(3-fuore- L HH-indazol-5-y1)-2-phenvibut-
1-en-1-yDpyridin-2-vhoxy)ethyDamino)but-2-enamide; (Z)-N-methyl-3-((2-((5-(4.4 4-
trifluoro-1-(3-fluoro-1H4-indazol-5-y1}-2-phenyibut-1-en-1-yipyridin-2-
yhoxyethvDaminojpentanamide; (#)-N-methyi-4-{(2-({(5-((Z-4.4,4-{rifluoro-1-(1 H-indarol-
5-yD-2~-phenyibut-1-en~-yDpyridin-2-vhoxy JethyDanunobut-2-enarnide; (£)-N-methyl-4-
((2-{4-({ K4 4 4-trifluoro-1-(1 H-indazol-3-vI)-2-phenyibut-1-en-1-
vhphenoxyethvlyaminojbut-2-enamide; (£)-4-((2-(4-({(F)-2-cvelobutyl-1-(1 H-indazol-5-v1)-
2-phenylvinyhphenoxy jethy Danuno}-V-methvibut-2-enamide; {(2)-1-(2-((5~(4,4 4-trifluoro-
i-(3~fluoro- 1H-1indazol-5-y1}-2-phenylbut- 1 -en- 1 -vDpyridin-2-yDoxyyethyDpyrrolidin-2-one;
{(£)-1-(pyrrohidin-1-vi}-4-((2-(4-({(£)-4,4 4-trifluoro-1-(3-fluoro-1 H-indazol-3-vi}-2-
phenylbut-1-en-1-vl)phenoxy jethvlaminojbut-2-en-1-one; (£)-1-{pyrrolidin-1-yi}-4-((Z-(4~
{{(F)-4.4,4-tnfluoro-1-(1H-indazol-5-y1}-2-phenvibui- I -en-1-yDphenoxy yethyDaminoybut-2-
en-1-one; {(#)-1-(pyrrolidin-1-vD-4-{(2-({5-((Z}-4 4 4-ritfluoro-1-(3-fluoro-1H-indazol-5-v1}-
Z-phenylbw-1-en-1-vhpvridin-2-vhoxyethyamino)but-Z-en-1-one; {£3-1-(pyrrolidin-1-yi)-
4-{(2(3-({ D)4, 4 A-miBooro-1-(1 H-indazol-S-v-2-phenylbut-1-en-1 -y Dpyridin-2-
yhoxyethyDamino)but-Z-en~1-one; {(£)--morpholino-4-((2-(4-((F)-4,4, 4-trifluoro-1-{3-
fluoro-1H-indazol-5-vh)-2-phenylbut-1-en- 1-vljphenoxy jethy Jamino}but-2-en-1-one; (£)-1-
morpholing-4-((2-{{5-({7)-4.4 4-rifluoro-1-(3-fluoro-1 H-indazol-5-yH-2-pheny tbut-1-en-1-
yhpyrdin-2-yDoxy jethyDamino)but-2-en-t-one; {(F)-1-morpholino-4-((2-({(5-({7)}-4,4,4-
trifluoro-1-(1 H-indazol-5-y1)-2-phenvibui-l-en-1-yDpyvridin-2-yhoxy)ethy Damanoybut-2-en-
1-one; (E)-N-(2-methoxyethy-4-((2-((5-((Z-4 4 4-trifluoro-1-(3-fluoro-1 H-indazol-5-v1}-2-
phenyibut-1-en-1-vDpyndin-2-vhoxyethyDaminoybut-2-enamide; (£)-N-methyl-4-((2-(4-
({(¥)-4,4. 4-trifluoro-1-(3-fluoro-/ H-indazol-5-y1)-2-phenvibut-1-en-1-

yvlphenoxy Yethyljamino)but-2-enamude; (E)nN,N~di(7‘H3)methy1~4~((2n(4n((E)~4,4,4ntriﬁuor0-
1-(3-fluoro-1H-indazol-5-vi}-2-phenyibut-1-en-1-vl)phenoxyjethy Bamino but-2-enamide;
{(E-N N-di{ 25 simethyi-4-((2-(4-({ £3-4 4, d-trifluoro-1-(1 H-indazol-3-y1)-2-phenylbut-1-en-1-
vhphenoxy jethyDamino)but-2Z-enamide; (E)-N.N-di"Hsymethyl-4-((2-((5-((2)-4.4,4-
trifluoro-1-3-fluoro-1H-indazol-5-v1}-2-phenvibut-1-en- 1 -vhpyridin-2-
vhoxyethyhaminoybul-2-enamide; {(F)-N.N-di (CH yymethyi-4-((Z-((5-((7}-4,4 4-influoro-1-
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{1H-indazol-5-y1}-2-phenylbut-1-en-1-yDpyridin-2-yhoxyethyDamino jbut-2-enamide; (£}~
4-{(2-(4-((F}y-1-(3-Tluoro-1 H-indazol-5-v1}-2-phenylbut-1-en- -y Dphenoxyethy Damino}-N-
methylbut-2-enamide; (£)-4-((2-((5-((2)-1-(3~-fluoro-1 H-indazol-5-y1)-2-phenylbut-1-en-1-
yvhpyrdin-2-yDoxy)ethyDanino i-N-methyibut-2-enamide; (7)-4-((2-((5~-((Z}-1-(1H-indazol-
S-yi)-2-phenyibut-1-en-t-yhpyridin-2-yhoxy JethyDamino-N-methylbut-2-enanude; (#)-4-
{((2-{(4-({ - 1-(3-flooro- 1 H-mdarzol-5-y 13- 2-phenylbul--en~-1-yDiphenoxy JethyDamino)-1-
(pvrrolidin-1-yhbut-2-en-1-~-one; (F)-4-((2-((5-((2)-1-(3~-fluoro-1 H-indazol-5-v1}-2-
phenylbut-1-en-1-yhpyiidin-2-vijoxyjethyhamino}- I -(pyvrrolidin-1-ylibut-2-en-1-one; {(£}-4-
{(2-(4-((E)-2-cyvclobutyl-1-(3-fluoro-1 H-indazol-3-y13-2-phenylviny iphenoxy JethyDamino)-
N-methylbut-2-enamide; (E)-4-((2-((5-({Z)-2~-cyclobutyl-1-(3-fluoro-1 H-indazol-5-y1)-2-
phenvivinylipyridin-2-voxyjethy hamino)-N-methyibut-2-enamide; {#)-4-((2-({5-({7)-2-
cyclobutyl-1-(1H-indazol-5-v1}-2-phenvivinyDpyridin-2-yHoxy Jethyamino)}-N-methy lbut-2-
enamide; {(E»4-((2-(4~{{E}-2-cyclobutyl-1-(3-fluoro-1 H-indazol-S-y1)-2-
phenylvinyhphenoxy JethyDanuno)-1~{pyrrolidin- i -vlbut-2~en-1-one; (£)-4-((2-(4-((E)-2-
cyclobutyl-1-(1H4-indazol-5-y1}-2-phenvivinyphenoxy jethyljamino)- 1 -(pyrrolidin- 1 -y but-
2-en-1-one; {(#)-4-({2-{{5-{{2)-2-cvclobutyl-1-(3-fluoro-1 H-indarol-3-y1)-2~
phenylvinyhpyridin-2-yhoxy)ethy Damino - I-(pyrrolidin- T -vbbui-2-en-~1-one; (£)-4-{(2-((5-
({(Zy-2~cyclobutyi-1-(1H-indazol-5-y1)-2-phenylvinyDpyridin-2-yDoxy)ethylamino -1 -
(pyrrolidin-1-yHbut-2-en-1-one; (#£)}-N-methyl-4-((2-{4-{4,4 4-trifluoro-1-{1H-indazol-5-yi}-
2-phenylbut-1-en~--vDphenoxyethyDaminoYbutanamide; (F)}-N-methyl-4-((2-(4-(4,4,4-
trifluoro-1-~(3-fluoro-1H-indazol-5-y1}-2-phenvibut-1-en-1-

vlphenoxy Jethyiamino)butanamide; (Z2)-N-methy1-4-((2-((5-(4,4 4-trifluoro-1-(1 H-indazol-
5-y1)-2-phenyibut-1-en-1-yhipvridin-Z-yoxy Jethyaminobutanamide; (£)-1-{pyrrolidin-1-
y1-4-((2-(4-{4 4 4-trifluoro-1 ~(3-fluore~1 H-indazol-S-yv1)-2-phenyibut-1-en-1-

vhphenoxy JethyDanunobutan-1-~one; (E)-1-(pyrrolidin-1-v1}-4-{(2(4-(4 4 4~influoro-1-(1 H-
indazol-5-yh-2-phenylibut-1-en-1-vlphenoxy jethvyaminoYoutan-1-one; (Z)-1-(pyrrolidin-i-
yH-4-{(2-{(5-(4,4 4-triflaoro-1-(3-fluoro- 1 H-indazol-5-y13-2-pheny tbut-1-en- L-yvDpyridin-2-
yhoxyethyDamno)butan-1 -one; (E)-N-methy I-4-{(2-{{6~-methyl-3-({)-4,4 4-irifluoro-1-(3-
fluoro-1H-indazol-5-vh)-2-phenyibut-1-en-1-vhpyridin-2-vljoxy jethvhamino Yout-2 ~enamide;
{£-N-methyl-4-((2-((5-({ 2}-4.4.4-niflvoro-1-(3-fluoro-1 H-indazol-5-y1)-2-phenvibui-1-en-1-
yDpyrimidin-2-vhoxy JethyDaminoYbut-Z-enamide; (F)-4-({2-(4-((£3-2-(2-chloro-4-
fluorophenyl)-4.4, 4-trifluoro-1-(1H-indazol-5-yhbui-1-en-1-yhphenoxy yethy DHanuno)-V-
methyibut-2-enamide; (F}-4-((2-(4-({(¥£}-2-(2-chloro-4-fluorophenyi}-4 4 4-trifluoro-1-(3-

fluoro-1H-indazol-5-ylibut-1-en-1-vi}phenoxy)ethy Damino -N-methylbut-2-enamide; {#-4-
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{((2-{(4-((&)-2-(2-chloro-4-fiuorophenyi)-1-(3-fluoro-1 H-indazol-5-yYbut-1-en-1-

yhphenoxy JethyDamino}-N-methytbul-2-enamide; (E)-N-methy-4-(2-((5-({(Z}-1-3-methyl-
1 H-indazol-5-v1)-2-phenylibut-1 ~en-1-vhpyridin-2-vhoxyJethy DaminoYbut-2~enanude; {(E)-4-
((2-(4-({(E}-1-(1H-indazol-5-v1}-2-phenyibut-1-en- 1 -vliphenoxy jethy Damino)-N-methylbu-
Z-enamide; (E}-4-((2-{(4-(1-(1H-indazol-5-v1}-2-phenylbut-1-en-1-vDphenoxv)ethvDamino}-
N-methylbutanamide, (£)-1-{piperidin-1-y1-4-{((2-(4-{{£1-4,4 4-iriflaoro-1-(3-fluoro-1 H-
mndazol-5-yh-2-phenylbut- 1-en-~1-yDphenoxy)ethyDamino)but-2-en-1-one; (2)-3-(2-((2-((5-

{44 4-mifluoro-1-(3-fluoro-1 H-indazol-5-vi}-2-phenyibut-1-en- -y hpyidin-2-
yhoxyethvDaminojethyDpyrrolidin-2-one; (F)3-N-methyl-4-((2-((6-((Z£)-4.4 4-triftuoro-1-(3-
fluoro-1 H-indazol-5-v}-2-phenvibut-1-en-1-yDpyridazin-3-yhoxy yethyamanojbut-2-
enamide; (E)-1-(piperidin-1-y1}-4-((2-({5-({2)-4 4, 4-trifluoro-1-(3-fluore- / H-indazol-5-vi)-2-
phenyibut-1-en-1-vhpyndin-Z-vhoxyethyDamino Youi-2-en-1-one; (£)-4-{{2-({(5-((Z£)-4 4,4~
trifluoro~-1-(3-fluoro~-/ H-indazol-5-y1}-2-phenyvibut-t-en- L -vDpyridin-2-
yhoxyethyDanuino)but-2-enamide; (F)~-4-{({2~(4-((F}-4,4 4-trifluoro-1-(3-fluoro-1 H-indazol-
5-y1)-2-phenvibut-1-en-1-vhphenoxyethyvl jamino)but-2-enanmide; (K)-4-{(2-((5-((Z3}-2-(2-
chloro-4-fluorophenyb-4. 4. 4-trifluoro-1-(1 H-indazol-5-vhbut-1-en-1-y Dpyridin-2-
yhoxyethy Damino}-N-methyibui-2-enamide; (8)-4-{(C-((5-((Z3-2-(2~chloro-4-fluorophenyl}-
1-{1H-indazol-5-vhbut-1-en-1-yhpyridin-2-yDoxy Jethy jamino}-N-methy Ibut-2-enamide;
(£)-1-(azetidin-1-y1}-4-((Z-((5-((Z)-4.4.4~influoro-1-(3-fluoro-1 H-indazol-3-y1})-2-pheny tbut-
L-en~-1-yDpyridin-2-yhoxy ethyDaminoybut-2-en- t-one; (£3-N-methyl-4-((3-((5~-((Z}-4,4,4~
trifluoro-1-~(3-fluoro-1H-indazol-5-y13-2-phenvibut-1-en-1-vlpyridin-2-

vhoxy propyvhaming yhut-2-enamide; (£)-4-((2-((5-(1-{1 H-indazol-5-y1}-2-phenylbut-1-en-1-
yhpyridin-2-vijoxy jethyDamino)}-N-methylbwtanamide; {(#£)-4-((2-(4-{({£)-2-cyclopropyl-1-
(3-fluoro~-1 H-indazol-5-v1)-2-phenylvinylphenoxy)ethy Damino }-N-methylbut-2~enamide;
(EN-4-((2-(4~({E)-1-(3-fuoro-1H-mdazol-3-y1)-d-hvdroxy-2-phenyibut-1-en-1-

vDphenoxy Jethyyamino}-N-methylbut-2-enamide; (#3-4-({2-(4-{(#£}-1-(3-fluoro-1 H-indazol-
S-yD)-4-methoxy-2-phenyibui--en-1-yhphenoxy yethy hamino)-N-methyibui-2-enamide; (2)-
4-((2~(4-{{F)-d-chloro-i -(3-fluoro-1 H-indazol-5-y1)-2-phenvibut-1-en-1-

vphenoxy Yethyamino)-N-methylbut-2-enamide; (£)-4-((2-(4-((1)-1-(3-fluoro-1H-indazol -
5-y1)-2-phenyipent-1-en-1-vhphenoxyethyDamino}-N-methylbut-2-enamide; (#£)-4-((2-(4~
{{(F)-1-(3-fuoro- U -indazol-5-y1)-3-methyl-2-phenyibut-1 -en- 1 -viphenoxy yethyamino }-V-
methyibut-2-enamide; (F)}-N-methyl-4~(2-({6~({£)-4.4,4~tnifluoro-1-(3-fluoro-1 H-indazol-~3-
vhbut-1-en-1-yDpyridazin-3-yoxyYethyaminoybut-2-enamide; (£)-1-(2-(4-{4.4,4-trifluoro-
1-(3-fluoro- 1/ -indazol-5-y1}-2-phenvibut-1-en-1-ylphenoxyjethy Lpyrrolidin-2-one; (Z3-N-

9
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methyi-4-{{2-({5-(4,4, 4-trifluoro-1-(3-fluoro-1 H-1ndazol-5-y1}-2-phenylbut-1-en- I -vDpyridin-
2~y hoxyyethyDaminobutanamide; (#£3-4-(Q-{((3-({7)}-4,4 4-irifluoro-1-(3-Tuore- 1 H-indarol-
5-y1-2-phenylbut-1-en~-1-vDhpyvridin-2-yhHoxy JethyDanunoYbut-2-enoic acid; (£)-4-((2-(4-
({(F)-1-(1 H-indazol-5-v1I}-2-phenyibut-1-en-1 -viphenoxy)ethyDamino ybut-2-enoic acid; (£)-
N-methyl-4-((Z-((5-{({2)-4.,4.4-tnifluoro-1-(3-fluoro-1 H-indazol-5-y1)-2-phenyibui-1-en-1-
yhpyrazin-2-vhoxy yethyDamino)bui-2-enamide; (F)-N-methyl-4-({2-({(6-((7)-4,4,4-trifluoro-
i-(3-fluoro- 1H-1indazol~-5-y1}-2-phenyibut-1-en- | -vDpyvridin-3-voxy yethylanuno)but-2-
enamide; (Z)-N N-dimethyi-4-({2-(4-(4 4 4-trifluoro-1-(3-fluoro-1 H-indazol-5-y1)-2-
phenvibut-1-en-1-yhphenoxy jethvhamino}butanamide; (Z3-N-(2-hydroxyethyl)-N-methyi-4-
((2-{((5-(4 4 4-trifluore-1 -(3-fluoro-1 H-indazol-5~-y1)-2-phenvibut-1-en- I-v Dpynidin-2-
vhoxylethyDhaminoybutanamide; (£)-N-(2-hvdroxyethy-5-{(2-({5-({7}-4 4 4-rifluoro-1-(3-
fluoro-1H-mdazol-3-y13-2-phenylbui-1-en-1-vijpyridin-2-vhoxy yethyDamino Jpent-2-
enamide; (E)y-N-methyl-4-(2-({(5-((F}-4.4.4-rifuoro-1-(3-fuore- 1 H-indazol-5-y1)-2-~
phenylbut-1-en-I-vDpyndin-2-vhoxyjethvhamino)but-2-enamide; (#3-N-(2-hydroxyethyl)-
N-methvi-4-{(2-({5-((Z£}-4.4 4-1rifluoro-1-(3-fluoro-1 H-indazol-5-y1)-2-phenyibut-1-en-1-
yhpyridin-2-viyoxy jethy Damino)but-2Z-enamide; (£)-N-(Z-hvdroxyethyl}-N-methyl-5-{({2-((5-
{{(£3-4.4 4-tfluoro-1-3-luoro- 1 H-indazol-S-yD-2-phenyibui-1-en-1-yDpyridin-2-
vhoxylethyDamino)pent-2-enamide; (#£}-1-morpholino-4-((2-(4-((F)-4.4 4-trifluoro-1-{1H-
indazol-S-yh-2-phenyibut-1-en-1-yliphenoxy jethyDaminobut-2-en-1-one; (Z}-N N-
dimethyi-4-((2~(4-(4,4,4-trifluoro~-1-(1 H-indazol-5-y1}-2-phenylbut-1 -en-1-
yhiphenoxy)ethyDaminobutanamide; (£)-N-(2-hvdroxyethyi)-N-methvi-4-({(2-(4-(4,4 4~
trifluoro-1-(3-fluoro-1H-indazol-5-y1}3-2-phenvibui-1-en-1-

yhphenoxy JethyBaminojbutanamide, (£)-1-morpholino-4-({(2-{4-{4,4 4-triflucro-1-(3-flucro-
1 H-imdazol-5-v1)-2-phenyibut-1-en-1-vhphenoxy)ethyDamino)butan-1-one; (£)-1-
morpholino-4-((2-{{5-(4.4,4-trifluoro-1-(3-fluoro~-1 H-indazol-3-y13-2-phenvibut-i -en-1-

v Dpyridin-2-yhoxy)ethyDannino tbutan-1-one; {(£)-3-(2-((2-((5-((Z2)-4 4 4-trifluoro-1-(3-
tluoro~-1 H-imdazol-3-y1)-2-phenylbut-1-en- 1-vDypyridin-2-
yhoxyethyDamino)ethvlidene)pyrrolidin-2-one; (#)-N-methyl-4~({3-({5-((7)-4,4 4-trifluoro-
1-(3-fluoro-1H-indazol-5-y1}-2-phenyibut-1-en-1-vhpyridin-2-y1joxy ypropyiamino Yout-2-
enamide; and {(#)-N-(2-hydroxy ethyl}-5-((2-(4-{{¥)-4 4, 4-trifluoro-1-(3-Huorc-1 H-indarol-5-
y1-2-phenylbut-1-en-1-vliphenoxyethyDaminoypent-2-enamide; or a pharmaceutically

acceptable salt thereof

A further embodiment provides a compound having the following formula:

10
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or a pharmaceutically accepiable salt thereof,

A further embodiment provides a compound having the following formula:

or a pharmaceutically acceptable salt thereof,

A further embodiment provides a compound having the following formula:

or a pharmaceutically acceptable salt thereof,

A further embodiment provides a compound of the formula:

or a pharmaceutically acceptable salt thereof,
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A turther embodiment provides a compound of Formula IH:

wherein Ryi1s Hor F;

Ry is -CH,CH;, ~CHROFs, or cvelobutyl;
XisCorN;

and Y 1s one of the following:
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In a further embodiment ¥ in Formula HI may be one of the options for Y in the preceding

paragraph and additionally any of the following:
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A further embodiment may provide a method of treating breast cancer comprising
administering to a subject a compound according to anv one of the preceding paragraphs.
The breast cancer may be an ER-positive breast cancer. The subject may express a mutant
ER-g protein. An embodiment may provide use of a compound as in the paragraphs above
for treating breast cancer. Tn some embodiments the breast cancer is an ER-positive breast
cancer. In some embodiments smd subject expresses a mutant ER-u protein. n some
embodiments a compound or pharmaceutically acceptable salt as presented above is used in

the preparation of a medicament for treatment of breast cancer.

In embodiments, the compounds disclosed herein are useful for inhibiting the cell culture
growth of MCF7 ER-alpha (wildtype) and MCF7 ER-alpha (Y3378 mutant) cells. Other
compounds {e.g., tamoxifen, raloxifene and fulvestrant known to inhibit the cell culture
growth of MCF7 ER-alpha (wildtvpe) cells are currently used to treat breast cancer in human
patients. Hence, the compounds disclosed herein are useful for treating ER-alpha expressing
breast cancer in human patients, and are useful for treating Y3378 mutant ER-alpha

expressing breast cancer in human patients.

In embodiments, the compounds disclosed herein are useful for treating breast cancer. In
embodiments, the breast cancer is FR-g+. In embodiments, the breast cancer expresses an
ER-o mutation, which is L5360 (Robinson ef /. Naf Gener. 2013 Dec;45(12)), LS36R (Tov
et al. Nat Genet. 2013 Dec:45(123:1439-45), Y5378 (Toy ef al. Nai Genet. 2013
Dec;45(i2):1439-45; Robinson ef aof. Nat Genet. 2013 Dec:43(12); Jeselsohn er al. Clin

Cancer Res. 2014 Apr 1,20(7)y.1757-673, YS3TN (Toy ef al. Nat Gener. 2013

13
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Dec;45(12Y:1439-45; Jeselsohn ef af. Clin Cancer Res. 2014 Apr 1,2007y.1757-67), Y337C
{Toy et al. Nat Genet. 2013 Dec;45(12):1439-45; Jeselsohn er al. Clin Cancer Res. 2014 Apr
120(71757-67) and D338G (Toy ef af. Nat Genet. 2013 Deci45(12):1439-45; Robinson ef
al. Nar Genet. 2013 Dec:45(12); leselsohn ef a/. Clin Cancer Res. 2014 Apr 12007y 1757-67;
Merenbakh-Lamin ef al. Cancer Res. 2013 Dec 1,73(23):6856-64); and Yu et al., {2014}
Science Ful 11;345(6193}:216-20, all of which are incorporated by reference i their

entireties for their teachings of ER-o mutations.

BRIEF BDESCRIPTION OF THE DRAWINGS
F1G. 1 shows in vitro proliferation effects of wild-type and mutant ER-bearing MCF7 hines fo
clinical therapies 4-hvdroxytamoxifen (4-OHT), raloxifene and fulvestrant, where phenotypic
resistance observed in nmant-bearing lines relative to control lines to existing clinical
compounds, whereby MCF7 cells engineered to overespress various ERa™™ ' showed partial
resistance 1o various endocrine therapies.
FiG. 2 shows antitumor and body weight effects of oral Compound 3 as a hydrochloride salt
in ST941 PDX-Y537S xenograft bearing female Balb/c nude mice.
FIG. 3 shows antitumor and body weight effects of oral Compound 21 as a hydrochiornide salt
in ST941 PDX-Y 5378 xenograft bearing athyvmic nude female mice.
F1G. 4 shows the anti-tumor and body weight effects of Compound 21, prepared as an HCI
salt, in the MCF7 turoor model bearing ERa” ! xenografi.
FiG. 5 shows the anti-tumor and body weight effects of Compound 21, prepared as an HCl

salt, in a ST1799 PDX model bearing ERg™ VT xenograft.
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DETAILED DESCRIPTION
Described herein are novel compounds useflu} {or trealing cancer. Embodiments may provide

a compound given by Formula ©:

Formula 1

wherein:

Ryis -H or -F;

Ryis ~CHCH;, —CHLCF;, or evclobutyl;
Ryis

i} selected from -H, -CH;, and -CHCHOH, or

i1} forms a 4-7 membered ring with Ry and the N to which R; is attached,
wherein Ry 1s -H when 1t does not form said 5-7-membered ning with R;
XisNor(;

nis 1-2; and

mmmmmm represents a single bond or a double bond;

or a pharmaceutically acceptable salt thereof.

Embodiments of Formula I may have the following stereochemistry:
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Further embodiments may provide a compound given by Formula 1T

Formula 11

wherein:

Ryis -H or -F;

Ryis -UH,CH;, —CH,CF5, or cyclobutyl;
R

1) 1s selected from -H, ~-CH;, and ~-CH,CHO0H, or
i) forms a 4-6 membered ring with R and the N to which R; and R;s are
attached, optionally with an additional hetercatom in the 4-6
membered ring;
ity forms a 5-7 membered ring with Ry and the N to which Rs 15 attached,;
wherein Ry is -H when it does not form said 5-7-membered ring with R;;
wherein Rs is -H, -CH;, and -CH,CH,OH when it does not form said 4-6 membered
ring with Rj;
XisNor C; and

n is 1-2; or a pharmaceutically acceptable salt thereof.

Embodiments of Formula H may have the following stereochemisiry:

16
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NR3Rs

R4

In further embodiments of Formula I or Formuia I, Ry s -F. In further embodiments, Ry 1s —
H.

In still further embodiments, R, 1s ~CH,-CF;5. In yet still further embodiments, R,

is ~-CH,CH;. In further embodiments of Formula 1, zwz=== represents a single bond. In
further smbodiments of Formula t or Formula Il nis 1. In still further embodiments, Rais -
CHs.

Other embodiments may provide one of the following compounds:

N N-dimethyl-4-[(2-{4-[{1 F)-4 4, 4-irifluore-1-(3-fluore-1 H-indazol-5-v1}- L -phenyibut-1-en-
2-yliphenoxy jethvDamino|butananude; (2)-N M-dimethyi-4-((2-({(5-(4 4 4-trifluoro-1-(3~
fluoro-1H-indazol-5-y)-2-phenyibut-1-en-1-vhpyridin-2-vljoxy jethyhamino Youtanamide;
{£y-N-methyl-4-2-(5-((7}-4 .4, 4-influoro-1-(3-fluorc-1 H-indarol-5-y13-2-phenyibui-1 -
enyDpyndin-2-yloxy)ethylaminoibut-2-enamide; (#)-4-{(2-(4-(1-(1 H-indazol-5-y1)-2-~
phenylbut-1-en-1-yDiphenoxviethyDamino)-N N-dimethyibutanarmde; (£)-N-methyl-4-((2-
((5-({(£)-4.4,4-rifluoro-1-(3-fluoro-1H-indazol-5-vi}-1-phenyibut-1-en-2-yDhpy ridin-2-
yhoxyethyDaminoybut-2-enamide, {(£)-N-methyl-3-(Q2-((5-((7)-4.4.4-inflvoro-1-3-fluoro-
i H-ndazol-5-y1}-2-phenylbui-1-en-1-vhpyrdin-2-ylyoxyjethy Damino)pent-2-enanude; {(£)-
N-(2-hydroxyethy D-4-((2-((5-((Zy-4 4. 4-trifluoro-1-(3-fluoro-1 H-indazol-5-y1}-2-phenvibut-
1-en-1-yipyridin-2-vhoxy jethyljaminoybut-2-enamide; (Z)-N-methyl-3-({2-({5-{4,4 4~
trifluoro-1-(3-fluoro-1 H-indazol-5-y1)-2-phenyibut-1-en- 1 -yDpyridin-2-
vhoxylethyvDamino)pentanamide; (£)-N-methyi-4-(2-((5-((Z)-4.4, 4-trifluoro-1-(1 H-indazol-
S5-y1)-2-phenyibut-1-en-I-yDpyridin-2-yloxy JethyDamino}but-2-enamide; {(£)-N-methyi-4-
{((2-{(4-({ F3-4 4 A-triftuoro-1 -(1 H-indazol-5-y1)-2-phenybut-1-en-1-
yhiphenoxy)ethyDamino)but-2-enanmude; (2)-4-((2-(4-((F)-2-cyclobutyl-1-(1 H-indazol-5-y1}-

2-phenvivinyphenoxy Jethy Damino)-N-methvlbui-2-enamide; (Z3-1-(2-((5-(4,4 4-trifluoro-

17
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1-(3-fluoro-1H-indazol-5-v1}-2-phenyibut-1-en-1-vhpyridin-2-yloxy)ethypyrrolidin-2-one;
{(E)-1-(pyrrohidin-T-yD-4-((2-{4-({F)-4,4 4-trifluore-1-(3~-Ttuoro- 1 H-indarol-5-y1}-2-
phenvibut-1-en-1-yDphenoxyethyDamino)but-2-en-1-one; (I)-1-(pyrrolidin-i-v-4-{(2-(4-
((F)-4.4 4-rifluoro-1-{1 H-indazol-5-y1}-2-phenvibut-1-en-1-yphenoxy)ethy amino)but-2-
gn-1-one; {#£)-1-(pyrrolidin-1-vi}-4-{(2-({5-((Z}-4.4 4-trifluoro-1-(3-fluoro-1H-indazol-5-v1}-
2-phenylbui-1-en~-1-vDpyvrdin-2-vhoxy yethyhaminojbut-2-en-1-one; {(£)-1-(pyrrolidin-t-yi)-
4-((2-((5-({Z)~4 4. 4~mfluoro-1-(1 H-ndazol-5-v1-2-phenylbut-1-en-1-yDpyridin-2-
vhoxyyethyDamino}but-2-en-1-one; (K)-1-morpholino-4-({2-(4-({(£)-4,4 4-trifluoro-1-(3-
fluoro-1H-indazol-S-yH)-2-phenyibut-1-en-1-vl)phenoxy jethyhaminojbut-2-en-1-one; (£)-1-
morpholino-4-((2-{{53-((7)-4.4 4-trifluoro- 1 -(3~-fluoro-1 H-indazol-5-y1)-2-phenylbhut- 1-en-1-
yvhpyrdin-2-yhoxy)ethyDanino tbwt-2-en-1 -one; (¥)-1-morpholing-4-{{2-({5-((7}-4.4 4-
trifluoro-1-{1 H-indazol-5-v1}-2-phenylbut-1-en- 1-yDpyridin-2-yDoxy)ethyiJamino jbut-2-en-
I-one; (£)}-N-{Z-methoxyethy}-4-(2-((5((Z3-4.4,4-trifluoro-1-(3-fluore-1 H-ndazol-5-y13-2-
phenylbut-1-en-1-vDipyndin-2-vhoxyethyDamino)but-2-enamide; (£)-N-methvi-4-((2-(4-
{({#£)-4,4 4-trifluoro-1-(3-fHuoro-/ H-indarzol-5-v11-2-phenvibut-1-en-1-

yiphenoxy jethylamino}but-2-enamide; (E;)-]V;N“di(:2}{3)1’}16{}1}71“4"((2"(4"((:E)“4,4,4"U”iﬂu@i”0~
1-(3-fluoro-1H-indazol-5-v1}-2-phenvibut-1-en-1-vl)phenoxyjethy Damino ybut-2-enanude;
(E)-NN-di("H simethvi-4-{{2-(4-((£)-4.4 4-trifluoro-1-(1 H-indazol-5-vi)-2-phenyibut-1-en-1-
ylphenoxy)ethyDaminoibut-2-enamide; (5)-NN-di"H:)methyl-4-((2-((3-((Z)-4.4,4-
trifluoro~-1-(3-fluoro~-1 H-indazol-5-y1}-2-phenyibut-t-en- L -vDpyridin-2-
yhoxyethyDanuno)bui-2-enamide; (E)-N.N-di( 2H3)methyi—4-((2~( (S5~((24.4 4-influoro-1-
{1H-indazol-5-y1}-2-phenylbut-1-en-1-yDpyridin-2-yhoxyethyDamino jbut-2-enamide; (£}~
4-{{2-(4-((Fy-1-{3-Ttuoro-1H-indazol-5-y1}-2-phenylbut-1-en- -y phenoxyjethy Hamino-N-
methylbut-2-enamide; (£)-4-((2-((5-((7}-1-(3-fluoro-1 H-indazol-5-yb-2-phenytbut-1-en-1-
vhpyrdin-2-vhoxyyethyDamino)-N-methyibut-2-enamide; (£)-4-((2~((5~((Z)-1~(1 H-indazol-
S5-y1)-2-phenyibut-1-en-1-yhpyridin-2-yloxy JethyDamino}-N-methylbut-2-enamude; (/)-4-
((2-(4-({F)-1-(3-tluoro- L H-indazol-5-y1)-2-phenyibut- T -en-1 -y Diphenoxy yethyDamino)- 1 -
(pvrrolidin-1-yhbut-2-en-1-~-one; (F)-4-((2-((5-((2)-1-(3~-fluoro-1 H-indazol-5-y1)-2-
phenylbut-1-en-1-yhpyridin-2-vijoxyjethyhamino}- I -(pyvrrolidin-1-ylibut-2-en-1-one; {(£}-4-
{(2-(4-((E)-2-cyvclobutyl-1-(3-fluoro-1 H-indazol-3-y13-2-phenylviny iphenoxy JethyDamino)-
N-methytbut-2Z-enamide; (E)-4-((2-((5-~{({7)-2~-cyclobutyl-1-(3-fluoro-1 H-indazol-5-v13-2-
phenvivinyDpyridin-2-yDoxy)ethvDamino)-N-methyibut-2-enamide; (#)-4-((2-((5-((7)-2-
cyclobutyl-1-(1H-indazol-5-v1}-2-phenviviny Dpyridin-2-yHoxy yethyDamino)-N-methylbut-2-
enamide; {#)-4-((2-{4-{{F)-2-cyclobutvi-1-(3-fluoro-1 H-indazol-5-y1)-2-
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phenylivinyphenoxy JethyDanmino-1-(pyrrolidin-1-viYbut-2-en-1-one; (f)-4-{(2-(4-({E)-2-
cvclobutyl-1-(1 H-indazol-5-y1)-2-phenyiviny Dphenoxy jethy Damino}-1 -(pyrrolidin- L -y but-
2~en-1-one; (F)-4-((2~{{5-((£)-2-cyclobutvi-1-(3-fluoro-1 H-indazol-3-vi)-2-
phenylvinypyridin-2-vioxy yethy Damino)- 1 -(pyrrolidin- 1 -y but-2-en~1-one; {(#£3-4-{(2-{({5-
({(Zy-2-cyclobutyi-1-(1 H-indazol-5-v1)-2-phenvivinyDpyridin-2-vDoxy)ethyiJamino -1 -
{(pyrrolidin-1-yDbut-2-en-1-one; (F)}-N-methyl-4-((2-{4-{4,4,4-trifluoro-1-{1 H-indazol-5-v1}-
2-phenylbut-1-en-i~yDiphenoxy jethvhaminobutanamide; (¥)-N-methyl-4-((2~{4-{4,4,4-
trifluoro-1-(3-fluoro-1H-indazol-5-y1}3-2-phenvibui-1-en-1-
yhphenoxy Jethy Baminojbutanamide; (Z)-N-methy1-4-({Z-((5-(4.4,4-trifluoro-1-(1 H-indazol-
5-yD-2~-phenyibut-1-en~1-vhpvridin-2-voxy JethyDanunoYbutanamide; (#3-1-(pyrrolidin-1-
yv}-4-({(2-(4-(4 4 4-trifluoro-1-(3-fluore-1 H-indazol-5-v1}-2-phenylbut-1-en-1-
vhphenoxyjethviyaminojbutan-1-one; {(#)-1-(pyrrolidin-1-yi}-4-({2-{4-(4,4 4-trifluoro-1-{1 H-
ndazol-S-yh-2-phenyibut-1-en-1-yDphenoxyjethy Daminobutan-1-one; (Z)-1-(pyvrrolidin-1-
yh~4-((2-{(5-(4.4 4-tr1fluoro-1-(3-fluoro-1 H-indazol-3-vi)-2-phenyibut-1-en- I-vyDpyndin-2-
vhoxy yethy Daminobutan-1-one; (K3-NV-methyi-4-((2-({6-methyl-5-((73-4 4, 4-trifluoro-1-(3-
fhuoro-1H-indazol-S-yH-2-phenyibut-1-en-1-vhpyridin-2-y1oxy jethyDamino Yout-2-enanude;
{(£y-N-methyl-4-((2(5-({ 7)-4, 4 4-tntfluoro-1-(3-fluore-1 H-indarzol-5-y1)-2-phenylbui--en-1-
vhpyrinudin-2-yvloxy jethvhaminoybut-2-enamide; {(£3-4-({(2-(4-({£}-2-(2-chloro-4-
fluorophenyi}-4,4,4-trifluoro-1-(1 H-mdazol-3-yhbut-1-en-1-vphenoxy Jethyamino j-V-
methylbut-2-enamide; (£3-4-((2-(4-({£3-2-(2-chloro-4-Huorophenyly-4 4, 4-trifluoro-1-(3-
fluoro-1H-indazol-5-vhbut-1-en- 1-ylphenoxy Jethy Bamino -N-methylbut-2~enamude; (#£)-4-
{((2-{(4-((&)-2-(2-chloro-4-fiuorophenyi)-1-(3-fluoro-1 H-indazol-5-yYbut-1-en-1-

yhphenoxy Jethylamino}-N-methyibui-2-enamide; (£)-N-methy1-4-({2-{{5-({Z}-1-3-methvi-
1 H-imdazol-5-v1}-2-phenvibut-1-en- t-vhpyridin-2-y Hoxy)ethy Damino ybut-2-enamide; (E)-4-
((2-(4-((E)}-1-(1H-mdazol-5-v1}-2-phenyibut-1 -en- i -vliphenoxy ethy Damino-N-methyibut-
Z-enamide; (F}-4-((2-(4-(1-(1H-indazol-5-v1}-2-phenylbut-1-en-1-vi)phenoxy)athyDamino}-
N-methylbutanamide, (£)-1-{piperidin-1-y1-4-{((2-(4-{{£1-4,4 4-iriflaoro-1-(3-fluoro-1 H-
mndazol-5-yh-2-phenylbut- 1-en-~1-yDphenoxy)ethyDamino)but-2-en-1-one; (2)-3-(2-((2-((5-

{44 4-mifluoro-1-(3-fluoro-1 H-indazol-5-vi}-2-phenyibut-1-en- -y hpyidin-2-
yhoxyethvDaminojethyDpyrrolidin-2-one; (F)3-N-methyl-4-((2-((6-((Z£)-4.4 4-triftuoro-1-(3-
fhuoro-1 H-indazol-S-v)-2-phenvibut-1-en-1-yDpyridazin-3-yosy yethyDaminojbut-2-
enamide; (E)-1-(pipendin-1-v}-4~-((2-((5-((Z)-4.4 4-trifluoro-1-(3-fluore-/ H-indazol-5-vI)-2-
phenyibut-1-en-1-yhpyndin-2-vDoxy)ethvDamino Yout-2-en-1-one; (£)-4-((2-((5-((2)-4.4,4-
trifluoro-1-{3-fluoro-/ H-indazol-5-y1}-2-phenvibut-1-en- 1 -vDpyridin-2-
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vhoxy jethy Daminobut-2-enamide; (#3-4-({2-(4-{{#)-4.4 4-trifluoro-1-(3-fluoro-1 H-indazol-
5-y1-2-phenylbui-1-en-1-yDiphenoxyethyDamino)bui-2-gnamide, (£)-4-{(2-((8-((Z3-2-(2~
chloro-4-fluorophenyly~4.4.4-trifluoro-1-(1 H-indazol-S-vibut- 1-en~1-yDpyridin-2-
vhoxylethyhamino)-N-methvibut-2-enamide; {(#)-4-((2-((5-{({7)-2-(2-chloro-4-fluorophenyl)-
1-(1H-indazol-S-vhbut-I-en-1-vhpyridin-2-vDoxy jethyDamino}-N-methy tbut-2-enamide;
{(I)-1-(azetidin-1-yD}-4-((2A{(5((Z)-4.4,4~-influoro- 1 -(B3-fluoro- 1 H-indazol-3-y1)-2-phenytbut-
1-en-1-yDpvridin-2-vhoxy)ethyDaminoybut-2-en-1-one; (£)-N-methyl~4-({3-({5~((7)-4.4,4-
trifluoro-1-(3-fluoro-1H4-indazol-5-y1}-2-phenyibut-1-en-1-yipyridin-2-

yhoxypropybamino Yout-2-enamide; (£)-4-(2-((5-(1-{1H-indazol-5-v1}-2-phenylbui-1-en-1-
yvhpvridin-2-yDoxy yethy Damino }-N-methylbutananude; (£)-4-((2-(4~-{({£)-2-cyclopropyl-1-
(3-fluoro-1H-indazol-5-y1}-2-phenylvinyljphenoxy yethy Damino}-N-methyibut-2-enamide;
(Ey-4-((2-(4-((F)-1-(3-fluoro-1H-indazol-3-y}-4-hvdroxy-2-phenvibui-1-en-1-
yhphenoxyethyDamino-N-methylbut-2-enamide; (£)-4-((2-(4-{(£3-1-(3-Huoro-1 H-indazol-
S-y1}-4-methoxy-2-phenyibut-1-en-1-yhphenoxy jethy hanuno)-V-methyibut-2-enamide; (#)-
4-((2-(4-{(F)-4-chloro-1 -(3-fluoro-1 H-indazol-5-v1}-2-phenvibut-1-en-1-

yhphenoxy Jethyliamino}-N-methylbut-2-enamide; (£)-4-{({2-(4-((£}-1-3-fluoro-1 H-indazol-
5-y1)-2-phenyipent-1-en-1-yhphenoxyjethyDamino)}-N-methyibut-2-enamide; (£)-4-((2-(4~
({(£)-1-(3-tluoro-1H-indazol-5-y1}-3-methyi-2-phenylbut-1-en-1-viphenoxy jethvhamino}-V-
methyibut-2-enamide; {(7}-N-methyl-4-((2-({(6-((£)-4.4.4-triftuoro-1-(3-fluoro-1 H-indazol-5-
yhbut-1-en-1-yDpyridazin-3-yoxy Jethy Daminojbut-2-enamide; (£)-1-(2-(4-(4.4, 4-triflaoro-
i-(3~fluoro- 1H-1indazol-5-y1}-2-phenylbut-1-en- I -vDphenoxyjethyDpvrrolidin-2-one; (Z)-N-
methyi-4-{{2-({5-(4 4, 4-trifluoro-1-(3-fluoro-1 H-1ndazol-5-v1}-2-phenylbut-1-en- I -vDpyridin-
2-yhoxy)ethvDamino)butanamide; {(73-4-((2-({5-{{2)-4.4 4-influoro-1-(3-fluoro- 1 H-indazol-
5-y1)-2-phenyibut-t-en~1-yhpvridin-2-voxy Jethy Daminoybut-2-enoic acid; (F)-4-({2~(4-
({(F)y-1-(1 H-ndazol-5-v1)-2-phenvibut-1-en-1 -vDphenoxy JethyDaminobut-2-enoic acid; (£)-
N-methvi-d-((2-((5-({Z)-4,4 4-trifluoro-1-(3-fluoro-1 H-indazol-5-v1}-2-phenvibui-1-en-1-
yhpyrazin-2-vhoxy yethyDamino)bui-2-enamide;, (F)-N-methyl-4-({2-((6-((7)-4,4,4-trifluoro-
i-(3-fluoro- 1H-1ndazol~-5-y1}-2-phenyibut-1-en- | -vDpyvridin-3-yvhoxy yethylanunobut-2-
enamide; (Z)-N N-dimethyi-4-({2-(4-(4 4 4-trifluoro-1-(3-fluoro-1 H-indazol-5-y1)-2-
phenvibut-1-en-1-yhphenoxy jethvhamino}butanamide; (Z3-N-(2-hydroxyethyl)-V-methyi-4-
{((2-{(5-(4 4 4-triflyore- 1 -(3-fluoro-1 H-indazol-3-y13-2-phenytbut-1-en- 1-y Dpyndin-2-
vhoxylethyDamino)butanamide; (£)-N-(2-hvdroxyethy}-S-((2-({(5-((7)}-4.4 4~trilluoro-1-(3~
fluoro-1 H-indazol-5-y1}-2-phenylbut-1-en-1-vhpyridin-2-vhoxy)ethyDamino jpent-2-
enamide; (F)-N-methyi-4-({2-({5-((£)-4.4. 4-trifluoro-1-(3-fluoro-1 H-indazol-5-y1)-2-
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phenylbut-1-en-1-vhpyidin-2-vhoxyjethvyaminolbut-2-enamide; (#3-N-(2-hydroxyethyl}-
N-methy-4-{2-{((5-((Z}-4,4 4-trifluoro~-1-(3-fluoro-1 H-indazol-5-v1}-2-phenvibui-1-en-1-
yvhpyrdin-2-vhoxyyethyDamuno)but-2-enamide; (£)-N~(2-hydroxyethyl}-N-methyl-3-((2-((5-
({Zy4.4, 4-trifluoro-1-(3-fluoro-1H-indazol-5-y1}-2-phenylbut-1-en-1-ypyridin-2-
vhoxyethyhamino)peni-2-enamide; (£3-1-morpholino-4-{(2-(4-({(F)-4.4,4-trifluoro-1-(1 H-
ndazol-S-yh-2-phenyibut-1-en-1-yhphenoxyethy Daminobut-2-en-1-one; (£)-N N-
dimethyi-4-((2~(4~(4,4. 4-trifluoro-1-(1 H-ndazol-5-y1}-2-phenvibut- 1 ~en-1-

yviphenoxy Jethyamino)butanamide; (£)-N-(2-hydroxyethyD-N-methyi-4-({2-(4-(4 4 4~
trifivoro-1-(3-fluoro-1 H-indazol-5-y1)-2-phenvibui-1-en-1-

vhphenoxy ethyDanuno)butanamide; (#)-1-morpholino-4-((2-{4-(4,4 4-triflucro~1 -(3-flucro-
1H-indazol-5-yi)-2-phenvibut-1-en-1-yliphenoxyjethyDamino)butan-1-one; (£)-1-
morpholino-4-({(2-((5-(4.4, 4-trifluoro-1-(3-fluoro-1 H-indarol-5-y13-2-phenyibut-1 -en-1-
yhpyridin-2-yDoxyethy DaminoYbutan- 1-one; (#£3-3-2-((2-((5-{{Z)-4 4. 4-iriflluoro-1-(3-
fluoro-1H-imdazol-5-yh-2-phenylbut-1-en-1-vDpyridin-2-

vhoxy yethy Daminoethvlidene)pvrrolidin-Z-one; {(£)-V-methyl-4-((3-((5-({¥)-4,4 4-tnfluoro-
1-(3-fluoro-1H-indazol-5-vi}-2-phenyibut-1-en-1-vhpyridin-2-yDoxy propyyamino Yout-2-
enamide; and {(£}-N-(2-hydroxyethyl3-3-((2-(4-({F)-4,4, 4-trifluoro-1-(3-Huoro-1 H-indazol-5-
vH-2-phenyibut-1-en-1-vi)phenoxyjethyhamino}pent-2-enamide; or a pharmaceutically

acceptable salt thereof

A further embodiment provides a compound having the following formula:

or a pharmaceutically accepiable salt thereof,

A further embodiment provides a compound having the following formula:
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or a pharmaceutically acceptable salt thereof.

A further embodiment provides a compound having the following formula:

or a pharmaceutically acceptable salt thereof.

A further embodiment provides a compound of the formula:

N/
H

, or a pharmaceutically

acceptable salt thereof

A further embodiment provides a compound of Formula I

wherein R; 15 -H or -F;
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Ry is -CH,UH;, ~CHCF;, or cyclobutyl;
XisCorN;

and Y 1s one of the following:
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In a further embodiment Y in Fornula I may be one of the options for Y in the preceding
paragraph and additionally any of the following:

o G

A further embodiment may provide a method of treating breast cancer comprising

admunisiering {o a subject a compound or pharmaceutically acceptable sali according to any
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one of the preceding paragraphs. The breast cancer may be an ER-positive breast cancer.
The subject may express a mutant ER-~q protein. An embodiment may provide use of a
compound as in the paragraphs above {or treating breast cancer. In some embodiments the
breast cancer is an ER-positive breast cancer. In some embodiments said subject expresses a
mutant ER-a profein. In some embodiments a compound or pharmaceutically acceptable salt

as presented above 1s used in the preparation of a medicament for treatment of breast cancer.

Al publications and patent documents cited herein are incorporated herein by reference as if
each such publication or document was specifically and individually indicated to be
imcorporated herein by reference. Where the text of this disclosure and the text of one or more
documents incorporated by reference conflicts, this disclosure condrols. Citation of
publications and patent documents 1s not intended as an admission that any is pertinent prior
art, nor does it constitute any admission as to the contents or date of the same. The
embodiments described herein having now been described by way of written description,
those of skill in the art will recognize that the embodiments described herein may be
practiced in a variety of embodiments and that the description and examples provided herain

are for purposes of illustration and not himatation of the claims.

As used herein, "alkyl", "Cy, Ty, Cs, Cy, Cs or T alkyl” or "Ci-Cq alkyl” s intended to
mclude Cy, Cs, C;, Cy. Cs or Cg straight chain {(linear) saturated aliphatic hydrocarbon groups
and C;, C4, Cs or (g branched saturated aliphatic hvdrocarbon groups. For example, C-Cq
alkyi ig intended to include Cy, C,. C;, Cy, Cs and Gy alkyl groups. Examples of alkyl include
moieties having from one 1o six carbon atoms, such as, but not limited to, methyl, athyl, n-

propyl, t-propyl, n-butvl, s-buiyl, t-butyl, n-pentyl, s-penty! or n-hexyl

In certain embodiments, a straight chain or branched alky! has six or fewer carbon atoms
{e.g., C;-Cs for straight chain, Cs-Ce for branched chain), and in another embodiment, a

straight chain or branched alkyl has four or fewer carbon atoms.

As used herein, the term "cycloalkyl” refers to a saturated or unsaturated nonaromatic
hydrocarbon ring having 3 to 7 carbon atoms {e.g., C5-Cr). Examples of cycloatkyl include,
but are not limited to, cyclopropyl, cyclobutyl, cvclopentyl, cyclohexyl, cycloheptyl,

cvclopentenyl, cyclohexenyl, and cyclcheptenyl
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The term "heterocycloalkyl” refers to saturated or unsaturated nonaromatic 3-8 membered
monocyclic groups or 7-10 membered fused bicvclic groups {or, where indicaied, groups
having other specified numbers of members) having one or more heteroatoms (such as O, N,
or 8), unless speacified otherwise. Examples of heterocycloalkyi groups include, but are not
limited to, piperidinyl, piperazinyi, pyrrohidinyi, dioxanyl, tetrahydrofuranyl, isoindolinyi,
mdohnyl, imidazolidinyl, pyrazohdinyt, oxazolidinyl, isoxazolidiny], triazolidinyl, oxiranyl,
azetidinyl, oxetanyl, thietanyl, 1,2,3, 6-tetrahydropvridinyl, tetrahydropyranyl,

tetrahy drothiophene, dihvdropyranyl, pyranvl, morpholinvi, 1,4-diazepanvi, 1,4-oxazepanvi,
and the hike.

Additional examples of heterocycloalkyl groups include, but are not limited to, acridinyi,
azocinyl, benzimidazolyl, benzofuranyl, benzothiofuranyl, benzothiophenyl, benzoxazolyl,
benzoxazolinyl, benzthiazolvl, benztnazolyl, benztetrazolvl, benzisoxazolvl,
benzisothiazolvl, benzirnidazolinyl, carbazolyl, 4aH-carbazolyl, carbolinvl, chromanyl,
chromenyl, cinnolinyl, decahvdroquinolinyl, 2H 6H-1,5 2-dithiazinvl, dihvdrofurof2,3-
bitetrahydrofuran, furanyl, furazanyl, imidazolidinyl, imidazolinyl, inmdazolyl, 1H-indazolyl,
mdolenvl, indolinyl, indolizinyl, indolyl, 3H-indolvl, 1satinoyl, isobenzofuranvi,
isochromanyl, 1soindazolyl, isoindolinyl, isoindolyl, isoquinolinyl, isothiazolyl, isoxazolyl,
methylenedioxvphenyl, morpholinyl, naphthyridinyl, octahvdroisoguinolinyl, oxadiazolyi,
1.2, 3-oxadiazolyl, 1,2 4-oxadiazolyl, 1,2, 5-oxadiazolvl, 1,3,4-oxadiazolvl, 1,2,4-
oxadiazol5{(4H)-one, oxazohidinyl, oxazolyl, oxindolvl, pyrinudinyl, phenanthridinyl,
phenanthrolinvi, phenazinyl, phenothiaziny], phenoxathinyl, phenoxazinyl, phthalazinyl,
piperazinyl, piperidinvi, piperidonyl, 4-piperidonvi, piperonyl, pteridinyl, purinyl, pyranvi,
pyrazinvl, pyrazolidinyl, pyrazolinvl, pyrazolyl, pvridazinvl, pyridooxazole, pyridoimidazole,
pyridothiazole, pyndinyl, pyndyl, pyrimidinyl, pyrrolidinyl, pyrrolinyl, 2H-pyrrolyl, pyrrolyl,
quinazolinyl, quinolinyl, 4H-quinolizinyl, quinoxalinyl, quinuchidinyl, tetrahydrofuranyl,
tetrahy droisoguinolinyl, tetrahydroquinolinyl, tetrazolvl, 6H-1,2 S-thwadiazinyd, 1,2,3~
thiadiazolyl, 1,2 4-thiadiazolyl, 1,2, 5-thiadiazolyl, 1,3 4-thiadiazolyl, thianthrenyl, thiazolyl,
thienvl, thienothiazolyl, thienooxazolyl, thienoimidazolyl, thiophenvi, trigzinyl, 1,2,3-

trazolyl, 1.2.4-triazolyl, 1,2, 5-razolvi, 1,3, 4-triazolvl and xanthenyl.

The term "optionally substituted alkyl" refers to unsubstituted alkyl or alkyl having
designated substituents replacing one or more hydrogen atoms on one or more carbons of the

hvdrocarbon backbone. Such substituents may include, for example, alkvl, alkenyl, atkynvi,
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halogen, hydroxyl, alkylcarbonyloxy, arvicarbonyloxy, alkoxycarbonyioxy,
arvioxycarbonyloxy, carboxvlate, alkylcarbonyl, arvicarbonyl, alkoxyvcarbonvi,
aminocarbonyl, alkylaminocarbonyl, dialkylanunocarbonyl, alkyithiocarbonyl, alkoxyl,
phosphate, phosphonato, phosphinato, amino {including alkylamino, dialkylamino,
arylamine, diarylamino and alkyvlarylamine}, acylamine (including alkylcarbonylaminoe,
aryvicarbonyviamine, carbarmoy! and ureido), amidino, imino, sulfhvdryl, alkylthio, arvithio,
thiocarbosvlate, sulfates, alkylsulfinvl, sulfonato, sulfamovl, sulfonanudo, nitro,
trifluoromethyl, cyano, azido, heterocycelyl, altkylaryl, or an aromatic or heteroaromatic

motety.

An "arvlatkyl" or an "aralkyl" moiety 1s an alkyl substituted with an arvl (e g.,
phenyimethvl(benzyl)). An "alkylarvl" moiety s an aryl substituted with an alkyl {e.g.,

methyiphenvl).

"Alkenv!” includes unsaturated aliphatic groups analogous in length and possible substitution
to the alkyls described above, but that contain at least one double bond. For example, the
term "alkenyl" includes siraight chain alkenyl groups (e.g., sthenyl, propenyl, butenyl,
pentenvyl, hexenvl), and branched alkenyl groups. In certain embodiments, a straight chain or
branched alkenyl group has six or fewer carbon atoms in its backbone (e.g., C»-Cs for straight
chain, C;3-Cs for branched chain). The term "C,-Co" includes alkeny! groups containing two
to six carbon atoms. The term "Cs-Ce" includes alkenyl groups containing three to six carbon

atorms.

The term "optionally substituted alkeny]” refers to unsubstituted alkenyl or alkeny! having
designated substituents replacing one or more hydrogen atoms on one or more hvdrocarbon
backbone carbon atoms. Such substituents may include, for example, alkvi, alkenvl, alkynyl,
halogen, hydroxyl, alkvicarbonyloxy, arylcarbonyvloxy, alkoxycarbonyioxy,
arvioxycarbonyloxy, carboxylate, alkylcarbonyl, arvlcarbonvl, alkoxvcarbonyl,
aminocarbonyl, alkylaminocarbonyl, dialkylaminocarbonyl, alkylthiocarbonvl, alkoxyl,
phosphate, phosphonato, phosphinato, amino (including alkylamino, dialkylamino,
arviamino, diarylamino and alkylarylamino), acvlamimo (including alkylearbonylamino,
arvlcarbonvlamine, carbamovl and ureido), anudino, imino, sulthvdryl, alkyithio, arvithio,
thiocarboxylate, sulfates, alkvisulfinyl, sulfonato, sulfamovl, sulfonamido, nitro,

trifluoromethyl, cyano, heterocyclyl, alkyvlarvi, or an aromatic or hetercaromatic moiety.
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"Aloynyl” includes umsaturated aliphatic groups analogous i length and possible substitution
to the alkyls described above, but which contaim at least one triple bond. For example,
"alkyvoyl" includes straight chain alkynyl groups {e.g.. ethynyl, propynyl, butynyl, pentynyl,
hexynyl), and branched atkynyl groups. In certain embodiments, a straight chain or branched
alkynyl group has six or fewer carbon atoms in its backbone (e.g., C2-Cq for straight chain,
C4-Cs for branched chain). The term "C»-Cy" includes alkynyl groups containing two fo six
carbon atoms. The term "C5-Cy" includes alkyny! groups containing three to six carbon

atoms.

The term "optionally substitined alkynvl" refers to unsubstituted alkynyi or alkynvl having
designated substituents replacing one or more hvdrogen atoms on one or more hydrocarbon
backbone carbon atoms. Such substituents may include, for exaraple, alkvl, alkenyl, alkyoyl,
halogen, hydroxyl, alkylcarbonyloxy, arvicarbonyloxy, alkoxycarbonyloxy,
arvioxycarbonyloxy, carboxylate, alkylcarbonyl, aryicarbonyl, alkoxycarbonyl,
aminocarbonyl, alkviaminocarbonyl, dialkylaminocarbonyl, alkylthiocarbonyl, alkoxyl,
phosphate, phosphonato, phosphinato, anuno (including alkylamino, dialkylamino,
arvliamino, diarylamino and alkylarylamine}, acvlamino (including alkylcarbonylamino,
arylcarbonviamino, carbamoyl and ureido), amidino, imino, sulfhvdryl, alkvithio, arvithio,
thiocarboxylate, sulfates, alkylsulfinyl, sulfonato, sutfamoyl, sulfonamido, nitro,
trifluoromethyl, cyano, azido, heterocyclyl, alkylarvl, or an aromatic or heteroaromatic

moiety.

Other optionally substituted moiteties (such as optionally substituted cycloalky],
heterocycloalkyl, aryl, or heteroaryl) include both the unsubstituted moieties and the moieties
having one or more of the designated substituents. For example. substituted heterocycloalkyl
includes those substituted with one or more alkyl groups, such as 2,2.6,6-tetramethyl-

piperidiny] and 2,2.6,6-tetramethyl-1,2,3.6-tetrahvdropyridiny L
"Arvl" includes groups with aromaticity, including “conjugated,” or multicvclic systems with
o 5 A o et £ . y
at feast one gromatic ring and do not contain any heteroatom in the ring structure. Examples
g y £

imclude phenyl, benzyl, 1.2,3,4-tetrahydronaphthalenyl, etc.

"Heteroarvl" groups are arvi groups, as defined above, except having from one to four
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eteroatoms in the ring structure, and may also be referred to as "aryi heterocycles” or
"heteroaromatics.” As used herein, the term "heteroaryl” is intended {0 include a stable 5-, 6-,
or 7-membered monocychic or 7-, 8-, 9-, 10-, 11- or 1Z-membered bicyclic aromatic
heterocyclic ning which consists of carbon atoms and one or more heteroatoms, e.g.. | or 1-2
or 1-3 or 1-4 or 1-5 or 1-6 heteroatoms, ore.g., 1, 2, 3, 4, 5, or 6 heteroatoms, independently
selected from the group consisting of nitrogen, oxyvgen and sulfur. The nitrogen atom may be
substiiuted or unsubstituted (1.e., N or NR* wherem R is H or other substituents, as defined).
The nitrogen and sulfur heteroatoms may optionally be oxidized (1.e., N—O and S(O},,
where p= 1 or 2). It is to be noted that total number of § and O atoms in the aromatic

heterocycle is not more than 1.

Examples of heteroaryi groups include pyrrole, furan, thiophene, thiazole, isothiazole,
imidazole, triazole, tetrazole, pyrazole, oxazole, isoxazole, pyridine, pyrazine, pyridazine,

pyrimidine, and the like.

Furthermore, the terms "arvl" and "hetercarvl" include multicyclic arvi and hetercaryl groups,
&.g., bicyclic. Non-limiting example of such aryi groups inchude, e.g., naphthalene,
benzoxazole, benzodioxazole, benzothiazole, benroimidazole, benzothiophene,
methylenedioxyphenyl, quinoline, 1soquinoline, naphthrvdine, indole, benzofuran, purine,

benzofuran, deazapurine, indolizine,

In the case of multicyclic aromatic rings, only one of the nings needs to be aromatic (e g, 2,3~

dihydroindole}, although all of the rings may be aromatic {e.g., quinoline).

The cycloalkyl, beterocycloalkvl, arvl, or heteroarvl ring may be substituted at one or more
ring posttions {e.g., the ring-forming carbon or heteroator such as N) with such substituents
as described above, for example, alkvl, alkenyl, alkvnyl, halogen, hydroxyl. atkoxy,
alkvlcarbonyloxy, arvicarbonvioxy, alkoxvearbonylioxy, arvloxycarbonyloxy, carboxylate,
atkvlcarbonyl, alkylaminocarbonyl, aralkylaminocarbonyl, alkenvlaminocarbonyl,
alkvlcarbonyl, arvlcarbonyl, aralkvicarbonyl, alkenylcarbonyl, alkoxycarbonyl,
aminocarbonyl, alkylthiocarbonyvi, phosphate, phosphonato, phosphinato, amino (including
alkviamano, dialkyvlamino, arvlamino, diarvlamanoe and alkvlarylamino), acvlamino (including

alkylcarbonvlamino, arvlcarbonvlarine, carbamoyl and ureido), amidino, tmino, sulfhvdrvl,
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alkyithio, aryithio, thiocarboxylate, sulfates, alkyisulfinyl, sulfonato, sulfamovl, suifonamido,
nitro, influoromethyl, cvano, azido, heterocyclyl, alkylaryl, or an aromatic or heteroaromatic
motety. Aryl and heteroary] groups may also be fused with alicyclic or heterocyclic rings,
which are not aromatic so as to form a multicychic system (e.g , tetralin,

methylenedioxyphenyl).
When a bond to a substituent is shown to cross a bond connecting two atoms in a ring {as

shown by the examples below with substituent R), then such substituent may be bonded 1o

any atom in the ring.

N @R @
P

When anv variable {e.g, R1) occurs more than one time in any constituent or foromila for a

compound, its definition at each occuirence is independent of its definition at every other
occurrence. Thus, for example, 1f a group 13 shown {o be substituted with 0-2 R moieties,
then the group may optionally be substituted with up to two R moieties and Ry at each

occurrence is selected independently from the definition of Ry

The term "hvdroxy” or "hydroxvl" includes groups with an ~-OH or 0"

As used herein, "halo” or "halogen” refers to fluoro, chloro, bromo and iodo. The term
"perhalogenated” generally refers to a moiety wherein all hydrogen atoms are replaced by
halogen atoms. The term "haloalkyl" or "haloalkoxyl" refers to an alkyl or alkoxyl substituted

with one or more halogen atoms.

"Abkoxyatkyl" "altkylamimoalkyl” and "thioalkoxyalkyl” include alkyl groups, as described
above, wherein oxygen, nitrogen, or sulfur atoms replace one or more hydrocarbon backbone

carbon atoms.
The term "alkoxy" or "alkoxy!" includes substituted and unsubstituted alkvi, alkenvl and

alkynyl groups covalently linked fo an oxvgen atom. Examples of alkoxy groups or alkoxyl

radicals include, but are not limited to, methoxy, ethoxy, isopropyloxy, propoxy, butoxy and

29



WO 2018/098305 PCT/US2017/063047

pentoxy groups. Fxamples of substituted alkoxy groups include halogenated alkoxy groups.
The alkoxy groups may be substituted with groups such as alkenyl, alkynyl, halogen,
hydroxvl, alkylcarbonyloxy, arylcarbonyloxy, alkoxycarbonyloxy, arvioxycarbonyloxy,
carboxylate, alkvicarbonvi, arvicarbonyi, alkoxycarbonyl, aminocarbonyl,
alkviaminocarbonyl, dialkylaminocarbonyvi, alkyithiocarbonyl, alkoxyl, phosphate,
phosphonato, phosphinato, amine (including alkylamino, diatkylamino, arylamino,
diarvlamino, and alkylarvlamino}, acylamime (including alkvicarbonviamine,
arvicarbonylamine, carbamov! and ureido), amidino, imino, sulthvdryl, alkvithio, arylthio,
thiocarboxylate, sulfates, atkvisulfinyl, sulfonato, sulfamoyl, suifonamido, mitro,
trifluoromethyl, cvano, azido, heterocyclyl, alkylaryl, or an aromatic or heteroaromatic
moieties. Fxamples of halogen substituted alkoxy groups include, but are not limited to,
fluoromethoxy, diftuoromethoxy, trifluoromethoxy, chioromethoxy, dichloromethoxy and

trichloromethoxy.

"Isomerism" means compounds that have identical molecular formulae but differ in the
sequence of bonding of their atoms or in the arrangement of their atoms in space. Isomers
that differ in the arrangement of their atoms in space are termed "stereoisomers.”
Sterecisomers that are not mirror images of one another are termed "diasteresisomers,” and
stereoisomers that are non-superimposable mirror images of each other are termed
"enantiomers” or sometimes optical isomers. A mixture containing equal amounts of
mndividual enantiomeric forms of opposite chirality is termed a "racemic rixture.”

A carbon atom bonded to four nonidentical substituents 1s termed a "chiral center.”

"Chiral 1somer” means a compound with at least one chiral center. Compounds with more
than one chiral center may exist either as an individual diastereomer or as a mixture of
diastereomers, termed "diastereomeric mixture." When one chiral center is present, a
stereotsomer may be characterized by the absolute configuration (R or 8) of that chiral center.
Absolute configuration refers to the arrangement o space of the substituents attached to the
chiral center. The substituents attached to the chiral center under consideration are ranked in
accordance with the Sequence Rule of Cahn, Ingold and Prelog. (Calm et al., Angew. Chem.
Inter. Edit. 1966, 5, 385; errata 511; Cahn et al., Angew. Chem. 1966, 78, 413, Cahn and
Ingold, J. Chem. Soc. 1931 (London), 612; Calm et al., Experientia 1936, 12, 81; Cahn, J.
Chem. Educ. 1964, 41, 116}
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In the present specification, each incidence of a chiral center within a structural formula, such
as the non-limiting example shown here:

R Ry

ts meant to depict all possible sterecisomers. In contrast, a chiral center drawn with hatches
and wedges, such as the non-limiting example shown here:
Ry R
&
Ry Ry
is meant to depict the stereoisomer as indicated (here in this sp’ hybridized carbon chiral
center. Rz and Ry are in the plane of the paper, Ry is above the plane of paper, and R, is

behind the plane of paper).

"Geometric isomer” means the diastereomers that owe their existence to hindered rotation
about double bonds or a cvcloalkyl inker (e.g., 1,3-cyclobutyl). These configurations are
differentiated in their names by the prefixes cis and trans, or Z and E, which indicate that the
groups are on the same or opposite side of the double bond in the molecule according to the

Cahn-Ingold-Prelog rules.

In the present specification, each incidence within a structural formula including a wavy line
adjacent to a double bond as shown:

Ry R

RS 2,

is meant o depict both geometric isomers. In contrast, such structures drawn without a wavy

line 1s meant to depict a compound having the geometnic configuration as drawn.

"Tautomer” is one of two or more structural isomers that exist in equilibrium and 15 readily
converted from one isomeric form to another. This conversion results in the formal migration
of a hydrogen atom accompanied by a switch of adjacent conjugated double bonds.
Tautomers exist as a nuxture of a tautomeric set in solution. In solutions where

tautomerization is possibie, a chemical equilibrium of the tautomers will be reached. The
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exact ratio of the tautomers depends on several factors, including temperature, solvent and
pH. The concept of tautomers that are interconvertable by tautomerizations is called

tautornernsm.

Where the present specification depicts a compound prone to tautomerization, but only
depicts one of the tantomers, 1t 1s understood that all tautomers are included as part of the
meaning of the chemical depicted. it is to be understood that the compounds disclosed herein
may be depicted as different tautomers. It should also be understood that when compounds
have tautomeric forms, all tautomeric forms are intended fo be included, and the naming of

the compounds does not exclude any tautomer form.

Of the various types of tautomerism that are possible, two are commonly observed. In keto-

enol tautomerism a simultaneous shift of electrons and a hydrogen atom occurs. Ring-chain

tautomerism arises as a result of the aldehyde group (--CHO) 10 a sugar chain molecule
eacting with one of the hydroxy groups {(--OH) in the same molecule 1o give it a cyclic {ring-

shaped) form as exhibited by ghicose.

Common tautomeric pairs are: ketone-enol, amide-nitrile, lactam-lactim, amide-imidic acid

tautomerism in heterocyclic rings (e.g, in nucleobases such as guanine, thymine and

cylosing), imine-enamineg and enamine-enamine,

Furthermore, the structures and other compounds disclosed herein include all atropic isomers
thereof, it being understood that not all atropic isomers may have the same level of activity.
"Atropic isomers" are a type of sterecisomer in which the atoms of two isomers are arranged
differently in space. Atropic isormers owe their existence to a restricted rotation caused by
hindrance of rotation of large groups about a central bond. Such atropic isomers typically
exist as a mixture, however as a result of recent advances in chromatography techniques. it

has been possible to separate muxtures of two atropic isomers in select cases.

The term "crystal polymorphs”, "polvmorphs” or "crystal forms” means crystal structures in
which a compound (or a salt or solvate thereof) may crystallize in different crystal packing
arvangements, all of which have the same elemental composition. Different crystal forms
usually have different X-ray diffraction patterns, mnfrared spectral, melting points, density
hardness, crvstal shape, optical and electrical properties, stability and solubility.

Recrystaliization solvent, rate of crystallization, storage temperature, and other factors may
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cause one cryvstal form to dominate. Crystal polymorphs of the compounds may be prepared
by crysiallization under different conditions. It is understood that the compounds disclosed

herein mav exist in crystalline form, crvstal form miture, or anhydnde or hvdrate thereof
o o &l o i o o

The compounds disclosed herein include the compounds themselves, as well as their salts and
solvates, if applicable. A salt, for example, may be formed between an anion and a positively
charged group {e.g., amino) on an arvi- or heteroaryi-substituted benzene compound. Suitable
anions include chloride, bromide, iodide, sulfate, bisulfate, sulfamate, nitrate, phosphate,
ciirate, methanesuifonate, tnfluorcacetate, glutamate, glucuronate, ghutarate, malate, maleate,
succinate, fumarate, tarirate, tosvlate, salicviate, lactate, naphthalenssulfonate, and acetate
(e.g., rfluoroacetate}. The term "pharmaceutically acceptable anion” refers to an anion
suitable for forming a pharmaceutically acceptabie salt. Likewise, a salt may also be formed
between a cation and anegatively charged group (e.g., carboxylale} on an aryl- or hetercaryl-
substituted benzene compound. Suitable cations include sodium ion, potassium jon,
magnesium ion, calcium ion, and an ammonium cation such as tetramethylammonium ion.
The aryl- or hetercaryl-substituted benzene compounds also include those salts containing

guaternary nilrogen atoms.

Additionally, the compounds disclosed herein, for example, the salts of the compounds, may
exist in either hydrated or unhvdrated (the anhydrous) form or as solvates with other solvent
molecules. Nonlirmting exaroples of hydrates include monohyvdrates, dibvdrates, etc.

Norndimiting examples of solvates include ethanol solvates, acetone solvates, etc.

As used herein, "pharmaceuiically acceptable salis” refer to derivatives of the compounds
disclosed herein wherein the parent compound is modified by making acid or base salts
thereof. Examples of pharmaceutically acceptable salts include, but are not limited to,
mineral or organic acid salis of basic residues such as amines, alkali or organic salts of acidic
residues such as carboxylic acids, and the like. The pharmaceutically acceptable salts include
the conventional non-toxic salts or the quaternary ammonium salts of the parent compound
formed, for example, from non-toxic morganic or organic acids. For example, such
conventional non-toxic salts include, but are not imited to, those dertved from inorganic and
organic acids selected from 2-acetoxybenzoic, 2-hydroxyethane sulfonic, acetic, ascorbic,
benzene sulfonic, benzoic, bicarbonic, carbonic, citric, edetic, ethane disulfonic, 1.2-sthane

sulfonic, fumaric, glucoheptonic, gluconic, glutamic, glycolic, glycollyarsanilic,
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exylresorcinic, hydrabamic, hydrobromic, hydrochloric, hydroiodic, hydroxymaleic,
hydroxvnaphthotc, 1sethionic, lactic, lactobionic, lauryl sulfonic, maleie, malic, mandelic,
methane sutfonic, napsylic, mitric, oxalic, pamoic, pantothenic, phenvlacetic, phosphoric,
polygalacturonic, propionic, salicyclic, stearic, subacetic, succinic, suffamic, sulfanific,
sulfuric, tannic, tartaric, toluene sulfonic, and the commonly occwrring amine acids, e.g..

glycine, alanine, phenvlalanine, arginine, etc.

Other examples of pharmaceutically acceptable salts include hexanoic acid, cyclopentane
propionic acid, pyruvic acid, malonic acid, 3-(4-hydroxvbenzoylbenzoic acid, cinnamic acid,
4-chlorobenzenesulfonic acid, 2-naphthalenesulfonic acid, 4-toluenesulfonic acid,
camphorsulfonic acid, 4-methylbicvclo-{2.2 2]-oct-2-ene-1-carboxylic acid, 3-
phenylpropionic acid, trimethylacetic acid, tertiary butvlacetic acid, muconic acid, and the
like. The present disclosure also encompasses salis formed when an acidic proton present in
the parent compound either s replaced by a metal 1on, e.g., an alkah metal ion, an alkaline
earth ion, or an aluminum ion; or coordinates with an organic base such as ethanolaming,
digthanolamine, triethanolamine, tromethamine, N-methviglucamine, and the like. In the salt
form, 1t 1s understood that the ratio of the compound to the cation or anion of the salt roay be

1:1, or any ratio other than 1:1,eg., 3.1, 2:1, 1:2, or 13

It should be understood that all references to pharmaceutically acceptable salts include

solvent addition forms {solvates) or crystal forms (polvmorphs) as defined herein, of the same

salt.

"Solvate" means solvent addition forms that contain etther stoichiometric or non
stoichiometric arsounts of solvent. Some compounds have a tendency to trap a fixed molar
ratio of solvent molecules in the crystalline solid state, thus forming a solvate. If the solvent
is water the solvate formed 1s a hydrate; and if the solvent is alcohol, the solvate formed is an
alcoholate. Hydrates are formed by the combmnation of one or more molecules of water with
one molecule of the substance in which the water retains its molecular state as H,O.
Chemicals as named or depicted are intended to include all naturally occurring isotopes of
atoms occurring in the present compounds. {sotopes include those atoms having the same

atomic number bt different mass numbers. By way of general example and without
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limitation, isotopes of "H hydrogen include tritium and deuterium, and isotopes of 2 carbon

. 13 14
include "C and “°C.

It will be understood that some compounds, and isomers, salts, esters and solvates thereof, of
the compounds disclosed herein may exhibit greater in vivo or in vifro activity than others. It
will also be appreciated that some cancers may be treated more effectively than others, and
may be treated more effectively in certain species of subjects that others, using the
compounds, and isomers, salts, esters and solvates thereof, of the compounds disclosed

herein.

As used herein, “treating” means administering 10 a subject a pharmaceutical composition to
amelioraie, reduce or lessen the symptoms of a disease. As used herein, "treating” or "treat”
describes the management and care of a subject for the purpose of combating a disease,
condition, or disorder and includes the adnunistration of a compound disclosed herein, or a
pharmaceutically acceptable salt, polymorph or solvate thereof to alleviate the symptoms or
complications of a disease, condition or disorder, or to eliminaie the disease, condition or

disorder. The term "treal” may also include treatment of a cell in vitro or an animal model.

Treating cancer may result in a reduction in size of a fumor. A reduction in size of a tumor
may also be referred 10 as "tumor regression.” Preferably, affer treatment, tumor size is
reduced by 5% or greater relative 10 iis size prior 1o treatment; more preferably, tumor size is
educed by 109 or greater; more preferably, reduced by 20% or greater; more preferably,
rediuced by 309% or greafer. more preferably, reduced by 40% or greater; even more
preferably, reduced by 50% or grealer; and most preferably, reduced by greater than 75% or
greater. Size of a tumor may be measured by any reproducible means of measurement. The

size of a tumor may be measured as a diameter of the tumor.

Treating cancer roay result in a reduction in tumor volume. Preferably, after treatment, tumor
volume is reduced by 5% or greater relative to its size prior to treatment; more preferably,
tumor volume s reduced by 10% or greater: more preferably, reduced by 20% or greater;
more preferably | reduced by 30% or greater; more preferably, reduced by 40% or greater;
even more preferably, reduced by 50% or greater; and most preferably, reduced by greater
than 753% or greater. Tumor volume may be measured by anv reproducible means of

measurement.
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Treating cancer may result in a decrease in number of turmors. Preferably, afler treatment,
tumor number is reduced by 5% or greater relative to number prior {o freatment; more
preferably. tumor number is reduced by 10% or greater; more preferably, reduced by 20% or
greater; more preferably, reduced by 30% or greater; more preferably, reduced by 40% or
greater; even more preferably, reduced by 50% or greater; and most preferably, reduced by
greater than 75%. Number of tumors may be measured by any reproducible means of
measurement. The number of tumors may be measured by counting tumors visible to the
naked eve or at a specified magnification. Preferably, the specified magnification is 2x, 3x,

4x, 5x, 10x, or S0x.

Treating cancer may result in a decrease in number of metastatic lesions in other tissues or
organs distant from the primary tumor site. Preferably, afler treatment, the number of
metastatic lesions 1s reduced by 3% or greater relative to number prior to treatment; more
preferably, the number of metastatic lesions 1s reduced by 10% or greater; more preferably,
reduced by 209% or greater; more preferably, reduced by 30% or greater; more preferably,
reduced by 40% or greater; even more preferably, reduced by 30% or greater; and most
preferably, reduced by greater than 75%. The number of metastatic lesions may be measured
by any reproducible means of measurement. The number of metastatic lesions may be
measured by counting metastatic lesions visible to the naked eve or at a specified

magnification. Preferably, the specified magnification is 2x, 3x, 4x, 5%, 10x%, or S0x.

As used herein, “subject” or “subjects” refers io anv ammal, such as mammals including

rodents {e.g., mice or rats}), dogs, primates, lemurs or humans.

Treating cancer may result in an increase in average survival time of a population of treated
subjects in comparison {0 a population receiving carrier alone, Preferably, the average
survival time 1g increased by more than 30 davs; more preferably, by more than 60 days;
more preferably, by more than 90 days; and most preferably, by more than 120 davs. An
increase in average survival time of a population may be measurad by any reproducible
means. An increase in average survival time of a population may be measured, for example,
by calculating for a population the average length of survival following mitiation of treatment
with an active compound. An increase in average survival time of a population may also be

measured, for example, by calculating for a population the average length of survival
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following completion of a first round of treatment with an active compound.

Treating cancer may result in an increase in average survival time of a population of treated
subjects in comparison to a population of untreated subjects. Preferably, the average survival
time 18 increased by more than 30 days; more preferably, by more than 60 days; more
preferably, by more than 90 days; and most preferably, by more than 120 days. An increase
n average survival time of a population may be measured by any reproducible means. An
increase in average survival time of a population mayv be measurad, for example, by
calculating for a population the average fength of survival following initiation of treatment
with an active compound. An increase in average survival time of a population may also be
measured, for example, by calculating for a population the average length of survival

following completion of a first round of treatment with an active compound.

Treating cancer may result in increase n average survival time of a population of treated
subjects in comparison o a population receiving monotherapy with a drug that is not a
compound disclosed herein, or a pharmacewutically acceptable salt thereof. Preferably, the
average survival lime is increased by more than 30 days; more preferably, by more than 60
days; more preferably, by more than 90 days; and most preferably, by more than 120 days.
An increase in average survival time of a population may be measured by anv reproducible
means. An increase in average survival ime of a population may be measured, {or example,
by calculating for a population the average length of survival following initiation of treatment
with an active compound. An increase in average survival time of a population may also be
measured, for example, by calculating for a population the average length of survival

foltowing completion of a first round of {reatment with an active compound.

Treating cancer may result in a decrease in the mortality rate of a population of treated
subjects in comparison to a population receiving carrier alone. Trealing cancer may resultin a
decrease in the mortality rate of a population of treated subjecis in comparison to an untreated
population. Treating cancer may result in a decrease in the mortality rate of a population of
treated subjects in comparison (o a population receiving monotherapy with a drug that is not a
compound disclosed herein, or a pharmaceutically acceptable salt, prodrug, metaboliie,
analog or derivative thereof. Preferably, the mortality rate 1s decreased by more than 2%;
more preferably, by more than 5%; more preferably, by more than 10%; and most preferably,

bv more than 25%. A decrease in the mortality rate of a population of treated subjects may be
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measured by any reproducible means. A decrease in the mortality rate of a population may be
measured, for example, by calculating for a population the average number of disease-related
deaths per unit ime following initiation of treatment with an active compound. A decrease in
the mortality rate of a population may also be measured, for example, by calculating for a
population the average number of disease-related deaths per unit time following completion

of & first round of treatment with an aclive compound.

Treating cancer may result in a decrease in tumor growth rate. Preferably, after treatment,
tumor growth rate is reduced by at least 5% relative to number prior to treatment; more
preferably, tumor growth rate is reduced by at least 10%; more preferably, reduced by at least
20%; more preferably, reduced by at feast 30%; more preferably, reduced by at least 40%;
more preferably, reduced by at least S0%: even more preferably, reduced by at least 50%; and
most preferably, reduced by at least 75%. Tumor growth rate may be measured by any
reproducible roeans of measurement. Tumor growth rate rmay be measured according to a

change in tumor diameter per unit time.

Treating cancer may result in a decrease i tumor regrowth, for example, following attempts
to remove it surgically. Preferably, after treatment, tumor regrowth is less than 5%; more
preferably, tumor regrowth is less than 10%; more preferably, less than 20%; more
preferably, tess than 309%; more preferably, less than 40%,; more preferably, less than 50%;
even more preferably, less than 50%; and most preferably, less than 73%. Tumor regrowth
may be measured by any reproducible means of measurement. Tumor regrowth is measured,
for example, by measwring an increase in the diameter of a tumor after a prior tumor
shrinkage that followed treatment. A decrease in tumor regrowth is indicated by failure of

tumors to reoccur after treatment has stopped.

Treating or preventing a cell proliferative disorder may result in a reduction in the rate of
cellular proliferation. Preferably, after treatment, the rate of cellular proliferation is reduced
by at least 5%; more preferably, by at least 10%; more preferably. by at least 20%; more
preferably, by at least 30%; more preferably, by at least 40%; more preferably, by at least
50%; even more preferably, by at least 50%; and most preferably, by at least 75%. The rate of
cellular proliferation may be measured by any reproducible means of measurement. The rate
of cellular proliferation is measured, for example, by measuring the number of dividing cells

it a tissue sample per unit time.
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Treating or preventing a cell proliferative disorder may result in a reduction in the proportion
of proliferating cells. Preferably, after treatment, the proportion of proliferating cells 15
reduced by at least 5%:; more preferably, by at least 10%; more preferably, by at least 20%;
more preferably, by at least 30%; more preferably, by at least 40%; more preferably, by at
teast S0%; even more preferably, by at least 50%; and most preferably, by at least 75%. The
proportion of proliferating cells may be measured by any reproducible means of
measurement. Preferably, the proportion of proliferating cells is measurad, for example, by
guantifving the number of dividing cells relative to the number of nondividing celis in a

tissue saraple. The proportion of proliferating cells may be equivalent to the nutotic index.

Treating or preventing a cell proliferative disorder may result in a decrease in size of an area
or zone of cellular proliferation. Preferably, afier treatment, size of an area or zone of cellular
proliferation is reduced by at least 5% relative to its size prior to treatment; more preferably,
educed by at least 10%; more preferably, reduced by at least 20%; more preferably, reduced
by at least 30%; more preferably, reduced by at least 40%; more preferably, reduced by at
least 30%; even more preferably, reduced by at least 50%; and most preferably, reduced by at
feast 75%. Size of an area or zone of cellular proliferation may be measurad by any
reproducible means of measurement. The size of an area or zone of cellular proliferation may

be measured as a diameter or width of an area or zone of cellular proliferation.

Treating or preventing a cell proliferative disorder may result in a decrease in the number or
proportion of cells having an abnormal appearance or morphology. Preferably, after
treatment, the number of cells having an abnormal morphology 1s reduced by at least 5%
relative to its size prior fo treatment; more preferably, reduced by at least 10%; more
preferably, reduced by at least 20%; more preferably, reduced by at least 30%:; more
preferably, reduced by at feast 40%; more preferably, reduced by at least 50%; even more
preferably, reduced by at feast 50%; and most preferably, reduced by at least 75%. An
abnormal cellular appearance or morphology may be measured by anv reproducible means of
measurement. An abnormal cellular morphology may be measured by microscopy, e.g., using
an inverted tissue culture microscope. An abnormal cellular morphology may take the form

of nuclear pleiomorphism.

As used herein, the term "alleviate” is meant to desciibe a process by which the severity of a
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sign or symptom of a disorder is decreased. Importantly, a sign or symptom may be alleviated
without being elininated. In a preferred embodiment, the adminisiration of pharmaceutical
compositions disclosed herein leads to the elimination of a sign or symptom, however,
elimination 1s not required. Effective dosages are expected to decrease the severity of a sign
or symptom. For instance, a sign or symptom of a disorder such as cancer, which may occur
i multiple tocations, 1s alleviated if the sevenly of the cancer is decreased within at least one

of multiple locations.

As used herein, the term "severity” is meant {0 describe the potential of cancer to transform
from a precancerous, or berugn, state mnto a malignant state. Alternatively, or in addition,
severity 18 meant to describe a cancer stage, for example, according to the TNM svstem
{accepted by the International Union Against Cancer {UICC) and the Amerimay Joint
Committee on Cancer (AJCC}) or by other ari-recognized methods. Cancer stage refers to the
extent or severity of the cancer, based on factors such as the location of the primary tumor,
tumor size, number of tumors, and lymph node involvement {spread of cancer into fymph
nodes}. Alternatively, or in addition, severily is meant to describe the tumor grade by art-
recognized methods (see, National Cancer Institate, www.cancer.gov). Tumor grade is a
system used to classify cancer cells in terms of how abnormal they look under a microscope
and how quickly the tumor is likely to grow and spread. Many factors are considered when
determining tomor grade, including the structure and growth pattern of the cells. The specific
factors used to determine tumor grade vary with each type of cancer. Severity also describes a
histologic grade, also called ditferentiation, which refers fo how much the tumor cells
esemble normal cells of the same tissue type {see, National Cancer Institute,
www.cancer.gov). Furthermore, severily describes a nuclear grade, which refers to the size
and shape of the nucleus in tumor cells and the percentage of tumor cells that are dividing

(see, National Cancer Institute, www.cancer.gov}.

In another aspect of embodiments described hereim, severity describes the degree to which a
tumor hag secreted growth factors, degraded the extracellular matrix, become vascularized,
lost adhesion to juxtaposed tissues, or metastasized. Moreover, severity describes the number
of locations to which a primary tumor has metastasized. Finally, severity includes the
difficulty of treating turnors of varying tvpes and locations. For exaraple, inoperable tumors,
those cancers which have greater access to muitiple body systems (hematological and

immunological tumors), and those which are the most resistant o traditional treatments are
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considered most severe. In these situations, prolonging the life expectancy of the subject
and/or reducing pain, decreasing the proportion of cancerous cells or restricting cells to one
system, and improving cancer stage/tumor grade/histological grade/nuclear grade are

consideraed alleviating a sign or symptom of the cancer.

As used herein the term "symptom” 1s defined as an indication of disease, illness, injury, or
that something is not right i the body. Symptoms are felt or noticed by the individual

experiencing the symptom, but may not easily be noticed by non-health-care professionals.

A "pharmaceutical composition” is a formulation containing a compound disclosed herein in
a form suitable for administration to a subject. In one embodiment, the pharmaceutical
composition is in bulk or in unit dosage form. The unit dosage form is any of a variety of
forms, mcluding, for example, a capsule, an IV bag, a tablet, a single purmnp on an aerosol
inhaler or a vial. The quantity of active ingredient {e.g.. a formulation of the disclosed
compound or salt, hydrate, sofvate or isomer thereof) in a unit dose of composition is an
effective amount and is varied according to the particular treatment involved. One skilled in
the art will appreciate that it is sometimes necessary to make routine variations {0 the dosage
depending on the age and condition of the patient. The dosage will also depend on the route
of administration. A variety of routes are contemplated, including oral, pulmonary, rectal,
parenteral, transdermal, subcutaneous, infravenous, inframuscular, intraperitoneal,
mhalational. buccal, sublingual, intrapleural, intrathecal, intranasal, and the hike. Dosage
forms for the topical or transdermal administration of a compound disclosed herein include
powders, sprays, ointments, pastes, creams, lotions, gels, solutions, paiches and inhalants. In
one embodiment, the active compound 1s mixed under stentle conditions with a
pharmaceutically acceptable carrier, and with any preservatives, buffers, or propeliants that

are required.

As used herein, the phrase "pharmaceutically acceptable” refers to those compounds, anions,
cations, materials, compositions, carriers, and/or dosage forms which are, within the scope of
sound medical judgment, suitable for use in contact with the tissues of human beings and
animals without excessive foxicity, irniation, allergic response, or other problem or

complication, conruensurate with a reasonable benefit/risk ratio.

"Pharmaceutically acceptable excipient” means an excipient that is useful in preparing a
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pharmaceutical composition that is generally safe, non-toxic and neither biclogically nor
otherwise undesirable, and includes excipient that is acceptable for veterinary use as well as
human pharmaceutical use. A "pharmaceutically acceptable excipient” as used in the

specification and claims includes both one and more than one such excipient.

The present disclosure also provides pharmaceutical compositions comprising any compound
disclosed herein in combination with at least one pharmaceutically acceptable excipient or

carrier.

A pharmaceutical corposition disclosed herein is formulated to be compatible with its
intended route of admunistration. Examples of routes of administration include parenteral,

& g., intravenous, intradermal, subcutaneous, oral (g g., inhalation}, transdermal (topical), and
transnucosal admimstration. Solutions or suspensions used for parenteral, intradermal, or
subcutaneous application may include the following components: a sterile dituent such as
water for injection, saline solution, fixed oils, polyethvlene glvcols, glvcerine, propyiene
glveol or other synthetic solvents; antibacterial agents such as benzy! alcohol or methyl
parabens; antioxidants such as ascorbic acid or sodium bisulfite; chelating agents such as
ethyvienedianinetetraacetic acid; buffers such as acetates, citrates or phosphates, and agenis
for the adjustment of tonicity such as sodium chloride or dextrose. The pH may be adjusted
with acids or bases, such as hyvdrochloric acid or sodium hydroxide. The parenteral
preparation may be enclosed in ampoules, disposable syringes or multiple dose vials made of

glass or plastic.

A compound or pharmaceutical composition disclosed herein may be admunistered {0 a
subject in many of the well-known methods currently used for chemotherapeutic treatment,
For example, for treatment of cancers, a compound disciosed herein may be injected directly
into tumors, injected into the blood stream or body cavities or taken orally or applied through
the skin with patches. The dose chosen should be sufficient to constitute eftective freatment
but not so high as to cause unacceptable side effects. The state of the disease condition {(e.g..
cancer, precancer, and the like) and the health of the patient should preferably be closely

monttored during and for a reasonable period after {reatment.

The term "therapeutically etfective amount”, as used herein, refers {o an amount of a

pharmaceutical agent to ireaf, amelioraie, or prevent an identified disease or condition, or {0
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exhibit a detectable therapeutic or inhibitory effect. The effect may be detected by any assay
method known 1 the art. The precise effective amount for a subject will depend upon the
subject's body weight, size, and health; the nature and extent of the condition; and the
therapeutic or combination of therapeutics selected for adnunistration. Therapeutically
gffective amounts for a given situation may be determined by routine experimentation that is
within the skill and judgment of the clinician. In a preferred aspect, the disease or condition
to be treated is cancer. In another aspect, the disease or condition to be treated 1s a cell

proliferative disorder.

For any compound, the therapeutically effective amount may be estimated imtially either in
cell culture assavs, e g.. of neoplastic cells, or in animal models, usually rats, mice, rabbits,
dogs, or pigs. The animal model may also be used to determine the appropriate concentration
range and route of admimstration. Such mformation may then be used to determine useful
doses and routes for adrownistration in humans. Therapeutic/prophylactic efficacy and toxicity
may be determined by standard pharmaceutical procedures in cell cultures or experimental

amimals, e.g., EDsg (the dose therapeutically effective in 50% of the population) and L35,

(the dose lethal to 50% of the population). The dose ratio between foxic and therapeutic
effects 15 the therapeutic index, and it may be expressed as the ratio, L3s0/EDs5,.
Pharmaceutical compositions that exhibit large therapeutic indices are preferred. The dosage
may vary withan this range depending upon the dosage form emploved, sensitivity of the

patient, and the route of adrmstration.

Dosage and administration are adjusted to provide sufficient levels of the active agent(s) or to
maintain the desired effect. Factors which may be taken imnto account include the severity of
the disease state, general health of the subject, age, weight, and gender of the subject, diet,
time and frequency of administration, drug combination{s}, reaction sensitivities, and
tolerance/response to therapy. Long-acting pharmaceutical compositions may be
adnunistered every 3 o 4 days, every week, or once every two weeks depending on half-life

and clearance rate of the particular fornmulation.

The pharmaceutical compositions containing active compounds disclosed herein may be
manufactured in a manner that 15 generally known, e.g., by means of conventional mixing,
dissolving, granulating, dragee-making, levigating, emulsifying, encapsulating, entrapping, or

Ivophilizing processes. Pharmaceutical compositions may be formulated in a conventional
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manner using one or more pharmaceutically acceptable carriers comprising excipients and/or
auxitiaries that facilitate processing of the active compounds into preparations that may be
used pharmaceutically. Of course, the appropriate formulation 1s dependent upon the route of

administration chosen.

Pharmaceutical compositions suitable for imjectable use include sterile aqueous solutions
{(where water soluble) or dispersions and sterile powders for the extemporaneous preparation
of sterile injectable solutions or dispersion. For intravenous administration, suitable carriers
include physiclogical saline, bacteriostatic water, Cremophor EL™ (BASF, Parsippany, N.J.)
or phosphate buffered saline (PBS). In all cases, the composition must be sterile and should
be fluid to the extent that easy svringeability exists. It must be stable under the conditions of
manufacture and storage and must be preserved against the contaminating action of
microorganisms such as bacteria and fungi. The carrier may be a solvent or dispersion
medium contaiming, for example, water, ethanol, polyaol {(for example, glvcerol, propylene
glveol, and hiquid polyethylene glycol, and the like}, and suitable mixtures thereof. The
proper fluidity may be maintained, for example, by the use of a coating such as lecithin, by
the maintenance of the required particle size n the case of dispersion and by the use of
surfactants. Prevention of the action of microorganisms may be achieved by various
antibacterial and antifungal agents, for example, parabens, chiorobutanol, phenol, ascorbic
acid, thimerosal, and the like. In many cases, it will be preferable to include isotonic agents,
for example, sugars, polvalcohols such as manmitol and sorbitol, and sodiura chloride in the
composition. Prolonged absorption of the injectable compositions may be brought about by
including in the composition an agent which delays absorption, for example, aluminum

monostearate and gelatin,

Sterile injectable solutions may be prepared by incorporating the active compound in the
required amount in an appropriale solvent with one or a combination of imgredients
enumerated above, as required, tollowed by filtered sterilization. Generally, dispersions are
prepared by incorporating the active compound into a sterile vehicle that contains a basic
dispersion medium and the required other ingredients from those emuimerated above. In the
case of sterile powders for the preparation of sterile injectable solutions, methods of
preparation are vacuum drying and freeze-drying that vields a powder of the active ingredient

plus any additional desired ingredient from a previously sterile-filtered solution thereof.
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Oral compositions generally include an inert diluent or an edible pharmaceutically acceptable
carrier. They may be enclosed in gelatin capsules or compressed into tableis. For the purpose
of oral therapeutic adnunistration, the active compound may be incorporated with excipients
and used in the form of tablets, troches, or capsules. Oral compositions may also be prepared
using a fluid carrier for use as a mouthwash, wherein the compound in the fluid carrier is
applied orally and swished and expectorated or swallowed. Pharmaceutically compatible
binding agenis, and/or adjuvant materials may be included as part of the composition. The
tablets, pills, capsules, troches and the like may contain any of the following ingredients, or
compounds of a similar nature: a binder such as microcrystaliine cellulose, gum tragacanth or
gelatin; an excipient such as starch or lactose, a disintegrating agent such as alginic acid,
Primogel, or comn starch; a lubricant such as magnesium stearate or Sterotes; a glidant such as
colloidal silicon dioxide; a sweetening agent such as sucrose of saccharin; or a flavoring

agent such as peppermint, methyl salicvlate, or orange flavoring.

The active compounds may be prepared with pharmaceutically acceptable carriers that will
protect the compound against rapid elimination from the body, such as a controlled release
formulation, including implants and microencapsulated delivery svstems. Biodegradable,
biocompatible polymers may be used, such as ethvlene vinyl acetate, polyanhvdridas,
polyglveolic acid, collagen, polyorthoesters, and polvlactic acid. Methods for preparation of

such formulations will be apparent to those skilled in the art.

It 1s especially advantageous to fornulate oral or parenteral compositions in dosage unit form
for ease of administration and umiformity of dosage. Dosage unit form as used herein refers {o
physically discrete units sunted as unitary dosages for the subject to be treated; each unit
containing a predetermined quantity of active compound calculated to produce the desired
therapeutic effect in association with the required pharmaceutical carrier. The specification
for the dosage unit forms of the compounds disclosed herein are dictated by and directly
dependent on the unique charactenstics of the active compound and the particular therapeutic

effect to be achieved.

In therapeutic applications, the dosages of the pharmaceutical compositions used in
accordance with embodiments described herein vary depending on the agent, the age, weight,
and clinical condition of the recipient patient, and the experience and judgment of the

clinician or practitioner administering the therapy, among other factors affecting the selected
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dosage. Generally, the dose should be sufficient to result in slowing, and preferably
regressing, the growth of the tumors and also preferably causing complete regression of the
cancer. Dosages may range from about 0.01 mg/kg per day to about 5000 mg/kg per day. In
preferrad aspects, dosages may range from about 1 mg/kg per day to abowt 1000 mg/kg per
day. In an aspect, the dose will be in the range of abowt 0.1 mg/day to about 50 g/day; about
(.1 mg/day to about 25 g/day; about 0.1 mg/day to about 10 g/day; about 0.1 mg to about 3
g/dav; or about 0.1 mg to about 1 g/day, in single, divided, or continuous doses {(which dose
may be adjusted for the patient's weight in kg. body surface area in m’, and age in years). An
effective amount of a pharmacewtical agent is that which provides an objectively identifiable
improvement as noted by the clinician or other qualified observer. For exaruple, regression of
a tumor in a patient may be measured with reference to the diameter of a tumor. Decrease in
the diameter of a tumor indicates regression. Regression is also indicated by failure of tumors
to reoccur after treatment has stopped. As used herein, the term "dosage effective manner”

refers to amount of an active compound to produce the desired biological effect in a subject

The pharmaceutical compositions may be included in a container, pack, or dispenser together

with instructions for adminisiration.

Techniques for formulation and admunistration of the compounds disclosed hergin may be
found in Remington: the Science and Practice of Pharmacy, 19" edition. Mack Publishing
Co., Easton, Pa. (1995). In an embodiment, the compounds described herein, and the
pharmaceutically acceptable salts thereof, may be used in pharmacetical preparations in
combination with a pharmaceutically accepiable carrier or diluent. Suitable pharmaceutically
acceptable carriers include mert solid fillers or diluents and sterile aqueous or organic
solutions. The compounds will be present in such pharmaceutical compositions in amounts

sufficient (o provide the desired dosage amount in the range described herein.

Exemplary cancers that may be treated using one or more compounds disclosed herein
include, but are not limited to, breast cancer, uterine endometrial, ovarian carcinoma,
sarcoma, thyroid carcinoma, prostate, hung adenocarcinoma, and hepatocelhular carcinoma.
In embodiments, the compounds disclosed herein may be useful for treating breast cancer. In

embodiments, the breast cancer is ER-g+.
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Thus, the compounds disclosed herein may be also usefuld for additional mmdications and
genotypes. FSRI mutations (Y537C/N) were recently discovered in 4 of 373 cases of
endometrial cancers (Kandoth ef af. Nature 2013 May 2:497(7447).67-73; Robinson ef al.
Nat Genet. 2013 Dec;45(12)). Since it has been shown that £SR] mutations Y537C/N
significantly drive resistance to currently marketed SOC therapies, the compounds disclosed

herein may be useful for treating ERo™™" endometrial cancers.

Exemplary cell proliferative disorders that may be treated using one or more compounds

disclosed herein include, but are not limited to breast cancer, a precancer or precancerous
condition of the breast, benign growths or lesions of the breast, and malignant growths or
tesions of the breast, and metastatic lesions in tissue and organs in the body other than the
breast. Cell proliferative disorders of the breast may include hyperplasia, metaplasia, and

dvsplasia of the breast.

A breast cancer that is 1o be treated may arise in a male or female subject A breast cancer
that is to be treated may arise in a premenopausal female subject or a postmenopausal female
subject. A breast cancer that is to be treated may arise in a subject 30 vears old or older, ora
subject vounger than 30 years old. A breast cancer that is to be treated has arisen in a subject
50 years old or older, or a subject vounger than 50 vears old. A breast cancer that is to be

treated may arise in g subject 70 years old or older, or a subject yvounger than 70 vears old.

A compound disclosed herein, or a pharmaceutically acceptable salt thereof, may be used to
treat or prevent a cell proliferative disorder of the breast, or to freat or prevent breast cancer,
1 a subject having an increased risk of developing breast cancer relative to the population at
large, or used to identify suitable candidates for such purposes. A subject with an increased
risk of developing breast cancer relative 1o the population at large is a female subject with a
tamuly history or personal history of breast cancer. A sabject with an mcreased risk of
developing breast cancer relative to the population at large is a female who is greater than 30
vears old, greater than 40 vears old, greater than 50 vears old, greater than 60 years old,

greater than 70 vears old, greater than 80 years old, or greater than 90 years old.

A cancer that is to be treated ray include a turnor that has been determined to be less than or
equal to about 2 centimeters in diameter. A cancer that is to be treated may include a tumor

that has been determined to be from about 2 to about 5 centimeters in diameter. A cancer that
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is 1o be treated may include a tumor that has been determined to be greater than or equal to
about 3 centimeters in diameter. A cancer that 1s {0 be treated may include a tumor that has
heen determined to be greater than 5 centimeters in diameter. A cancer that is to be treated
may be classified bv microscopic appearance as well differentiated, moderately
differentiated, poorly differentiated, or undifferentiated. A cancer that 1s to be treated may be
classified by microscopic appearance with respect fo mitosis count {(e.g., amount of cell
division} or nuclear pleiomorphism (e.g., change in cells). A cancer that is to be treated may
be classified by microscopic appearance as being associated with areas of necrosis (e.g.. areas
of dving or degenerating cells). A cancer that is to be treated may be classified as having an
abnormal karvotype, having an abnormal number of chromosomes, or having one or more
chromosomes that are abnormal in appearance. A cancer that is to be treated may be
classified as being aneuploid, triploid, tetraploid, or as having an altered ploidy. A cancer that
is 1o be treated may be classified as having a chromosomal translocation, or a deletion or
duplication of an entire chromosome, or a region of deletion, duplication or amplification of a

portion of a chromosome,

The compounds, or pharmaceutically acceptable salts thereof may be admimistered orally,
nasally, transdermally, pulmonary, inhalationally, buccally, sublingually, intraperintoneally,
subcutaneously, intramuscularly, intravenously, rectally, intrapleurally, intrathecally and
parenterally. In one embodiment, the compound 15 administered orally. One skilled in the arnt

will recognize the advantages of certain routes of adnunistration.

The dosage regimen utilizing the compounds may be selected in accordance with a variety of
factors mncluding type, species, age, weight, sex and medical condition of the patient; the
severity of the condition to be treated; the route of adnunistration; the renal and hepatic
function of the patient; and the particular compound or salt thereof emploved. An ordinarily
skilled physician or veterinarian may readily determine and prescribe the effective amount of

the drug required to prevent, counter, or arrest the progress of the condition.

EXAMPLES
Hereby are provided non-limiting examples of embodiments of compounds disclosed herein.
If there 1s any discrepancy between a compound's depicted chemical structure and s
chemical name, the depicted chemical structure will control.

TABLE 1: Exampies
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enamide

27

(E)-4-A2A(5-((2)- 1-(3-
fluoro-1H-mmdazol-5-
vi}-2-phenyibut-1-en-1-
vhpvridin-2-
yvhoxy jethyDamino}-N-

methylbut-2-enamide

28

{(E4-(2-((5-((Z)-1-
{1H-indazol-5-y1}-2-
phenylbut-1-en-1-
vhpyridin-2-
vhoxy jethyyamino)-N-

methylbut-2-enamide

9

(£)-4-((2-(4-((£)-1-(3-
fluoro-1H-mmdazol-5-
v1}-2-phenylbut-1-en-1-
yviyphenoxy)ethy Damino
J-1-(pvrrolidin-1-yhbut-

2-en-1-one

o

(o
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3G

(EY-4-{(2-((5-((Z)-1-(3-
fluoro-1H-indazol-5-
v1}-2-phenylbut-1-en-1-
vhpvridin-2-
vhoxy)ethyDamino)-1-
{pyrrolidin-1-yDhbut-2-

en-1-one

31

(E)-4-((2-(4-((E)-2-
cvelobutyl-1-(3-fluoro-
1 H-indazol-5-v1}-2-
phenvivinyphenoxy et
hyljamino)-N-

methylbut-2-enamide

32

(E)-4-(2-((5-{{£)-2-
cyclobutyl-1-(3-fluoro-
1 H-indazol-5-v1}-2-
phenylvinyDpyridin-2-
yvhoxy jethyDamino}-NV-

methylbut-2-enamide

33

(E)-4-(2-((5-{{£)-2-
cvclobutyl-1-(1H-
indazol-5-yi)-2-
phenylvinyDpyridin-2-
yvhoxy jethyDamino}-NV-

methylbut-2-enamide

34

(E)-4-((2-(4-((E)-2-
cyclobutyl-1-(3-fluoro-
1H-indazol-3-y1}-2-
phenvivinyphenoxy et
hyDamino}-1-

(pyrrolidin-1-vhbut-2-
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en-1-one

35

(E)-4-(2A4-((E}-2-
cyclobutyl-1-(14-
mdazol-5-y1)-2~
phenylvinyliphenoxy et
hyDamino}-1-
{pyrrolidin-t-vhbut-2-

en-1-one

36

(E)-4-((2-((5-((2)-2-
cvclobutyl-1-(3-fluoro-
1H-indazol-5-y13-2-
phenylvinyDpyridin-2-
vhoxy JethyDamino)-1-
(pyrrohidin-1-vhbut-2-

en-1-one

(E)-4-((2-((5-((2)-2-
cyclobutyl-1-(14-
mdazol-3-yi}-2-
phenylvinypyridin-2-
vhoxy yethyDamino)-1 -
(pvrrolidin-1-vhbut-2-

en-1-one

38

(£)-N-methyl-4-({2-(4-
{4.4 4-trifluoro-1-(1FH-
mdazol-5-v}}-2-
phenylbut-1-en-1-
viyphenoxy jethvijamino

thutanamide
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39

(Ey-N-methyl-4-({(2-{4-
(4.4, 4-tnfluoro-1-(3-
fluoro-1H-indazol-5-

vi}-2-phenyibut-1-en-1-
yphenoxy)ethyDamino

Ybutanamide

4G

(Zy-N-methyl-4-({2-{{5-
{4.4 4-tnfluoro-1-(1H-
indazol-5-yi)-2-
phenylbut-1-en-1-
vhpvridin-2-
yhoxy jethyDamino}buta

namide

41

(£3-1-(pvrrolidin-1-y1)-
4-{(2-{4-{4 4 4-trifluoro-
1-{3-fluoro-1H-indazol-
5~vhy-2-phenylbut-1-en-
1-
yiiphenoxy)ethyljaming

Youtan-1-ons

42

(£)-1-{pyrrolidin-1-vi})-
4-({2-{4-{4 4 4-1nfluoro-
1-(iH-mdazol-5-y1}-2-
phenylbwt-1-en-1-
yiiphenoxy)ethyljaming

Youtan-1-ons
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43

(Z3-1-(pyrrolidin-1-y1)-
4-{(2-((5-(4.4,4~
trifluoro-1-{3-fluoro-

1 H-indazol-5-v1}-2-
pheonylbut-1-en-1-
vhpyridin-2-
yhoxy)ethyDaminojbuta

n-1-one

44

(£3-N-methy1-4-((2-((6-
methyl-5-((73-4,4,4-
trifluoro-~-1-(3-flucro-

1H-indazol-5-y13-2-
phenylbw-1-en-1-
vhpyridin-2-
vijoxy)ethyDaminojbut-

2-enamide

(£)-N-roethy 1-4-((2-((5-
{{(©y4.4 4-iriflyoro-1-
(3-fluoro-1 H-indazol-5-
vi}-2-phenvibui-1-en-1-
vhpyrimidin-2-
vijoxy)ethyDamino jbut-

2-enamide

46

(£)-4-((2-(4-((£)-2-(2-
chioro-4-fluorophenyi)-
4,4 4-trifloore-1-(1 H-
mdazol-5-yhbut-1-en-1-
viyphenoxy jethvijamino
}-N-methyibut-2-

enarmide
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47

(£)-4-((2-(4-((£)-2-(2-
chloro-4-fluorophenyl)-
4 4 d-triffuoro-1-(3-
fluore-1H-indazol-5-
vhbut-1-en-1-
viyphenoxy)ethyllamino
=N-methyibut-2-

enamde

48

(340 2-(4-((F)-2-42-
chioro-4-fluoropheny!)-
1-{3-fluoro-1 H-indazol-
S-yhbut-I-en-1-
yiiphenoxy)ethyljaming
»N-methyibut-2-

enamude

49

{(£3-N-methyl-4-{(2-((5-
(O 1-(3-methyl-1 H-
mdazol-5-y1}-2~
phenylbw-1-en-1-
vhpyridin-2-
vijoxy)ethyDaminojbut-

2-enamide

(E)}-4-((2-(4-((E)-1-(1H-
mdazol-5-y1}-2~
phenylbw-1-en-1-
ylyphenoxy)ethyDamino
}-N-methylbut-2-

enanide

60
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=71

(Ey-4-((2-(4-(1 -(1H-
mdazol-5-y1)-2-
phenylbut-1-en-1-
ylphenoxy jethvljamino

»N-methylbutanamide

{(£)-1-(piperidin-1-vi}-4-
((2-(4-((E)-4.4,4-
influoro-1-(3-flucro-
1H-indazol-5-y1)}-2-
phenylbut-1-en-1-
yvphenoxyethyDamino

Ybut-2-en-1-one

33

(Z)-3-(2-((2-((5-(4,4.4-
influoro-1-(3-flucro-
1H-indazol-5-y1)}-2-
phenylbut-1-en-1-
vhpvridin-2-
yvhoxyjethyhaminojethy

Dpyrrolidin-2-one

54

(£)-N-methy1-4-((2-((6-
(-4 4, 4-trifluoro-1-
(3-fluoro-1H-indazol-S-
vi}-2-phenyibut-1-en-1-
vhpyridazin-3-
vioxyjethyljamino)but-

2-enamide

61
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{(Ey-1-(pipenidin-1-v1)-4-
((2-((5-((£)-4.4.4-
trifluoro-1-{3-fluoro-
{H-~indazol-5-v1}-2-
pheonylbut-1-en-1-
vhpyridin-2-
vioxy jethyljamino)but-

2-en~-1-one

(E)-4-((2-((5-((Z)-4.4.4-
influoro-1-(3-flucro-
1H-indazol-5-y1)}-2-
56 phenylbut-1-en-1-
vhpvridin-2-

yvoxyJethyaminoYbut-

2-enanude

(E}-4-((2-(4-((E)-4.4.4-

trifluoro-1-{3-flucro-
1H~indazol-5-v1)-2-
phenylbwt-1-en-1-

yiiphenoxy)ethyljaming

57

sbut-2-enamide

(E)-4-((2-((5-({Z3-2-(2-
chloro-4-fluorophenyl)-

4 4 4-trifluoro-1-(1H-
58 indazol-S-yYbwi-1-en-1-
vhpvridin-2-

vhoxy yethyamino}-N-

methylbut-2-enamide

62



WO 2018/098305 PCT/US2017/063047

(E)-4-((2-((5-({Z3-2-(2-
chloro-4-fluorophenyl)-
1-{ 1H-indazol-5-vi)but-
59 .
L-en-1-yDpyridin-2-

yhioxy yethyDanmino)-MN-

methylbut-2-enamide

{(Ey-1-{azetidin~1-y1}-4-
(Q-((5-((£)-4.4.4-
trifluoro-1-{3-fluoro-
{H-~indazol-5-v1}-2-

60
pheonylbut-1-en-1-

N vhpyridin-2-
\j vioxy jethyljamino)but-

2-en~-1-one

(E}-N-methyl-4-((3-((5-
(74,4 4-trifluoro-1-~
{3-fluoro-iH-indazol-5-
61 vi}-2-phenyibut-1-en-1-

N N N OMNWQ\ ;’v‘\i)pyridinai |
H H yiyoxy ypropyDaminoibu

t-2~enamude

(Zy-4-((2-({(5-(1-(1H-
mdazol-5-y1)-2~
phenylbwt-1-en-1-
vhpyridin-2-

yhoxyethyDamino-N-

methylbutananude

63
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DEECREN(DEX
cvclopropyl-1-(3-
fluoro-1H-indazol-5-
63 vh-2-
phenvlvinyhphenoxy)et
hvDhanino}-N-

methylbut-2-enamide

(E)-4-((2-(4-((E)-1-3-
fluoro-1H-indazol-5-
vi)-4-hydroxy-2-

64 pheonylbut-1-en-1-
viyphenoxy)ethyllamino

J-N-methylbut-2-

enamde

(E)}-4-((2-(4-({E)-1-(3-
fluoro~1H-indazol-5-
yh-4-methoxy-2-

65 phenyibut-1-en-i-
yiiphenoxy)ethyljaming
3Nemethylbut-2-

enamude

(E}-4-((2-(4-((E}-4-
chioro-1-(3-fluoro-1H-
mdazol-5-y1}-2~

66 phenylbwt-1-en-1-

ylyphenoxy)ethyDamino

}-N-methylbut-2-

enanide

64
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67

{(E)-4-((2-(4-{((E)-1-(3~
fluoro-1H-indazol-5-
vi}-2-phenylpent-1-en-
1-
yphenoxy)ethyDamino

J-N-methylbut-2-

enamide

68

(E)-4-((2-(4-((E)-1-3-
fluoro-1H-indazol-5-
vi-3-methyl-2-
pheonylbut-1-en-1-
viyphenoxy)ethyllamino
J-N-methylbut-2-

enamde

69

(E}-N-methyl-4-((2-((6-
{(E)-4,4 4-trifluoro~1-~
{3-fluoro-iH-indazol-5-
vibut-1-en-1-
yhpyvridazin-3-
yhyoxy jethyDaminojbut-

2-enamide

(E)-1-(2-(4-(4.4.4-
trifluoro-~-1-(3-flucro-
1H-indazol-5-y13-2-
phenylbw-1-en-1-
vDphenoxyethypyrrol

din-2-one

63
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(Zy-N-methyl-4-({2-{{5-
(4.4, 4~tnfluoro-1-(3-
fluoro-1H-indazol-5-

vi}-2-phenyibut-1-en-1-

vhpvridin-2-

yhoxy jethyDamino}buta

namide

(E)-4-((2-((5-((Z2)-4.4.4-
trifluoro-1-{3-fluoro-
{H-~indazol-5-v1}-2-
pheonylbut-1-en-1-
vhpyridin-2-
vioxy jethyljamino)but-

2-enoic acid

(E)}-4-((2-(4-((E)-1-(1H-
mdazol-5-y1}-2~

73 phenylbw-1-en-1-

viyphenoxyethvllamino

Ybut-2-enoic acid

(£)-N-methy 1-4-((2-{(5-
{(-4.4 4-irifluoro-1-
(3-fluoro-1H-indazol-3-
74 vi}-2-phenyibut-1-en-1-
yhpyrazin-2-

yvhoxy)ethyDamino but-

2-enanude

66
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~J
14

{(E)-N-methyl-4-((2-((6-~
{({Zy-4 4 d4-trifluoro-1-
{3-flugro-1H-indazol-5-
vi}-2-phenyibut-1-en-1-
vhpyridin-3-
vioxyjethyljamino)but-

2-enamide

(2)-N N-dimethvi-4-{(2-
(4-(4,4 4-trifluoro-1-(3-
fluore-1H-indazol-5-
vi}-2-phenvibut-1-en-1-
viyphenoxy)ethyllamino

Ybutanamde

(Z2)-N-(2-hydroxyethyl)-
N-methyi-4-{(2-((5-
(4,4, 4-trifluoro-1-(3-
fluoro~-1H-mdazol-5-
vi}-2-phenvibut-1-en-1-
vhpyridin-2-
yvhoxy)ethyamino)buta

narmide

78

(£)-N-(2-hydroxyethy)-
5-((2-((5-((Z)-4.4.4-
trifluoro-1-(3-fluoro-
1H-indazol-5-y13-2-
phenylbut-1-en-1-~
yhpyridm-2-
yvhoxy}ethyDamino)pent

-2-enamide

67
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(Ey-N-methy 1-4-((2-{{5-
({F)-4 4 4-trifluoro-1-
{3-fluoro-1H-indazol-5-
vi}-2-phenyibut-1-en-1-
vhpvridin-2-
vioxyjethyljamino)but-

2-enamide

8¢

{(£)-N-(2-hydroxyethyl)-
N-methy 1-4-{(2-((5-({ T}~
4.4 4-triffuoro~-1-(3-
fluoro~-1H-mdazol-5-
vi}-2-phenvibut-1-en-1-
vhpyridin-2-
yhyoxy jethyDaminojbut-

2-enamide

31

(Ey-N-{2-hydroxyethyl)-
N-methvl-5-((2-((5-((2)-
4.4 4-trifluoro-1-(3-
fluoro-1H-indazol-5-
vi}-2-phenvibui-1-en-1-
vhpyridin-2-
vhoxy yethyDamino)pent

-2-enamide

32

{#-1-morpholino-4-{{2-
{4-{{Fy-4 4, 4-trifluoro-
1-{1 H-indazol-5-y13-2-

phenylbut-1-en-1-
viyphenoxy jethvijamino

ybut-2-en-1-one

63
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83

{(#3-N N-dimethyi-4-((2-
{4-(4,4 4~influoro-1-
{1H-indazol-5-yi}-2-

phenylbut-1-en-1-
yphenoxy)ethyDamino

Ybutanamide

84

{(F)-N-(2-hydroxy ethyl}-
N-methyi-4-((2-(4-
(4.4 4-rifluoro-1-(3-
fluore-1H-indazol-5-
vi}-2-phenvibut-1-en-1-
viyphenoxy)ethyllamino

Ybutanamde

88

{(£)-1-morpholino-4-((2-
(4-(4,4 4-trifluoro-1-(3-
fluore-1H-indazol-5-
vi}-2-phenvibut-1-en-1-
viyphenoxy)ethyllamino

Ybutan-1-one

86

(2)-1-morpholino-4-((2-
((5-{4,4 4-trifluoro-1-(3-
fluoro-1H-mdazol-5-
vi}-2-phenvibut-1-en-1-
vhpyridin-2-
yhoxy)ethyDaminojbuta

n-1-one

69
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87

{(E)-3-02A2A5-((D)-
4.4 4~influoro-1-(3-
fluoro-1H-mdazol-5-
vi)-2-phenyibut-1-en-1-
vhpvridin-2-
vhoxy yethyDaminejethy

lidenejpyrrolidin-2-one

88

(Ey-N-methyl-4-((3-((5-
{(Z)-4 .4 4-triftuoro-1-
{3-fluoro-iH-indazol-5-
vi}-2-phenvibut-1-en-1-
vhpyridin-2-
yvioxy jpropylaminobu

t-2~enamide

89

(£)-N-(2-hydroxyethyl)-
S-{(2-¢4-({F)-4.4.4~
trifluoro-~-1-(3-flucro-
1H-indazol-5-y13-2-
phenylbw-1-en-1-
ylyphenoxy)ethyDamino

Ypent-2-enamide

General Procedures

The {ollowing abbreviations may be used herein:
ACN: Acetonitrile

Boc: iert-butyloxycarbonyi

CAN: ceric ammonium nitrate

Conc.: concentrated

C3,CO5: Cesium carbonate

DABCO: 1.4-Diazabicyclo2.2 2jociane
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DBCM: Dichloromethane

DHP: Dihvdropyran

DIPEA: N N-dusopropvlethylamine, Hunig’s base
DMA: Dimethylacetamide

DME: BimethyHormamide

DMSO: dimethylsulfoxide

DPEphos: (Oxydi-2, I-phenviene)bis(diphenyiphosphine)
EDCLHCL N-(3-Dimethylaminopropyl)-N-ethyicarbodiimide hvdrochloride
EtOH: Ethanol

EtOAc: Ethyl acetate

Et;MN: Triethylamine

Ex.. Example

h: Houwrs

HATU: 1-[Bis(dimethylanuno)ymethyliene]-1H-1,2,3-triazolo{4,5-bpyridinium 3-oxid
hexafluorophosphate

HCL: Hydrochloric acid

HMPA: Hexamethyiphosphoramide

HPLC: High-performance liquid chromatography
H»80;: Sulfuric acid

IPA: Tsopropyl aleohol

KoCOs: Potassium carbonate

KOH: Potassium hydrovide

LCMS: Liquid chromatography — mass spectrometry
MeOH: Methanol

Na)CO;: Sodiurn carbonate

NBS: n-bromosuccinimide

nBuli: n-Butylithium

NHCL Ammonium chloride

NH,OH: Ammonium hydroxide

NMR: nuclear magnetic resonance

on or o.n. overnight

Pd/C: Palladium (0} on carbon

Pdy(dba);: Tris{dibenrviidensacetone)dipalladium{0)

PPTS: pyridintum p-toluenesulfonate
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PTSA: p-toluenesulfonic acid

R.T. or v.1.: voom temperature

TBAF: Tetrabutylammonium fluoride
TEA: Triethylamine

TFA: Trifluoroacetic acid

THF: Tetrahydrofuran

TLC: Thin-layer chromatography

PYC: Platinum (0) on carbon

PCT/US2017/063047

Unless indicated otherwise, 'H NMR spectra were taken on a Bruker 300 MHz or 400

MHz NMR.

EXAMPLES

Scheme I
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Step-a
Example 1: Synthesis of {Ej-N,N-dimethyi-4-((2-(4-{4,4,4-triffuoro-1-(3-fluoro-{ H-

indazol-3-yl)-2-phenylbut- I-en- I-yBphenoxylethyDandnolbutanamide (Compound 1)
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Step-1: Synthesis of 5-bromo-3-fluoro-1H-indazole

Selectfluo > 8
Nf\ 'e/
\N—— . A(’OH. CH3(:N N,—

H 80 °C. 12 h

Into a 500-mb. round-bottom flask was placed 5-bromo-1H-indazole (20 g, 101.51 mmol,
1.00 equiv), selectfluor (71.6 g, 2.00 equiv), AcOH (30 mL), and CH;CN (300 mL} The
resulting solution was stirred at 80 °C in an oil bath until completion. The reaction was then
quenched by the addition of 100 mb of water. The resulting solution was extracted with
3x100 ml of ethyl acetate and the organic lavers combined. The residue was applied onto a
silica gel column with ethyl acetate/petroleum ether {1:4). The collected fractions were
combined and concentrated under vacuum to deliver the title compound in 11 g {(50%) as a

white solid. LCMS: 215.1 [M+H]".

Step-2; Synthesis of S-bromo-3-flnore-1-({2-{trimethyisilviethoxylmethyl}-1 H-indazole

£ E
) Br  SEMCILNaH.THF BT
) 5
WG 0°C, RTA2 h N~
H SEM

Into a 500-mL round-bottom flask was placed 5-bromo-3-fluorc-1H-indazole (10 g, 46.51
mol, 1.00 equiv) and THF (250mL). This was followed by the addition of sodiom hydride
(2.4 g, 100.00 romol, §.30 equiv) in portions at 0 °C. The resulting solution was stirred for 30
min at 0 °C in a water/ice bath. To this was added SEMC! (8.5 g, 1.10 equiv) dropwise with
stirring at § °C.  The resulting solution was allowed to react, with stirring, at room
ternperature wntil completion. The reaction was then quenched by the addition of 50 mL of
NH4C1 (sat. ag.). The resulting solution was extracted with 3x50 ml of ethyl acetate and the
organic layers combined and concentrated under vaccum. The residue was applied onto a

silica gel column with ethyl acetate/petroleum ether (1:20). The solid was dried it an oven
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under reduced pressure to deliver the title compound in 12 g (75%) as brown oil. LUMS: 345,

347 [MHHT

Step-3: Syathesis of 3-fluoro-1-((2-{trimethylsilylethoxyhmetlylh-5-{2-
{trimethylsilvlethynyl)-1 H-indazole

i
K ___\-t- J— £ Si
y Br /&3! - ) ’;;
N N,
N PdCl, (Xantphos) N
4 ¢
SEM Cul, Ei3N SEM

2-Methyl THF, 80 °C

Into a 250-mL round-bottom flask purged and maintained with an inert atmosphere of
nitrogen was placed S-bromo-3-fluoro-1-((2-{inmethylsilylethoxy imethyi)-1H-indazole (8.0
g, 23.17 mwmol, 1.00 equiv), Cul (1.36 g, 7. 14mmol, 0.30 equuv), tricthyiamine (12 g, 118.59
mmol, 5.00 equiv), PAClL (04 g, 0.10 equiv), Xantphos (2.72 g, 4.70 munol, 0.20 equiv),
ethynvhrimethylsilane (11.4 g, 116.07 mmol, 5.00 equiv}, and 2-Methyl THF (20mL). The
resulting solution was stirred at 80 °C in an oil bath until completion. The resulting mixture
was concentrated under vacuur and the residue was apphied onto a silica gel column with
ethyi acetate/petroleum ether {1:10). The solid was dried in an oven under reduced pressure

to deliver the title compound in 8 g (95%) as brown oil.

Step-4: Synthesis of S-ethynyl-3-fluoro-I-{2~{trimethylsilyDethoxymetlevi)- 1 H-indazole

E
/
K,COs, MeOH } =
A V]
VT
. RT, 2h N~
i 7
SEM SEM

into a 30-mL round-botiom flask was placed 3-fluoro-1-{(2-{trimethylisilyethoxy ymethyi}-5-
(2-(trimethyisilyDethyny - 1H-indazole {8 g, 22.06 mumol, 1.00 equiv), polassium carbonale
(6.1 g, 44.14 mmol, 2.00 equiv), and methanol (20 mL). The resulting solution was stirred at
room temperature until completion. The reaction was then quenched by the addition of 40 mL
of water. The resulting solution was extracted with 3x20 mL of ethyl acetate and the organic
lavers combined and concentrated under vacuum. The residue was applied onto a silica gel

column with ethvl acetate/petroleum ether (1:20). The solid was dried i an oven under
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reduced pressure to deliver the title compound in 6.0 g (94%) as a brown oil. LCMS: 291

IM+HT

Step-5: Synthesis of 3-fluoro-5-(4,4,4-trifluorobut-L-yn-1-yl-1-{{2 -
{trimethylsilyllethoxylmethyl)- 1 H-indazole

i Z 1 CF, R ZA
t
N, O N Az
N Pdy(dba); DPEPhoS DABCO N
SEM foluene, 80°C 12 SEM

Into a 100-mL round-bottom flask purged and maintained with an inert atmosphere of
nitrogen was placed S-ethynyl-3-fluoro-1-((Z-(trimethyisilvliethoxy)methvi)-1H-indazole (6
g, 20.66 mmol, 1.00 equiv), 11, -irifluoro-2-10doethane (8.69 g, 41.39 mmol, 2.00 equiv),
toluene (50 ml), Pdx{(dba);CHCl; (1.08 g, 0.05 equiv), DPEPhos (2.22 g (.20 equiv), and
DABCO (4.62 g, 2.00 equiv). The resulting solution was stirred at 80 °C in an oil bath untif
completion. The resulting mixture was concentrated under vacuum. The residue was applied
onto a silica gel columm with ethy] acetate/petroleum ether (1:10). The solid was dried in an
oven under reduced prassure to deliver the title compound in 5 ¢ (65%) as a brown oil.

LOCMS: 373 [M+H]'".

Step-6:  Synthesis  of teri-Butyl  (E(2-(4-(4,4,d-triflavro- I-(3-flaoro-I-{{2-
{trimethylsilyl)ethoxyhmethyl)- 1 H-indazol-5-yl-2-phenylbut-1-en-1-
viphenoxylethylicarbamate

//{, CF4 i} Bis{pinacolato)diboron, PH{PPha)s FgC/\/‘

Xy 2-Methyl THE, 80 °C, 16 h |

TN coasiy'
o ™ goe SEM
Cs,C05, PA(PPhs)Cls, HaO
RT,5h
i) iodobenzene
4MKOH, 80°C, 4 h

-n

gmz’z\
C
=

Into a 40-mL vial purged and maintained with an inert atmosphere of nitrogen was placed 3-
fluoro-3-(4,4 4-tnifluorobut-1-yn-1-vB-1-{(2-(rimethylsilyDethoxyymethyl - 1H-indazole (1.0
2. 2.69 mmol, 1.00 equiv), 2-methyl THF (20 mbL), 4.4.5 5-tetramethvl-2-(tetramethyi-1 3,2~
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dioxaborolan-2-v1}-1,3, 2-dioxaborolane (680 mg, 2.68 mmol, 1.00 equiv), and PH{PPh;), (33
mg, 0.03 mmol, 0.01 equiv). The resulting solution was stirred at 90 °C until completion. The
reaction progress was roonitored by LCMS. The solution was allowed to cool to room
temperature and tert-butvl (2-{4-10dophenoxy)ethvlicarbamate (976 mg, 2.69 mmol, 1.00
equiv) (Scheme 5, Step-1), PACL(PPhsy, (95 mg, 0.14 mmol, 0.05 equiv), Cs:00: (2.2 ¢,
6.73 mmol, 2.51 equiv), and water (5 mL) were added. This mixture was degassed with
nitrogen and then stirred at room temperature until completion. To the above reaction
mixture, iodobenzene (1.23 g, 6.03 mmol, 2.25 equiv) and KOH (1.05 ¢, 18.71 mmol, 698
equiv) were added. Reaction mixture was stirred at 90 °C until completion, and then cooled to
room temperature. The resulting solution was diluted with 30 mL of H:O and was extracted
with 3x30 mL of ethyl acetate. The organic lavers were combined and dried over anhvdrous
sodiwm sulfate. The residue was applied onto a silica gel column with ethyl acetate/petroleum
gther (0:100-10:90). The collected fractions were combined and concentrated under vacuum

to deliver the title compound in 1.0 g (34%) as a yellow oil. LCMS: 708 [M+Na]'".
Step-7: Synthesis of {(E}-2-(4-(4,4 4-trifluoro-1-(3-fluoro-1 H-indazod-3-yi}-2-phenylbui-1-

en-[-vijphenoxyjethan-I-amine

i) HCI(4M, dioxane) Ll
20°C, 2h :

i} NaHCO4(aq)
Boc 0 °C, 10min
iii) NaOH(aq), THF
0 °C, 30min

Into a 100-mbL round-bottom flask was placed tert-butyl (E}(2-(4-(4,4.4-trifluoro-1-(3-
fhuoro-1-(2~(tnmethylsityDethoxy ymethyl)- T H-indazol-5-y1)-2-phenylbut-1-en- 1~

vhphenoxyjethyDcarbamate (900 mg, 1.31 nuwvol, 1.00 equiv), and saturated hydrogen
chloride in dioxane (4M, 5 mL). The reaction was stirred at 20 °C until completion, then
sodium bicarbonate (sat. aq.) (10 mL) was added. The reaction was stirred for 10 min at 0 °C,
then sodium hvdroxide (sat. ag.) (10 mL), and THF (20 mL) were added. The resulting
solution was stirred at 0 °C untif completion. The reaction progress was monitored by LUMS.
The resulting solution was diluted with 20 mL of H,0, then extracted with 3x40 mL of ethyl

acetaie. The organic lavers combined and dried over anhydrous sodium sulfate, then
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concentrated under vacuum to deliver the title compound in 500 mg (84%) as a vellow sohid.

LCMS: 456 [M+H]'.

Step-8: Synthesis of tevt-butyl (E)-d-{dimethylomino)-4-oxobigt-2uei- L -y 2-{4-({E}-4,4,4~
triffuoro-I1-{3-fluore-1 H-indazol-35-yl}-2-phenvibut-1-en-1-ylphenoxylethyilcarbamate

oo

BF’\A\/U\N/
DIEA/DMF
20°C, 16h
Boc O
A UNHy ) (B0ck0 P e
o ) 20 °C, 2h © N

Into a 50-mL round-bottom flask was placed (E}-2-{4-{4.4 4-trifluoro-1-(3-fluoro-1H-
indazol-S-yh-2-phenyibut-1-en-1-ylphenoxyjethan-t-amine {500 mg, 1.10 mmol, 1.00
equivy, N N-dimethylformamide (10 mL}, DIEA (284 mg, 2.20 mmol, 2.00 equiv), and (E}-4-
bromo-N N-dimethylbut-2-enamide (148 mg, 0.77 mmol, 0.70 equiv) {preparation shown
below, Step-a). The resulting solution was stirred for at 20 °C until completion. The reaction
progress was monifored by LOMS. To the above reaction solution, (Boc), 0O (300 mg, 1.37
mmol, 1.50 equiv) was added. The resulting solution was stirred at 20 °C until completion,
then the solution was concentrated under vacuum. The residue was applied onto a silica gel
column with ethvl acetate/petroleum ether (0:100-100:0). The collected fractions were
combined and concentrated under vacuurn to deliver the title compound in 200 mg (27%) as a

vellow solid. LCMS: 667 [M+H]".

Step-9: Synthesis of tert-butyl {(E}-{4-(dimethyiamino)-4-oxobutyi}(2-(4-{4,4 4-trifluoro-1-
(3-fluoro- 1 H-indazol-5-vi)- 2-phenvibut- I-en- I-yiiphenoxviethvijcar bamate

fW
. P! PAIC, H2, EtOAC
= FaC .
>\/3©i\ 20 9C, 30rmin
e Ry \[\j\ Boo e}

/ O

NSO ! i
NP /‘\/N\/\\§/U\N/
H s

Into a 50-mb round-bottom flask was placed tert-butyl ((E)-4-(dimethylamino}-4-oxobut-2-
en-1-y 1 2-(4-{{E}-4.4 4-trifluoro-1-(3-fluoro-1H-indazol-5-y1}3-2-phenylbut-1-en-1-

vhphenoxy)ethylicarbamate (200 mg, 0.30 munol, 1.00 equav), ethyl acetate (10 mL), and 10%
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Pd/C {50 mg). To the above solution Hy(g} was introduced in. The resulting solution was
stirred at 20 °C until completion. The reaction progress was monitored by LCMS. The solids
were filtered out upon completion. The resulting muxture was concentrated under vacuum 1o

deliver the title compound in 180 mg (90%) as a vellow oil. LCMS: 669 [M+H]".

Step-10: Synthesis of {E}-N,N-dimethyl-4-{{2-(4-(4,4,4-trifluoro-1-(3-fluore- | H-indazol-5-
Vi) 2-pherylibut- I-en- I-yBphenoxylethylaninclbutanamide

Q

O/\/ M. PPN N -

Into a 350-mL round-bottom flask was placed tert-butyl (E)-{4-(dimethylamino)-4-
oxobuty}{2-(4-(4.4, 4-trifluoro-1-(3-fluore-1 H-imdazol-5-v1)-2-phenyibut-1-en- i -
vhphenoxy)ethyl)cartbamate- (160 mg, .24 mmol, 1.00 equv), DCM (10 mlL). and
trifluoroacetic acid (5 mL). The resulting solution was stirred at 0 °C until completion. The
reaction progress was monitored by LCMS. The resulting mixture was concentrated under
vacuurm. The crude product was purified by Prep-HPLC with the following conditions (2#-
AnalvseHPLC-SHIMADZU(HPLC-10)): Column, X8Select CSH Prep C18 OBD Columin,,
Sum, 19 150mm; mobile phase, Water{G.05%TFA ) and ACN (25.0% ACN up to 52.0% in
12 wun), Detector, uv 254/220mm. 100 ml product was obtained and concenirated under
vacuum to deliver the title compound in 14.4 mg, 0.5% overall vield. "H NMR (400 MHz,
CD30D): § 7.63 (s, 1H), 7.51-7.43 (m, 1H), 7.31-7.12 (m, 6H), 6.90-6.81 {m, 2H), 6.70-6.61
(m, 2H), 3.98 (1, J = 5.3 Hz, 2H), 3.45-3.35 (m, 2H), 3.05 (s, 3H), 2.94-2.88 (m, 5H), 2.68 (,
J=72Hz, 2H), 2.43 {t. J= 7.4 Hz, ZH), 1.81 (p,J = 7.4 Hz, 2H). LCMS: 569.6 [M+H]".

Step-a: Synthesis of (E}-4-bromo-N,N-dimethylbut-2-enamide
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Ci
Ny

O
o DMF,DCM o
Brw\\)LOH 20 OC, 4h Br\/\\\\)‘l\?\j/

iy o |
) N HC!

NazCQg
3°C, 2h

Into a 250-mL round-bottom {lask purged and mantained with an inert aitmosphere of
nitrogen was placed (E)-4-bromobut-2-enoic acid (5 g, 30.31 mmol, 1.00 equivy, DCM (80
ml), and N N-dimethyvlformamide (0.5 mL} This was followed by the addition of oxalyl
dichloride (3.8 g, 29.94 mmol, 0.99 equiv) dropwise with stirring at 0 °C over 30 min. The
resulting solution was stirred at 20 °C until completion. The reaction progress was monitored
by LCMS. To the above reaction solution dimethviamine hydrochloride (2.5 ¢, 30.66 mmol,
1.02 equiv), and sodium carbonate (9.6 g, 90.57 mmeol, 3.02 equiv} were added. The resulting
solution was stitred at 0 °C until completion. The reaction was then quenched by the addition
of 100 ml, of water, extracted with 3x100 mb of DCM. The organic layers were combined,
dried over anhvdrous sodium sulfate and concentrated under vacuum to deliver the title

compound in 3.0 g (86%) as a off-white solid.

Scheme 2:

(Boch O K00, Pd/C,Ha, EtOAC
s _

--------------------------------- £

RT, 2h

DMF i : o
'N O/\,N\,&\»)'\?ﬁ/ yield:80%

RT, 2h
vield:82%

!
Bod

Step-1 315 | Step-2

Step-3
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Example 2: Synthesis of {Z2)-N,N-dimethyl-4-{{2-{{5-{4.4,4-triffucro- 1 -{3-fluoro- 1 H-
indazol-3-yl-2-phenylbat- I-en- I-yBpyridin-2-vBoxylethydaminopstanamide (Compound
2)

Step-1: Synthesis of tevt-butyl 5-((7)-1-{6-(2-{{teri-bautoxycarbony{{E}-4-
{(dimethylamino)-4-oxohut-2-en-1-yHaminojethoxy)pyridin-3-vij-4,4, 4-triffuoro-2-
phenylbui-i-en-{-vij-3-fluoro- 1 H-indazole- I-carboxylate

(B(‘)C)QO, KgCOg

I st At -
7 = G DMF A
Nm § N
N v O/\/’N\MN’/ RT, 2h

Into a 8-ml vial was placed (E)-N N-dimethyvi-4-((2-((5-({(¥)-4,4,4-trifluoro-1-(3-fluoro-1H-

Boc O

N NN

indazol-S-yh-2-phenyibut-1-en-1-yDpyridin-2-vlioxy jethyhaminojbut-2-enamide {80 mg,
0.14 mmol, 1.00 equiv) (synthesized following the approach outlined n Patent Application
Publication No. US 2016347717 Al), N N-dimethylformamide (2 ml}, potassium carbonate
(58 mg, 0.42 mmol, 2 98 equiv), and (Boc), O (61 mg, 0.28 mmol, 1.98 equiv). The resulting
solution was stirred at 20 °C until completion. The reaction progress was monitored by
LCMS. The resulting solution was diluted with 10 mL of HyO and exiracted with 2x10 mL of
ethvi acetate. The organic layers were combined and concenirated under vacuum. The residue
was applied onto a silica gel column with ethyl acetate:petroleum ether (0:100-20:80). The
collected fractions were combined and concentrated under vacuum to deliver the title

compound in 100 mg (92%) as a vellow solid. LCMS: 768.3 [M+H]".

Step-2: Synthesis of tert-butyl (Z)-5-{1-{6-{ 2-{{tert-butoxycarbonyl){(4-(dimethylamina)-4-
axemuyhaminolethoxypyridin-3-yi}-4,4 4-trifluoro-2-phenyibui-1-en-1-yi}-3-fluoro- 1 H-

indazole-I-carboxylate
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J Q
- !
FaC =

RS PA/C, Hy, EtOAC
a N Boc . RT, 2h > C Boc 0
N\ ! i y N i i |
N N%\O/\/NMN/ NP N O/AVNMN/

;
Bod E Bod !

Into a 50-mL  round-bottom flask was placed tert-butvl  S-((Z)-1-(6-(2-((tert-
butoxycarbonv(E}-4-(dimethylamino)-4-oxobut-2-en- 1 -vhaminolethoxy ypvridin-3-vi)-

4.4 4-trifluorc-Z-phenylbut-1-en-1-vi}-3-fluoro-1H-indazole-1-carboxylate (100 mg, 013
mmol, 1.00 equiv), ethyl acetate (10 mb), and 10% PA/C (20 mg). To the above solution,
Ho(g) was introduced in. The resulting solution was stirred at 20 °C until completion. The
reaction progress was monitored by LCMS. The solids were filtered out upon completion.
The resulting mixture was concentrated under vacuum to deliver the title compound i 90 mg

{90%) as a vellow solid. LCMS: 770 [M+H]".

Step-3: Synthesis of (£}-N N-dimethyl-d-((2-({5-(4,4,4-triffuoro-I-(3-fluoro-1 H-induzol-3-
yi}-2-phenyibut-i-en-1-ylpyridin-2-yhoxylethylaminojbutanamide

S
£ F:&C/\‘ﬁ/\‘/ HCldioxane E 73
SN e o T
N}I /\ii/l ilo 0 ‘)C. 2h N/
N P \N/ O/\‘/N\/\/lLN/ N
- ! | H
Bod !

into a 25-mL round-bottom flask was placed tert-buiyl (Z3-5-(1-{6-(2-{{tert-
butoxy carbony {4-{ dimethylamino}-4-oxobutyDaminojethoxy)py nidin-3-y1)-4,.4 4-triflaoro-

2-phenylbut-1-en-1-yi}-3-fluoro-1H-indazole-1-carboxylate (90 mg, 0.12 mmol, 1.00 equiv},
and hydrogen chioride/dioxane (5 mL). The resulting solution was stirred at 0 °C until
completion. The reaction progress was monifored by LCMS. The resulting maxture was
concentrated under vacuum. The crude product (5 mL} was purified by Prep-HPLC with the
following conditions: Column, XBridge Shield RP18 OBD Column, Sum, 19%150mmy
mobife phase, Mobile Phase A: water (10MMOL/L NH4HCO3), Mobile Phase B: ACN;
Detector, 254/220 nm. 100 mb product was obtained and concentrated under vacoum o
deliver the title compound in 12.1 mg, 14.9% overall vield. '"H NMR (300 MHz, CD30D): §
7.64 — 7.63 (m, 2H), 7.47 — 7.46 (m, 1H), 7.29 — 7.20 {m. TH), 6.57 - 6.54 (d.J = 8.1 Hz,1H),
426-423¢ J=51Hz ZH), 3.46-339 (m, ZH), 3.08 (3, 3H), 2.94 - 2 89 (m, 5H), 2.69 —
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264 (4. J=69Hz 2H), 243 - 238 (1. J= 7.2 Hz. 2H), 1.80 — 1.75 (t, J = 7.2 Hz, 2H) ppm.
LCMS: 570.0 [M+H]"
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Example 3: Synthesis of (E}-N-methyl-4-{ 2-{ 8-{{7}-4, 4, 4-triflss oro- I-{3-fiuoro- 1 H-indazol-
S-yil=2-phenylhui- I-enylhpyridin- 2-vloxyiethyviaminolbui-2-enamide (Compound 3)

Srep-1: Synthesis of 5-bromo-3-fluoro-1H-indazole

=
Br Selectiiuor =
T A - ,}\ ABr
N acOH, CHyeN M AL
H 80 °C, 18 h H
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Into a 5-L 3-necked round-bottom flask purged and maintained with an inert atmosphere of
nitrogen was placed S-bromo-1H-indazole (200 g, 1.0204mol, 1.00 equiv), CHaCN (3.5L),
acetic acid {120mL), and selectfluoro (544 g, 1.5367mol, 1.51 equiv). The resulting solution
was stirred at 80 °C until completion. The reaction progress was monitored by LCMS. The
resulting sohution was diluted with 8 L of ethyl acetate and washed with 334000 mL of H,0.
The organic layer was dried over anhydrous sodium sulfate and concenirated under vacuum,
The residue was applied onto a silica gel colunm with ethyl acetate/petroleum ether (0:100-
15:85). The collected fractions were combined and concentrated under vacuum to deliver the
title compound in 72 g (3396) as a vellow solid. "H NMR (400 MHz, DMSO-d,) 8 12.77 (.
1H), 8.03 — 7.90 (m. 1H), 7.59 — 7.48 (m, 2H). LOMS: 215 [M+H]"

Step-2: Synthesis of 5-bromo-3-fluoro-I-(tetralydro-2H-pyran-2-yi}-1H-indazole

R TsOH,DCM,DHP R
}@,Bf RT. 1h ')/\(\j/ar
N S
W N /
H THP

Into a 2-1. 3-necked round-bottom flask was placed 5-bromo-3-fluoro-1H-indazole (70 g,
325.55 mmol, 1.00 equiv}, DCM (700 mL), and TsOH (5.6 g, 32.52 mimol, 0.10 equiv}. This
was followed by the drop-wise addition of DHP (82.4 g, 979.55mmol, 3.01 equiv) while
stirring at 0 °C. The resulting solution was stirred at 0 °C until completion. The reaction was
monitored by LCMS. The resulting muxture was washed with 2x500 mL of HyO, and the
organic laver was dried over anhydrous sodium sulfate and concentrated under vacoum. The
residue was applied onto a silica gel column with ethyl acetate/petroleum ether (0:100-10:90).
The collected fractions were combined and concentrated under vacuum to deliver the title
compound in 96.3 g (99%) as vellow oil. 'H NMR (300 MHz, DMSO-dy) § 8.02 (d, /= 1.8
Hz, 1H), 7.78-7.74 {m, 1H), 7.67-7.63 {m, 1H), 5.88 — 571 (m, 1H}, 3.95 - 3.79 (m, 1H),
375371 (m, 1H), 231 - 2,13 {m, 1H), 2.11 — 1.86 (m, 2H), 1.74-1.70 (m, 1H), 1.58 - 1.50
(my, 2H). LCMS: 299 [M+H]".

Step-3: Synthesis of 3-fluoro-i-{tesralivdro-2H-pyran-2-vij-5-{{trimethyisilyfethynyii-1H-

indazole
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\
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2-methyl THF
BO°C/2h

into a 2-L round-bottom flask pwrged and maintained with an inert atmosphere of nitrogen
was placed S5-bromo-3-fluoro-1-(tetrahydro-2H-pyran-2-y1)-1H-indazole (943 g, 31524
mmol, 1.00 equiv), 2-Methyl THF (930mlL), TEA (956 g. 94476 mmol, 3.00 equiv),
ethynylirimethylsilane (154.5 ¢, 1.57 mol, 4.99 equiv), PACL, (5.6 g. 31.64 numol, 0.10 equiv),
Xantphos (36.5 g, 63.08 mmeol, 0.20 equiv), and Cul (12 g, 63.01mmol, (.20 equv). The
resulting solution was stirred at 80 °C until completion. The reaction progress was monitored
by LCMS. The resulting solution was diluted with 1 L of 2-Methyl THF and was washed
with 1x1 L of brine. The mixture was dried over anhydrous sodium sulfate and concenirated
under vacuum to deliver the title compound i 134 g {crude) as a black oil. The crude product

was used directly to the next step.

Step-4: Synthesis of 3-ethynyi-3-fluoro-1-(tetraliydro-2H-pyran-2-yi}-1 H-indazole

- £
i P
~ K200, MeOH, p i\' =
5 N i
0°C, 1h .
THE

{
THP

Into a 2-L round-bottorn flask was placed 3-fluoro-1-(tetrahvdro-2H-pyran-2-y1)-5-
((trimethyisilyDethynyl}-1H-indazole (131.3 g, 414 92mmol, 1.00 equiv), methanol (950 mL},
and potassium carbonate {(114.7 g, 829 90mmol. 2.00 equiv). The resulting solution was
stirred at 0 °C until completion. The reaction progress was monttored by LCMS. The

resulting mixture was concentrated under vacuum and then diluted with 1 L of H>O. The
solution was extracted with 3x1 L of ethyi acetate and the organic layers combined, dried
over anhydrous sodium sulfate, and concentraied under vacoum to deliver the title compound

in 77 g (76%) as black oil. LCMS: 245 [M+H]".

Step-3; Synthesis of 3-fluoro-I-(tetrabydro-2 H-pyran-2-yij-3-{4,4,4-trifinorobut-1-yn-1-
yi}- i H-indazole

86



WO 2018/098305 PCT/US2017/063047
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N DPEPHos.foluene
THE 80°C, 4h

Into a 2-L round-bottom flask purged and maintained with an inert atmosphere of nitrogen
was placed 5-ethynyl-3-flugro-1-{tetrahy dro-2H-pyran-2-yH-1H-indazole (72 g, 294.76mmol,
1.00 equiv), toluene (900 mL), 1,1, 1-influorc-2-iodoethane (186 g, 885.98numol, 3.01 equiv),
DABCO (99 g, 883.93mmol, 3.00equiv), DPEPhos (31.8 g, 59.00mmol, 0.20 equiv), and
Pdy(dba):CHCl; (15.3 g, 14.78mmol, 0.05 equiv). The resulting solution was stirred at 80 °C
untif completion. The reaction progress was monitored by LOCMS. The resulting solution was
diluted with 1 L of H,0 and exiracted with 2x1 L of ethyl acetate. The organic layers were
combined, dried over anhydrous sodium sulfate, and concenirated under vacuum. The residue
was applied onto a silica gel column with ethyl acetate/petroleum ether (0:100-15:85). The
collected fractions were combined and concentrated under vacuum to deliver the title
compound in 45 g (47%) as a vellow solid. "H NMR (300 MHz, DMSO-de) § 7.89(d, /=14
Hz, 1), 7.81-7.77 (m, 1), 7.58-7.54 (m, 1H), 5.84-5.80 (m, 1H), 3.94 — 3.60 (m, 4H), 2.35
~ 212 {m, 1H). 2.06 — 1.89 (m, 2H), 1.86 — 1.64 (m, 1H), 1.58-1.54 (m2H). LCMS: 327
IM+HT

Step-6:  Synthesis of {(Z}-3-fluoro-I-(tetrahydro-2H-pyran-2-yi)-5-(4 4, 4-triffuoro-1, 2-
bis{4,4,5, 5-tetramethyl- 1,3, 2-dioxaborolan-2-y i -  -en- [-vi}- ] H-indazole

B—8 ), .
o o e g~
N
\N S O
i
THE PH{PPha)y, 2-methyl THF THP( {

into a 500-mL round-bottom flask purged and maintained with an inert atmosphere of
nitrogen was placed 4.,4,5,5-tetramethyl-2-(tetramethy1-1,3,2~-dioxaborolan~-2-y1)-1,3,2~
dioxaborolane {57 g, 219.74 mmol, 2.00 equiv}, 3-fluoro-1-(tetrahydro-2H-pyran-2-y1)-5-

{44 4-rifluorobut-1-en-1-y)-1H-indazole {36 g, 110.34 mmol, 1.00 equiv}, P{PPh; (6.84 g,
0.05 equiv), and 2-Methyl THF (450mL). The solation was stirved at 90 °C untif completion

to deliver the title compound (crude) that was used directly to the next step.
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Step-7: Synihesis of {((Ej-1-{6-(2-((tert-butoxycarbonyl}{{Ei-4-(methylanminoj-4-oxohui-2-
en- I-vi}aninolethoxylpyeidit-3-yh-4, 4, 4-trifluoro-1-(3-fluoro- I-{tetralivdro-2H-pyrasn- 2~
yi-1H-ipdazol-5-y}but-1-en-2-yi}boronic acid

11
O& O
‘ ey Boc O - B
- O FFC OH

- H T T Y Boc 0
; o N NSy A,
(‘)‘\f PA(PPhy),Clo, C3,C05 E\"’L‘\// N/\Q/\/ \/\JJ\&/
THP '
i

Tnte a 40-mlL vial purged and maintained with an inert atmosphere of nitrogen was placed
(Z3-3-fluoro~1-{ietrahvdro-2H-pyran-2-v1}-5-(4 4 4-trifluoro-1,2-bis(4.4,5, S-tetramethyl-

1,3,2-dioxaborolan-2-vhbut-1-en-1-yi)-1H-indazole (101.4g, 180.6mmol, 1.00 equiv), teri-
butvl (E}-(2-{{5-iodopyridin-2-yhoxy jethvi X4-{methylamino}-4-oxobut-2-en-1-vijcarbamate
(83.44 g, 180.6mmol, 1.00 equiv) (Scheme 4, Steps-1 - 3), Pd(PPh;),Cly (6.38g, & 94mmol,
0.05 equiv), CsCOs (2.0 g, 119 2mmol, 2.00 equivy, 2-Methyl THF (600mL}, and water
(60mL). The solution was stirred at 25 °C until completion. The resulting mixture was
concentrated under vacuum. The residue was apphed onto a silica gel columm with

DCM/methanol (10:1) to deliver the title compound in 59.6 g (crude) as a vellow sohid.

Step-8: Xynthesis of tert-baagyl ((E}-4-{methylaminoj-4-0xohut-2-en-1-vi}{2-((5-{{Z}-4,4,4-
triffuoro- 1-{3-fluoro- I-(tetralydro-2 H-pyran-2-yij- L H-indazol-5-vi}-2-phenyibit- I -en-{ -
yhpyridin-2-yBoxylethylcarbamute

(:"H = ]
B. =
F RGOy OH — FOFCT Y N
h i\
AY
N‘>;\ E Xy Boc o] - NG l = Boc o]
¥ { N
N N';’\o”'\\’N\fA\’JLN" Pd(PPhy),Clo KOH, N W Q‘NN\/\\\‘/[LN/
THE H dioxane, H,C THP ) H

into a 1000-mL round-bottom flask vial purged and maintained with an inert atmosphere of
nitrogen was placed ((E)-1-(6-(2-({ieri-butoxycarbony }{{E}-4-(methylamino)-4-oxobut-2-en-
i-vDamino)ethoxv)pyridin-3-y1)-4,4. 4-trifluoro~-1 -(3-fluoro~ 1 -{tetraby dro~2H-pyran-2-vl}-

1H-indazol-5-yhbut-1-en-2-vhboronic acid (59.6 g, 75.66 mmol, 1.00 equiv), bromobenzene
(1430 g, 90.79mmol, 1.20 equivy, KOH (834 g, 148.70 mmol, 2.00 equiv), PAPPh:»ClL;

{2.59 g. 3.70 muvol, 0.05 equiv), dioxane (1000ml), and water (200mL). The solution was
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stirred at 80 °C i an ot bath until completion. The reaction was then guenched by the
addition of 800mL of water. The resulling solution was extracted with 3x1000mL of ethvl
acetate and the organic layers combined and concentrated under vacuum. The residue was
applied onto a silica gel colunmn with DUM/methanol (10:1) to deliver the title compound in

25.0 g (crude} as a vellow solid.

Step-8; Synthesis of (E}-N-pnethyled2{5-({Z}~4, 4, 4-trifliscoro- I-{3-fluvro- 1 H-indarol-5-yi}-
2-phenyibut-I-enylpyridin-2-vioxylethylamino)but-2-enumide

Into a SG0~-mL round-botiom flask was placed tert-butyl ({(E)-4-(methylamino}-4-oxobui-2-
en-1-yD2-((5-((F)-4 4 4-irifluoro-1-(3-fluore-1 -(tetrahy dro-2H-pyran-2-v1)- 1 H-indazol-3-
yii-2-phenylbut-1-en-1-vhipyridin-2-vhoxy)ethyljcarbamate (25 g, 33.88 mmol, 1.00 equiv),
TFA (50mL}, and BCM (250mL). The resulting solution was stirred at 25 °C until
completion. The resuliing muixture was concentraled under vacuum. The crude product was
purified by Prep-HPLC with the following conditions: Column: X-bridge Prep phenyl Sum,
19%150mmh Prep C012 (T)186003581138241113.01; mobile phase, Phase A:water with 0.5%
NHHCO;, Phase B:.CHON L (20% CHON up (o 65% in 60 min, hold 95% in 10min down
t0 20% in 2 mun}; Detector, UV 254nm. This resulied 1n 4.9 g (24%;) of (E)-N-methyl-4-(2-
(5-({Z)-4,4 4-trifluoro-1-(3-fluoro-1H-indazol-3-y1}-2-phenvibut- T -enyypyridin-2-
yloxy)ethylaminoibut-2-enamide as a vellow solid. "'H NMR (300 MHz, DMS0-d6) 8 12.6 (s,
1H), 7.92 - 7.81 (m, 2HD), 7.61 — 7.57 (m, 2H), 7.54 (dd, J = 7. 2.3 Hz, 1H), 7.23 (dd, J =
8.8 1.5Hz 1H), 7.14 — 7.10 (m. 3H), 7.00 — 6.97 (m, 2H), 6.69 - 6.66 (dd, I = 8.5, 0.7 Hz,
1H), 6.64 ~ 6.54 (m, 1H), 6.02 - 5.94 (m. 1H), 4.18 (1, J = 5.7 Hz, 2H), 3.50 - 346 (t, J =
109Hz, 2H), 332 (d, J=63Hz 2H), 279, J=57THz 2H), 263 -2.61(d, J =46 Hz,
3H). The 4.9 g solid was dissolved in 80mL CH;CN and acidified with 9.75mbL HCI(1N)
{(ImL12N HCl(aq) dissolved in 11mb CH;CN} at 0 °C. and stirred for 30min at R.'T ., then
evaporated at 30 °C to remove the excess HCL The product was then dissolved in 150mL

H:0 and lvophilized for 48h to deliver the title compound in 5.2 g, 0.82% overall yield, as a

vellow solid. "H NMR (400 MHz, Methanol-d4) $7.75(dd. J = 2.5, 0.8 Hz, 1H), 7.67 (1. I =

39



WO 2018/098305 PCT/US2017/063047

1.2 Hz, 1H), 7.54 - 7.50 (m, 1H), 7.43 - 7.39(dd, J = 8.7. 2.5 Hz, 1H), 7.34 (dd. J = 8.8. 1.6
Hz, 1H), 7.31 — 7.18 (. 3H), 6.75 — 6.64 (m, 2H), 6.33 — 6.28 (m, 1H), 4.52 — 4.48 (m, 2H),
3.87(dd, I=7.0. 1.4 Hz, 2H), 3.49 — 339 (m. 4H), 2.82 (s, 3H). LCMS: 354.69 [M+H]"

Scheme 4

O

L__Ci
HCTE -NH;

0
\/\/U\ S \/\/J\ BF\/VKN«/

' Na,COs, Na,C0s, 0 °C

DM, DMF H
313 Step-a 328 Step-b 329
o
BFNN{
“ . 320 M
i HCI(4M, dioxane), | N
EN;;’/\W o~ Npoe TS H HAZh \(\1 HCl 1) DIEA/DMF
i | e P N . or 1t/ 15
SNTF O NaHOMF NS o TBoe T g o~ NH2 09t 15h
0°C to 8h 2} Boo,GO
330 )
331 332 e
Step- 6°G-rf 2h
Step-3
: ! s Boc o)
N/ Q/’\VNMN’/
H
324

Step-a: Nynthesis of (El-d-bromobut-2-cnovi chioride

O

)H(cs
O Ci O
BrMOE--E R . Br\/\,/uxm

DCM, DMF

Into a 300-mL round-bottom flask, was placed (F)-4-bromobui-2-enoic acid {10 g,
60.61mmol, 1.00 equiv), DCM (200mL}, and N, N-dimethviformamide (0.5mL}. Oxalyl
dichloride (7.7 g, 1.00 equiv) was added at 0 °C in dropwise. The resulting solution was
stirred untid corpletion at 0 °C. The nuxture was used directly to the next step without

isolation of the product.
Step-b: Synthesis of (El-4-bromo-N-metiiylbus-2-enamide

3

3 ~NH,
B{MCE ne BF\\/\\)L,N/

Nazco:;, 0°oc 4
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Into a 250-mb round-bottom flask was placed CH;NH, HCI (1.005g, 1.00 equiv}, sodium
carbonate (3.18 g, 30.00 mmol, 2.00 equnv), and DCM (100 mL). Then, (E}-4-bromobut-2-
enoyl chloride (15.0 Ommol, 1.00 equiv} was added dropwise at 0 °C. The resulting solution
was stirred at 0 °C in a water/ice bath until completion. The mixture was then washed with
2x100 mL of water. The organic laver was concentrated under vacuum to deliver the title

compound in 3 g (62%) as a vellow solid. LCMS: 178, 180]M+H]"

Step-: Synthesis of tert-brayi (2-{{S-indopyridin-2-yioxyletbhyhcarbamate

NS E NaH/DMF N
0 °C to 8h

To a stirred solution of 2-fluoro-3-1odopyridine (250 g, 1.12mmol} in DMF (2. 5L) was added
sodium hydride (67.2 g, 1.68 mol), and the solution was stirred for 10 min at 0 °C. Then, tert-
butyl (2-hydroxyethylcarbamate (1804 g, 1.12 mol) was added. The contents were stirred at
R.T. until completion. The reaction mixture was poured onto ice cold water, the sohd
separated was filtered and dried under reduced pressure to deliver the title compound in 301 g

as an off-white solid.
Step-2: Synthesis of 2-((3-iodopyridin-2-yloxyethan- I-amine hydrochloride
i HCI{4M, dioxane),
\(\j\ H it, 12h | o HO
o~ NBoe T AT, L

Into a 100-mbL round-bottom flask was placed tert-buty! tert-butyl {2-{{5-icdopvndin-2-
yhoxyethvicarbamate (5.6 g, 15.38mmol, 1.00 equiv), and hydrogen chloride (4M, dioxane)
(20 mL}. The resulting solution was stirred at room temperature until completion, then

concentrated under vacuum to deliver the title compound in 4.0 g (87%) as a white solid.

Step-3:  Synthesis of tert-butyl (E)-2-(S-iodopyridin-2-vioxyletiyl{4-(methyiaminoj-4-

oxobui-2-envicarbamate
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1) DIEADMF

\5 HCH 0 °C-rt, 15h ’ | = Boc O

NN oy eae o | N O/\/N\/*\\\)LN/
0°C-1t, 2h H

Into a 100-mL round-bottom flask was placed 2-({5-iodopynidin-2-vDoxy)ethan-i-amine
hydrochloride (2 g, 7.57mmol, 1.00 egquivy, DIEA (195 g 200 equiv), and N, N-
dimethyiformamide (10mL). This was followed by the addition of (E)-4-bromo-N-methylbut-
2-enamide (1.02 g, 5.31mmol, 0.70 equiv) (Scheme 4, Steps-a - b) dropwise with stirring at 0
°C. The resulting solution was allowed to react with stirring at room temperature until
completion. To this was added (BockhO (1.8 g, 1.20 equiv). The resulting solution was stirred
at room temperature until completion. The reaction mixture was diluied with ice cold water
(100 ml} and extracted with 3x100 mb ethyl acetate. The organic layers were combined,
washed with brine (100 mbL), dried over anvdrous sodium sulfate and concentrated under
reduced pressure. The crude material was purified by column chromatography with stlica gel
column using 80% ethyl acetate in n-hexane as an eluent and further puwrified with CI8
colunm(MeOH/H,0=7:3) to deliver the title compound in 620 mg (20%) as colorless oil. 'H
NMR (400 MHz, Methanol-d4) § 832 (dd, J = 2.4, 0.7 Hz, 1H), 7.96 — 7.88 {m, 1H). 6.69 (i,
J=9.6Hz, 2H), 5.93 (1, J = 13.1 Hz, 1H), 442 (d, J = 5.4 Hz, 2H), 4.07 (dd, J = 5.4, 1.8 Hz,
IHY. 3.62 (4, = 5.4 Hz, 2H), 2.78 (5, 3H), 1.44 (s, 9H). LCMS: 462 [M+H".

Scheme 5:

SN By BOC I HECI(AM in dioxane), | HCI
| H P H R.T. 12h \©\
ZN0H Cs,CO4DMF, 0 " Bae Sto2 o2
233 80 °C.12h s07 p
Step-1 334
o
BT\/\\\/JLN/ |

; . O
i ]
Lz N S
OMF, DIEA o Mg\r’
Boc,0, 0 °C H
Step-3
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Step- 1> Synshesis of tere-bugy! (2-{4-iodophenoxyjethyllcarbamage

Br\/»f\NBoc

N i :
\‘O H \‘O
N
FFNoH €805, DMF, ' oM goc

80°C,12h

To astirred solution of 4-iodophenol (50 g, ¢.227 mol) in DMF (750mL} was added Cs,CGs3
{493 g. 1.363 mol). The mixture was stirred for 30 man at room temperature and then tert-
butyl (2-bromoethylicarbamate (71.27 g, 0.318 mol) was added. The solwion was stirred at
80 °C until completion. The reaction mixture was then poured onto ice water, solid separated
was filtered and dried under reduced pressure 1o deliver the title compound in 80 g (97%) as

an off-white solid. LCMS: 264 [M-Boc+H] .
Step-2: Synthesis of 2-(4-indophenoxyhethan-1-amine hydrochloride
HCI

i HCI(4M in dioxane), i
No
o >""Roc o NH;

To a stirred solution of tert-butyl (2-(4-1odophenoxy)ethvl)carbamate (25 g, 68.6 mmol) in

dioxane (30mL) at 0 °C was added 4M HC! in dioxane (250mL). The reaction mixture was
stirred at room temperature uniil completion. The reaction mixture was then concentrated
under reduced pressure to deliver the title compound i 16 g (88%) as crude material, used in

next step without further purification.
Step-3: Synthesis of teri-buiyt (E)-2-{4-iodophenoxy)etiyl{4-(methylaminoj-4-oxobui-2-

enviicarbamate

O

j ~ Bl‘M -
HCI N i
L - DN P!

DMF,DIEA, Boe,0,0°C

-
I
i

Tnto a 40-mL vial was placed 2-(4-1odophenoxy Jethan-1-amine hydrochloride (226 g, 7.5
mmol, 1.00 equiv), DHEA (1.9 g, 14.70mmol, 2.00 equiv), and N N-dimethyiformamide
{20mL). (E}-4-bromo-N-methvibut-Z-enamide (1.08 g, 6.07mmol, 0.80 equiv) (Scheme 4,
Steps-a - b) was then added to the solution at 0 °C, which was then stirred at R T. until
completion. Boc,0 (2.62 g, 12mumol} was then added and the resulting mixture was stirred at

room temperature until completion. Upon completion by TLC, the reaction mixture was
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cooled to 0 °C, quenched with ice cold water (100 mL) and extracted with 3x250 mL of
DCM. The combined organic exiracts were washed with brineg (250mL), dried over
anhydrous sodiurn sulfate and concentrated under reduced pressure. The crude material was
purified by column chromatography over 100-200 mesh silica using 50-80% ethy! acetate in
n-hexane as an eluent, then further purified with C18 column (MeOH/H20=7:3) o deliver
the title compound m 690 mg (20%). 'H NMR (400 MHz, DMSO-d6) 8 7.97 - 7.91 {m, 1H)},
763 —7.55 (m, 2H), 6.84 — 6.76 (m. 2H). 6.52 (4. J= 12.9 Hz, 1H). 5.89(d, I = 15.5 Hz, 1H),
4.08 - 4.02 (m, ZH), 4.01 —3.94 (m, 2H), 3.49 (d, J = 4.8 Hz, 2H), 2.63 (d. J = 4.6 Hz, 3H),
1.37 (s, 9H). LCMS: 461 [M-+H]".

Schemnie 6;

Pd/C MeOH H,

Step-i

Example 4: Syathesis of (Ed-(2-(4-(I-{I H-induzol-5-pB-2-phenyibut-{-
enyliphenoxylethylamino)-N,N-dimethylbutanamide (Compound 4)

H
/4
N
H

Step-I: Synthesis of (E)-4-{ 2-{4-{ I-{1 H-indazol-5-yi}-2-phenylbui-1-
enyliphenoxydethylanino)-N, N-dimethylbutanamide

Into a 250-mL round-botiom flask was placed (Ey-4-((2-(4-{{E}-1-(1 Hundazol-S1}-2-
phenylbut-1-en-1-ylyphenoxyjethvlamino)-N N-dimethvibut-2-enarmde (3 g, 6.07 mmol,
1.00 equiv} {(synthesized following the approach outlined in patent US 2016347717 Al},
methanol (100 mL), and paliadium/carbon (300 mg, 0.10 equiv). To the above, Ha{g) was

mtroduced in. The resubting solution was stitred in a water/ice bath until completion, and then
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the solids were filtered out. The resulting mixture was concentrated under vacuum to deliver
the title compound in 2.07 g, 69% overall yield, as a hydrochloride salt. 'H NMR (400 MHz,
DMSO-d6) 8 13.11 (d, J = 2.6 Hz, 1H), 8.98 {brs, 2H), 8.07 (s, 1H), 7.61 {s, 1H), 7.53 - 7.51
(d, J=8.6 Hz, 1H), 7.23 ~ 7.19 (m, 6H), 6.81 ~ 6.79 (m, 2H), 6.66 ~ 6.64 (my, 2H), 4.10(d, J
= 5.0 Hz, 2H), 3.32 - 3.24 (d, ] = 6.5 Hz, 2H), 2.93 (s, SH), 2.80 (s, 3H), 2.43 - 2.40 (m, 45,
1.85— 1.78 (m, 2H), 0.90 — 0.86 (1, J = 7.4 Hz, 3H). LCMS: 497.4 [M+H["

Example 5: Synthesis of (E}-N-methyled-({2-({3-{{E}-4,4, 4-triffucro- I-{3-flupro- 1 H-
indazol-3-ylj-i-phenyibut- [-en- 2-ylpyridin-2-vhoxylethylamino} but-2-enamide

{Compound 5)

Compound 5 was synthesized following the approach outlined in Scheme 3, Example 3. Its
precursor was formed 1n Step 7 as a nunor product, which was carried through the remaining
steps outlined in the Scheme to deliver the title compound in 4.9 2 (2.69%) as a vellow solid.
'H-NMR (300 MHz DMSO-d6) § 12.70 (s, 1H), 7.97 — 7.85 (m, 2H). 7.65 — 7.49 (m, 3H),
7.23¢dd, =88, 1.5 Hz. 1H), 7.21 — 7.03 (m, 3H), 7.04 - 6.94 (m, 2H). 6.69 (dd, ] = 8.5, 07
Hz, 1H), 6.07 - 594 (m, 1H), 419 ¢, J=57Hz 2H}, 347 (1, J=109Hz, 2H), 330({d. J =
6.2 He, 2H), 2.80 (1. J = 5.7 Hz, 2H), 2.63 (d. J = 4.6 Hz, 3H). LCMS: 554.69 [M+H]",

Example 6: Synthesis of (E)-N-methyleS5-((2-({3-{{Z}-4 4, 4-triffuore-1-{3-fluoro-1 H-
indazol-3-ylj-2-phenyibut- [-en- I-ylipyridin-2-vhoxylethylaminojpent-2-enamide
{Compound 6)
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Compound 6 was synthesized following the approach outhned in Scheme 3 by modifving: a)
Step-7 by substituting tert-butyl (E}-(2-((5-todopvridin-2-yoxy yethy D{5-{methylamino)}-3-
oxopent-3-en-1-vijcarbamate (preparation shown below, Steps-a - g} for compound 324, 0.1
equiv Pd{dppDCl; for PA(PPh; LCl,, dioxane for 2-Methyl THF, using 2.5 equiv of Cs:C0;,
and stirring the reaction at 50 °C until completion without purification, and b) Step-8 by
substituting 0.1 equiv Pd(dppHCh for Pd(PPh; 1l 1o deliver the title compound in 58.5 mg,
0.90% overall vield. 'HNMR (400 MHz, Methanol-di} 6 7.70 (dd, J= 24, 0.8 Hz, 1H), 7 64
(i, /=12Hz 1H), 750 - 748 {m, 1H), 741 - 7.16 (i, 7TH), 6.68 - 6.60 {m, 2H), 6.06 - 6.02
(d, /=152 Hz, 1H), 4.46 ~ 4.44 (m, 2H), 3.45 - 3.37 (m, 4H). 330~ 3.15(, /= 7.6 Hz,
2H), 2.79 (s, 3H), 2.60 ~ 2.55 (m, 2H). LCMS: 368 [M+H]|".

Step-a: Synthesis of 3-(Gert-butyidimethylsilyoxylpropanal

Dess-martin, DCM
TBSO._~_OH TBSO._~z0

Into a 500-mL round-~bottom flask was placed 3-({(tert-butylidimethvisiyboxypropan-i~ol (20
2. 105.07 mmol. 1.00 equiv), DCM (200 mL}, and Dess-Martin Periodinane (53 g, 1.00

Y

equiv). The resulting solution was stirred at 25 °C until completion. The solids were filtered
out via a Buchner funnel to deliver the title compound in 20 g {crude) as vellow oil. The

material was used directly in the next step without purification.

Step-b: Synthesis of ethyl (E}-5-((tert-butyldimethylsibvloxylpent-2-enoate

{
o o
1

TBSO._~ 20 TBSO\/\%\WQ\/
NaH, THF i
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Into a 500-mb round-bottom flask was placed ethyl 2-(diethoxyphosphorvijacetate (24 g,
107.05 mmol, 1.00 equuv), THF (200 ml), and sodium hydnde (4.24 g, 176.67 mmol, 1.00
equiv). The resulting solution was stirred for 2 h at 0°C in a water/ice bath. Then 3-({tert-
butyldimethyisilyloxypropanal (20 g, 106.19 mmol, 1 00 equiv} was added. The resulting
solution was allowed to react, with stirring, at 25 °C uniil completion. The reaction was then
guenched by the addition of 100 mL of water. The resulting solution was extracted with
2x200 ol of ethy] acetate and the organic lavers were combined and concentrated under
vacuum. The residue was applied onto a silica gel column with ethyl acetate/petroleum ether

{1:10) to deliver the title compound in 10 g {36%:} as vellow oil.
Step-c: Synthesis of (E}-3-({tert-butyidimethylsilyoxylpent-2-encic acid
LHOH, THF H,O

TBSO\\/\//\TQN/ TBSO\/\///\H/QH

G O

Into a 100-mL round-~bottom flask was placed ethyl (E)-3~((iert-butyldimethylsilvloxy ypent-
Z-enoate {1 g, 3.87 mmol, | 00 equiv}, methanol (5 mL), LiOH (500 mg, 20.88 mmol, 5.00
equiv), and water (5 mL). The resulting solution was stirred at 0 °C in a water/ice bath until
completion. The pH value of the solution was adjusted to 7 with hydrogen chlonde (1M) (3
mL)}. The resulting solution was extracted with 3x30 mL of DCM and the organic lavers were
combined. The organic layers were dried over anhydrous sodium sulfate and concentrated
under vacuum to deliver the title compound in (.5 g (56%;) as yellow oil. LCMS: 231

[M+H]

Step-d: Synthesis of (E}-5-((tert-buryldimethylsilyloxy)-N-methylpent-2-enamide

...... i ~
TBSOMOH NH, THE '1'83{:}\/\y\n,:\:\
O HATU TEA DCM O
Into a 250-mL round-bottom flask was placed (B)-5-{(tert-butvidimethylsilyBoxy)pent-2-

enoic acid (3.0 g, 13.02 mmol, 1.00 equiv), DCM (50 mL), HATU (7.4 g, 19.46 mamol, 1.50
equiv), TEA (2.6 g, 25.69 mmol, 2.00 equiv), CH;NH,-THF (13 mL}. The resulting solution
was stirred at room temperature until completion. The reaction was then quenched by the
addition of water. The resulting solution was extracted with 3x100 mL of DCM and the

organic layers combined and the organic layer was washed with brine (100 mL}, dried over
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anhydrous sodium sulfate and concentrated under vacuum to deliver the title compound in 3.0

2 (95%) as brown oil. LCMS: 244 [M+H]".
Step-e: Synthesis of (E}-3-hydroxy-N-methylpent-2-enamide

H
N

H
TS0~ N TBAF, THF HO A~

O O

Into an 8~-mi. round-bottom flask purged and maintained with an inert atmosphere of nitrogen
was placed (E}-5-{{(tert-butyldimethylsilyDoxy}-N-methyipent-Z-enamude (100 mg, (.41
mimol, 1.00 equiv), TBAF (215 mg, 0.82 mimol, 2.00 equiv}, and THF (2 mL}. The resulting
solution was stirred at room temperature until completion to deliver the title compound as

crude material, used in next step without further purnification, considering 100% vield.
Step-f: Synthesis of (E}-5-{methylamino)-5-oxopeni-3-en-1-yi methanesulfonate

H
N

HOM - MSQO MSQM

& TEA,DCM 0

Into a 50-mi. round-bottom flask purged and maintained with an inert atmosphere of nitrogen
was placed (E)}-S-hydroxy-N-methvipent-2-enamide (2.7 g, 20.90 mmol, 1.00 equiv), TEA
(414 g 40.91 mmol, 2.00 equiv), DCM (20 mL), and methanesulfonyimethanesuifonate
(7.14 ¢, 40.99 mumol, 2.00 equiv). The resulting solution was stirred at room temperature until
completion. The reaction was then guenched by the addition of water. The resulting maxture
was concentrated under vacuum. The crude product (10 mL) was purified by Flash-Prep-
HPLC with Columm C18 using (50%-60%) CH;UN in water to deliver the title compound in
4.0 2 (92%) as a brown syrup. LCMS: 208 [M+H] .

Step-g: Syathesis of tert-butyl (E)-(2-((5-iodopyridin-2-yDoxylethyl{ 5-tmethylansdng)-5-

oxopent-3-eun-1-ylicarbamate

by HOL \
Mso\/\//«ww\ NCo~N Boc H
e N P N

5 DMF,DIEA, (Boc),0 N7 0T TN e

Into a 500-mL round-bottom tlask was placed 2-{2-aminoethoxy)-5-iodopyridine

hvdrochloride (6.5 g, 19.29 mmol, 1.00 equiv), and N N-dimethyformamide (50 mL). This
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was followed by the addition of DIEA (10 g, 77.38 mumol, 4.00 equiv) dropwise with stirring
at 0°C. To this was added (E)-5-{methyvlamino}-5-oxopent-3-en-1-yl methanesulfonate (4.0 g,
19.30 mmol. |.00 equiv), in portions at 0 °C. The resulting solution was stirred at 40 °C in an
oil bath until completion. To the mixture was added (Boc)( (8.4 g, 38.4% mmol, 2.00 equiv).
The resulting solution was allowed to react at room temperature uniil completion. The
reaction was then quenched by the addition of water. The resulling solution was extracted
with 3x100 mL of ethyl acetate and the orgamc layers combined and the organic laver was
washed with brine (100 mL)}, dried over anhydrous sodium sulfate and concentrated under
vacuum. The residue was applied onto a silica gel column with ethvl acetate/petroleum ether
{20:1). The solid was dried in an oven under reduced pressure to deliver the title compound in
1.5 g (16%;) as a yvellow syrup. Product isolated was still not clean, taken forward to the next

4
+

step without further purification. LCMS: 476 [M+H]

Example 7: Syathesis of (E}N-{2-fydroxyethyl)-4-{{ 2-{{5-{({Z}- 4,4, 4-trifluoro-I-3-fluoro-
FH-indazol-5-yi)- 2-phenylbut- I-en- I-yDpyridin-2-yioxyjethylamin o but-2-enamide
{Compound 7)

H

Compound 7 was synthesized following the approach outhned in Scheme 3 by modifving: a)
Step-7 by substituting tert-butvl (E)-(4-{{2-hydroxyethv1jamino)-4-oxobut-2-en-1-y {2-((5-
iodopyridin-2-yijoxy)ethyijcarbamate {(preparation shown below, Steps-a - b} for compound
324, dioxane for 2-Methy! THF, using 3.0 equuv of Cs:C0s, and stirnng at 40 °C until
completion, b} Step-8 by substituting 3.0 equiv potassium carbonate for KOH, and ¢} Step-9
by substituting concentrated HCl (1o make a 0.03M solution) for TFA to deliver the title
compound in 19.5 mg, 0.13% overall yield. "H NMR (400 MHz, Methanol-d4) § 7.73 (m,
TH), 7.72 (m. BH), 7.66 — 7.50 (m, TH), 7.35 — 7.31 (m, 2H). 7.26 — 7.20 (m, SH), 6.73 - 6.66
(m, 2H), 6.35 ~ 6.31 (m, 1H), 4.49 — 4.46 (m, 2H), 3.87 — 3.85 (m, 2H), 3.65 - 3.63 (L } =57
Hz, 2H). 3.48 - 3.38 (m, 6H). LCMS: 584.2 [M+H]|"

Step-a: Synthesis of (E}-4-bromo-N-{2-(tere-butyldimethylsilyloxy)ethyD bus-2~enamide
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1) CICOCOCI,
O DCM,DMF O

: i G°C,5h
B;\MOH Br\/\\\)’LNA\/QTBS

Na GO

3°Cto i

overnight
Into a 3000-mL round-bottom flask was placed (E}-4-bromobut-2-enoic acid {105 g, 636.42
mmnol, 1.00 equiv), DCM (1000 mbL), and N N-dimethyHormamide (5 mL), then oxalyl
dichioride (88.7 g, 698.83 mmol, 1.10 eguiv} was added in dropwise. The resulting solution
was stirred at 0 °C until completion to obtain the corresponding acid chloride. Into a S000-mL
round-bottom flask, was placed (2-aminoethoxy i(tert-butyDdimethylsilane (111.4 g, 636.42
mmol, 1.00 equiv), DCM (1000 mL), and sodium carbonate (203.5 g, 1.92 mol, 3.00 equiv).
The acid chloride solution was then added in dropwise to the solution with stirring at 0 °C.
The resuliing solution was stirred overnmight at room temperature. The reaction was then
quenched by the addition of 1000 mL of water and extracted with 3x1000 mb of DCM. The
organic layers are combined, dried over anhydrous sodium sulfate and concentrated under

4

vacuum to deliver the title compound in 206 g (crude} as a vellow oil. LCMS: 322 |M+Hj

Step-b: Syathesis of tert-butyl (E}-(4-((2-hydroxyethylamino)-4-oxobigt-2~en- 1-yB{2-{(5-
indopyridin-2-yhaxylethylcarbamate

v, HCI
T~
o 1) DIEA, DMF if\ Boc o
r.t. overnight i o
Br\/\\\/u\N/\/OTBS N’;\OWN\/\\\/[\N/\VO] BS

H 2} (BOC)h H
rf.5h

Into a 5600-mL round-bottom flask was placed 2-((5-1odopvridin-2-viyoxyJethan-1-amine
hydrochloride (172 g, 510 mwmol, 1.0 equiv), DIEA (263 g, 2.03 mol, 4.00 equiv), and NN~
dimethyiformamide (00 mL), and the solution was cooled to ¢ °C. (E)-d4-bromo-N-(2-(tert-
butyldimethylsilyloxy jethyDbut-2-enamide (206 g, 640 mmol, 1.25 equiv} was dissolved into
200 mL DMF. This solution was then added dropwise 1o the flask with stirring at 0 °C. The
resulting solution was stirred overnight at room temperature. After that, di-tert-butyl
dicarbonate (222 ¢, 1.02 mol, 2.00 equiv} was added. The resulting solution was stirred at

room temperature until completion. The resulting solution was diluted with 2 L of ethyvl
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acetate, then washed with 3x2000 mbL of H,0O. The mixture was dried over anhydrous sodium
sulfate and concentrated under vacuum, The residue was applied onto a silica gel column
with ethyl acetate/petroleum ether (1:3) to deliver the title compound in 22 g (6%) as a
yellow otf. 'H NMR (300 MHz, Chloroform-d) § .33 (s, 1H), 7.81 (d, /=8.7 Hz, 1H), 6.81
~6.75 (m, TH), 6.62 — 6.59 (m, 1H), 5.95-5.70(m, 1H), 4.40 (s, 2H), 4.08 (5, 2H), 3.73 (1, J =
5.1 Hz, 2H), 3.59 (s, 2H), 3.49 — 3.43 (m, 2H), 1.46 (s, 9H), 0.92 (s, 9H), 0.09 (5, 6H).
LCMS: 606 [M+H]".

Scheme 7:

)§< (eSS SoN

N\ i i "~
NN o Pd{dppiCl;, Cs,C0;
THP / dioxane,HyO
323 Step-~1
O
526 R
-------------------------------- PaiC
Pd{dppf)Cl,, KOH NG Y Poc R
dioxane, H’)O kN : N O/A\\/N\/WN\ MeOH
I3 H
Step-2 THP e Step-3

HCI
H H
Q/\/N\/’\/‘\IT’N\

O

Example 8: Synthesis of (£)-N-methyl 5-{{2-{(5-(4,4,4-trifluoro- 1-{3-fluoro- 1 H-inda;0l-5-
Vi) 2-phenylbut- I-en- I-yBpyridin-2-yloxyjethylhaminolpentanamide (Compound 8)
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Step-1: Synthesis of ({(E}-1-(6-(2-((tert-butoxycarbonyl{{E}-5-(methylamino)-S-oxopeni-3-
en- I-vi}aninolethoxylpyeidit-3-yh-4, 4, 4-trifluoro-1-(3-fluoro- I-{tetralivdro-2H-pyrasn- 2~
yi-1H-ipdazol-5-y}but-1-en-2-yi}boronic acid

& \\/10/\" EM N

e
O~ dioxane, H,O

i

Into a 40-mL round-bottom flask purged and maintained with an inert atmosphere of nitrogen
was placed (#)-3-fluoro-1-(tetrahydro-2H-pyran-2-v1}-53-(4.4 4-tnifluoro-1,2-bis(4,4.5.5-
tetramethyl-1,3,2-dioxaborolan-2-yhbut-1-en-1-vi)-1H-indazole (1.6 g, 2.76 mmol, 1.00
equiv) (Scheme 3, steps 1-6), tert-buivl (E}-(2-{{5-iodopyridin-2-y1oxy yethy i} 5-
{methyvlamino}-5-oxopeni-3-en-1-yhcarbamate (1.3 g, 2.73 mamol, 1.00 equuv) (preparation
shown in example 6, Steps-a - d}. Pd{dppHCl, (190 mg, 0.26 mmol. 0.10 equiv), Cs:C05 (2.2
g, 6.75 mmol, 2.50 equiv), dioxane (10 mL), and water (2 mL}. The resulting solution was
stirred at 50 °C in an oil bath until completion. The crude material was used in next step

without further punification

Step-2: Synthesis of tert-bugyl ((E)-3-{methylamino}-5-0xopeni-3-en- 1=yl 2-((3-{{Z}-4,4, 4-
triffuoro- 1-{3-fluore-1-(tetrabydro-2 H-pyran-2-yij-{ H-indazol-3-vi}-2-phenvibut- I-en- {-
yhpyridin-2-yBaxylethylcarbamate

O e
AN o=,
F C \/’ “CH By \ / - Fsof’\,“ NN
S0 SUN S g ST L
N/\/ /\\/ a / ~ Pd(dppfiCl, YOH ,N P N/
THP

g N\/W

THP dioxane,H,0O

Into a 40-mL round-bottom flask purged and maintained with an inert atmosphere of
nitrogen was placed ((E)-1-{(6-(2-((tert-butoxy carbonvi}{{E)-5-(methylamino)}-5-oxopent-3-
en-1-vDamimo)ethoxy ypyridin-3-v1}-4,4, 4-trifluoro~1-(3-fluoro- 1 <(tetraby dro-2H-pyran-2-v -
1H-indazol-5~-yhbut-1-en-2-viboronic acid (2.0 g, 2.49 nunol, 1.00 equiv), bromobenzene
(430 mg, 2.74 mmol, 1.10 equiv), Pd(dppDHCl, (180 mg, 0.25 mmol, .10 equnv), KOH (980

mg, 17.47 mmol, 7.00 equuv), dioxane {10 mL), and water {2 mL). The resulting solution was
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stirred at 80 °C in an oil bath until completion. The reaction was then quenched by the
addiion of water. The resulting solution was extracted with 3x50 mL of ethyl acetate and the
organic layver was washed with brine (100 b)), dried over anhydrous sodium sulfate and
concentrated under vacuum. The residue was applied onto a silica gel colunmn with ethyl
acetate/petroleum ether {1:1). The solid was dried in an oven under reduced pressure to
deliver the title compound 10 1.0 g {53%) as an off-white solid.

Step-3: Synthesis of tert-butyl (£)-(S-{methylamino)-3-axopentyl)(2-((3-{4,4,4-trifluoro-1-
(3-fluoro-I-(tetrahydro-2H-pyran-2-yi}- 1 H-indaz0l-5-yi}-2-phenyibui- [-en- I-ylpyridin-2-
vioxyethylicarbamate

3 4
. :cac/j!/\"\/' ) FORCTY X
M '/\\X\ Boc » e Nl Sy ‘/\j\ Boc H
\Eq,—&\,;/' KN/,?'\O,«»\,N\/«\/’AH/N\ MeOH N N ONNW\H’N\
THP 1) THP 5]

Into a 50-mL round-bottom flask purged and maintained with an inert atmosphere of nitrogen
was placed tert-butyi ((E}-5-(methylamino)-3-oxopent-3-en-1-vI} 2-{{5-((Z}-4,4 4-trifluoro-1-
(3-fluoro-t-(tetrahydro-2H-pyran-2-y1}-1H-indazol-5-y1)-2-phenytbut- t-en- 1~y Dpyridin-2-
yvhoxyjethyhcarbamate (500 mg, 0.67 ramol, 1.00 equiv), Pd/C (200 mg), and methanol (30
mL). The resulting solution was stirred at room temperature until completion. The solids
were filtered out and the resulting mixture was concentrated under vacuum to deliver the title

compound in 0.4 g (80%) as a brown solid.

Step-4: Synthesis of (£}-N-methyl-3-{{2-((5-(4,4,4-triflaoro-1-(3-fluoro- I H-indazol-5-yi)-2-
phenyibut-1-en-1-yipyridin-2-vijoxyiethyDamino}pentanamide

/
-~ . | HCl
£ FC TFA R
} Ry = 8¢e > 2 \ '
N - g H Step-4 N P — K\/\/« E
R I e ) T e
THP 3 o

Into a 40-mL round-bottom flask was placed tert-buty!l (Z)-{5-(methylamino}-S-oxopenty{2-
((5-(4,4 4-tnifluoro-1-(3-fluoro-1 -(tetrahydro-ZH-pyran-2-y1)-1H-indazol- 5-v1)-2-phenvibut-
i-en-t-yDpyridin-2-vhoxy)ethylearbamaie (400 mg, 0.53 mmol, 1.00 equiv), and

trifluoroacetic acid (5 mL). The resulting solution was stirred at room temperature until
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completion. The crude product (10 mL) was purified by Flash-Prep-HPLC with Column (18
using (135%-45%) CH3CN in water (HCH 0.05%) to deliver the fitle compound 1n 78.4 mg,
1.09% overall vield. 'HNMR {300 MHz, Methanol-d,) 6 7.88 — 7.85 {m, 2H), 7.75 (s, iH),
7.59-755(dd, J=84,21Hz 1H), 741 -738(dd, /=87, 1.5Hz 1H}, 733 -727 (m,
SH), 7.201 - 7.18 (d, J= 9.6 Hz, 1H), 4.67 - 7.64 (1, J= 4.8 Hz, 2H), 3.54 — 3.43 (m, 4H),
3153100, J=T2He, 2H), 276 (3, 3H), 236 - 231 (t, /= 6.6 Hz, 2H}, 1.79 ~ 1.69 (m,
4H). LCMS: 870 [M+H]'.
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Scheme &:
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Example 9: Synthesis of (E}-N-methiyl-4-((2-{{5-{{Z}~4,4,4-trifioro- I-{ I H-indazol-5-vi}-2-
phenyibut-I-en- I-yDpyridin-2-yi phenoxylethylamino}bui-2-enanmide (Compound 9)

Step-1: Synthesis of S-bromo-I-(tefralydro-2H-pyran-2-ypli-1 H-indazole
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H
hHo DHP, PTSA b, B
8r 7
i DCM, rt, 2h N
N Y .
\N‘ > i
N THP

into a 5000-mL round-botiom flask was placed S-bromo-1H-indazole (200 g, 1.015mol,
1.0eq). DHP (170.6 g, 2.03rmmol, 2.00 equv), DCM (3000 mL), and PTSA (193 ¢, 0.10
equiv). The resulting solution was stirred at room temperature until completion. The reaction
was then quenched by adding saiurated NaHCGOs5 {ag}. The resulting solution was exiracted
with 3x1000 mL of DCM and the organic lavers were combined and concentraied under
vacuum. The residue was applied onto a silica gel colunmm with ethyl acetate/petroleum ether
(1:10). The collected fractions were combined and concentrated under vacuum to deliver the
title compound in 200 g (70%) as a light brown oil. 'H NMR (300 MHz, DMSO-ds) § 8.11 (s,
1HD, 8.04 (s, 1H), 7.74 (d, J =9.0 Hz, 1H), 7.55 (dd, J = 9.0, 1.8 Hz, 1H), 5.87 {dd, J = 9.6,
2.4 Hz, 1H). 3.95 — 3.65 (m, 2H), 2.50 — 2.30 (m, 1H), 2.01-1.94 (m, 1H), 1.86 — 1.41 (m,
4H). LCMS: 281.0 [M+H]".

Step-2: Synthesis of I-{tetrafiydro-2H-pyrasn-2-vi}-5-(@grimethylsilyfethynvi)-1 H-indazole

H g
} 2r == i\
N\
Nt Cul, EtN, PCh,
THP Xantphos

2-Methyl-THF, 80 °C, 5h

Into a 5000-mL round-bottom flask purged and maintained with an inert atmosphere of
nitrogen was placed 5-bromo-1-{tetrahydro-2H-pyran-2-vi)-1H-indazole (200 g, 711.35mmol,
1.00 equiv), ethynyltnmethyistane (700 g, 7.15mol, 10.00 equiv), Cul (40 g, 210.05mumol,
0.30 equiv), triethylamine (360 g, 3.56mol, 5.00 equiv), PdCL (13 g, 0.10 equiv), Xantphos
(B0 g, 138.25mmol, 0.20 equiv}), and 2-Methyl THF (2000 mL). The resulting solution was
stirred at 80 °C in an oil bath until completion. The reaction was then quenched by water. The
resulting solution was extracted with 3x2000 mb of ethyvl acetate, the organic layers were
combined and concentrated under vacuum. The residue was applied onto a silica gel colunm
with ethyl acetate/petroleum ether (1:10}). The solid was dried in an oven under reduced
pressure to deliver the title compound in 100 g (47%) as a brown oil.'"H NMR (400 MHz,
DMSO-ds) 8 8.12 (s, 1H), 7.94 (s, 1H), 7.74 (d. J=9.0 Hz. 1H), 7.46 (dd. J= 9.0, 1 8 Hz, 1H),
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5.87 (dd. J= 9.6, 2.4 Hz, 1H), 3.91 — 3.86 (m, 1H), 3.77 — 3.71 (m, 1H),2.43 — 2.34 (m, 1H),
2.06 -1.95 (m, 1H), 1.77 - 1.41 (m. 41D, 0.24 (s. 9FD.LCMS: 299.0 [M+H] "

Step-3: Synthesis of S-ethynyl-I-{ietrabydro-2H-pyras-2-yii- 1 H-indainle

s H
H “~
N ZZ K,COa, CHaOH : ~
N7 N,
N . 2h N7
THP THP

Ioto a 1000-mbL  round-bottorn  flask was placed 1-(tetrahydro-2H-~pyran-2-v1)-5-
{{trimethvisiiyliethynyvi)-1H-indazole (60 g, 201.04 mmol, 1.00 equiv), potassium carbonate
{55 g, 397.95 mmol, 2.00 equiv), and methanol {600 mL}. The resulting solution was stirred
at room temperature until completion. The reaction was then quenched by the addition of
water {300mL). The resulting solution was extracted with 3x300 ml of ethyl acetate and the
organic layers combined and concentrated under vacuum to deliver the title compound in 43
g {95%) as a brown oil. 'H NMR (400 MHz, DMSO-d6) § 8.14 (s, 1H), 7.96 (s, 1H). 7.75 (d,
J=80Hz 1H). 748 (dd. 1 = 8.8. 1.6 Hz, 1H), 586 (dd. 1 = 9.8. 2.4 Hz, 1H), 4.08 (s, 1H),
390-386(m, 1H}, 379371 (m, 1H}, 243 -~ 234 (m, 1H), 2.07 - 1.94 (m, 1H), 1.80-1.40
{m, 4H). LCMS: 227.0 [M+H]".

Step-4: Synthesis of I-{tetrahydro-2H-pyran-2-pii-5-{4,4,4-triflaorobut- I-yn- 1-yi}- 1 H-

indazole
Falut
e a
N DPEphos, DABCO
N P {doa)CHC,
THP toluene, 80 °C, 5h

Into a 1000-mL round-botiom flask purged and maintained with an inert atmosphere of
nitrogen was placed S-ethyoyl-1-(tetrahydro-2H-pyran-2-v1}-1H-indazole (30 g, 132.58 mmol,
1.00 equv), 1,1, 1-triflucro-2-10doethane (55.5 g, 264.37 mmol, 2.00 equiv), DPEPhos (14.1
. 0.20 equiv), DABOC (297 g, 2.00 equiv), Pdy{dba)CHCI; (6.84 g, 0.05 equiv), and
toluene (300 mL). The resulting solution was stirred at 80 °C in an il bath uniil completion.
The reaction was then guenched by water (300mL). The resulting solution was extracted with
3x300 ml of ethyl acetate and the organic layers combined and concentrated under vacuum.

The residue was applied onto a silica gel colunm with ethy! acetate/petroleum ether (1:4} to
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deliver the title compound in 30 g (73%) as a yellow solid. 'H NMR (400 MHz, Methanol-d)
5 8.05 (s, TH), 7.88 (s, 1H), 7.66 (d, J = 8.8Hz, 1H), 7.45 (dd, = §.8, 1.6Hz, 1H). 5.79 (dd,
J=9.6,2.4 Hz, 1H), 4.00 — 3.79 {(m, 1H), 3.83 — 3.79 (m, 1H), 3.47-3.51 (m, 2H), 2.50 — 2.47
(m, 1H), 2.19 ~ 1.96 (m, 2H), 1.92 ~ 1.51 {m, 3H). LCMS: 309.0 [M+H]".

Step-3: Synthesis of (Z}-1-{Fetrabydro-2H-pyrasn-2-vi}-3-(4,4,4-triflaoro-1,2-bis{4,4,3, 5~
tetrametfeyi-1,3,2-dioxaborolan-2-plhbut- I-ere- 1-yb)- L H-indazole

9J§<
— l: . B..
B8 jV HoFa ©

N
PH{PPhy),, 2-Methyl-THF N
i

THP &o %, 12h THP

Into a 500-mL round-bottom flask purged and maintamed with an mert atmosphere of
nitrogen  was  placed  I-(letrabhvdro-2H-pyran-2-v1}-3-(4,4 4-trifluorobul-t-yn-1-vl)-1H-
indazole (24 g, 7785 wmmol, 100 equiv) 4.4.5 5-tetramethyl-2-(tetramethyi-1 3,2~
dioxaborolan-2-v1}-1,3,2-dioxaborolane (19.7 g, 77.58 mmol, 1.00 equiv), Pi{PPhs), (4.8 g,
0.05 equiv), and 2-Methyl THF (200 mL). The resulting solution was stirred at 90 °C in an oil
bath until completion. The resulting solution was used to the next step without further

purification.

Step-6: Synihesis of {((Ej-1-{6-(2-((tert-butoxycarbonyl}{{Ei-4-(methylaminoj-4-oxobut-2-
en-I-vi}aminolethoxy)pyridit-3-yl-4, 4, 4-trifluoro- I-{I-{tetraliydro-2H-pyrasn- 2yl 1 H-
induzol-3-ylbut-1-en-2-yliboronic acid

- E ™
) NSO &

Pa{PPha}sCla, C5,00,
2-Methyl-THF, water
1,12 h

Into a 1000-mL round-botiom flask purged and maintained with an inert atmosphere of
nitrogen was placed (Z)-1-(tetrahydro-2H-pyran-2-y1}-5-(4.4,4-trifluoro-1,2-bis{4.4,5,5-
tetramethyi-1,3,2-dioxaborolan-2-yDbut-1-en-1-vh-1H-indazole (44 g, 78.26 mmol, 1.00
equiv), tert-buty! (E}-(2-((S-1odopyridin-2-vhoxy)ethyly4-(methylamino)-4-oxobut-2-en-1 -

10%



WO 2018/098305 PCT/US2017/063047

vljcarbamate (36 g, 78.04 mmol, 1.00 equiv} {Scheme 4, Steps-1 - 3}, €005 (63 g. 19336
mol, 2.50 equiv), PAPPhsRCl (5.5 g, 7.84 wmimol, 0.10 equuv), 2-Methyl THF (400 mL),
and water (80 mlL). The resulting solution was stured at room temperature until completion.
The reaction was then quenched with ice water (500mL). The resulting solution was exiracted
with 3x300 mbL of ethyl acetaie and the organic layers combined and concentrated under
vacuurmn. The residue was applied onto a silica gel columm with DCM/meethanol {(10:1) o

deliver the title compound 10 40 g (74%;) as a brown solid.

Step-7: Synthesis of tert-butyl ((E)-4-(methylamino)-4-oxobut-2-ep-1-yi{2-{4-{{E}-4,4,4-
trifiuoro-2-plienyi-i-{ I-{tetrabvdro-2 H-pyran-2-yi}- 1 H-indazol-5-yiibui-I-en-1 -
yhphenacyethylcarbamate

e

Oy

e PE{PPh),Cly, KOH \/©/\EU\ ioc o
dioxane, water 3N N \

80°C,1 h

Into a 1000~md. round-bottom flask purged and maintained with an inert atmosphere of
nitrogen was placed ((E)-1-(6-(2-((tert-butoxycarbony }{E }-4-(methylamino}-4-oxobut-2-en-
1-yhamino)ethoxy jpyridin-3-yi}-4, 4 4-influoro-1-(1-(tetrahvdro-2H-pvran-2-yi}- i H-indazol-
S-yDbut-1-en-2-vhiboronic acid (20 g, 25.99 mmol, 1.00 equnv), bromobenzene (5.0 g, 31.83
mmol, 1.10 equiv), PAPPh;)CL (2.0 g, 0.10 equivy, KOH (4.9 g, 87.33 mmol, 3.00 equiv),
dioxane (250 mL), and water (50 mL). The resulting solution was stirred at 80 °C until
completion. The reaction was concenirated under vacuum and the residue was applied onio a
silica gel column with ethyl acetate/petrolewm ether (10:1) to deliver the title compound in 12

g (64%) as an off-white solid. LCMS: 720.0 [M+H]'.

Step-8:  Synthesis of (E}-N-sethyl-4-((2-{{5-{{Z}-4,4,4-srifluoro-I-{I H-indazol-5-yl}-2-
pheaylbui-l-ea-I-plpyridin-2-yHoxylethyDamino)but-2-enamide

HGH

ol
0

A
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H
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Into a 250-mb round-bottom flask was placed tert-butyl {({E)-4-{methylamino)-4-oxobut-2-
en-1-yDH{2-(4-((E)-4.4 4-triftuoro-2-phenyl-1-(1-{tetrahydro-2H-pyran-2-v}- 1 H-indazol-5-
yvhbut-1-en-1-ylphenoxy)ethvljcarbamate (20 g, 27.79 nunol, 1.00 equiv), trifluoroacetic
acid (50 mL), and DCM (50 mL). The resulting solution was stirred at room temperature until
completion, then concenirated under vacuum. The residue was dissolved in 20 mbL of CH;UN
and purified by Flash-Prep-HPLC with the following conditions (TutelFlash-~1); Coluron,

silica gel; mobile phase, water(NHHCO; 10mumol/LYCH;CN=35% water{NH,HCGO; 10
mmol/L) increased to CH3;UN=45% within 10 min; Detector, UV 234 nm. The residue was
dissolved in 20 mL of CH3;UN. The fresbase product was converted to HCI salt with

hydrogen chionde (1.1 equiv), lvophilized for 48h to deliver the title compound in 5.2094 ¢,
3.53% overall vigld, as a vellow solid. 'H NMR (400 MHz, Methanol-d,) 8 8.30 (s, 1H), 7.86
(s, 1H), 7.74 (4. J = 2.4 Hz, 1H), 7.67 - 7.64(d, J= 2.4 Hz, 1H), 7.47 - 7.43(dd, J= 8.8, 2.4
Hz 1H), 737-736(dd, /=88, 1 6 He, 1H), 734 -720(m, 5H), 6.79-676{(d, J=8.8 Hz,
1H), 6.72 - 6.63 (m, 1H). 6.32 - 6.27(d, J= 16 Hz, 1H), 4.51 — 4 48 (m, 2H), 3.86 — 3.84 (dd,

Y
+

J=68 1.6Hz 2H), 3.44 - 3.37 (m, 4, 2.79 (s, 3H). LCMS: 536.2 [M+H]

Example 10: Synthesis of (Ej-N-metfyl-d-((2-(4-((E}-4,4,4-trifluoro-1-{{ H-indaz0i-5-yi}-2-
pheaylbui-l-en-I-viphenoxylethylaminolbui-2-enamide (Compound 10)

H o FiC HCI

¢
‘E_\i ' O/\/Q\/\,/il\ﬁ/

Compound 10 was synthesized following the approach outlined in Scheme 8 by modifying: a)
Step-6 by substituting teri-butyl (E3-(2-{4-iodophenoxy)ethyi{4-(methyiamino -4-oxobuti-2-
en-1-yhcarbamate (Scheme 3, Steps-1 -~ 3} for compound 324, 2-Methyl THF H.0 (5:1) for
dioxane H,O, and stirring at 40 °C untd completion, and b) Step-7 by using 1.0 equiv of
bromobenzene and stirring at 40 °C until completion to deliver the title compound in 175 mg,
3.76% overall yield. "H NMR (400 MHz, Methanol-d4) & 8.70 — 8.65 (s, 1H), 7.96 - 7.94 (s,
1H), 7.75 = 7.71 (dt, T = 8.8, 0.9 Hz, 1H), 7.50 — 7.46 (dd, J = 8.8, 1.5 Hz, 1H), 7.22 - 7.12
{(m. 5H), 6.91 — 6.89 (m, 2H), 6.73 — 6.67 (m, 3H), 6.32 — 6.29 (m, 1H). 417 — 4.15 (m. 2H),

S
+

3.87 - 3.85 (m, 2H), 3.41 - 3.34 (m, 4H), 2.79 {5, 3H). LCMS: 53530 [M~+H]|

1o



WO 2018/098305 PCT/US2017/063047

Scheme 9:
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Example 11: Synthesis of (E}-4-{{ 2-{4-{{(E}-2-cyclobutyl- I-{1 H-indazol-5-ylh-2-
phenylvinyllphenoxylethyllamino)-N-methyibut-2-enamide (Coropound 11)

HCI
H
O

O/\/?}\/\\%//ELN/

/4
N
H H

Step-1: Synthesis of (2, 2-dibromo-1-cyclobutylvinyllbenzene

1
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CBr,, PPhy |\

‘ |

b Toluene - Br

Into a 1000-mL round-bottorn flask purged and maintained with an inert atmosphere of
nitrogen was placed PPh; (65.5 ¢, 249 72 mumol, 4.00 equiv) and toluene (300mL). This was
followed by the addition of a solution of CBry (41 g, 125.00 mmol, 2.00 equiv) in toluene
{(100mL} dropwise at 0 °C while stitring. Then, a solution of ¢yclobutyl(phenymethanone
(10 g, 62.42 wmol, 1.00 equiv) in toluene (100mL) was added in dropwise. The resulting
solution was stirred until completion at 120 °C in an oif bath. The solution was then difuted
with H,(O (400mL) and extracted with 3x400mL of ethvl acetate. The organic layers were
combined, dried over Na»SQy, and the resulting maxture was concentrated under vacuurn. The
residue was applied onto a silica gel colunin with ethyl acetate/petroleum ether {0:10) to

deliver the title compound in 7.5 g (38%) as yellow oil.
Step-2: Synthesis of 2,2'-(2-cyclobutyi-2-phenylethene- 1, 1-divi}bis{(4,4, 3, 5-tetramethyl-

1,3, 2-dioxaborolane}

J“." ~ O\ ;O ““.L/-*-
! BB !

— 4 N -
- -
’Y\ O« l -0

& B
n-Buli, Et,O 10 o)

Into a 500-mk round-~bottom flask purged and mamntained with an inert atmosphere of

nitrogen was placed (2,2-dibromo-1-cvclobutylvinyllbenzene (3 g, ¢.49mmol, 1.00 equiv),
En G 200mL), and a solution of 4,4,5 5-tetramethyl-2-(tetramethyl-1,3,2-dioxaborolan-2-y1}-
i.3.2-dioxaborolane (2.41 g, 9.49 mmol, 1.00 equiv) in ether (100 mL). The reaction was
then cooled to -78 °C, and n-Buli (2.5M 1n hexane, 4.2ml.} was added dropwise. The
resulting solution was stirred until completion at -110 °C in a lquid nitrogen bath. The
reaction was then quenched by the addition of methanol (100 mi.). The mixture was dried
over anhydrous sodium sulfate and concentrated under vacuum. The residue was applied onto
a silica gel column with ethy! acetate/petroleum ether (1:9) to deliver the title compound in

600 mg (15%) as a vellow solid.

Step-3: Synthesis of (E}-5-{2-cyclobutyl-2-phenyl-1-(4,4,3, 5-tetramethyl-1,3,2~
dioxaborolan-2-yijvinyl)- I-{ietrafiydro-2 H-pyran-2-yi}- 1 H-indazole
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i
# v B“
O -0 N i "
TN Pd,(dba)s P(t-Bu)s. \ o\é
O Ot KOH(3M), THF TP

into a 40-mL round-bottom flask purged and maintained with an inert atmosphere of nitrogen
was placed a solution of 2,2'-{2-cvclobutyl-2-phenylethene-1, 1-diyl}bis{4,4,5, S-tetramethyl-
1,3,2-dioxaborolane) (410 mg, 1.00mmol, 1.00 equiv) in THF (30mL), 3-10do-1-{oxan-2-vi)-
1H-indazole (328 mg, 1.00mmol, 1.00 equiv), Pd.{dba); (110 mg, 0.12mmol, 0.10 equiv},
P{t-Bu); HBF (60 mg, 0.21mmol, 0.20 equiv), and KOH (3M} {3.5mL). The resulting

solution was stirred at 25 °C until completion. The reaction was then quenched by the

addition of 50mL of water, extracted with 2x100mL of DUM, and the organic layers were
combined. The resulting mixture was washed with 1x100mL of brine, dried over anhydrous
sodium sulfate and concentrated under vacuum. The residue was applied onto a silica gel
coluron with ethyl acetate:petroleum ether (7:3) to deliver the title compound n 320 mg (66%)

as a yellow solid. LCMS: 485.5 [M+H{".

Step-4: Synthesis of tert-buagyl (E)=-{2-{4-{ 2-cyclobutyi-2-phenvi-I-(I-(tetrabydro-2H-pyran-
2oyl Heindazol-S-yhvinylphenoxylethyl){4-(methylamino)-4-acobutylcarbamate

O \3\ %oc,
i O/‘\,N N/
i BN
N {5\2‘“ Pda{dba)y CHCa,
N - KOH(3M), THF

Into a 100-mL round-bottom flask purged and maintained with an inert atmosphere of
nitrogen was placed a solution of (E)}-5-(2-cvclobutyl-2-phenyi-1-(4.4,5, 5-tetramethyi-1,3,2-
dioxaborolan-2-yDviny)-1-(tetrahy dro-2H-pyran-2-yD-1H-indazole (320 wg, 0.66mimol,
1.00 equiv), Pda{dba);CHCL (68 mg, 0.066mmol, 0.10 equiv), KOH (3M) (3.5mL), THF
(25mL), and tert-butyl (E)-(2-(4-1odophenoxyyethyviy4-(methylamino)-4-oxobut-2-en-1-
vhcarbamate (304 mg, 0.66mmol, 1.00 equivy {Scheme 5, Steps-1 - 3}. The resulting sohution
was stirred al 80 °C in an oil bath until completion. The reaction was then quenched by the

addition of 50mL of water and extracted with 2x100mL of DCM. The organic layers were
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combined, then washed with Ix100mL of brine and dried over anhydrous sodium sulfate. The
solution was concentrated under vacoum and the residoe was applied onto a silica gel column
with EA: PE (7:3) to deliver the title coropound 10 180 mg (39%) as a yvellow sohid. LCMS:
691.4 [M+H]

Step-3: Synifresis of {E b=l (2-{d={{ E}- 2-cyclobautyi- i -{ { H-indazol-5-yi}-2-
phenylivinylphenoxylethylaasino)-N-metlylbut-2-enamide

o
TEA H
ﬁi}/\@\ Bo(‘ Q /‘\\
/"\/ N\ X -~ N‘i ii

Into a 40-mL round-bottom flask purged and maintained with an inert atmosphere of nitrogen
was placed teri-butyl (E)-(2-{4-(2-cyclobutyl-2-phenyi-1-(1-{tetrahydro-2H-pyran-2-vi}-1H-
mndazol-5~-yDvinylphenoxyyethy 4 -(methyviamino)-4-oxobutvlycarbamate (250 me,
0.36mmol, 1.00 equivy, DCM (3 ml), and trifluorcacetic acid (30mL}. The resulting solution
was stirred at 25 °C in a water bath until completion, then the mixture was concenirated
under vacuom. The crude product (150 mg) was purified by Prep-HPLC with the following
conditions (2#-AnalyseHPLC-SHIMADZUHPLC-10)): Column, X-8elect CSH Prep C18
OBD Column, 19%250mm, 5um; mobile phase, Water(0.053%NH4CO3 ) and ACN (30.0%
ACN up 1o 48.0% in 10 min); Detector, UV 254/220nm. This resulted in 25.6 mg (14%) of
(Ey4-{(2-14-[{E}-2-cyclobutyi-1-(1H-indazol-5-yv1}-2-phenylethenyl|phenoxy jethyljaming]-
N-methylbut-2-enanude as a white solid. Then, into a 50-mL round-bottom flask was placed
(E)-4-((2-(4-((E)-2-cvelobutyl-1-(1 H-indazol-5-v1)-2-phenvivinyDphenoxy jethyDamino}-N-
methylbut-2-enamide (25 .6mg, 0.05mmol, 1.00 equiv), acetonitrife {5 mL), water {10 mL),
and 0.0435 mL hydrochloric acid (1 M). The solution was then lyophilized for 12h 1o deliver
the title compound in 26.0 mg, 0.21% overall yield. 'H NMR (300 MHz, Methanol-d4) & 8.34
(s, 1H), 7.74 (s, 1H), 7.62 — 7.59 (d, J = 8.7 Hz, 1H). 7.37 — 7.34 {m, 1H), 7.25 ~ 7.10 (m,
SH), 6.91 — 6.88 (m, 2H), 6.71 — 6.64 (m, 3H), 6.31 — 6.26 (m, 1H), 4.14 —4.11 {m, 2H), 3.86
~3.84(dd. J=7.0, 1.4 Hz, 2H), 3.40 — 3.37 (m. 1H), 3.36 — 3.32 (m, 2H), 2.81 (s. 3H), 1.94
~1.83 (m, 4HD), 1.75 — 1.56 (m, 1H). 1.46-1 40 (m, 1H). LCMS: 507.2 [M+H]"
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Example 12: Synthesis of (Z)-1-{2-{{5-(4,4,4-trifluoro-1-(3-flaoro-I H-indaz0l-5-yi}-2-
pheaylbui-l-en-I-vipyridin-2-vBoxyethyBpyrrofidin-2-one (Compound 12)

HCI
K

N\/
N
H

O
Nv’/\ o Ni\j

Compound 12 was synthesized following the approach outhined in Scheme 3 by modifying:

a) Step-7 by substituting 1-(2-(5-10dopyridin-2-yhoxv)ethvhpyrrolidin-2-one (preparation
shown below in Step-a) for compound 324 and stirring at 50 °C, and b) Step-8 by substituting
2-Methyi THF (to make a 0.9M solution) for dioxane and water to deliver the title compound
in 216.7 mg, 2.18% overall yvield. "H NMR (400 MHz, Methanol-d4) § 7.90 — 7.88 (d. J = 8.4
Hz 1H), 780 (d, J = 2.0 Hz, 1H). 7.74 (5. 1H). 7.56 — 7.54 (m, 1H), 7.38 -~ 7.36 (d, } = 8.6
Hz, 1H), 7.33 ~ 7.25 (m, 5H), 7.21 - 7.19(d, ] = 8.9 Hz, 1H), 4.49 - 4,46 (1, J = 5.0 Hz, 2H),
3.68 — 3.66 (m. 2H), 3.57 — 3.39 (m, 4H), 2.37 - 2.30 (1. J = 8.0 Hz, 2H), 2.04 — 1.99 (m, 2H).
LCMS: 525 [M+H]

Step-a; Kynthesis of 1-{2-{{S-iodopyridin-2-yiioxy)ethylpyrrofidin-2-one

= HO™ Né
» L
NTF O/\/N

NaH,DMF

Into a 250-mb round-bottom flask was placed 1-(2-hydroxyethylipyrrolidin-2-one (8.6 ¢,
66.59 mmol, 1.00 equivy, N N-dimethylformamide (50 mL}, and sodium hydride (1.1 g
45.83 mmol, 1.20 equiv). The resulting solution was stirred at 0 °C in a water/ice bath until
completion. 2-fluoro-S-iodopyridine (5 g, 22.42 mmol, 1.00 equiv) was then added The
resulting solution was allowed to react, with stirring, at 25 °C until completion. The solution
was diluted with FLO (100 mL), exiracted with 3x100 mL of ethyl acetate, duied over Nap,S0y
and the organic layers combined. The crude product was purified bv Flash-Prep-HPLC with
the following conditions {IntelFlash-1) Column, silica gel; mobile phase, ethyl
acetate/petroleum ether (1:9), Detector, UV 254 nm o deliver the title compound in 5.0 g
(67%) as light vellow oil. 'H NMR (400 MHz, Methanol-d4) § 8.34 (dd, J =24, 0.7 Hz, 1H),
794 - 791 (dd, T=R8.7. 2.4 Hz, 1H). 6.69 - 6.67 (dd. J = 8.7. 0.7 Hz, 1H). 4.46 - 4.43 (m,
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2H), 3.68 — 3.65 (1, J = 5.3 Hz, 2H), 3.60 — 3.36 (m, 2H), 2.382.34 (t, J = 8.1 Hz, 2H), 2.07 -
2.00 (m, 2H). LCMS: 333 [M+H]".
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Scheme 10:
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Example 13: Xynthesis of (E}-I-(pyrrofidin-1-yi}-4-((2-{4-({E}-4 4, 4-triffuoro-1-{3-fluoro-
TH-indazol-S-yi)-2-phenyibut-I-en-I-yBphenoxyethyllamino)but-2-en-I-one  (Compound
13)

HCI

Step-1: Synthesis of (7)-{1-{4-(2-{{teri-butoxycarbonvl)aminolethoxylphenyl}-4,4,4-
frifluoro-1-{3-fluoro- I-(tetraliydro-2H-pyran-2-yi}- | H-indazol-3-pDbut- i -en-2-yboronic

acid

17
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O 1 N H

/ o C’f\v N - Soc
Pd{PPh3);Cl; i H
CSQCO;;,HQ_O "‘\////}\O/\/N\BGC

Into a 250-mL round-bottom flask purged and maintaimed with an inert atmosphere of
nmitrogen  was  placed  (Z)-3-fluoro-1-(tetrahvdro-2H-pyran-2-vi}-5-(4.4,4~trifluoro-1,2-
bis(4,4.5, 5-tetramethyi-1,3,2-dioxaborolan-2-viYbut-1-en-1-vl}-1H-indazole (64 g, 11.31
mimoi, 1.00 equiv) (Scheme 3, Steps-1 - 6}, Cs,CG; {(12.6488 g, 38.82 mmol, 2.00 equiv),
tert-butyl (2-(d-1odophenoxy)ethylcarbamate (7.08 g, 19.44 mmol, 1.00 equiv) (Scheme 5,
Step-1), water {2mL), Pd(PPh:)CL (1.36188 g, 1.94 mumol, 0.10 equiv), and 2-Methyl-THF
{20mL). The resulting solution was stirred at 50 °C until completion and used directly to the

next siep.

Step-2:  Synthesis of ftert-butyl (E}-(2-(4-(4,4,4-trifluowo-1-(3-Auoro-I-(tetrabydro-2H-
pyrap-=2-yi}- | H-indazol-3-yi}-2-phenvibut-1-en-1-yphenoxylethvijcarbamate

Br : Fqcﬁ)@

PA{PPh;),Cly, KOH
dioxane, water THF{

Into a 250-mL round-bottom {lask purged and mamntained with an inert aitmosphere of
nitrogen was placed (Z)-1-(4-(2-(tert-butoxycarbonylamino)ethoxyypheny)-4 4, 4-trifluoro-1-
{3-fluoro-1-{ietrahvdro-2H-pyran-2-vi)-1H-indazol-3-y ybut-1-en-2-viboronic acid (5.15 g,
8.47 wymol, 1.00 equiv), dioxane (30 mL), water (5 mL), KOH (3.25 g, 57.92 mmol, 3.00
equiv), Pd(PPh;),Ch (1.36188 g, 1. 94mmol, 0.10 equiv), and bromobenzene (3.0259 g, 19.27
mimol, 1.00 equiv). The resulting solution was stirred at 80 °C until completion. The solution
was then diluted with 3¢ mL of water and extracted with 3x50 mL of ethyl acetate. Then the
organic lavers were combined and washed with 3x50 mi of brine. The mixture was dried
over anhydrous sodium sulfate and concentrated under vacuum. The residue was applied onto
a silica gel column eluiing with DCM/methanol (14:1) to deliver the title compound in 2.3 g

{43%} as a vellow oil.

Step-3: Synthesis of (E}-2-{d-(4,4,4-trifluoro-1-(3-fluore-1 H-ipdazol-5-pi}-2-phenyibus-1-

1%
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en-I-vijphenoxyiethan-I-amine hivdrochioride

TFA

Into a 8-mL round-bottom flask was placed tert-butvl (E)-(2-{4-{4,4 4-trifluoro-1-(3-fluoro-1-
(tetrahydro-2H-~-pyran-2-yi}-1H-indazol-5-y13-2-phenylbut-1-en-1-

vphenoxy Yethylcarbamate (510 mg, 0.80 mmol, 1.00 equiv}, DCM (ZmL}, and TFA {(4mlL).
The resulting solution was stirred at 25 °C until completion. The resulted solution was
concentrated under vacuum. The crude product was purified by Prep-HPLC with the
following conditions (1#-Waters 2767-1). Column, Sun-Fire Prep C18, Sum, 19%100mm;
mobile phase: water in 0.5% HCI and CH3CN (12% CH;CN up to 29% in 20 min, up to 100%
in 1 min ,down to 6% in 1 min} ; Detector, UV 254nm. The product fractions were combined
and concentrated under vacuum to deliver the fitle compound in 169 mg (37%) as a white

solid.

Step-4: Alternative Method for the Synthesis of {E}-2-{4-(4,4,4-triflucro-1-(3-flaoro-1 H-
indazol-5-ylj-2-phenylbui- l-ea- I-plphenoxy)ethan- I-amine

HC N, N-dimethyibarbituric acid,

o PA(PPha)s, MeCGH,50 °C

H |
O/\/N\/‘\%/J\N/
l

Into a 2-L round-botiom flask was placed (E)-N N-dimethy!-4-({(2-(4~((F)-4 .4 4-trifluoro-1-
{3-fluoro-1H-indazol-5-y1)-2-phenyibut-1-en- 1 -vhphenoxy jethvl)anmino}but-2-enamide

hydrochloride (25 g, 44.12 mmol, 1.00 equiv) {synthesized following the approach outlined
i patent US 2016347717 Al), methanol (750 mL), N N-dimethyltbarbituric acid (17.2 g,
110,16 mmol, 2.50 equiv), and Pd(PPhs), (12.8 g, 11.08 mmol, 0.25 equiv). The resulting
solution was stirred at 50 °C until completion. The reaction progress was monitored by
LCMS. The resulting mixture was concentrated under vacuur, then diluted with 500 ml of
DCM and washed with 3x200 ml of aqueous sodiurn carbonate. The mixture was then dried
over anhvdrous sodium sulfate. The residue was applied onto a silica gel column with

DCM/methanol (100:0-90:10). The collected fractions were combined and concentrated

1y
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under vacuum to deliver the title compound i 15 g (75%) as a vellow solid. LCMS: 456.1

IM+HT

Step-5: Synihesis of tert-butyl (E}-d-oxo-d-{pyrrolidin-§-yBbut-2en- LB 2-{(4-{{E}-4, 4,4~
triffuoro-I1-{3-fluoro-1 H-ipdazol-3-yij}-2-phenyibut- I-en- I-yliphenoxylethyljcarbamate

G - /\/©
Fal ;

Bty D R
] N\/

Into a 8ml wial, was placed (E)-2-(4-(4.4 4-trifluoro-1-(3-fluore~-1H-indazol-3-y1}-2-
phenylbut-1-en-1-vljphenoxyjethan-1-anune (62 g, 0.14 mmol, 1.00 equiv), NN-
dimethylformamide (I mbL), DIEA (46 mg, 0.36 mmol, 2.62 equiv), and (E)-4-bromo-1-
{pyrrolidin-1-yl}but-2-en-1-one (20.4 mg, 0.09 mmol, 0.69 equiv) (Scheme 4, steps-a - b,
substituting pyrrolidine for methylamine). The resulting solution was stirred at 25 °C until
completion, then Boc,O (51.3 mg, 0.24 mmol, 1.73 equiv) was added. The resulting solution
was allowed to react, with stirring, at 25 °C until completion. The reaction progress was
monitored by LCMS. The resulting solution was dilited with 20 mb of ethyl acetate, washed
with 3520 mbL of brine, and then the nuxture was dried over anhyvdrous sodium sulfate. The
residue was applied onto a silica gel column with ethyl acetate/petroleum ether (G:100-
100:0). The collected fractions were combined and concentrated under vacuum to deliver the

title compound in 15 mg (16%) as a yellow solid. LCMS: 593 [M-Boc+H]'.

Step-6: Syathesis of {(E}-I-(pyrrofidisn- 1-yD-4-({2-{4-((E}-4, 4, 4-trifluovo-1-(3-fluoro-1 H-
induzol-3-vij-2-phenylbut- I-en- I-yl)phenoxyiethyliaminoe) bui-2-en- I-one

HCI
%C)C O TFA

Into a 250-mL round-bottom flask was placed tert-butvl {({E)-4-ox0-4-{pyrrolidin-1-y1yout-2-
en-1-yDH{2-(4-((F)-4,4 4-trifluore-1 - 3-fluoro- 1 Handarzol-5-yb-2-pheny thut- 1-en-1-
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yliphenoxy yethyljcarbamate (5 g, 8.42 mmol, 1.00 equiv), and TFA (30mL). The resulting
solution was stirred at 25 °C until completion, then concentrated under vacuurmn. The crude
product was purified by Prep-HPLC with the following conditions(1#-Waters 2767-1):
Column, X-bridge, mobile phase, Phase A:water with 0.5% WHHCO; Phase B:UH;CN
Water with 0.5% NHHCO; and CHRON (25% CH;CN up to 55% in 60 min,); Detector, uv
254 nm to give the freebase product. "H NMR (400 MHz, Methanol-d4) § 7.63 (s, 1H), 7.47 -
745 (m, 1H), 7.28 (dd, I = 8.8, 1.5 Hz, 1H), 7.26 — 7.15 (m, SH), 6.87 — 6.80 (m, 3H), 6.67 —
6.64 (m, 2H). 6.45 — 6.41 (m. 1H), 4.00 — 3.98 (m, 2H), 3.60 — 3.56 (d. § = 5.4 Hz, 2H). 3.49
~3.35 (m, 6H), 2.95 - 2.93 (1, J = 5.2 Hz, 2H), 1.99 — 1.88 (m, 4H).

The freebase product was converted to HCH salt with 1.1 equiv of HCl (1M) to deliver the
title compound in 3.0952 g. 1.73% overall vield, as a vellow solid. "H NMR (400 MHz,
Methanol-d4) 6 762 (d, J =13 Hz 1H), 746 - 744 (m, 1H), 728 (dd, I =88, 1.5 Hz. 1H),
7.26 ~ 7.12 (m, SH), 6.90 — 6.88 (m, 2H). 6.72 — 6.69 (m, 4H), 4.17 ~ 4.15 (m, 2H), 3.90 -
3.89(d, J=54Hz 2H). 3.61 — 3.58 (L I = 6.8 Hz, 2H), 3.49 — 3.34 (t, J = 6.9 Hz, 2H), 2.00 -
1.96 (m, 2H), 1.93 — 1.88 (m, 2H). LCMS: 593 [M+H]".

Example 14: Synthesis of (E)-I-(pyrrofidin-I-yl-4-(C-(4-({E}-4 4, 4-trifluoro-1-{ 1 H-
indazol-5-yi)-2-phenyibut-I-en-I-ylphenoxy)ethylaminobut-2-en-I-one (Compound 14)

HCI
FaC

H ’l

Xy o
! H
NmOMMMN
>

Compound 14 was synthesized following the approach outlined in Scheme & by modifving: a)

Ny

Iz

Step-6 by substitiing tert-butyl (E)}-(2-(4-1odophenoxy yethviy{4-oxo-4-(pyvrohidin-1 -vi)but-
2-en-1-yiicarbamate (preparation shown below, Step-a) for compound 324 and 2-Methyl
THFH,0 {4:1) for dioxane:H, 0, using 2.0 equiv of Cs,CO; and stirring at 60 °C until
completion, and b} Step-7 by using 4.0 equiv of KOH and 1.2 equiv of bromobenzene to
deliver the title compound in 59.9 mg, 0.47% overall vield. "H NMR (400 MHz, Methanol-d4)
6829(s, 1H), 781 ¢{s, 1H}, 762 -760{(m J=87 1.0Hz 1H)}, 732-730{dd, J=87,16
Hz, 1HD), 7.22 — 7.12 (m, SH), 6.90 — 6.88 (m, 2HD, 6.72 — 6.70 (m, 4H), 4.18 — 4.15 (m, 2H),
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3.90 ~ 3.89 (m, ZH), 3.62 ~ 3.58 {m, 2H), 3.49 - 3.34 (m, 6H). 2.00 ~ 1.88 (m. 4H). LCMS:
575.20 [M+H]"

Step-a: Synthesis of tert-butyl {E}(2-(4-iodophenoxy}ethyl){d-oxo-4-{pyrrolidin- Iy B2~

en-I-yiicarbamate

Br\/\/L
HCI O

i\g\ | ©\
a - N
g N DMF, DIEA o 3

S6c,0, 0 °C

The title compound was synthesized following the approach outlined in Scheme 5, Step-3,
substituting {E)-4-bromo-1-(pyrrolidin-1-yDbut-2-en-1-one for compound 329. 'H NMR (400
MHz, Methanol-d4) § 7.58 — 7.56 (m, 2H), 6.81 — 6.74 (m. 3H), 6.24 - 6.17 (1. J = 13.3 Hz,
1H, 414 - 409 (my, 4H), 3.68 - 3.65{(, J=52Hz 2H), 346 -3.35{m, 4H}, 1.95 - 1.84 (m,
4H), 148 (d, J=22 Hz, 9H). LCMS: 501 .2 {IVH-H}’}(

Example 15: Synthesis of (E)-1-{pyrrofidin-I-ypl-4-({ 2-{{5-({Z)-4,4,4-trifluovo-I-(3-fluoro-
I H-indazol-3-yi)-2-phenyibut- I-en- I-plpyridin-2-yiyoxyethy Hamino) hui-2-en- 1-one
{Compound 15}

Compound 15 was svothesized following the approach outlined in Scheme 3, modifying
Step-7 by a} substituting (E)-tert-butyl 2-{5-icdopyndin-2-vioxyethyl{4-oxo-4-(pyrrolidin-1 -
vhbut-2-enylicarbamate {preparation shown below, Step-a) for compound 324 and b} stirring
at 50 °C until completion o deliver the title compound in 1.8 g, 0.61% overall yield. 'H
NMR (400 MHz, Methanol-dy3) 8 7.72 (dd, /=2.4, 0.7 Hz, 1H), 7.64 1, /=12 Hz, 1H}, 751
- 7.49 (m, TH), 7.38 — 7.31 (m, 1H), 7.29 — 7.22 (m, 1H), 7.21 - 7.17 {m, 5H), 6.71 - 6.69
(m, 3H), 4.50 —4.47 (m, 2H), 3.89 - 3.88 (m, 2H), 3.61 - 358 (¢, /=68 Hz, 2H}, 3.49-3.29
{m., 6H), 2.00 — 1.88 (m, 4H). LCMS: 594.30 [M+H]".
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Step-a: Synthesis of tert-buivi (E}-2-{5-ivdopyridin-2-yloxy}ethyl{4-oxo-4-(pyrrofidin-I-
vibur-2-enpilcarbamate

O
Br\/‘l\v)i‘N
D

{ i
ﬁ HC! 1) DIEA/DMF 5\@ Boc O
P NHy  0OC-t/ 15h ‘
N O/A\v/ o N/ O/\\/’N\A\/J\N
2) Boc,O ‘

0°C-ri/ 2h

The title compound was synthesized following the approach outlined in Scheme 4, Step-3,
substituting (E)-4-bromo-1~(pyrrolidin-1-y1ybut-2-en-1-one for compound 329. "H NMR (400
MHz, DMS(0-d63 0 8.35(d, =23 Hz, 1H), 801 - 797 (L, J=68Hz 1H), 672 - 667 {dd, }
=12.6, 8.5 Hz, TH), 6.59 — 6.51 {m, 1H), 6.22 - 6.15 (m, 1H), 4.34 - 430 (¢, ] = 5.7 Hz, 2H),
406 —-398(dd, J =78, 45Hz 2H), 3.55 -352( J =54 Hz, 2H), 3.40 — 3.29 (m, 4H),
1.90 — 1.83 (m, 2H), 1.80 — 1.73 (m, 2H), 1.37 - 1.24(d, I = 19.2 Hz, 9H).

Example 16: Symthesis of (E}-I-{pyrrofidin-i-pi-4-((2-({5-{{Z}-4,4,4-triflopro-1-( I FH-
indarol-5-yli-2-phenylbui. l-ea- I-ylpyridin-2-yBoxylethybamino}but-2-en- I -one
{(Compound 16)

HC

L

Compound 16 was synthesized following the approach outlined 1n Scheme 8 by modifving: a)
Step-6 by substituting tert-butyl (F)-(2-((5-todopyridin-2-vioxy)ethy ) 4-oxo-4-(pyrrohidin-
1-yDbut-2-en-1-ylicarbamate (preparation shown in Example 15, Step-a) for compound 324
and 2-Methyl THF H,0 (5:1) for dioxane: HoO and isolating the final product as a pinacol
boronic ester instead of a boronic acid, and b) Step-7 by using a 4:1 ratio of dioxane H,O 1o
deliver the title compound in 3.53 g, 1.53% overall yield. "H NMR (300 MHz, Methanol-d,)

8 8.87 (s, 1H), B.16 (s, IH} 805 -8.02(dd, /=90, 24 Hz, 1H), 796 (s, 1H), 790 - 787 {J
=90, 2.4 Hz, 1H)Y. 7.70 - 767 (dd, J=8.8. 1.4 Hz, 1H), 7.38 — 7.28 (m. 6H). 6.82 - 6.79 (d,
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J=24Hz 2H) 475 - 473 (1, J = 4.8 Hz, 2H). 4.01 {m, 2H), 3.70 - 3.66 (m, 2H), 3.61 -
3.58 (m, 2H), 3.54 — 3.34 (m, 4H), 2.04 — 1.91 (m, 4H). LOMS: 576 [M+H]".

Example 17: Synthesis of (E}-1-norpholine-4-((2-(4-({E}-4,4, d-trifluoro- I-{ 3-fluoro- 1 H-
induzol-3-yi)-2-phenylbut- I-en- I-yhphenoxylethyamino) but-2-en- I-one (Compound 17)

Compound 17 was synthesized following the approach outlined in Scheme 3, modifying
Step-7 by a) substituting tert-butyl (E)-(2-(4d-1odophenoxy Jethy{4-morpholino-4-oxobut-2-
en-1-vl}carbamate (preparation shown below in Step-a) for compound 324 and b) stitring at
50 °C to deliver the title compound in 98.4 mg, 0.57% overall vield. '"H NMR (400 MHz,
Methanol-d4} 8 7.59 (s, 1H}, 746 - 744 (m, 1H), 728 - 7.27{dd, J = 8.7, 1.5 Hz, 1H}, 7.25
— 712 (m, 5H)}, 6.90 - 683 {m, 3H}, 673 - 6.65 (m, 3H), 417 -4 15 {m, ZH}, 3.89 - 38R
(dd. J = 6.7. 1.3 Hz, 2H), 3.65 ~ 3.63 (m, 8H), 3.42 ~ 3.34 (m, 4H). LCMS: 608.6 [M+H]".

Step-a: Synthesis of tert-buagyl (E)-(2-{4-ivdophenoxylethyli{4-morpholino-4-oxobui-2-en-

I-pficarbamate

o
B _
HC IW)L?}‘/\X
SO

a
i\@ i \©\ E‘?OC O
| . N -
F g~ NH: DVIE, THEA o MN/W
Boc,0, 0 °C L_o

The title compound was synthesized following the approach outlined in Scheme 5, Step-3,

substituting {E}-4-bromo-1-morpholinobut-2-en-1-one for compound 329. 'H NMR (400
MHz, Chloroform-d} 6 7.57 — 7.55 (m, 2H}, 6.86 - 678 (1, I = 153 Hy, 1H), 6.69 — 6.65 (m,
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2H), 628 - 6.19 (4. J=17.7 Hz, TH), 4. 11 - 4.03 (m, 4H), 3.68 — 3.58% (m, 8H), 3.49 - 3.47 (d,
J=83Hz, 2H). 1.49 — 1.45 (m, 9H).

Example 18: Synthesis of (E)-1-unu0rpholine-4-(2-(5-((Z£)-4, 4, 4-trifluoro- 1 -(3-flaoro-1 H-
indazol-5-yi)-2-phenyibut-I-enylpyridin-2-yloxylethylaminopbut-2-en-1-one (Compound
18}

HCI

. o

Compound 18 was synthesized following the approach outlined in Scheme 3, modifying

Step-7 by substituting tert-butyl (E-(2-{((5-1odopyridin-2-yyoxy ethyl W 4-morpholino-4-
oxobui-2-en-1-yljcarbamate (preparation show below in Step-a) for compound 324 to deliver
the title compound in 48.0 mg, 3.82% overall yvield. "H NMR (400 MHz, DMS0-d6) § 12.74
(s, TH), 9.17 (s, 2H), 7.69 — 7.64 (m, 2H). 7.57 — 7.55 (m, 1H), 7.33 - 7.18 (m, 7H). 6.85 —
6.81(dd, J=15.3, 1.3 Hz, 1H), 6.64 - 6.57 (m, 2H), 438 ~4.35 (1. J = 5.0 Hz, 2H), 3.56 -
3.44 (m, 10H), 3.25 (d, J= 6.1 Hz, 2H), 2.51 - 2.50 (m, 2H). LCMS: 609.63 [M+H]"

Step-a: Syathesis of tert-butyl (E)-(2-((5-iodopyridin-2-yBoxylethyl){ 4-morpholinp-4-

oxobut-2-en-I-ylcarbamate

O
B?’v/i\v/l"\N/“ﬁ
L0

L r Tl & S

| |
PN DIEA, DMF, Boc,0 Y ONNMN/\W
L_o

The title compound was synthesized following the approach outlined in Scheme 4, Step-3,

substituting (E}-4-bromo-1-morpholinobut-2-en-1-one for compound 329, 'H NMR (400
MHz, DMSO-d6) 8 836 (d, J=2.3 Hz, 1H), 8.01 —7.99(d, J=7.9 Hz, 1H), 6.73 - 6.68 (m.
1H), 6.60 - 6.55 (dd. J = 15.1, 5.9 Hz, 1H), 6.47 — 6.41 (m, 1H). 434 - 432 (, J =53 Hz,
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2H), 3.99 - 3.98 (m, 2H), 3.55 - 3.34 (dt,  =19.7. 5.1 Hz, 10H), 1.37 - 1.32(d, = 17.6 Hz,
9H). LCMS: 518 [M+H]"

Example 19: Synthesis of (E}-1-n0rpholine-4-((2-((3-({Z)-4,4,4-trifluore-1-(1 H-indazol-5-
yi)-2-phenyibui- I-ea-1-yHpyridin-2-ylaxylethiybaminolbut- 2-en- I-one (Compound 19)

FsC

Compound 19 was synthesized following the approach outlined in Scheme 8 by modifying: a)
Step-6 by substituting tert-butyl (E3-{2~((S-todopyridin-2-yhoxyethyi}(4-morpholino-4-
oxobut-2-en-1-vijcarbamate (preparation shown in Example 18, Step-a) for compound 324,
2-Methyl THF.H,0 (4:1) for dioxane H:O, using 2.0 equiv of Us,COs, and stirring at 60 °C
untif completion, and by Step-7 by using 4.0 equiv of KOH and 1.2 equiv of bromobenzene to
deliver the title compound in 59.9 mg, 1.16% overall yvield. 'H NMR (400 MHz, Methanol-d4)
§844(d J=1.0Hz 1H), 7.93 (m, J = 1.2 Hz, 1H), 7.79(dd, 1= 2.4, 0.7 Hz, 1H). 7.72 -

770 (m, J=8.7, 0.9 Hz, 1H), 7.61 - 7.58 (dd, J = 8.8, 2.4 Hz, 1H), 7.44 - 742 (dd, J = 8.8,
1.6 Hz, 1H), 7.28 — 7.22 (m, 5H). 6.93 — 6.87 (m, 2H), 6.72 - 6.64 (m, J = 15.2, 6.7 Hz. 1H),
4.57 454 (m, 2H), 3.91 - 3.89(dd. J = 6.7, 1.3 Hz, 2H), 3.67 - 3.62 (mm, 8H). 3.48 - 3.40
(m, 4H). LCMS: 592.3 [M+H] "

Example 20: Syathesis of (E}-N-{ 2-methacyethyly-4-{{2-((5~-({Z}-4, 4, 4-trifluoro-1-{3-fluoro-
FH-indazol-5-yi)- 2-phenylbut- I-en- I-yDpyridin-2-yloxyjethylamin o but-2-enamide
{Compound 20}
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Compound 20 was synthesized following the approach outlined in Scheme 3 by modifying: a)
Step-7 by substituting tert-butyl (E}{2-{{8~odopyridin-2-yHoxy Jethy {4-((2-

methoxyethy Damino}-4-oxobut-2-en-1-vl)carbamate (preparation shown below in Steps-a - b)
for compound 324, and b} Step-8 by stirring at 90 °C until completion to deliver the fitle
compound in 32.9 mg, 3.509% overall yield. "H NMR (400 MHz, Methanol-d4) 8 7.70 - 7.69
(m, 1H), 7.63 (s, 1H), 7.50 — 7.48 (m. 1H), 7.31 - 7.29 (m. 2H). 7.24 - 7.18 (m, SH), 6.71 -
6.62 (m, 2H), 6.32 — 6.28 (m. 1.2 Hz, 1H), 4.46 — 4.43 {m. 2H). 3.84 — 3.82 (m, 2H), 3.48 -
3.33 (m, 11H). LCMS: 620 [M+Nal".

Step-a: Synthesis of {E}-4-bromo-N-(2-methoxyetliyilbut-2-enamide

1) Clcococ,
o DCM, DMF Q

] 0°C, 5h B o
B ' VAN
r\\/\\/l\OH - O R ﬁ
THNTT N

N82C03
r.t., overnight

Into a 250-mL round-bottom flask was placed (E)-4-bromobut-2-enoic acid (10 g, 60.61
mmol, 1.00 equiv), DCM (200mL, 1.00 equiv), and N N-dimethylformamide (1 OmL), then
oxalyl dichloride (8.45 g, 66.57 mmol, 1.10 equiv) was added in dropwise at 0 °C. The
resulting solution was stirred at 25 °C ontil completion. Then, into a 250-mL round-bottom
flask was placed 2~-methoxyethan-1-amane (5.49 g, 73.09 mmol, 1.20 equiv}), sodium
carbonate (25 86 g, 243.99 mmol, 4.00 equiv), followed by the addition of the above acetyl
chloride. The resulting solution was stirred at R.T until completion. Then the solution was
diluted with 300 mL of water and extracted with 3x300 mL of DCM. Then the organic layers
was combined and washed with 300 mL of brine. The mixture was dried over anhydrous
sodium sulfate and concentrated under vacuum to deliver the title compound in 12.5 g (85%)

as an oil.

Step-b: Synthesis of tevt-butyl (E}-(2-({(3-iodopyridin-2-yloxylethy{4-{{2-

methoxyethyljaminoj-4-oxobut-2-en-I-yfcarbamate

5 .
O N O/\\/NHZ

a
= Boc o]
BrM -/A\/”Q \Ej\ ‘ |
N ™ DIEADMF Boc,0 N O/\/N\/“\\\/}\N/\/O\
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Into a 250-mb round-bottom flask was placed (E)-4-bromo-N-(2-methoxyethybut-2-
enamide (10 g, 45.03 mmol, 1.00 equiv), 2<(5-iodopyridin-2-yljosv)ethan-1-amine
hydrochloride (12.3 g, 40.93 ramol, 0.90 equiv), DIEA (17.4 g, 134.63 mmol, 3.00 equiv),
and N N-dimethyviformamide (100mL). The resulting solution was stirred at R.T until
completion. Then Boo,O (26.8 g, 134.63 mmol, 3.00 equiv} was added and the resulting
solution was stirred at R.T uniil completion. The solution was diluted with 250 mL of water
and extracted with 3x300 L of ethyl acetate, then the orgaruc lavers were combined and
washed with 300 mL of brine. The mixture was dited over anhydrous sodium sulfate and
concentrated under vacuum. The residue was applied onto a silica gel column elufing with
petroleum ether/ethyl acetate (1.1} to deliver the title compound in 11.0 g (96%) as an o1l
The product isolated was still not clean, taken forward to the next step without further

purification. LCMS: 506 [M+H] .

Example 21: Synthesis of {Ep-Nemethplodol{2-{§-{{E 4, &, dubriffrsoro- I-{3-flapre- 1 -
fredarole 8oyl Zuphiesnylbng- fea- L-ypllphenmyiethyBaminolbat-2-enamide (Compound 21)

Compound 21 was synthesized beginning wuth Step-1 through Step-6 1o Exampie 3, resulting
ir  the vpreparation of {Z)-3-fluoro-1-(etrahvdro-2H-pyran-2-vi}-5-{4. 4 d-trifluoro-1,2-
bis{4,4 35 S-tetramethvi-1,3 2-dioxaborocian-2-y DHbui-1-en-1-y1}-/HF-indarole.  Preparation of

Compaound 21 then continued with Step-~7 as set forth below,

Step-7: Synthesis of {({(Z)-1-(4-{2-{{tert-butaxxycarbonyI((E)-4-(methylamine)-d-oxobut-2-
en-I-yijaminojethoxy)phenyll-4,4, 4-triffuoro-1-{3-fluoro- 1-(tetrakydro-2H-pyran-2-yi)-
I H-indazol-3-vi}but- I-en-2-yliboronic acid
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OH
AU IS D
D/\,N N E R E OH
-0 NS0 e 9
é\z{\ 5,00z, Pd(PPhs)Ch ‘;\; N O/\/N\/\/LN/
/ H,O, 50 °C THP

Into a 1000-mL round-bottorn flask purged and maintained with an inert atmosphere of
nitrogen, was placed (7)-3-fluoro-1-(tetrahydro-2H-pyran-2-v1}-5-(4,4 4-trifluoro-1,2-
bis{4,4,5, 5-tetramethyl-1.3,2-dioxaborolan-2-yi}but-1-en-1-yi}-1H-indazole (533 g, 91.94
mmnol, 1.00 equiv), 2-Methyl THF (300 mL)}, tert-buty! (E)-(2-(4-1odophenoxy Jethyl {4~
{(methylamino)-4-oxobut-2-en-1-vjcarbamate (42.3 g, 91.90 mmol, 1.00 equiv), Cs,;CO; (90
2. 276.23 mmol, 3.00 equiv), PA(PPh; )L (6.46 g, 9.20 mmol, 0.10 equiv), and water {100
mL} were added. The resulting solution was stirred at 50 °C until completion. The reaction
progress was monitored by LCMS. The solution was dituted with 500 mL of H,O, extracted
with 2x600 ml of ethyl acetate, then the organic layers were combined, dried over anhydrous
sodium sulfate, and concentrated under vacuum. The residue was applied onto a silica gel
column with ethyl acetate/petroleumn ether (1.2). The collected fractions were combined and

concentrated under vacuum to dehiver the title compound in 36 g (84%) as yellow oil.

Step-8; Kynthesis of tert-butyl ((E}-4-(methylaminoj-4-0x0hit-2-ep- 1-pI(2-{4-{{E)}-4,4,4-
triffaoro-1-(3-fluoro-i-(tetrahydro-2 H-pyran-2-yii- 1 H-indazol-5-yij-2-phenytbut-  -en- I
viiphenoxylethylicarbanute

)
Bac

O
i PA(PPH,),Cly, KOH,
OWNM{_\{E’/ dioxane, HyO

Boc

Into a 1-L rouwnd-bottom flask purged and maintained with an inert atmosphere of nitrogen,
was placed {{ )1 -(4-2-((tert-butoxy carbony {{(F)-4-(methylamino}-4-oxobul-2-en-1-
vhamino)ethoxy )phenvli-4,4 4-irifluoro-1-(3-fuoro-1-(tetrahv dro-2H-pyran-2-y1)}- 1 H-

indazol-5-yhbui-1-en-2-y1liboronic acid (36 g, 51.10 mmol, 1.00 equiv), Pd(PPh; L 35 ¢,
4.99 mmol, 0.1¢ equiv), potassium hydroxide (8.4 g, 149.71 mmol, 3.00 equiv}, dioxane {200
mb}, water{40 mlL), and bromobenzene (8.4 g, 53.50 mmol, 1.00 equiv). The resulting

solution was stirred at 80 °C until completion. The reaction progress was monitored by
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LCMS. The resulting solution was diluted with 200ml of H,O, extracted with 3x500ml of
ethyl acetate, then the organie layers combined, washed with brine (200mi} and dried over
anhydrous sodium sulfate. The residue was applied onto a silica gel column with ethyl
acetate/petroleum ether (1:3). The collected fractions were combined and concentrated under

vacuum to deliver the title compound in 16 g (42%) as a vellow solid.

Step-9: Synthesis of {(E}=-Noppoplipled={{2-{4-{{E}-4 4 d=triflnoro-I-{3-fuoro- 1 H-indazol-5-
yip-2-phenyibui- Fon- I-pliphenoxyiethiyiiaominelbui-2-enamide

TFA

E‘%oc O

Into a 250-mL round-bottom flask was placed tert-buiyl {{E}-4-(methylamino}-4-oxobui-2-
en-1-yDH{2-(4-((E)-4.4 4-trifluoroe-1-3-fluoroe- 1 {tetrahy dro-2H-pyran-2-y -1 H-indazol - S-y -
2~phenylbut-1-en-1-yDphenoxylethviicarbamate (16 g, 21.72 momol, 1.00 equiv) and TFA
(100 mL). The resulting solution was stirred at 25 °C uniil completion. The reaction progress
was montiored by LCMS. The resuliing solution was concentrated under vacuum and the
crude product was purified by Prep-HPLC with the following conditions: Coluron: X-Bridge
Prep OBD C18 Colunm 30x150mm Sum; Mobile Phase A:Water(10mmol/L NHHCO;),
Mobile Phase B: ACN; Flow rate: 60 mL/nun; Gradient: 40% B 10 55% B in 60 min; 254,220
nim, to deliver the title compound as a free base in 4.05 g as a vellow solid. "H NMR (400
MHz, Methanol-d4) § 7.60 (s, 1H), 7.52 — 7.42 (m. 1H), 7.25 - 7.11 {m, 6H), 6.83 - 6.81 (m.
2H), 6.78 — 6.71 {m, 1H), 6.63 — 6.61 (m, 2H}. 6.05 — 6.01 (m, 1H), 3.97 - 3.94 (1. J = 5.3 Hz,
2HD), 3.41 — 3.33 (m, 4H), 2.98 — 2.88 (1, J = 5.2 Hy, 2H), 2.76 (s, 3H).

The solid was then dissolved in 100 mL CH;CN and acidified with 8.07 mL HCHON) (I mL
12N HCl{(aq) dissolved in 11 miL CH;CN) at 0 °C, and stirred for 30 min at R.T., then
evaporated at 30 °C to remove the excess HCL Then the product was dissolved in 150 mL
H:0 and lvophilized for 48h to deliver the title compound in 4.4 g, 0.96% overall yield, as a
vellow solid. 'H NMR (400 MHz, Methanol-d4) § 7.59 (s, 1H), 7.46 — 7.44 (m, 1H), 7.27 (m,
TH) 7.25 - 7.12 (m, SH), 6.91 - 6.87 (m, 2H), 6.72 - 6.65 (m, 3H), 6.30 — 6.26 (m, 1H), 4.16
~ 434 =49 Hz 2H), 386 ~3.84 (m, 2H), 342 - 3.34 (m, 4H}, 2.79 (g, 3H). LCMS: 553
IMAHH]
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Compound 21 was also synthesized following the approach ocutlined in Scheme 10, omitting
Steps 1-3, by modifying Step-5 by substituting (E)}-4-bromo-N-methylbut-2-enamide
{Scheme 4, Steps-a - b) for compound 359 to deliver the title compound in 675 mg, 21.9%
overall vield. "H NMR (400 MHz, Methanol-d4) 5 7.61 (d, J = 1.5 Hz, 1H), 7.49 - 7.46 (m,
1HY, 730728 (m, 1H), 7.24 - 715 {m, 5H}, 6.92 ~ 6.89 (m, 2H), 6.74 - 6.67 {m, 3H}, 631
—~ 627 (m, 1H), 418 -415¢, J=4 8 Hz 2H), 388 - 3.86 (m, 2H), 345 - 337 (m, 4H), 2.82
(s, 3H

Example 22: Synthesis of (E)-N,N-di*H methyl-4-{{2-(4-({E}-4,4,4-trifluoro-1-(3-fluoro-
FH-indagol-5-pi)-2-phenyibus-I-en-1-yDphenoxylethylamino)but-2-enamide (Compound

22)

01D
D

Compound 22 was svnthesized following the approach outlined in Scheme 10, omitting Step
4, modifying Step-5 by substituting {E}-4-bromo-N N-bis(methyl-d3)but-2-enamide (Schems
4, Steps-a -~ b, substituting bis{methvi-d3)amine hydrochlonide for methvlaming) for
compound 339 to deliver the title compound 1n 96.0 mg, 2.08% overall vield, as a white sohd.
'H NMR (300 MHz, DMSO-d6) §12.72 (s, 1H). 9.18 (s, 2H). 7.58 — 7.52 (m, 2H). 7.26 —
7.14 (m, 6H), 6.87 — 6.79 (m, 3H), 6.62 — 6.60 {m, 2H), 6.58 — 6.53 (s, 1H), 414 - 411 (1. ] =
0.0 Hz, 2H), 3.80 — 3.74 {m, 2H), 3.51 — 3.32 {m, 2H), 3.26 — 3.13 {m, 2H). LCMS: 6101
IMAH]

Example 23: Synthesis of (E)-NN-dif’ Hy)methpl-4-((2~(4-((E}-4,4,4-triffucro-1-(1 H-
indazol-3-yl)-2-phenyibut- I-en- I-yBphenoxylethyDandnolbut-2-enamide (Compound 23)
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‘ﬁ Q/NVNMNXD
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D

Compound 23 was synthesized following the approach outhined in Scheme 10, omtting Step
4, by modifving: a) Step-I bv substituting (Z)-1-(tetrabydro-2H-pyran-2-vi)~-5-(4,4.4-
trifluoro-1,2-bis(4.4,5 S-tetramethyl-1,3,2-dioxaborolan-2-v1ibut-1-en-1-y1}-1 H-indazole
{Scheme &, Steps-1 - 5) for compound 323, and b) Step-5 by substituting {(E)-4-bromo-N N-
bis{methyvl-d3)but-2-enamide {Scheme 4, Steps-a - b, subsiituting bis(methyl-d3)aming
hydrochloride for methvlamine) for comapound 339 to deliver the title compound 1n 30.0 mg,
(.18% overall yield, as a vellow sohid. 'H NMR (400 MHz, Methanol-d4) 3 8.32 {5, 1H), 7.81
(s, 1H), 7.62 — 7.60 (m, 1H), 7.33 — 7.30 {dd, I = &7, 1.5 Hz, 1H), 7.22 — 7.10 (m, 5H), 6.91
— 683 (m, 3H), 6.72 — 6.62 (m, 3H). 4.17 — 4.15 (m. 2H), 389 - 388 (dd. I = 6.6, 1.3 Hz,
2H), 3.47 - 3.34 (m, 4H). LCMS: 555.51 {M+H]".

Example 24: Synthesis of (E)-N,N-dif Ho)methpl-4-((2-((5-((Z)-4.4,4-trifluoro-1-(3-fluoro-
I H-indazol-5-yi)-2-phenylbut-I-en-1-yhpyridin-2-yhoxyjethylamino)but-2-enamide

{Compound 24)

HCI

O/\ﬁ\/\\/’J\ng
D/}\D

D

Compound 24 was synthesized following the approach outlined in Scheme 10, omitting
Step-4, by modifying: a}) Step-1 by substituting  teri-butyl  (2-({5-icdopynidin-2-~
vhoxyethylcarbamate (Scheme 4, Step-1) for compound 307, and b) modifying Step-5 by
substituting  (E}-4-bromo-N N-bis(methvi-d3}out-2-enamide (Scheme 4, Steps-a - b,
substituting bis{methy!-d3)amine hydrochloride for methylamine) for compound 359 o
deliver the title compound in 59.9 rug, 0.35% overall vield. 'H NMR (400 MHz, Methanol-d4)
§777 ~7.64 (m, 2H), 7.51 ~7.29(d. J=9.1 Hz, 3H), 7.24 - 719 (d, J = 8.5 Hz, 5H), 6.87 -



WO 2018/098305 PCT/US2017/063047

6.61 (m, 3H), 4.50 — 445 (dd. 1=3.1, 1.7 Hz. 2H), 3.87 — 3.86 (s, 2H). 3.48 — 3.46 (s, 4H).
LCMS: 574 [M+H]'.

Example 25: Synthesis of (E)-N,N-di* Hypmethyl-4-{{2-{{5-((Z)-4,4,4-trifluoro-1-(1H-
induzol-3-vij-2-phenylbut- I-en- I-ylpyridin-2-yhoxyethyamino) but-2-enamide
{(Compound 25)

Compound 25 was synthesized following the approach outlined in Scheme 10, onutting
Step-4. by modifying: a} Step-1 by substituting (Z)-1-(tetrahydro-ZH-pyran-2-vi)-5-(4,4,4-
triftuoro-1,2-bis(4,4,5 S-tetramethvi-1,3,2-dioxaborolan-2-vhbut-1-en-1-y1)-1 H-indazole
{Scheme 8, Steps-1 - 5) for compound 323, and tert-butyl (2-((5-1cdopyridin-2-
yhoxyethyDcarbamate (Scheme 4, Step-1) for compound 307 and b) modifving Step-3 by
substituting  (E)-4-bromo-N,N-bis{methyl-d3)bui-2-enamide (Scheme 4, Steps-a - b,
substituting  bis(methyl-d3)amine hydrochloride for methylamine) for compound 359 to
deliver the title compound in 70.5 mg, 0.83% overall yield. 'H NMR (300 MHz, DMSO-d6)
06932, 2H), 8.14(d. J=1.0Hz 1H}, 7.70 - 759 (m, 3H), 7.33 - 7.16 (in, 8H), 6.84 - 679
(m, TH), 6.63 — 6.52 (m, 2H), 439 ~ 436 (1, J = 5.0 Hz, 2H), 3.78 - 3.76 (d, J = 6.1 Hz, 2H),
3.54 — 3.47 (m, 2H), 3.23 (s, 2H). LCMS: 556 [M+H]".

Example 26: Synthesis of (E}-4-({2-(4-({E}-I-{3-fluoro-1 H-indazol-5-yi}-2-phenylbu-I-en-
I-vi}phenoxylethyliamine)-N-methyibut-2-enamide (Compound 26)
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Compound 26 was synthesized following the approach outiined in Scheme @ by modifying: a)
Step-1 by substituting 1-phenylpropan-1-one for compound 349, DCM for toluene, and
stirring at room temperature uniil completion, b) Step-2 by substituting THF (to make a
0.43M solution) for ether, adding the n-Bubli at -78 °C, using 1.25 equiv of 4.4.55-
tetramethvi-2-{letramethyl-1,3,2-dioxaborolan-2-v1}-1,3,2-dioxaborolane, and stirring  at
room temperature once all reagents were added, ¢) Step-3 by substituting 3-bromo-3-fluoro-
i-(tetrahydro-2H-pvran-2-y1}-1H-indazole (Scheme 3, Steps-1 -~ 2) for compound 352,
Pd{dppHCl, for Pdy{dba);, 4.0 equiv of Cs,CO; for KOH, a 10:1 ratio of dioxane:H,0 for
THF, and removing P{-Buw: HBF, and d) Step-4 by substituting Pd(dppDChL  for
Pdx(dba); - CHCL. and dioxane (to male a 0.2M solution) for THF o deliver the tiile
compound in 76.9 mg, 1.23% overall vield. 'H NMR (400 MHz, Methanol-d4) § 7.51 (d, J =
13Hz 1H}, 745 742 (m, 1H), 730 - 727{dd, J =88, 1.6 Hz 1H} 7.20- 7.10 (m, 5H),

689687 (d, F =88 Hz, 2H), 674 - 667 (dd, T =87, 7.2 Hz, 3H), 6.31 - 627 {m, 1H),
417 - 4.15 (m. 2H). 3.88 — 3.86 (m. 2H), 3.50 - 3.49 (1. J = 4.9 Hz, 2H). 2.82 (s. 3H), 2.53 —
2.47(q, J=7.5 Hz, 2H), 0.98 - 0.94 (1, } = 7.4 Hz, 3H). LCMS: 499.0 [M+H]".

Example 27: Synthesis of {Ep-4-((2-((3-((Z}-I-(3-fluoro-1 H-indazol-5-yi}-2-phenyibui-I-
en-L-yhpyridin-2-yhoxylethylamino)- N-methylbui-2-enamide (Cormpound 27)

. HC

H ﬁ

Compound 27 was synthesized following the approach outlined in Scheme 9 by modifving: a)
Step-1 by substituting 1-phenvipropan-i-one for compound 349, DCM for toluene, and
stirring at room temperature until completion, b) Step-2 by substituting THF (to make a
0.43M solution} for ether, adding the n-Buli at -78 °C, using 1.25 equiv of 4,4,55-
tetramethvl-2-(tetramethyi-1,3,2~dioxaborolan-2-y1)-1,3,2-dioxaborolane, and stirring  at
room temperature once all reagents were added until completion, ¢} Step-3 by substituting 5-
bromo-3-fluoro-1-{ietrahydro-2H-pyran-2-yvi}-1H-indazole (Scheme 3, Steps-1 - 2} for
compound 352, Pd(dppDClL for Pdy(dba)s, 4.0 equiv of Cs,C0; for KOH, a 1011 ratio of
dioxane: H,O for THF, and removing P(t-Bu); HBF, d) Step-4 by substituting tert-butyl (E)-
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(2-({(5-1odopvyridin-2-y1ioxy yethy D{4-(methyiamino}-4-oxobit-2-en-1-yijcarbamate (Scheme
4, Steps-1 ~ 3} for compound 335, dioxane (to make a 0.4M solution} for THF, PA(PPh:; LCl
for Pdo(dbay: - CHCLs, and stirring at 60 °C, and e} Step-5 by using a 2:1 ratio of TFADCM
to deliver the title compound in 41.2 mg, 0.28% overall vield. 'H NMR (400 MHz, Methanol-
d4y57.71{(dd, J=25,07Hz, 1H), 758 (m, J=12Hz 1H), 750 - 747 (m, ] =87,24,09
Hz 1H), 741 - 739(dd, J =87, 24 Hz, 1H), 734 -731(dd, F =838, 1.6 Hz, 1H), 727 -
718 (m, SH), 6.75 — 6.67 (m. 2H). 6.32 - 6.28 (m, I = 15.4, 1.4 Hz. 1H), 4.50 — 4.48 (m, 2H),
388 - 3.86 (dd. 1= 6.9, 1.4 Hz, 2H), 3.44 - 3.41 (m, 2H), 2.82 (s, 3H), 2.56 - 2.50 (m, ] =
7.4 Hz, 2H), 1.00 - 0.96 (m, J = 7.4 Hz, 3H). LCMS: 500.3 [M+H]".

Example 28: Synthesis of (E}4-{(2-((5-((Z}-1-{I H-indazol-5-yl-2-phenylbut--en-1-
yhpyridin-2-yhoxylethyDamino)- N-methylbut-2-enamide (Compound 28)

HC
H
N | H 0
N I N \/\\\\/L\ -
H NTO M

Compound 28 was synthesized following the approach outliend 1n Scheme 9 by modifving: a)
Step-1 by substituting 1-phenvipropan-1-one for compound 349, DCM for toluene, and
stirring at room temperature uniil completion, b) Step-2 by substituting THF (to make a
0.43M solution} for ether, adding the n-Buli at -78 °C, using 1.25 equiv of 4,4,55-
tetramethvi-2-{tetramethyi-1 3, 2-dioxaborolan-2-y1}-1.3,2-dioxaborolane, and strring  at
room {emperature once all reagenis were added, ¢} Step-3 by substituting Pd{dppHiCh, for
Pdy{(dba);, e equiv of Cs,CO;5 for KOH, dioxane H0 (4:1) for THF, removing P{-Bu); HBF,
and sturing at 80 °C, d) Step-4 by substituting tert-butyl (E)-(2-((S-odopynidin-2-
vhoxy yethy D{4-(methylamino}-4-oxobut-2-en-1-ylicarbamate {Scheme 4, Steps-1 - 3) for
compound 335, Pd{dpp)Cl, for Pdy{dba); - CHCl; a 4.1 ratio of dioxane: H,O for THF, and
stirring at 60 °C, and e} Step-5 by using a [ ratio of TFADCM  to deliver the title
compound in 117.6 mg. 1.20% overall vield, as an off- white solid. '"H NMR (400 MHz,
Methanol-d4} & 8.12 (m, 1H), 7.70 — 7.66 {m, ZH}, 7.57 - 755 (m, 1H), 731 - 7.15 (m, 7H),
6.68 — 6.61 (m, 2H), 6.29 — 6.25 (m, 1H), 4.46 — 443 (m, 2H), 3.834 - 382 (dd, F = 69, 1.4
Hz, 2H), 3.40 — 3.37 (m. ZH), 2.79 (s, 3H), 2.52 — 2.48 {m. 2H), 0.97 - 093 (1, J = 7.4 Hz,
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3H). LCMS: 482.21 [M+H]"

Example 29: Synthesis of (Eld-((2-(4-{{E)}- I-{3-fluoro- I H-indaz0l-5-yi}-2-phenylibus-1-en-
L-ypliphenoxylethyBaming)- I-{pyrrolidin-1-ylbat- 2-en~ I-one (Compound 29)

£

kY

4
N
H

Compound 29 was synthesized following the approach outlined in Scheme 9 by modifying: a)
Step-1 by substituting 1-phenvipropan-1-one for compound 349, DCM for toluene, and
stirring at room temperature until completion, by Step-2 by substituting THF (to make a
0.43M solution) for ether, adding the n-Buli at -78 °C, using 1.25 equv of 44,55-
tetramethyl-2~(tetramethyl-1,3,2-dioxaborolan-2-y1}-1,3.2-dioxaborolane. and sturing  at
room temperature once all reagents were added until completion, ¢} Step-3 by substititing 5-
bromo-3-fluoro-1-(tetrahyvdro-2H-pyvran-2-y1}-1H-indazole (Scheme 3, Steps-1 - 2} for
compound 352, Pd{dppNCl; for Pdi(dba);, 4.0 equiv of Cs,CO; for KOH, a 1011 ratio of
dioxane:H,O for THF, and removing P(t-Bu); HBF, and d) Step-4 by substituting tert-butyl
(E)-{2-(d-10dophenoxy yethy ) {4-oxo-4-(pyrrolidin-1-yibut-2-en-1 -ylicarbamate (preparation
shown in Example 14, Step-a) for compound 335, Pd(dppHCl, - CHxClL  for
Pdy{(dba); - CHCl;, dioxane (to make a 0.3M solution) for THF, and stirning at 60 °C 1o
deliver the title compound in 40 mg. 0.22% overall vield, as a white solid. 'H NMR (400
MHz, Methanol-dd) § 7.51 (1, J = 1.2 Hz, 1H), 7.44 — 7.42 (m, 1H). 7.23 - 7.27(dd, I = & 7.
1.5 Hz, 1H). 7.18 = 7.11 (m, 5H), 6.89 — 6.87 (m, 2H), 6.74 — 6.69 (m, 4H), 4.19 — 4.16 (m,
2H), 392391 (d, J=5.1 Hz, 2H). 3.64 - 3.60(t, = 6.8 Hz, 2H). 3.51 — 3.48 (m, 2H), 3.44
~3.41 (m, 2H) 2.51 ~ 2.49 (q, J = 7.4 Hz, 2H). 2.05 ~ 1.91 (m, 4H), 0.98 - 0.94 (, } = 7.4 Hz,
3H). LOMS: 539.3 [M+H]"

Example 30: Synthesis of (E}-A4-((2-({3-{{Z}-1-(3-Fluoro- I H-induzol-5-ypi}-2-phenylbut-1-
en~I-ylpyridin-2-vlyoxylethyflaminao)-1-(pyrrolidin- -yl but-2-en- I-one {Compound 30)
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Compound 30 was synthesized following the approach outlined in Scheme 9 by modifying: a)
Step-1 by substituting 1-phenylpropan-1-one for compound 349, DCM for toluene, and
stirring atl room temperature until completion, b} Step-2 by substituting THF (o make a
0.43M solution) for ether, adding the n-Bubli at -78 °C, using 1.25 equiv of 4.4.55-
tetramethvi-2-{letramethyl-1,3,2-dioxaborolan-2-v1}-1,3,2-dioxaborolane, and stirring  at
room temperature once all reagents were added until completion, ¢} Step-3 by substituting S-
bromo-3-fluoro-~1-(tetrabydro-2H-pyran-2-vl}-1H-indazole (Schemme 3, Steps-1 -~ 2) for
compound 332, Pd{dppfiCl, for Pd,(dba);, 4.0 equiv of Cs,CO; for KOH, a 10:1 ratio of
dioxane H, for THF, and removing P(t-Bu); HBF, and d) Step-4 by substituting tert-butyl
{(Ey-(2-((5-iodopyridin-2-vyoxy Jethy ){(d-oxo-4-{pyrrolidin- I-y}but-2-en-t -y Dcarbamate
{preparation shown in Example 15, Step-a) for compound 335, Pd(dpphHCl, for
Pdy(dba); - CHCl, dioxane (to make a 0.3M solution} for THF, and stirring at 60 °C to
deliver the title compound in 50 mg, 1.38% overall vield, as a vellow solid. 'H NMR (400
MHz, Methanol-d4) 8 7.75 (d, § = 2.3 Hz. 1H), 7.67 — 7.60 {m, 2H), 7.50 — 7.48 (m. 1H),
735(dd, J =87, 1.5 Hz, 1H), 7.33 ~ 7.20 (m, 5H). 7.00 — 6.98 (d, ] = 8.9 Hz, 1H), 6.72 -
6.70{(d, J=27Hz 2H) 458 -456( J=48Hz 2H) 392391 (m 2H), 363 -359( }
= 6.8 Hz, 2H), 3.49 — 3.46 (dd. J = 8.6, 5.4 Hz, 4H), 2.53 - 2.50 (g, J = 7.4 Hz, 2HD, 2.01 —
1.89 (m, 4H), 0.98 — 0.94 (t, I =7 4 Hz, 3H). LCMS: 540.15 [M-+H]".

Example 31: Synthesis of {E}-4-((2-{4-({E}=2-cyclobutyl-1-{3-fluoro-1 H-indazol-3-yi}-2-

phenylvinyliphenoxyethylamine)-N-methylbug-2-enamide (Compound 31}
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Compound 31 was synthesized following the approach outlined in Scheme 9 by modifying: a)
Step-3 by substituting 1.2 equiv of S-bromo-3-flucro-1-(tetraby dro-2H-pyran-2-yH-1H-
ndazole (Scheme 3, Steps-1 - 2) for compound 352 and stirnng at 20 °C, b) Step-4 by
substituting Pd{dpphCl, for Pdy(dba); - CHCL;, and ¢) Step-5 by removing DCM to deliver
the title compound in 41.4 mg, 0.42% overall vield. 'H NMR (400 MHz, Meathanol-dd} § 7.50
(s, 1H}, 749~ 739 (m, 1H), 730729 (m, 1H}, 723 -721 (m, 2H), 7.20- 715 {(m, 1H},
714~ 7.10 (m, 2H), 6.91 — 6.8% (m. 2H). 6.68 — 6.65 (m, 3H), 6.31 - 6.27 (m, 1H), 413 -
4.11 (m, 2H), 3.86 ~ 3.85 (m, 2H), 3.56 ~ 3.44 (m, 1H), 3.33 (t, J = 4.9 Hz, 2H), 2.81 (s, 3H),
197192 {(m, 2H) 190 - 182 (m, 2H), 1.70 - 1.66 (m, 1H}, 1.52 -~ 1.32 (m, 1H). LCMS:
547.2 [M+Na]".

Example 32: Synthesis of {E}-4-((2-{{3-{{Z}-2-cyclobuiyl-1-(3-fluoro-1 H-indazol-5-y6)-2-
phenyivinylpyridin-2-vyhoxylethyBamino}-N-methvibut-2-enamide (Compound 32)

Compound 32 was synthesized following the approach outlined in Scheme 9 by modifying: a)
Step-3 by substituting 3-bromo-3-fluoro-1-(tetrahy dro-2H-pyran-2-y1)- 1 H-indazole {Scheme
3, Steps-1 - 2) for compound 352 and stirring at 20 °C until corpletion, b) Step-4 by
substituting tert-butvl (E)-(2-((5-1odopyridin-2-vioxy jethy H{4-(methyiamino)-4-oxobut-2-
en-1-yljcarbamate {Scheme 4, Steps-1 - 3} for compound 335, 0.2 equuv of Pd{dpp)Cl; for
Pdy{(dba); - CHCL;, and ¢) using a 25:2 ratio of TFA:DCM to deliver the title compound in
39.9 mg, 0.36% overall vield. 'H NMR (300 MHz, Methanol-d4) § 7.78 (s, 1H), 7.57 (s, 1H),
751~ 7.45 (m, 2H), 7.34 — 7.27 (m, 3H), 7.23 ~ 7.15 (m, 3H), 6.75 ~ 6.66 (m, 2H), 6.32 ~
6.26 (m, 1H), 4.49 — 4.46 (m, 2H), 3.87 — 3.84 (dd, J = 6.9, 1.4 Hz, 2H), 3.53 (m, 1H), 3.43 -
3.40 (m, 2H), 2.81 (s, 3H). 1.96 — 1.86 (m, 4H), 1.79 — 1.58 (rm, 1H), 1.52 - 1.35 (m, 1H).
LCMS: 526.3 [M+H]".

138



WO 2018/098305 PCT/US2017/063047

Example 33: Synthesis of (Ej-4-{{2-{{5-{{Z}-2-cyciobutyl- I-{{ H-indagoi-5-yi}-2-
pheaylvinylpyridin-2-yhaxylethyDaminolN-methylbut- 2-enansdde {Compound 33)

Compound 33 was synthesized following the approach outlined in Scheme 9 by modifying: a}
Step-4 by substituting tert-buty! {(E)}-(2-{(3-iodopyridin-2-yDoxy Jethy {4 -(methylamino}-4-
oxobut-2-en~I~-yhcarbamate (Scheme 4, Steps-1 - 3) for compound 335 and 0.2 equiv of
Pd{dpphHCl, for Pdy{dba}; - CHCI; (in a 0.04M solution), and b) Step-3 by using a 35:1 ratio
of TFA:DCM to deliver the title compound in 44.4 mg, 1.02% overall vield. '"H NMR (300
MHz, Methanol-d4) 5 8.41 (d, I = 1.0 Hz, TH), 7.83 (m, 2H), 7.69 — 7.64 {m, 2H), 7.45 —

7.41 (m, 1H), 7.33 — 7.28 (m, 2H), 7.24 - 7.16 (m. 3H), 6.94 - 6.91 (d, J = 8.8 Hz, 1H), 6.70

~ 6.65 (m, TH), 6.33 — 6.27 (m, 1H), 4.54 — 4.50 (m, 2H), 3.87 - 3.84 (m, 2H), 3.52 - 3.42 (m,
3HY, 279 (s, 3H), 195~ 185 (m, 4H), 1.79 - 1.55 {(m, 1H), 148 - 1.28 (m, 1H). LCMS:
508.3 [IM+H]".

Example 34; Bynthesis of (Ej=4-{{2-{4-({E}-2-cyclobutyi-1-{3-fluoro- 1 H-indazol-5-yi}-2-
phenyivinpDphenoxyethyBamino)- 1-{pyrrofidin-1-yi)bug-2-en-I-one (Compound 34}

Compound 34 was synthesized following the approach outlined 1n Scheme 9 by modifyving: a)
Step-3 by substituting 3-bromo-3-fluoro-1-(tetrahydro-2H-pyran-2-y1}-1 H-indazole {Scheme
3, Steps-1 - 2) for compound 352 and stirring at 20 °C until corpletion, b) Step-4 by
substituting teri-butvl (E)-(2-(4-iodophenoxv)ethvi4-oxo-4-(pyvrrolidin-1-vyDbui-2-en-1-
vi)carbamate (preparation shown in Example 14, Step-a} for compound 335, Pd{dpptiCl, for

Pdy(dba): - CHCL; (in 2 0.05M solution), and ¢ Step-5 by using a 40:3 ratio of TFA:DCM to
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deliver the title compound in 45.0 mg. 0.49% overall vield. 'H NMR (300 MHz, Methanol-d4)
57.47 (s, TH). 7.42 — 7.39 (m, 1H), 7.27 — 7.07 (m, 6H), 6.89 — 6.86 (d, I = 8.6 He, 2H), 6.70
~6.68 (m, 4H), 413 -410(, J=49Hz 2H) 388 -3.85(d, J=49Hz 2H) 361 -3.56 (4,
J=067Hz 2H}, 349345 (m, 3H), 339336 (m, 2H}, 2.01 - 1.491 (m, 8H), 1.75 - 1.50
(m, 1H), 1.48 — 1.30 (m. 1H). LCMS: 587.1 [M+Na]".

Example 35: Syathesis of (Ep-d-{2-(4-({(E)-2-cyclobatyl- I- (I H-indarol-3-pi}-2-
phenyivinyliphenoxyethyBamino)-1-(pyreolidin- 1-yhbut-2-en- I-one (Compound 35)

Compound 35 was synthesized following the approach outlined in Scheme 9 by modifying: a)
Step-4 by substituting tert-butvl (E)-(2-{4-1odophenoxy Jethy 1} 4-oxo-4-(pyrrolidin-1-yiibut-
2-en-1-yhcarbamate {preparation shown in Example 14, Step-a) for compound 335, and 0.2
equiv of Pd{dpphiCl for Pda(dba); - CHCl; to deliver the title compound in 43.0 mg, 0.65%
overall vield. "H NMR (300 MHz, Methanol-dd) § 8.36 (s, 1H), 7.73 (s, 1H), 7.61 ~ 7.58 (d,
= 8.7 Hz, 1H), 7.36 — 7.33 (m, 1H), 7.24 - 7.19 (m, 2H), 7.15 - 7.08 (m, 3H). 6.90 - 6.87 (m,
2H), 6.70 - 6.62 {m, 4H), 4.13 —4.10 (m, 2H), 3.88 — 3.86 {m, 2H), 3.61 —3.57 (m, 2 H},

3.49 - 3.45 (m., 3H), 3.39 - 3.36 (m, 2H), 1.98 — 1.81 (m. 8H), 175~ 1.56 (m, 1H), 1.46 —
1.32 (m, 1H). LCMS: 547.25 [M+H]".

Example 36: Synthesis of {(E}-4-((2-((3-({Z}-2-cyclobutyl-1-{3-fluoro- 1 H-indazol-5-yl}-2-
phenylvinyDpyridin-2-vBoxylethylamino}- I-{pyerolidin- 1-ylbus-2~en-I-one {Compound 36)

HCI
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Compound 36 was synthesized following the approach outlined in Scheme 9 by modifying: a)
Step-3 by substituting 3-bromo-3-fluoro- 1 -(tetrahy dro-2H-pvran-2-y1)- 1 H-indazole {(Scheme
3, Steps-1 - 2) for compound 352 and sturing at 20 °C until completion, b) Step-4 by
substituting tert-butvl (E)-(2-((5-1odopyridin-2-vioxy jethv{4-oxo-4-(pyrrolidin-1-yDbut-2-
en-1-y1jcarbamate {preparation shown in Example 15, Step-a) for compound 335, 0.2 equiv
of Pd{dppiCl, for Pdy{dba); - CHCL and ¢} Step-5 by using a 5.1 ratio of TFADCM to
deliver the title compound in 190.0 mg, 0.66% overall yield. "H NMR (300 MHz, Methanol-
d4)§7.73(d, 1 =23 Hz, 1H), 7.52 (s, 1H), 7.44 (d, 1H), 7.36 ~ 7.12 (m, TH), 6.68 ~ 6.60 {m,
3H), 4.45 - 4.42 (m, 2HD), 3.86 (d, I = 5.0 Hz, 2H), 3.60 — 3.56 (m, 2H), 3.49 - 3.45 (m, 3H),
3.40 - 3.36 (m. 2H), 2.01 — 1.86 (m, 8H), 1.72 - 1.68 (m. 1H). 1.44(d, J = 9.0 Hz, 1H).
LCMS: 566.1 [M+H]".

Example 37: Synthesis of {(Ep-4-((2-{(3-({(Z}-2-cvclobutyl- i-{ 1 H-indazpl-5-yi)-2-
phenylvinyllpyridin-2-vloxylethyiamino}- I-{pyrrofidin-I-yhbus-2-en- F-one ({Compound 37)

Compound 37 was synthesized following the approach outlined in Scheme 9 by modifving: a)
Step-4 by substituting tert-buty! (E3-(2-((3-iodopvridin-2-vyoxy yethy ) 4-oxo-4-(pyrrolidin-
1-vybut-2-en-1-yljcarbamate {preparation shown in Example 15, Step-a} for compound 335,
0.2 equiv of Pd{dpphHHCl; for Pdx{dba); - CHCl: and ¢) Step-5 by using a 4.1 ratio of
TFADCM to deliver the title compound in 60.5 mg, 0.92% overall yield. 'H NMR (300

MHz, Methanol-d4) 6 8.52 (m, 1H). 7.94 - 7.86 (m, 2H), 7.79 - 7.70 (m, 2H), 7.50 - 7.47

(m, TH), 7.34 — 7.29 (m, 2H), 7.25 — 7.18 (m, 3H), 7.06 ~ 7.03 (d. ] = 8.9 Hz, 1H), 6.72 -

6.70 (m, 2H), 4.58 — 4.55 (m, 2H), 3.92 — 3.90 (m, 2H), 3.63 ~ 3.59 (m, 2H), 3.52 — 3.45 {(m,
SH), 2.03 — 1.85 (m, 8H), 1.79 — 1.55 (m, 1H), 1.50 — 1.35 (m, 1H). LCMS: 549.3 [M+H]".

Example 38: Bynthesis of (Ej=N-methyl-4-((2-{4-{4,4 4-trif luoro-1-{ I H-indazol-3-yi)-2-
phenylbui-I1-en-1-vi}phenoxylethyliaminalbutanamide (Compound 38)
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Compound 38 was synthesized following the approach outlined in Scheme 6, modifying
Step-1 by substituting (E)}-N-methyl-4-((2-{4-({F}-4 4 4-trifluoro-1-(1H-indazol-5-y1)-2-
phenyibut-1-en-1-vlyphenoxyethvlamino)bui-Z-enamide {preparation shown in Example 10)
for compound 336 to deliver the title compound in 54.3 rug. 17% overall yield. "H NMR (400
MHz, Methanol-d4) § 8.49 (s, 1H), 7.90 (s, 1H), 7.70 - 7.68 (d. J = 8.7 Hz, 1H), 7.42 - 7.40
(m, T, 7.25 ~ 7.14 (m, SH), 6.93 - 6.90 (m, 2H), 6.74 — 6.72 (m, 2H), 418 - 416 (1. J = 49
Hz, 2H), 3.45 — 3.37 (m. 4H), 3.13 = 3.09 (. J= 7.3 Hz, 2H), 2.74 (5, 3H), 2.40 - 237 (1. ] =
6.8 Hz, 2H), 2.05 - 1.93 (p. } = 7.0 Hz, 2H). LOMS: 537.3 [M+H]".

Example 39: Synthesis of (E}-N-methyl-4-({2-{4-{4,4, 4-trifluoro-1-{3-fluore-1 H-indazoi-5-
yi-2-phenyibut-i-en-1-yliphenoxylethyDaminolbutanamide (Compound 39)

Compound 39 was synthesized following the approach outlined in Scheme 6, modifying step
1 by substituting (E)}-N-methyl-d-((2-{4-({E}-4 4 4-tr1fluore-1-(3-fluoro-1H-indazol-5-y1}3-2-
phenylbut-1-en-~1-yDphenoxyv)ethyDaminoybut-2~enamide (preparation shown in Example 21)
for compound 336 to deliver the title compound in 49.0 mg, 23% overall vield. 'H NMR (400
MHz, Methanol-ds) § 7.61 (m,J = 1.1 Hz, 1H), 7.49 — 7.46 (m, J = 8.8, 2.3, 0.9 Hz, 1H), 7.30
~7.27(dd, J= 8.8, 1.6 He, 1H). 7.24 — 7.15 (m, 5H), 6.92 — 6.89 (m, 2H), 6.75 - 6.72 {m,
2H), 4.18 — 4.15 {m, 2H), 3.44 — 3.36 (m, 4H), 3.13 - 3.09 (m, 2H), 2.71 (s, 3H), 2.40 — 2.37
(m. 2FD). 1.99 — 1.93 (m, 2H). LCMS: 555.2 [M+H]",
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Example 40: Synthesis of (Z)-N-methyi-4-({2-{{ 5-{4,4,4-trifluoro-{-{{ H-indazol-5-yi}-2-
phenyibui-1-en-1-yhpyridin-2-yhoxyjethyllamino)butanandde {Compound 40)

Compound 40 was synthesized following the approach outlined in Scheme 6, modifying step
1 by substituting {E}-N-methvl-4-{{2-((5-((Z)-4,4.4-rifhuoro-1 - 1 H-indazol -S-v1)-2-
phenylbut-1-en-1-vDpyndin-2-vioxyjethvhaminoybut-2-enamide (preparation shown in
Example 9) for compound 336 to deliver the title compound in 62.4 mg, 29% overall yield.
'H NMR (300 MHz, Methanol-d4)  8.41 (d. J = 1.0 Hz, 1H), 7.93 (4, J = 1.3 Hz, 1H), 7.80
(dd, J=2.4, 0.7 Hz, 1H), 7.72 - 7.70 (m, 1H), 7.64 — 7.60 (m, 1H), 7.45 - 7.41 (m, 1H), 7

~ 721 (m, 3H), 6.96 - 6.63(dd, J=8.8, 0.7 Hz, 1H), 456 - 4.53 (mm, 2H), 3.49 - 3.39 (m,
AHG 333308, J=T71Hze 2H}, 2.70 (s, 3H), 240 - 236 {1, J =67 Hz 2H), 203 - 189
(m, 2H). LCMS: 538.2 [M+H]".

Example 41: Syathesis of (E)-1-{pyrrofidin-1-yl-4-((2-{4-{4,4 d-triffuoro-1-{3-fluoro-1 H-
indazol-5-yi)-2-phenyibut-I-en- I-yiphenoxypethyllaminalbutan-I-one (Compound 41}

Compound 41 was synthesized following the approach outlined in Scheme 6, modifving step
1 by substituting (E}-1-{pyrrolidin-1-v}-4~((2-(4-((E}-4,4 4-trifluoro-1-3-fluoro- 1 H-indazol-
5-y1)-2-phenyibut-1-en-I-yhphenoxy jethyanmino}but-2-en-1-one (preparation shown in
Example 13} for compound 336 to deliver the title compound in 54.2 mg, 11.94% overall
yield, 'HNMR (300 MHz, Methanol-d4) 6 7.60 (s, 1H), 7.47 — 7.43 (m, 1H), 7.28 - 7.25 (dd,
J=88, 1.5Hz 18), 7.21 =712 {m, 3H), 6.90 - 6.87 (m, 2H), 6.72 - 6.6Y9 {m, 2H), 4. 16—
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4.13 (m, 2H), 3.45 — 3.34 (m. 8H), 3.13 - 3.08 (1, J =7 0 Hz, 2H), 2.54 - 2.50 (, } = 6.5 Hz,
2H), 1.97 — 1.90 {m, 4H), 1.86 — 1.81 (m, 2FH). LCMS: 595 [M +H]".

Example 42: Synthesis of (E)-1-{pyrrofidiys-1-pl-4-{{2-(4-(4 4, 4-trifluoro-1-(1 H-indazol-5-
yi)-2-phenyibui- 1-ea-1-yiphenoxylethyllamino)butan- I-one (Compound 42)

\/\)J\N/>

L

Example 42 was synthesized following the approach outlined in Scheme 7 by modifving: a)
Step-1 by substituting (Z)-1-(etrahvdro-2H-pyran-2-v1}-5-(4 4 4-trifluoro-1,2-bis(4.4,5,5-
tetramethvi-1,3 2-dioxaborolan-2-yHbui-1-en-1-y1-1H-indazole {(Scheme 8, Steps-1 - 5) for
compound 323 and tert-butyl (E}(2~((S-todopyridin-2-yhoxv)ethyi}4-oxo-4-(pyrrohdin-1-
yhbut-2-en-1-yhcarbamate (preparation shown in Exarople 15, Step-a) for compound 337 to
feliver the title compound in 108.7 mg, 1.91% overall yield. as a yellow solid. 'H NMR (300
MHz, DMSO-d6) 6 9.06 (s, 2H), 8.12 (4, J = 1.0 Hz, 1H), 7.65 9s, 1H), 7.59 ~ 7.56 (m, 1H),
7.25-711{m, 6H}), 6.84 - 681 (i, 2H), 6.69 - 666 {m, 2H}, 413 - 410, J =4 8 Hz, 2H),
3.51 — 3.40 (m, 2H), 3.37 — 3.32 (m, 4H), 3.27 — 3.22 (m, 4H), 2.97 — 2.95 (m. 2H), 2.39 -
234 (1, J= 6.9 Hz, 2H), 1.86 — 1.68 (m, 6H). LCMS: 577 [M+H]".

Example 43: Synthesis of (2)-1-{pyrrolidin. 1-yl-4-{{2-{{5-(4,4, 4-trifluoro-1-(3-favro- 1 H-
indazol-5-yh-2-phenylbut- I-en- I-ylpyridin-2-yhoxylethybamino)butan-1-one  (Compound
43}

HCI

Compound 43 was synthesized following the approach outlined in Scheme 7, modifying

Step-1 by substituting tert-butyl (E}-{(2-((S-todopyridin-2-yhHoxy)ethyvl }4-oxo-4-(pyrrolidin-
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1-v1ybut-2-en-1-yljcarbamate {preparation shown in Example 15, Step-a) for compound 337
to deliver the title corapound in 29.6 mg, 1.12% overall vield, as a white solid. 'H NMR (300
MHz, Methanol-d4) 6 7.77 {(d, J = 2.3 Hz, 1H), 7.66 (s, 1H), 7.53 - 7.49 (m, 2H), 734 - 722
(m, 6H), 6.86 ~ 6.83 (m, TH), 4.53 — 4.50 (m, 2H), 3.46 - 3.34 (m, 8H), 3.13 - 3.08 (1. = 6.9
Hz, 2H), 2.55 - 2.51 (L J= 6.5 Hz, 2H), 1.98 — 1.92 (m, 45}, 1.86 — 1.84 (m, 2H). LCMS:
596.3 [M+H]".

Example 44: Syathesis of (Ej=-N-methyl-4-{(2-{{6-methyl-5-{{Z}-4 4 4-trifluoro-1-(3-fluoro-
I H-indazof-3-yi}-2-phenyibui- F-en- [-vi}pyridin-2-yi{oxyjethylamino) bhut-2-enamide
{Compound 44}

Compound 44 was synthesized following the approach outlined in Scheme 3, modifving
Step-7 by substituting tert-buty! (E)-(2-((5-10do-6-methylpynidin-2-yhHoxy)ethy }{4-
{methylanino)-4-oxobut-2-en-1-yi)carbamate (preparation shown below in Steps-a - d) for
compound 324 to deliver the title compound in 91.1 mg, 0.04% overall vield. "H NMR (400
MHz, Methanol-d4) § 7.98 — 7.96 (s, 1H), 7.69 (s, 1H), 7.55 - 7.53 (dd, 1= 8.8, 2.1 Hx, 11,
743-740(dd, 1=88, 1.6 Hz, 1H). 7.28 — 7.19 (m, 5H), 7.05 - 7.03 (m, J = 9.0 Hz. 1H).
6.76 — 6.69 (m, § = 15.4, 6.8 Hz, 1H), 6.37 - 6.33 (m, 1H), 4.62 (1, ] = 4.6 Hz, 2H), 3.93 -
3.91€dd, 7= 6.9, 1.3 Hy, 2H), 3.58 — 3.49 (m, 4H1), 2.83 — 2.81 {s, 3H), 2.37 (s, 3H). LCMS:
568.1 [IM+H].

Step-a: Synthesis of 2-{{5-iodo-t-methyipyridin-2-ylloxyiethan-1-9!

Ve Y
\N Ci \NI O"/\-./’OH

Into a 8-mL round-bottom flask was placed 6-chloro-3-iodo-2-methylpyridine (100 mg, .39

mmol, 1.00 equiv}, sodium hvdroxide (31.49 mg, 0.79 mmol, 2.00 equiv), and ethane-1,2-
diol (244.09 mg. 3.93 mmol, 10.00 equiv). The resulting solution was stirred at 110 °C untif

completion. The solution was diluied with 30 mL of water and extracted with 3x50 mi of
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ethyi acetate. Then the organic lavers were combined and washed with 3x50 mL of brine,
The mixture was dried over anhydrous sodium sulfate and concentrated under vacoum. The
residue was applied onto a stlica gel column eluting with DCM/methanol (14:1) to deliver the
title compound in 60 mg (54.5%) as a white solid. LUMS: 279.9 [M+H]".
Step-b: Synthesis of 2-(2-{{5-iodo-6-methyipyridin-2-yhoxyjethyllisoindoline- 1, 3-dione

O

‘l

HN /’\\‘7 |

T = X
S
DN O N

Into a 8-mL round-~bottom flask purged and maintained with an inert atmosphere of nitrogen

was placed 2-({5-1odo-6-methylpyridin-2-vljoxyjethan-1-ol {100 mg. 0.36 mumol, 1.00 equuv),
PPh3 (188.0215 g, 716.85 mmol, 2.00 equiv), THF (20 mL}, 2.3-dihydro-1H-isoindole-1,3-
dione {52 mg, 0.35 mmol, 1.00 equiv), and DIAD (145,08 mg, 0.72 mmol, 2.00 equiv). The
rasulting solution was stirred at 25 °C until completion. The resulting solution was diluted
with H.O (50mL), extracted with 3x50 mbL of ethvl acetate and the organic layers combined,
dried over Na;804 and concentrated under vacuum. The residue was applied onto a silica gel
column with ethyl acetate/petroleurn ether (1,99). The collected fractions were combined and

concentrated under vacuum to deliver the title compound 10 102 mg (70%) as a yellow solid.

Step-c: Synthesis of 2-{{S-iodo-6-methylpyridin-2-yiloxy)ethan-1-amine

Into a 8-mL round-bottom flask was placed 2-(2-((5-10do-6-methylpyridin-2-
vhoxvethvhiscindoline-1,3-dione (100 mg, 0.24 mmol, 1.00 equiv), THF (I mL)}, and
hydrogen diazene hydrate (2 mL, 2.00 equiv). The resulting solution was stirred at 25 °C until
completion. The resulting solution was extracted with of ethyl acetate and the organic fayers
combined and concentrated under vacuum. The residue was applied onto a silica gel colunmm
with ethyl acetate/petroleum ether (199). The crude product was purified bv Flash-Prep-
HPLC with the following conditions (IntelFlash-1}: Column, silica gel; Detector, UV 254 nm

to deliver the title compound in 47 mg (70%) as a vellow solid.
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Step-d: Synthesis of tert-buagyl (E)-(2-({5-ivdo-6-methyipyridin-2-yloxy)ethyij{4-

{methylamino)-d-oxobut-2-en- I-yi}carbanate
G

Br
ﬂ WJLE/ NP | E?oc o

{Boc)0

Into a 500-mL round-bottom flask was placed 2-((5-10do-6-methylpyndin-2-yhoxv)ethan-1-
amine (5.3 g, 19.06 munol, 1.00 equiv), DIEA (7.35 g, 36.87 mmol, 3.00 equiv), (E)}-4-
bromo-N-methylbut-2-enamide (2.18 g, 13.29 mmol, 0.70 equiv} {Scheme 4, steps a-b). The
solution was then stirred for 2h at 25 °C, and then di-tert-buty! dicarbonate (8.6g, 38mmol,
2.0eq) was added. The resulting solution was stirred at 25 °C unti} completion. The solution
was diluted with 30 mbL of water and extracted with 3x50 L of ethyl acetate. Then the
organic layers were combined and washed with 1x60 mL of brine. The mixture was dried
over anhydrous sodium sulfate and concentrated under vacuum. The residue was applied onto
a silica gel colurmn eluting with DCM/methanol (14:1) to deliver the title compound in 1.8 ¢
(20%) as a white solid. 'H NMR (400 MHz, DMSO0-d6) § .00 - 7.95 (dd, } = 13.6, 6.6 Hz,
2H), 6.54 - 6.44 (dq, ] = 16.1, 7.4, 6.9 Hz, 2H), 5.91 - 5.80 (dd, J = 15.4, 2.3 Hz, 1H), 4.35 -
4.30¢q, J= 8.6, 6.6 Hz, ZH), 3.96 — 3.95 (m, 2H), 3.52 ~ 3.49 (1, ] = 5.6 Hz, 2H), 2.63 (d. ] =
4.6 He, 3H), 2.53 (s, 3H). 1.35 - 1.32(d, J = 9.5 Hz, OH).

Example 45: Synthesis of (Ej-N-methyl-4-((2-((5-({Z£1-4,4,4-trif noro-1-{3-fluoro- 1 -
indazol-3-yi)-2-phenyibat. I-ex- I-yBpyrimidin-2-yBoxylethyDamine}but-2-enamide
{(Compound 45)

F.' F’n!C
N 4 i H
N SN N NN

Compound 45 was synthesized following the approach outlined i Scheme 3, modifying
Step-7 by substituting tert-buty! (E}-(2-((S-todopyrinudin-2-yloxy jethv{4-(methviamino}-
4-oxobut-2-en-1-yhcarbamate (preparation shown below in Steps-a - ¢} for compound 324 o
deliver the title compound in 20.0 mg, 6.53% overall vield. 'H NMR (400MHz, Methanol-d4)
5815 (5. 2H). 7.72 (5. 1H). 7.57 — 7.54 (m, 1H), 7.38 — 7.36 (m. 1H). 7.32 - 7.25 (m, 5H),
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6.72 — 6.65 (m, 6.9 Hz, 1TH), 6.30 — 6.26 (m, 1H), 4.56 — 4.53 (m. 2H}, 3.88 - 3.86 (m, 1.4 Hz,
2H), 3.50 — 3.42 {m, 4¥1), 2.83 — 2.81 (s, 3H).

Step-a: Syathesis of tert-butyl (2-{((5-iodopyrisddin-2-vBhoxyjeshyllcarbamate

! H |
\(\\‘i Ho ™ N Bog \f\f“ H
N e N /\O/\/N‘Boc

NaOH, NMP N

into a 300-mL round-botiom flask was placed 2-chioro-S-igdopyrimidine (10 g, 41.59 mmol,
1.00 equiv), NMP (200 mL), sodium hydroxide (3.3 g, 82.50 mmol, 2.00 equiv), and tert-
butyl (2-hydroxyethyljcarbamate (6.7 g, 41.56 mumol, 1.00 equiv). The resulting solution was
stirred at 100 °C until completion. The resulting solution was diluted with H;O (100mL),
extracted with of ethyl acetate (3x100mL} and the organic lavers combined, washed with
brine (100mL), dried over Na,SQO, and concentrated under vacuum. The residue was applied

onto a silica gel column with ethy! acetate/petroleum ether (1:3) to deliver the title compound

i 7.6 g (50%) as a brown sohid.

Step-h: Synthesis of 2-({(5-iodopyrinddin-2-yHoxyethan-I-aniine

‘ |
\f\ﬁi\ ‘ HCl(g).dioxane \(“‘N
N7 o B N//i\g/‘vNﬁz

Into a 50-mL round-bottom flask was placed tert-butyl (2-({5-1odopyrimidin-2-

vhoxyethylicarbamate {2.4 g, 6.57 mumol, 1.00 equiv). To the above, hvdrogen chloride {g)
in dioxane (24 miL, 1.00 equiv) was added. The resulting solution was stirred at 24 °C until
completion, and then the resulting muxture was concentrated under vacuum to deliver the title

compound in 1.8 g (91%) as avellow solid. LCMS: 265.8 [M+H]".

Step-c: Synthesis of tert-butyl (E}-{ 2-{{ S-ivdopyrimidin-2-yhoxyethyl{4-{methylaming}-4-

oxohut-2-er- I-yBoarbamate

O

i BTN\N/ I
Ci A ¢ G
fyi\ NH,, X, e N ™ ~
N DIEA/DMF N O N
Boc,O
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Into a 40-mb round-bottom flask was placed 2-({5-iodopyrimidin-2-vi)oxy)ethan-1-amine
(1.8 g, 6.79 mmol, 1.0 equiv), N N-dimethyHormamide (30 mL, 1.00squiv}, BDIEA {463 g,
35.82 ramod, 6.00 equiv), and (E)-4-bromo-N-methvibut-2-enaraide (1.38 g, 7.75mmol,
1.30equiv) (Scheme 4, steps a-b). The resulting solution was stirred at 25 °C untif completion.
Then di-tert-butyl dicarbonate (2.6 g, 11.91 mmol, 2.00 equiv} was added. The resulting
solution was stirred at 25 °C until completion. The solution was diluted with 200 mL of water
and extracted with 3x200 mL of ethyl acetate. Then the orgamc layers were combined and
washed with 3x200 mbL of brine. The mixture was dried over anhydrous sodium sulfate and
concentrated under vacuum. The residue was applied onto a silica gel column eluting with
petroleum ether/ethyl acetate (3:2) to deliver the title compound in 1.1 g (40%) as a brown
solid. 'H NMR (400 MHz, DMSO-d6) § 8.80 (s, 2H), 7.95 (d. J = 5.4 Hz, 1H), 6.50 (s, 1H),
5.90 - 5.86 (d, J = 15.8 Hz, 1H), 4.38 (s, 2H), 3.95 (s, 2H). 3.55 - 3.52(t, I = 5.6 Hz, 2H),
2.63(d, J=4.7 Hz, 3H), 1.35- 1.32(d, = 14.7 Hz, 9H). LCMS: 463 [M+H]"

J

Example 46: Syathesis of (Ep-4-{(2-{4-((E)-2-{ 2-chloro-4-fluorophenyl)-4 4, 4-trifluoro-1-
(1 H-indazol-3-yi)but-1-en- I-yiiphenoxyethviamino}- N-methylhut-2-enamide (Compound

46)
' FC HCI
SR CUEPN

Compound 46 was synthesized following the approach outlined in Scheme 3 by modifying:
a) Step-7 'by substituting (Z)-1-( tetrahvdm—zﬁnpvrannznvl)-5~(4ﬁ4,4nmﬂuoro—1,Zn'bis(4,4,5,5n
tetramethyi-1,3 2-dioxaborolan-2-yhbui-1-en-1-y1 - 1H-indazole {(Scheme &, Steps-1 - 5) for
compound 323 and tert-butyl (E)}-(2-(4-1odophenoxy Jethy{4-{methylamino}-d-oxobui-2-en-
1-vlycarbamate (Scheme 5, Steps-1 - 3) for compound 324, and b) Step-8 by substituting 2.0
equiv Z-chloro-4-fluoro-1-1odobenzene for compound 326 and using 7.0 equiv of KOH to
deliver the title compound in 32.7 mg, 0.19% overall vield, as a white solid. "H NMR (400
MHz, Methanol-d4) § 8.14 (s, 1H), 7.77 (s, 1H), 7.59 — 7.56 {d, F = 8.6 Hz, 1H), 7.28 - 7.23
{(m, 2H), 7.15-7.12{(dd, J = 8.8, 2.6 Hz, 1H)}, 6.98 - 6.90 (m, 3H), 6.75 - 6.64 (m, 3H), 6.29
~625(d, J=154Hz 1H}, 416 - 414 (m, 2H), 3.86 - 3.84 {m, 2H}, 3.47 - 3.35 (m, 4H),
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2.79 (s, 3H). LCMS: 58710 [M+H]". 609.10 [M+Na]"

Example 47: Synthesis of (E}-4-{{2-{4-{{E}-2-2-chloro-4-fluorophenyl)-4,4,4-trifluoro-1 -
(3-fluoro-1 H-indazol-5-yibut-1-en-1-yphenoxy)ethyllamino)-N-methylbut-2-enamide

Ci . E
HCI
E
S0 TN N

Compound 47 was synthesized following the approach outlined in Scheme 3 by modifving:

{(Compound 47)

IZ

a) Step-7 by substituting tert-butyl (E)-(2-(4-iodophenoxy yethyh{4-(methyvlanuno)-4-oxobut-
2-en-1-yiicarbamate (Scheme 5, Steps-1 - 3} for compound 324, and b} Step-% by substituting
2.0 equiv 2-chloro-4-fluoro-1-iodobenzene for compound 326 and using 7.0 equiv of KOH to
deliver the title compound in 50 mg, 0.13% overall vield, as a light brown solid. 'H NMR
{400 MHz, Methanol-ds) 8 7.64 (s. 1H). 7.49 — 7.46 (dd, J= 8.8, 2.1 Hz, 1H), 7.31 - 7.24 (m.
2H), 7.15 - 7.12(dd, J= 8.7, 2.6 Hz, 1H), 6.98 — 6.91 (m, 3H), 6.76 — 6.64 (m, 3H), 6.28 —
624¢d, J=156H: 1HY,416-414 ¢, J=49Hz, 2H), 386 -3.84 (m, 2H), 347 -334
(m, 4H), 2.79 (s, 3H). LOMS: 605.10 [M+H]", 627.10 [M+Na]".

Example 48; Bynthesis of (Ej=4-{(2-{4-({E}-2-{ 2-chloro-4-fluorophenylj-1-{3-fluoro-1H-
indazol-5-ylbus-1-en-1-yliphenoxyjethylamino)-N-methyibui- 2-enamide (Compound 48}

HCH

Compound 48 was synthesized following the approach outlined in Scheme 3 by modifying:
a) Step-7 by substituting (7)-5-(1,2-bis{4,4,5 5-tetramethyi-1,3,2-dioxaborolan-2-yYbut-1-en-

1-y1)-3-fiuoro-1-{tetrahydro-2H-pyran-2-vi)- 1 H-indazole (preparation shown below in Steps-
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a - by for compound 323 and tert-butvl {E}-(2-(4-10dophenoxy yethvl {{4-(methylamino)-4-
oxobut-2-en-1-yvhcarbamate (Scheme 5, Steps-1 - 3) for compound 324, and b) Step-8 by
substituting 2-chloro-4-fluoro-1-iodobenzene for compound 326 and using 3.0 equiv of KOH
to deliver the title compound in 60.6 mg, 0.72% overall vield, as an off-white solid. 'H NMR
(400 MHz, Methanol-cy) 6 7.56 (1, J = 1.2 Hz, 1H), 7.47 — 7.44 (m, 1H), 7.34 - 7.31 (dd, J =
87, 15 Hx, 1H), 728 -724(dd, /=85, 62Hz 1H), 7.12-7.09(dd, /=838, 2.6 Hz, 1H)},
6.98 — 6,94 (m, 3H), 6.74 — 6.69 (m. 3H), 6.33 - 6.29 (m, 1H), 418 — 4.16 (m, 2H), 3.89 -
387(dd, J=69 14Hz 2H) 343 -333(, J=49Hz 2H), 281 (s, 3H), 2.49 - 2.45 (i,
2H), 1.00 - 0.96 {1, J= 7.5 Hz, 3H). LCMS: 551.21 |M+H]".

Step-a: Syathesis of S-(but-l-yn-I-vl}-3-fuoro-I-tetrabydro-2H-pyran-2-yl}- 1H-indazole

K = g "

. S TIAS

= ] Br d N

N j Cul,Pd{Pcy;)Cla N
THPi dioxane,Cs5,C04 THFg

into a 100-mL round-bottom flask purged and maintained with an inert atmosphere of
mirogen was placed 5-bromo-3-fluoro-1-(tetrahydro-2H-pyvran-2-y-1H-indazole (4 g, 13.37
mmol, 1.00 equiv) {(Scheme 3, Steps-1 - 2), dioxane (40 mL), Cs,C0O; (R.68 g, 26.64 mmol,
2.00 equiv), Pd{Pcy;nCh (984 mg, .10 equiv), Cul (760 mg, 3.99 mmol, 0.30 equiv), and
but-1-vo-1-yltrimethvisilane (16.84 g, 133.36 munol, 10.00 equiv). The resulting solution was
stirred 80 °C in an oil bath unti] completion, then cooled to room temperature. The reaction
progress was montiored by LUMS. The resulting solution was extracted with of 3x50 mL
ethyi acetate and the organic layers were combined, then washed with 1x50 mL of bring,
dried over anhydrous NazS(y, and concentrated under vacuum. The residue was applied onio
a silica gel column eluting with petroleurn ether/ethyl acetate (10:1) to deliver the title

compound in 3.4 g (93%) as a vellow hiquid.

Step-b: Synthesis of {£3-5-(1,2-bis(4,4,3,5-tetramethyl- 1,3, 2-dioxaborolan-2-ybut- 1 -en- I~
yi-3-fluoro-I-{tetrabiydro-2 H-pyran-2-yl)- 1 H-indazole
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Into a 100-mL round-bottom flask purged and maintained with an inert atmosphere of
nitrogen was placed 5-(but-1-vn-1-vi}-3-fluoro-1-{tetrahydro-2H-pyvran-2-vi)-1H-indazole (4
g, 14.69 mmol, 1.00 equiv), 2-Me-THF (40 mL), P(PPhy)y (912 mg, 0.05 equiv), and 4,4.5,5-
tetramethvi-2-{tetramethyi-1 3, 2-dioxaborolan-2-vi}-1.3,2-dioxaborolane  (3.72 g 14.65
mmol, 1.00 equiv). The resulting solution was stirred at 90 °C in an oil bath until completion,
then cooled 1o room temperatre. The reaclion progress was momiored by LCMS. The
solution was then extracted with of 3x50 mL ethyl acetate, the orgamc layers were combined,
washed with 1x50 mb of brine, dried over anhydrous Na,80, and concentrated under
vacuum. The residue was applied onto a stlica gel column ehuting with petroleum ether/ethyl

acetate (10:1) to deliver the title compound in 2.0 g (27%) as a yellow solid.

Example 49: Synthesis of (E}-N-methyl-4-({2-{{5-(( £}~ 1 -{ 3-methyi- 1 H-indaol-3-yi}-2-
phenyibut-I-en-I-yDpyridin-2-vijoxyiethyDamino)bui-2-enamide {Compound 49)

Compound 49 was synthesized following the approach outlined in Scheme 9 by modifyving:
aj Step-3 by substituting 5-bromo-3-methyl-1-(tetrahydro-2H-pyran-2-y1)-1H-indazole
{preparation show below in Step-a) for compound 352, Pd{dppDCl; for Pdy{dba);, 2.0 equiv
of Cs,CO; for KOH, dioxane:water (6:1) for THF (to make a 0.2M solution), and removing
P(t-Bu)s, b) Step-4 by substituting tert-butvl (E)-(2-{{5-10dopyridin-2-y1}oxy jethvi}4-
{methylamino}-4-oxobut-2-en-1-yDcarbamate {(Scheme 4, Steps-1 ~ 3} for compound 3335,
Pd(PPh1),Cl, for Pdy(dba); - CHCl; using 1.0 equav of KOH, dioxane H,0 (10:3) for THF
{to make a 0.5M solution), and stirring at 60 °C, and ¢) Step-5 by using a 3:1 ratio of
TFA:DUCM to deliver the title compound in 140 mg, 2.96% overal vield, as an off-white
solid. 'H NMR (400 MHz, Methanol-d4) 5 8.04 (s, 1H), 7.83 = 7.70 (d, J = 8.7 Hz, 4H), 7.31
—7.27 (m, SHD, 717 (s, 1H), 6.75 - 670 (dd. J = 14.7. 7.4 Hz, 1H), 6.39 - 635 (d, I = 15.0
Hz, TH), 4.64 (s, 2H), 3.96 — 3.92 (m. 2H), 3.52 (s, 2H), 2.85 — 2.81 (d. J = 15.0 Hz. 6H).
257251 (m, J= 7.5 Hz, 2H), 1.02 — 0.98 (s, ] = 7.3 Hz. 3H). LCMS: 4693 [M+H]".
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Step-a: Synthesis of 5-bromp-3-methyi-I-(tetrahydro-2 H-pyran-2-vi)- | H-indazole

DHP, TsOH
DCM

Into a 8-mL round-bottom flask was placed S-bromo-3-methvl-1H-indazole (50 mg, 0.24
mol, 1.00 equiv), DCM (2 ml), 3,4-dihvdro-2ZH-pyran (60.06 g, 714.01 mumol, 3.00 equiv),
and 4-methvibenzene-i-sulfonic acid (4.09 rog, 0.02 mmol, 6.10 equiv). The resulting
solution was stirred at 25 °C until completion. The solution was then diluted with 30 mL of
water and extracted with 3x50 mbL of ethyi acetate. Then the organic layers were combined,
washed with 3x50 mL of brine, dried over anhydrous sodiam sulfate, and concentrated under
vacuurm. The residue was applied onto a silica gel colunm eluting with DCM/methanol (14:1)

to deliver the title compound in 40 mg (16%) as a white solid.

Example 50: Synthesis of (E}-4-((2-{4-((E)-1-(I H-indazol-5-p)-2-phenylibui--en-{-
yhphenoxyjethylamino)-N-methylbui-2-enamide {Compound 50)

HCH

Compound 50 was synthesized following the approach outlined m Scheme 10, omitting
Steps-1 - 3, by modifving: a) Step-4 by substiuting (E}-4-{{2-(4-({E)-1-(1H-indazol-5-y{)-2-
phenylbut-1-en-1-yiphenoxy jethvljamino}-N, N-dimethylbut-2-enamide hydrochloride
{synthesized following the approach outlined 1 patent US 2016347717 Al) for compound
357, ethanol for methanol, and heating at 70 °C, and b) Step-5 by substituting 1.0 equiv of
(E)-4-bromo-N-methylbut-2-enamide (Scheme 4, Step-a — b} for compound 359 to deliver the
title compound in 2.7 g, 56.1% overall vield, as a yellow sohid. "H NMR (300 MHz,
Methanol-d4) § 8.12 (s, 1H), 7.68 (s, 1H), 7.55 - 7.52(d. J=8.7 Hz, 1H), 7.26 - 7.23(d. § =
8.8 Hz. 1H). 7.16 — 7.09 (m, 5H), 6.87 — 6.84 (m, 2H), 6.73 — 6.64 (m, 3H), 6.30 - 6.25 (d, J
=154 Hz, ), 416 ~4.12 (1, J= 4.9 Hz, 2H), 3.86 — 3.84 (m, 2H), 3.40 - 337 (1, I = 4.9
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Hz 2H), 2.79(s. 3H). 2.52 - 2.44 (q. J = 7.4 Hz. 2H). 0.96 - 0.91 (1, } = 7.4 Hz, 3H). LCMS:
481.3 [M+H]'.

Example $1: Synthesis of (E}-4-((2-{4-{I-(I H-indazol-5-yi}-2-phenylbut-1-en-1-
yhphenaxylethyDamino)-N-methylbutanamide (Compound 51)

Compound 51 was synthesized following the approach outlined in Scheme 6, modifying step
1 by substituting (E)-4-{(2-(4-((E)-1-{1H-indazol-5-v1}-2-phenylbut-1-en-1-

yvhiphenoxy Jethy Damino)-N-methybut-2-enamude (preparation shown in Example 50) for
compound 336 to deliver the title compound in 56.9 mg, 31% overall vield, as an oft-white
solid. "H NMR (300 MHz, Methanol-d4) § 8.62 (s, 1H), 7.92 — 7.84 (m, 1H), 7.70(d, J = 8.8
Hz, 1), 748 (dd, T = 5.8, 1.5 Hz, 1H), 7.25 — 7.07 (m, 4H), 6.87 (d, J = 8.7 Hz, 2H), 6.70 (d.
J=87Hz 2H), 4.16 (4 J=4.9Hz 2H). 339 (1, J =49 Hz, 7H), 3.11 (L I = 7.3 Hz, 2H).
2.70 (s, 3H), 2.56 ~ 2.33 (m, 4H), 2.07 ~ 1.87 (m, 2H), 0.96 (¢, } = 7.4 Hz, 3H). LCMS: 4833
IM+H]

Example 52: Synthesis of (E}-1-(piperidis- 1yl d-{{2-{4-((E}-4 4, 4-trifluoro-1-3-fluoro-
I H-indazol-5-yi)-2-phenylbut-1-en-I-yiphenoxylethyhamino)but-2-en- 1 -one (Compound
52)

Q/\V’HMN’/\

Compound 52 was synthesized following the approach outlined in Scheme 10, onutting

Steps-1 -3 and Step-6, by modifving: a} Step-4 by substituting 76 equiv of KOH for N N-
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dimethylbarbituric acid, 0.2 equiv of PA(OH), for Pd(PPh;},. and stirring at room
temperature, and b) Step-5 by substituting 0.8 equiv of {E}-4-bromo-1-{piperidin-t-yDbui-2-
en-1-one (Scheme 4, Steps-a— b, substiuting piperidine for roethylarsine 1o Step-b) for
compound 339, and not adding (Boc) O to deliver the title compound in 17.0 mg, 10.2%
overall yvield. 'H NMR (400 MHz, METHANOL-dy) & 7.63 (5, 1 H), 7.46 {dd, J=8.78, 1.63
Hz 1 H), 7.23-7.36 (m. 1 H), 7.12 - 7.23 (m, 5 H), 6.81 - 6.88 (m, 2 H), 6.72 - 6.81 (m, |
H), 6.57 - 6.68 (m, 3 H), 3.99 (1, J=5.27 Hz, 2 H), 3.53 - 3.61 (m. 4 H), 3.43 - 3.48 (m, 2 H),
3.40(d, J=10.54 Hz, 2 H), 3.37 (s, 2 H), 2.94 (, /=5.33 Hz, 2 H). 1.63 - 1.72 (m, 2 H), 1.50 -
1.63 (m, 4 H). LCMS: 606.6 [M+H]'".

Example 53: Synthesis of (Z)-3-(2-{2-{(5-(4.4,4-trifluors- I1-(3-fluoro- 1 H-indagol-5-yi-2-
phenyibut-1-en-1-yBpyridin-2-yiloxyjethyDamino)ethybpyrrolidin-2-one (Compound 53)

e FiC

' Y Ny . y
\N ] ' A ,/’\\J/N
et

Compound 53 was synthesized following the approach outlined in Scheme 10, omitting Step-

4 and Step-6, by modifying: a} Step-1 by subsiituiing tert-butyl (2-{((S-iodopyridin-2-
yhoxyethyDcarbamate (Scheme 4, Step-1) for compound 307, and by Step-5 by substituting
2.0 equiv of 2-(2-oxopyrrolidin-3-yljacetaldehyde (preparation shown below in Steps-a — ¢}
for compound 359 and reacting it with (Z)-2-((5-(4.4,4-iriftuoro-1-(3-fluoro-1H-indazol-5-
vh-2-phenylbut-1-en-t-vDpyridin-2-yDoxy)ethan-1-amine 10 DCM (0.2M) for 1 howr at
room temperature, then adding 2.0 equiv of NaBH, batchwise and stirring until completion.
The HCI salt was formed by HPLC purification using CH;CN in water (HC1 0.05%) to
deliver the title compound in 10.3 mg, 0.32% overall vield, as a light brown solid. "H NMR
{400 MHz, Methanol-di3 8 7.77(d, J= 24 Hz, 1H), 768 (s, 1H), 7.59 - 7.56 (m, 1H), 7.53 —
7.51 (m. 1H), 7.34 (dd, /=87, 1.6 Hz, 1H), 7.32 ~ 7.21 (m, 5H). 6.93 - 6.91 (d, /= 8.8 Hz,
TH), 4.56 — 4.52 (m, 2H), 3.47 - 3.40 (m. 4H). 3.37 - 3.34 (m, 2H), 3.24 - 3.21 {. J = 6.0 Hz,
2HD, 2.60 (m, 1H), 2.35 (m, 1H), 1.93 — 1.80 (m, 3H). LOMS: 568 [M+H]".

Step-a: Synthesis of 3-(2-nitroethyldibkydrofuran-2{3H}-one
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O O
\/LL DBU. CHNOp \A(/li\
O 8]
L/

L/

Into a 250-mL round-bottom flask was placed 3-methylideneoxolan-Z-one (5 g, 50.97 mmol,
1.00 equiv), DBU (1 g, 6.57 mmol, 0.13 equiv), and CH;NG; {100 mL). The resulting
solution was stirred at 25 °C until completion. The resulting mixture was concentrated under
vacuum, then taken up 1 100 mL of DCM and washed with 2x100 mL of 3.0 M HCIL, 1x100
ml of water, 1x100 mL of saturated aqueous NaHC(;, and 13100 mL of brine. The solution
was dried over anhydrous sodium sulfate, then concentrated under vacuum to deliver the title
compound in 5.1 g {63%) as a brown oil. The product was carried forward to the next step

without further punfication.

Step-b: Synthesis of 3-(2-hydroxyethypyrrolidin-2-one

2 Raney Ni, H 7

= aney Ni, Ho,

0N MO MaOH MgS0, HOMNH
» L/

Into a 300-mbL round-bottom flask was placed 3-(2-nitroethyvhdihvdrofuran-2(3H)-one (15 g,
94 26 mmol, 1.00 equiv), Raney Ni (11.89 g, 2.00 equiv), methanol (200 mL)}, and
magnesium sulfate (10.7 g, 3.00 equiv). The resulting solution was stirred at 25 °C until
completion. The solids were filtered out, and the solution was concentrated under vacuum to

deliver the title compound in 9.6 g (79%) as a light yellow cil. LOMS: 130 [M+H]}".
Step-c: Synthesis of 2-{2-oxopyrrolidin-3-yilacetaldehyde
O

O .
HO \/\H( Dess-Martin, DCM o %/\H(
MNH N
s s

Tnto a 40-mL round-bottorn flask was placed 3-(2-hydroxyethvhpyrrohdin-2-one (130 mg,

1.01 mmol, 1.00 equiv), Dess-Martin {2.1 g, 5.00 equiv}, and DCM (5 mL}. The resulting
solution was stirred at room temperature until completion. The reaction was filtered and the
solution was used directly in the next step without further purification, considering 100%

vield.
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Example 34: Synthesis of (Ej-N-methyl-4-((2-((6-({Z£1-4,4,4-trif noro-1-{3-fluoro- 1 -
indazol-3-yi-2-phenyibat- I-en--yDpyridazin-3-yloxylethyamino) but- 2-enamide

{(Compound 54)

o FaC7
\E N N OA\/N\/\\)l\ -

Compound 34 was synthesized following the approach outlined in Scheme 10, onutting Step-
4, by modifying: a) Step-1 by substituting tert-butvl (2-({6-1iodopvridazin-3-

yhoxy Jethylicarbamate {preparation shown below in Step-a) for compound 307 and using 3.0
equiv of Cs,C0O;, b) Step-2 by substituting 1.1 equiv of 1odobenzene for bromobenzene,
Pd{dpphHCl, for Pd(PPh;),Cl,, and K,C0; for KOH, and ¢} Step-5 by substititing 1.0 equiv
of (E}-4-bromo-N-methytbut-2-enamide for compound 359, using 4.0 equiv of BDIEA and 2.0
equiv of (Boc),0 to deliver the title compound in 115 mg, 0.30% overall vield, as a vellow
solid. 'H NMR (400 MHyz, Methanol-dy) 8 7.63 (d.J=1.2 Hz, 1H), 7.56 (d, /= 9.2 Hz, 1H),
7.54 (m. 1H), 7.44 - 741 (dd, J=8.8. 1.6 Hz, 1H), 7.33 ~ 7.24 (m, 6H), 6.72 - 6.65(d, J =
15.8 Hz, 1H), 6.32 — 6.28 (m, 1H), 4.85 — 4.66 (m, 2H), 3.88 - 3.86 (dd, J = 7.2, 1.2 Hz, 2H),
3.60 - 3.58 (d, J = 10.4 Hz, 2H), 3.55 — 3.47 (m. 2H), 2.80 {s, 3H). LCMS: 555 [M+H]".

Step-a: Synthesis of tert-butyl (2-{{6~-ivdopyridazin-3-ylaxylethylcarbamate

H
i i
N.
Y\? HO™ ™~"""Boc /| H
N N N.
N7 07T Boe

i NaH, THF

Into a 500~-mL 3-necked round-bottom flask was placed 3-chloro-6-iodopvridazine (10 g,
41.59 muol, 1.00 equiv) and THF {300 mL}. This was followed by the addition of sodium
hydride (2.23 g, 92.92 mumol, 1.30 equiv) in portions at 0 °C. The resulting solution was
stirred at 0 °C in an ice/salt bath until completion, To this was added tert-buty! (2-
hydroxyethyhcarbamate (10.1 g, 62.66 munol, 1.50 equiv) and the solution was stirred until
completion. The reaction was then quenched by the addition of water (200 mL), extracted
with 3x200 mL of ethyi acetate, and the organic layers were combined and concentrated

under vacwum. The residue was applied onto a stlica gel columm with ethyl acetate/petroleum
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ether (1:10}. The fractions were combined and concenitrated under vacuum to deliver the utle

compound in 13 g {85.5%) as a brown solid.

Example 55: Synthesis of (E)-1-{piperidin-I-yl-4-{{2-({3-(( Z}-4, 4, 4-triflue oro-I-(3-fluoro-
I H-indazol-5-yi)-2-plienyibut-I-en- I-yipyridin-2-vi}oxylethyanmino but-2-en-I-one

(Compound 35)

Compound 55 was synthesized following the approach outhined in Scheme 3, by modifinng:
a) Step-7 by substituting tert-butyl (E-(2-((5-10dopyridin-2-yoxy yethvi}4-oxo-4-{piperidin-
1-yDybut-2-en-1-vijcarbamate (preparation shown below in Steps-a — b} for compound 324,
using 0.1 equiv of PA(PPh:):Cl; and a 6:1 ratio of 2-Methyl THF H,0, and stiring at 50 °C
until completion, b) Step-8 by using 0.1 equiv of Pd(PPh;),Cl and a 4:1 ratio of

dioxane: H,O, and ¢) Step-2 by using a 3:2 ratic of TFADCM to deliver the title compound
in 88.0 mg, 1.23% overall vield, as an off-white solid. TH NMR {400 MHz, Methanol-d4) &
772 (dd. J = 2.4, 0.7 Hz, 1H), 7.65 (3, 1H), 7.53 — 7.50 (m. 1HD), 7.35 — 7.31 (m, 2H), 7.26 —
7.20 (m, 5H). 6.89 — 6.85 (m, 1H), 6.67 — 6.60 (m, 2H). 4.49 — 4.47 (m, 2H), 3.8% — 3.86 (dd,
J= 6.8, 1.4 Hz, 2H), 3.63 - 3.56 (m, 4H), 3.45 - 3.40 (m, 4H), 1.72 - 1.70 (m. 2H), 1.60 -
1.57¢d, I = 5.2 Hy, 4H). LCMS: 608.3 [M+H]".

Step-a: Synthesis of (E}-4-bromeo-I-{piperidin-1-pHbut-2-ere-1-one

G

Q1) {(COCH,,DCM,DMF ,
BTN\OH B?\MO

2) NaCOs, DCM
HN )

L

Into a 250-mL 3-necked round-bottom flask was placed (EYy-4-bromobut-Z-enocic acid (5.0 g,
30,31 mmol, 1.00 equivy, BCM (100 mL), and N N-dimethyHormamide (0.1 mL}, and then

oxalvl dichloride (4.23 g, 33.33 mmol, 1.10 equiv} was added dropwise with stirring at 0 °C.
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The reaction was then stirred at room temperature until completion, and then a mixture of
piperidine (2.6 g, 30.54 mamol, 1.00equiv), sodium carbonate (9.6 g, 90.57 mrool, 3.00 equiv)
and DCM {50 mL) were added at 0 °C. The resulting solution was stirred at room temperature
until completion. The reaction was then quenched by the addition of water {100 mL),
gxtracted with 3x100mL ethyl acetate, and washed with 100mL brine. The organic lavers
were combined, dried over anhydrous sodium sulfate, and concentraled under vacoum to
deliver the title compound 10 6.0 g (835%;) as brown oil. The product was taken forward

without any further purification.

Step-b: Synthesis of tert-buagyl (E)-(2-({3-ivdopyridin-2-yhoxyjethyl){4-oxo-4-(piperidin-1-

yhbut-2-en-I-yilcarbamate

B&/\d@ |

v\\\\] {?OC 0
“\N{/KOWN\/\\\/LLN
O

S g~ N2

N DIEA, DMF, (Boc),O

0°C-RT

Inte a 250-mi. round-bottom flask was placed 2-((5-iodopynidin-2-vlyoxyjethan-i-amine
hydrochloride (9.7 g 2878 mmol, 1.00 equiv) {Scheme 4, Steps-1 — 2) and NN-
dimethylformamide (530 mbL)}. and then DIEA (11 g, 8511 mmol, 3.00 equiv} was added
dropwise with stirring at 0 °C. To this solution was added (E)-4-bromo-1-{piperidin-1-y1but-
2-en-1~one (6 g, 25.85 momol, (.90 equiv) dropwise. The resulting solution was then stirred at
room temperature until completion. To the nuxture was then added Boc,O (125 g, 57.27
mimoi, 2.00 equiv}). The resuliing solution was allowed to react, with stirring, at room
ternperature uniil completion. The reaction was then quenched by the addition of water,
extracted with 3x100 mL ethyl acetate, and washed with 100 mL brine. The organic layers
were combined, dried over anhydrous sodium sulfate, and concentrated under vacuum. The
residue was applied onto a silica gel column with ethyl acetate/petroleum ether (1:1) to
deliver the title compound in 2.6 g {18%) as vellow oil. "'H NMR (400 MHz, Chioroform-d) §
831 (d, J=23Hz 1H). 7.81 = 7.78 (dd, J = 8.7, 2.4 Hz. 1H), 6.75 — 6.71 (m, 1H), 6.60 —
6.58(d, 1= 8.6 Hz, 1H), 6.32 - 6.23 (1 § = 16.6 Hz, 1H), 441 — 4.37 (m, 2H). 4.07 — 4.04 (m,
2HY. 3.60 - 3.55 (dq, J = 11.0, 5.7 Hz, 4H), 3.44 (s, 2H), 1.67 ~ 1.53 {m. 6H), 1.44 (s, OH).
LOMS: 516 [M+H]'.
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Example 56: Synthesis of (E}-4-{{2-{{5-{{Z}-4,4,4-trifluoro-1-{3-fluoro-{ H-indazoi-5-yi}-2-
phenyibui-1-en-I-phpyridin-2-yBoxylethylamino}bat-2-enamide (Compound 56)

Compound 56 was synthesized following the approach outlined in Scheme 3 by modifying:
aj Step-7 by substituting tert-butvl (E)-{4-amino-4-oxobut-2-en-1-yHH2-({5-iodopyridin-2-
yhoxyethycarbamate (preparation shown below in Step-a) for compound 324, using 1.2
equiv of (£)-3-fluoro- -(tetrahydro-ZH-pvran-2-y1}-53-(4,4 4-trifluoro-1,2-b1s(4,4,5.5-
tetramethvi-1,3 2-dioxaborolan-2-yybut-1-en-1-v1}-1H-indazole, 0.1 equiv of Pd(PPh;),Cl,,
3.0 equiv of UspCOs, and stirring at 50 °C until completion, b) Step-8 by using 1.5 equiv of
bromobenzene, 0.1 equiv of PA(PPh; 1L Ch, and 3.0 equiv of KOH, and ¢) Step-9 by using a
1:1 ratio of TFA:DCM 1o deliver the title compound in 172.2 mg, 2.99% overall vield, as an
off-white solid. "H NMR {400 MHz, Methanol-d4) & 7.72 (s, 1H), 7.66 (s, 1H), 7.53 - 7.50
(m. 1H), 7.35 - 7.31 (m, 2H), 7.26 — 7.19 (m, 5H), 6.75 - 6.65 (m, 2H), 6.36 — 6.32 (m. 1H).
4.49 — 4.46 (m. 2H), 3.87 - 3.85(dd. J = 6.8, 1.4 Hz, 2H), 3.50 — 3.40 (m, 4H). LCMS: 540
(M+HT

Step-a: Synthesis of tert-butyl (E)-{4-amino-4-0xobut-2-en-1-yHB{2-({ 5-iodopyridin-2-
vioxylethvijcarbamate

o
| 1 ) BrMNHA
Fa
7wl DIEA, DMF \{\| Boc 0
X NH :
N7 o T 2) (Boch,O \NAONNMNHQ

into a 100-mL round-bottom flask was placed 2-{{5-1odopyridin-2-y1joxy jethan-1-amine
hydrochloride (9.2 g, 30.61 mywol, 1.00 equivy and DMF (30 mb)}, and then DIEA (21 g,

162 49 mumol, 3.00 equiv) was added in dropwise with stirring at 0 °C. To this solution was
added (E)-4-bromobut-2-enamide {9 g, 62.76 mmol, 2.00 equiv) (Scheme 4, Steps-a— b,
substituting 1M NH; in THF for methyvlamine in Step-b) dropwise. The resulting solution was
stirred at room temperature until completion. Then (Boc),O (1.9 g, 8.71 mmol, 2.00 equiv)

was added. The resulting solution wag stirred at room temperature until completion. The
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reaction was then quenched by the addition of 500 mb of water, extracted with 3x100 mL of
ethyl acelate, and washed with brine (100mL). The organic layers werew combined, dried
over anhvdrous sodium sulfate, and concentrated under vacuurn. The crude product was
purified by C18 chromatography {methanol/H,0=7/3), and the fractions were concentrated
under vacuum to deliver the title compound in 1.0 g {52%}) as vellow oil. LCMS: 448

IM+HT

Example 37: Syathesis of (Ed-{(2-{4-((E)-4,4 4-trifluoro-1-{3-fluoro- 1 H-indazol-3-pi)-2-
phenylbui-1-en-1-yliphenoxylethylaminolbug-2-enamide (Compound 573

Compound 57 was synthesized following the approach outlined m Scheme 3 by modifving:
aj Step-7 by substituting 0.8 equiv tert-butyi (E)}-(4-amino-4-oxobut-2-en-1-v1}{2-(4-

iodophenoxy JethyDearbamale {preparation shown i Example 56, Step-a, substituting 2-{4-
iodophenoxy yethan- | -amine hydrochlonde (Scheme 3, Steps-1 — 2) for 2-((S~odopyndin-2-
vioxyethan-1-amine hydrochloride), 0.1 equiv of Pd{PPh;).(l,. and stirring at 60 °C until
completion, b} Step-8 by using 1.5 equiv of bromobenzene, 7.0 equiv of KOH, and 0.1 equiv
of PA{PPh; ,Clo, and ¢} Step-9 by using a 5:1 ratio of TFADCM to deliver the title
compound in 103.0 mg, 0.27% overall yield. as a white solid. 'H NMR {400 MHz, Methanol-
d4) 8 7.61(d, J = 1.3 Hz, 1H), 7.49 — 7.46 (m, 1H), 7.30 ~ 7.27 (m, 1H), 7.24 ~ 7.13 (m, SH),
692689 {m, 2H}, 677 - 670 (m, 3H), 638 -634(dt, J=155 14 Hz 1H), 419416
{m, 2H), 3.90 — 3.88 (m, 2H), 3.44 — 3.35 {m, 4H). LCMS: 539.1 [M+H]".

Example 38: Synthesis of (E}-4-((2-{{3-({Z}-2-(2-chloro-4-fluorophenyi)-4 4 4-triffuoro-1-
{1 H-indazpl-5-yi)bus-I-en- I-ylipyridin- 2-yloxy)ethyiamine)-N-methylbui-2-enamide
{Compound 58)
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Compound 58 was synthesized following the approach outlined in Scheme 3 by modifying:
a) Step-7 by substituting (7)-1-(tetrahy dro-2H-pyvran-2-v1}-5-(4 4 4-trifluoro-1,2-his{4,4,5,5-
tetramethyi-1,3 2-dioxaborolan-2-yhbui-1-en-1-y1 - 1H-indazole {Scheme &, Steps-1 - 5) for
compound 323, using 2.5 equiv of Cs:C0O;, 0.1 equiv of PA(PPh;1Cl,. and a 10:2 ratio of 2-
Methyl THF:H,O. and stirring at 50 °C until completion, b} Step-8 by substituting 3.0 equiv
of 2-chloro-4-fluoro-1-iodobenzene for bromobenzene, using 0.1 equiv of Pd(PPh;1Cl; and
7.0 equiv of KOH, and ¢} Step-9 by using a 1.1 ratio of TFA:DCM to deliver the title
corapound in 70.9 mg, 0.82% overall yield, as a white selid. "H NMR (400 MHz, Methanol-
di) 8825 (d.J=1.0Hz, 1H), 7.86 ~ 7.83 (m. 2H). 7.6% — 7.66 (m, 1H), 7.44 — 7.35 (m, 3H).
721 -7.18(dd, /=87.26Hz 1H) 707 -703 {m, 1H}, 673 - 6.65 (m, 2H), 6.32 - 6.28
(m, 1H), 4.51 — 4.48 (m, 2H), 3.87 - 3.85 (dd. /= 6.9, | 4 Hz, 2H), 3.47 — 3.39 (m. 4H), 2.81
(s, 3H). LCMS: 588.2 [M+H]".

Example 59: Synthesis of (Ej-4-{{2-{{5-{{Z}~2-{ 2-chivro-4-Fuorophenyil-1-{1 H-indazol-5-
yibut-I-en-I-yDpyridin-2-yhoxylethyliamine)-N-methyibut-2-enamide (Compound 59)

Compound 59 was synthesized following the approach outlined in Scheme 3 by modifving:
a) Step-7 by substituting (Z)-5-(1,2-bis{4,4,5 5-tetramethyl-1,3,2-dioxaborolan-2-yDbuat-1-en-
1-y)-1-(tetrahydro-2H-pyran-2-vi)-1H-1indazole (following the preparation shown in
Example 48, Steps-a — b, substituting 5-bromo-1-(tetrahvdro-ZH-pyran-2-yi)-1H-indazole for
5-bromo-3-fluoro-1-(tetrahy dro-2H-pyran-2-vi}-1H-indazole} for compound 323, using 0.1

equiv of PAPPh;,LClh, 3.0 equiv of CsrCO;, and a 4:1 ratic of 2-Methyl THF H;0, and b)
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Step-8 by substituting 1.5 equiv of 2-chloro-4-fluoro-1-iodobenzene for bromobenrene, using
0.1 equiv of PA{(PPh3):Cl; and 3.0 equuv of KOH (o deliver the title compound in 192.6 mg,
1.13% overall yield. as an off-white solid. "H NMR {300 MHz, Methanol-d4) § 8.77(d, I =
1.0 Hz, 1H), 8.07 (s, 1H), 8.12 - 7.98 (m, 2H). 7.84 — 7.81 (m, 1H), 7.71 - 7.67 (m, 1H). 7.30
(m, TH), 7.20 (m, 1H), 7.17 — 7.13 (m., 2H), 6.70 (m, 1H), 6.39 (m, 1H), 4.69 — 4.66 (1, ] =
48Hz 2H), 393 -3901(dd, =69, 1 4 Hz 2H), 355352 (m, 2H), 2.79 (5, 3H), 2.65 -
2.45 (m, 2H), 1.03 - 0.98 (1, § = 7.5 Hz, 3H). LCMS: 534.1 [M+H]".

Example 60; Synthesis of (Ej-I-{azetidin- [-yl-4-{{2-({3-({Z}-4, 4, 4-triffuoro- 1 -{3-fluoro-
I H-indazof-5-yi}-2-phenyibui- I-en- [-vijpyridin-2-ylioxyjethyDamino) but-2-en- I-one
{(Compound 60}

Y

Compound 60 was synthesized following the approach outlined in Scheme 3 by modifving:
a) Step-7 by substituting 0.7 equiv of tert-butyl (E)-(4-{azetidin-1-vi}-4-oxobut-2-en-1-vi){2-
((5-iodopyridin-2Z-vhoxy yethyljcarbamate (preparation shown below n Steps-a — b) for
compound 324, using 0.1 equiv of PA(PPh:»Cl, and aratio of 10:2 2-MethyITHF H,0, and
stirring at 60 °C until completion, b} Step-8 by using 0.1 equiv of Pd(PPh;),Cly, 3.0 equuv of
KOH, 1.0 equiv of bromobenzene, and a 3:1 ratio of dioxane:H,0, and ¢} Step-9 by using a
4:1 ratio of TFADCM o deliver the title compound as a {ree base. The free base compound
was then converted 1o the methanesulfonic acid salt with CH;SG:H (1.1eg, 1IN in CH:CN) to
deliver the title compound in 142.0 mg, 1.12% overall vield, as an off-white solid. 'H NMR
(400 MHz, Methanol-d4) 8 7.70 (dd, J = 2.4, 0.7 Hz, 1H), 7.69-7.63 (m, 1H), 750 -7 48
(m, 1H), 7.37 — 7.30 (m. 2H), 7.29 — 7.19 (m, 5H), 6.68 — 6.62 (m. 2H). 6.39 - 6.35 (m, 1H),
4.46 - 4.44 (m, 2H), 432 - 4.28 (m, 2H), 409 ~ 4.05 (m, ZH), 3.86 - 3.84(dd, ] = 6.8, 1.5
Hz, 2HD), 3.42 — 3.37 (m, 4H), 2.71 (s, 3H). 2.36 - 2.32 (m, 2F). LCMS: 580.3 [M+H]".

Step-a: Syathesis of {E}-1-{azetidin-d-pH-4-bromobut-2-en- 1-one
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o NH * HCI o
BFMCE D Br\/\\/u\

N
NagC03, DCM \:\5

Into a 500-mL. round-bottom flask was placed azetidine hydrochloride (20 g, 0.2162mol, 1.00
equiv), DCM (200 mL), and sodium carbonate {68.75 g, 0.6486mol, 3.00 equiv), followed by
the dropwise addition of (E}-4-bromobut-2-enovl chloride (39.135g, 0.2162mol, 1.00 equiv)
(Scheme 4, Step-a) at 0 °C. The resulting solution was stirred at 25 °C untif completion, then
the solution was diluted with 500 mL of waler and exiracied with 3x500 mL of ethyl acetate.
The organic layers were combined, washed with 300 mL of brine, dried over anhydrous
sodiom sulfate, and concentrated under vacuum to deliver the title compound in 18 g (81%)

as a vellow oil.

Step-b: Synthesis of tevt-butyl (E}-{4-(azetidin-I-yl-4-oxolut-2-eu-1-y{2-((S-iodopyridin-
2-yhaxyethylicarbamate

\, P C:}/\\/NHZ

0 N

NS Boc O
Br\/\\x)]\N,/\ DMF DIEA ;l\N/ ON&T/\\);\NA

- 2} (Boe)k0 L

Tnto a 20-mL round-bottorn flask, was placed 2-(5-1odopynidin-2-vioxyjethanamine
hydrochloride (1.66098 g, 629 mmol, 1.00 equiv), N, N-dimethyiformamide {10 mL}), DIEA
{1.94 g, 15.01 mmol, 3.00 equiv), foliowed by the added of (ZE}-1-(azetidin-1-vi}-4-
bromobut-2Z-en~-1-one {1 g, 4.90 munol, 1.00 equiv) in batchwise. The resulting solution was
stirred at 25 °C until completion. Then Boo,O (2.15g, 12.4 mmol, 2 equiv) was added and the
solution was stirred at 25 °C until completion. The solution was then diluted with 100mL of
water and extracted with 3100 mL of ethy] acetate. The organic layers were combined,
washed with 100 mbL of brine, dried over anhydrous sodium suifate and concentrated under
vacuum, The residue was applied onto a silica gel column eluting with DCM/methanol (10:1)
to deliver the title compound in 460 mg (20%) as a vellow oil. 'H NMR (300 MHz,
Chioroform-d) & 8.34 (d,J = 2.3 Hz. 1H), 7.83 (dd, J = 8.6, 2.3 Hz, 1H), 6.82 (m, 1H), 6.63
(d,J=87Hz 1H). 590 (d,J =163 Hz, 1H), 442(d, J=6.9Hz, 2H), 4.11 (m, 6H), 3.65 —
3.53 (m. 2H), 2.45-2.25 (m, 2H), 1.46 (s, 9H).
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Example 61: Synthesis of (Ej-N-methyl-4-((3-((5-({Z£1-4,4,4-trif noro-1-{3-fluoro- 1 F-
indazol-3-yl-2-phenylbat- I-en- I-yBpyridin-2-vBoxylpropyDantino)but-2-enamide

{(Compound 61)

FoFsC HCI

N RPN as
A WYY

Compound 61 was synthesized following the approach outlined in Scheme 3 by modyifving:
a) Step-7 by substituting tert-butyl (E)-(3-((5~1odopyridin-2-voxy ypropy d-(methvlamino)-
4-oxobut-2-en-1-yhcarbamate (preparation shown below in Steps-a — ¢} for compound 324,
using 2.5 equiv of Cs:C0G; and 0.1 equiv of PA(PPh;1Cly., and stirring at 50 °C until
completion, b) Step-8 by using 0.1 equiv of PA{PPh;CL, 7.0 equiv of KOH, and 1.1 equiv
of bromobenzene, and ¢) Step-9 by using a 111 ratio of TFA:DCM to deliver the title
compound in 56.0 mg, 1.39% overall yield, as a white solid. 'H NMR (300 MHz, Methanol-
di) 85 7.68 - 7.65 (m, 2H), 7.53 ~ 7.49 (dd, J = 8.6, 2.2 Hz, 1H), 7.33 - 7.20 (m, 7H), 6.71 ~
6.56 (m, 2H), 6.29 — 6.24 (4. J = 153 Hz, 1H), 430 - 426 (1. J = 5.8 Hz, 2H), 3.80 - 3.77 (d,
J =68 Hz, 2H), 3.45 - 338 (1, J = 10.5 Hz, 2H), 3.18 - 3.09 (1, J = 7.4 Hz, 2H), 2.82 (s, 3H),
2.13 - 2.08 (m. 2H). LCMS: 590.15 [M+Na]"

Step-a: Synthesis of tert-bugyl (3-((3-iodopyridin-2-yljoxyipropylicarbamate

A HO ™ B A
] S
N NaH, DMF Ny BOS

Into a 250-mL round-bottom tlask was placed 2-flusro-5-1odopyridine (10 g, 44 85 numol,
1.60 equiv) and N N-dimethyformamide (100 mL). This was followed by the addition of
sodium hydride (4.48 g, 186.67 mmol, 1.50 equiv) in batches with stirring at 0 °C. The
resulting solution was stirred at 0 °C in an ice/salt bath until completion. Then tert-butyl N-
(3-hvdroxypropyl} carbamate (7 83 g, 44 80 mmol, 1 00 equiv} was added. The resulting
solution was stirred at room temperature until completion. The reaction progress was
moniiored by LCMS. The resulting solution was diluted with 300 mlL of water, exiracted with

3x300 mi. of ethyl acetate and the organic lavers were combined and dried over anhydrous
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sodium sulfate. The residue was applied onto a silica gel column with ethyl acetate/petroleum
ether (0:100-10:90). The ¢collected {ractions were combined and concentrated under vacuum

to deliver the title corapound in 13.8 g (81%) as a white solid. LCMS: 379.05 [M+H]".

Step-h: Xynthesis of 3-((3-iodopyridin-2-yloxy)propan-I-amine hydrochioride

]
L _Boc |
i O/\/AN oc “Q\N C’MNHQ

Into a 250-mL round-bottom flask was placed tert-butyl (3-((5-iodopyridin-2-
yhoxyipropylicarbamate (13.8 g, 36.49mmol, 1.00 equiv} and hydrogen chlonide (4M in
dioxane, 60 mL). The resulting solution was stirred at room temperature until completion.
The reaction muxture was concentrated under vacuum to deliver the title compound n 10 g

{87%) as a yvellow solid. The material was taken forward without any firther purification.

Step-c: Synthesis of teri-butyl (E)-(3-((5-iodopyridin-2-yHoxy)propyii{4-(methylamino}-+4-

axobii-2~en-I-piicarbamate

9
| H
N 0T N, DIEA, DMF |N" QW\NWN\
(Boc),O & 0
OG

Into a S00-mL round-bottom flask was placed 3-{{5-1odopyridin-2-yDoxy propan-t-amine
hydrochloride {(12.6 g, 40.06 mmol, 1.00 equiv), N.N-dimethylformamide {150 mL), and
DIEA (46,45 g 35941 mmol, 10.00 equiv). This was followed by the addition of (E}-4-
bromo-N-methyibut-2-enamide (6.37 g, 35.78 mmol, 1.00 equiv) (Scheme 4, Steps-a - b} in
3 portions at 0 °C over 30 min. The resuliing solution was stirred at room temperature until
completion. To this was added (BochO (15.7 g, 71.94 mamol, 2.00 equiv) with stirring. The
resulting solution was stitred at room temperature uniil completion. The reaction progress
was monttored by LCMS. The reaction was quenched by the addition of 300 mL of water/ice,
extracted with 3x300 mL of ethyl acetate, and washed with 100 mL of brine. The maxture
was then dried over anhydrous sodium sulfate and concentrated under vacuum. The residue
was applied onto a silica gel column with ethyl acetate/petroleum ether (0:100-10:90). The

collecied fractions were combined and concentrated under vacuum to deliver the title
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compound in 1.9 g (909} as an oil. LCMS: 498.05 [M+Na]'.

Example 62: Synthesis of (Z)-4-{(2-{(5-(I-{ I H-indaz0i-5-vi}- 2-phenyibut- I-en- I-yDpyridin-
Zyplhoxylethylamino)-N-methylbutanamide (Compound 62)

Compound 62 was synthesized following the approach outlined in Scheme 9 by modifving: a)
Step-1 by substituting 1-phenylpropan-1-one for compound 349, DCM for toluene, and
stirring ai room temperature untii completion, b) Step-2 by substituting THF (to make a
0.43M solution) for ether, adding the n-Buli at -78 °C, using 1.25 equiv 0f 4,4.5,5-
tetramethvi-2-(tetramethyl-1.3,2~-dioxaborolan-2-y1)-1.3,2-dioxaborolane, and stirring at
room temperature once all reagents were added until completion, ¢} Step-3 by substituting
Pd{dppHCl, for Pdy(dba)s, 4.0 equiv of C5,C0; for KOH, a 10:1 ratio of dioxane H,G for
THF, and removing P(-Buw); HBF, and d} Step-4 by substituting tert-buiyt (E}-(2-({5-
rodopyridin-2-yhoxy ethvi}{4-(methylamino)-4-oxobut-Z-en-1 -yDcarbamate (Scheme 4) for
compound 335, Pd{dppHiCl; for Pdy(dba); - CHCl;, using 3.0 equiv of KOH, and stirring at
room temperature until completion. Before deprotection, the compound was stirring in
methanol with 0.1 equiv of Pd/C and subjected to H; (g} until reduction of the double bond to
deliver the title compound in 41.5 mg, 0.38% overall vield, as a vellow solid. 'H NMR (300
MHz, Methanol-ds) & 8.58 (s, 1H), 7.92 (s, 1H), 7.80 — 7.70 (m, 3H), 7.52 - 7.49(d, J = 8.6
Hz, 1H), 733 - 72 (m, SH), 710707 (d, J=89 Hz, 1H), 462 - 4 38 {(m, 2H}, 3.55 -
3.46 (1, J=4.8 Hz, 2H). 3.17 - 3.09 (1, J = 7.0 Hz, 2H), 2.70 (s, 3H), 2.59 — 2.51 (m, 2H),
244239 (1, J=6.7Hz, 2H), 2.01 - 1.92 (m, 2H). 1.02 - 0.97 (t, /= 7.4 Hz, 3H). LCMS:
48431 |[M+H]| "

Example 63: Synthesis of (E)}-4-((2-{4-{{E)-2-cyclopropyl-I-(3-fluore- I H-indazol-5-yi)-2-
phenylvinylphenoxylethyllamino)-N-methyibut-2-enamide (Coropound 63)
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Compound 63 was synthesized following the approach outlined in Scheme 3, omitting Step-4
and Step-5, by modifying: ay Step-3 by substituting 2.0 equiv of ethynylcyclopropane for
ethvoviirimethylsilane and using 0.3 equiv of Cul, b) Step-6 by using 1.0 equuv of 4,4,5,5-
tetramethyl-2-(tetramethyl-1,3,2-dioxaborolan-2-vi)-1 3 2-dioxaborolane, ¢} Step-7 by
substituting tert-butyl (E}-(2-(4-1odophenoxy yethyl }{4-(methyilamino}-4-oxobul-2-en-1-
yhcarbamate {Scheme 5) for compound 324, using 0.1 equiv of PA{(PPh3)Cly, 2.5 equiv of
C5,CO4, a 511 ratio of 2-Methyl THF H,O, and stirring at 50 °C until completion, d) Step-8
by using 0.1 equiv of PA{PPh; (L, 7.0 equiv of KOH, and a 4:1 ratio of dioxaneH,(, and &)
Step-9 by using a 5:2 ratio of TFADCM to deliver the title compound in 13.7 mg, 0.15%
overall vield, as a white solid. "H NMR. (300 MHz, Methanol-d4) § 7.64 (s, 1H), 742 (1. J =
1.9 Hz, 2H), 7.17 - 7.03 (m, 6H), 6.87 — 6.84 (d. J = 8.7 Hz, 2H), 6.70 — 6.63 (m, 2H), 6.28 —
623(d,J=155Hz 1H), 413 -410(m, 2H), 384 -382(d, } =66Hz 2H} 3.38-3.35
(dd, J=11.2,62Hz 2H), 279 (s, 3H), 1.76 - 1.74 (s, 1H), 0.65 - 0.66 (d, J = 8.4 Hz, 2H),
0.35 - 0.32(d, = 5.5 Hz, 2H). LCMS: 511 [M+H]".

Example 64: Synthesis of (E}-4-((2-{4-({E}-1-{3-fluoro-1H-indazol-5-yH-4-fiydroxy-2-
phenyibut-1-en-1-yiiphenoxyjethyl)amino)-N-methylbut-2-enamide (Compound 64}

Compound 64 was synthesized following the approach outlined in Scheme 3, omitting Step-4
and Step-5, by modifving: a) Step-3 by substituting 3.0 equiv of 2-(bui-3-yn-1-

yloxy jtetrahydro-2H-pyran for ethynylirimethyisilane, using 0.6 equiv of Cul, 0.4 equiv of
Xantphos, and 0.2 equiv of PAdCl b} Step-6 by substituting 3-fluoro-1-(tetrahydro-2H-pyran-
2y 13-5-(4~{{tetrahydro-2H-pyran-2-vhoxy }but-1-vn-1-y 13- 1H-indazole for compound 322
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and using 0.06 equiv of PI(PPh;),, ¢ Step-7 by substituting 0.7 equiv of tert-butvl (E}-(2-(4-
iodophenoxy yethy D{4-(methylamino}-4-oxobut-2-en- 1 -vi)carbamate (Scheme 35) for
compound 324, using 0.1 equiv of PAPPh;)Cly, and a 5:1 ratio of 2-Methyl THF, d) Step-8
by using 1.3 equuv of bromobenzene, 7.0 equiv of KOH, 0.1 equiv of Pd(PPh;),Cl,, and &)
Step-9 by first making a 0.4M solution with TFA and stirring at room temperature {0 remove
the Boc group, then diluting with a small amount of THF and adding 1o saturated LiOH (to
make a 0.08M solution) and stirring at 0 °C until completion to deliver the title compound in
49.0 mg, 0.66% overall vield, as an off-white solid. "H NMR (400 MHz, Methanol-d4) § 7.63
(., J=11Hz 1H}), 745740 (m, 1H), 735 -732{(dd, ] =87, 1.5 Hz, I1HL 719712 (m,
SH), 6.90 - 688 (m, 2H), 6.73 - 6.67 (m, 3H), 631 - 627 (dt, J =153, 1.3 Hz, 1H), 417 -
415{dd, J=56,42Hz 2H) 388 -386(dd, J=69, 1 4Hz 2H} 354 -350(dd, J=79,
6.8 Hz, 2H), 3.42 - 3.40 (m, 2H), 2.82 (s, 3H), 2.76 — 2.73 (1, } = 7.4 Hz, 2H). LCMS: 515
IM+HT

Example 63: Syathesis of (Ed-{(2-{4-({E}-I-{3-fluoro- 1 H-indarol-3-yh-d-methoxy-2-
phenylbui-I-en-1-yi}phenoxylethyiaminol-N-methylbui-2-enamide (Compound 65)

Compound 635 was synthesized following the approach outlined in Scheme 3, omitting Step-4
and Step-3, by modifving: a} Step-3 by substituting but-3-vn-1-o0l for ethynyltrimethyisilane,
using 0.2 equv of PdCh, 0.4 equiv of Xantphos, 5.0 equiv of triethylamine, and 0.6 equiv of
Cul, by adding an additional step to form 3-fluoro-5-(4-methoxvbut-1-yo~1-v- 1 -(tetrahy dro-
2H-pvran-2-v1}-1H-indazole (preparation shown below in Step-a}. ¢} Step-6 by using 1.5
equiv of 4,45 S-tetramethyvi-2-{letramethyi-1,3, 2~-dioxaborolan-2-vi)-1,3.2-dioxaborolane and
0.1 equiv of P PPhs), d) Step-7 by substituting teri-butyl {(E)~(2-(d-10dophenoxyjethyli(4-
{methylamino)}-4~oxobut-2-en-1-ylcarbamate {(Scheme 5) for compound 324, using 0.1 equiv
of PA(PPh; 1Cly, 3.0 equmiv of Ts;004, a 5:1 ratio fo 2-Methyl THF H,O, and stirring at 50 °C
uniil completion, e} Step-8 by using 1.5 equiv of bromobenzene, 0.1 equiv of PA(PPh; 1, Cls,

and 3.0 equiv of KOH, and ©) Step-~9 by using a 5:3 ratio of TFA:DCM to deliver the title
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compound in 181.0 mg, 1.52% overall yield, as an off-white solid. "H NMR (400 MHz,
Methanol-d4) 5 7.67 (3, 1H), 743 - 741 {m, 1H), 7.34 - 7.32 (m, TH), 7.21 - 7.10 (m, 5H),
6.89 — 6.87 (m, 2H), 6.75 — 6.68 (m, 3H), 6.34 — 6,30 (m, 1H), 418 — 4.16 (m, 2H), 3.89 —
3.87 (m, 2HD), 3.43 — 3.40 (m, 2H), 3.35 (m, 2H), 3.22 (s, 3H), 2.83 ~ 2.75 (s, SH). LCMS:
529.2 [M+H{".

Step-a: Synthesis of 3-fluovrp-5-(4d-methoxybut-F-yn-1-v- [ -(etrabydro-2H-pyrasn-2-yi-

I H-indazole

£ P
CHyl N O
NaH,DME N
THP

Into a 50-mL round-bottom flask purged and maintained with an inert atmosphere of nitrogen
was placed 4-(3-fluoro-1-(tetrahy dro-2H-pyran-2-vi}- 1H-indazol-5-ylibut-3-yn-1-ol (1.5 g,
3.2 mmol, 1.00 equiv), and DMF (15 mL), then NaH{250 mg, 10.4 mmol, 2 equiv) was added
slowlv. The mixture was stirred at 0 °C for 30min, then iodomethane (1.11 g, 7.8 mmol, 1.3
equiv) was added slowly. The resulting solution was stirred at 0 °C until completion. The
reaction mixture was quenched by ice water {100mL), extracied with 3x100mL of ethyl
acetate, and the organic lavers were combined. The resulting organic was washed with 1x80
ml of brine, dried over anhydrous sodium sulfate, and concentrated under vacuum. The
residue was applied onto a silica gel column eluting with peiroleum ether/ethvi acetate (1.2}

to deliver the title compound in 1.2 g (76 %) as a vellow Hquid. LCMS: 303.34 [M+H]'".

Example 66: Syathesis of (E}-4-{(2-{4-((E)-4-chloro-1-{3-fluoro- 1 H-indazol-3-yi)-2-
phenyibut-1-en-I-ylphenoxylethyfaminol-N-methylbui-2-enmmide (Compound 66)

Compound 66 was synthesized following the approach outlined i Scheme 3, omitting Step-4

and Step-3, by modifying: a} Step-3 by substituting 4-chlorobui-1-yne for
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ethynylirimethylsilane, using 0.2 equiv of PACL,, 5.0 equiv of triethyvlamine, and 0.3 equiv of
Cul, b} Step-6 by using 0.1 equiv of P{PPhs)y, ¢ Step-7 by substituting tert-buty! (E)-(2-{4-
iodophenoxy yethy W4-(methylamino)-4-oxobut-2~-en- 1 -vl}carbamate (Scheme 3) for
compound 324, using 0.1 equiv of PA(PPh;),Cl,, and stirring at 60 °C until completion, d)
Step-8 by using 1.5 equiv of bromobenzene, 0.2 equiv of PA{PPh:),{ly, 7.0 equiv of KOH,
and a 5:1 ratio of dioxane H,O, and e) Step-9 by using a 5:1 ratio of TFA:DCM to dehiver the
title comnpound in 31.8 mg, 0.54% overall vield, as an off-white solid. "H NMR (300 MHz,
Methanol-dy) § 7.69 (s, 1H), 7.46 — 7.42 (m, 1H), 7.34 - 7.31(dd, /= 8.7, 1.5 Hz, 1H), 7.20 —
7.17(d, J = 8.7 Hz, 2H), 7.06 — 7.01 (m, 3H), 7.00 — 6.94 (m, 2H), 6.93 — 6.87 (m, 2H). 6.79
~6.69(m, 1H}, 6.35-630(d. /=153Hz 1H), 427 -423{(m, 2H), 393-391(d. /=69
Hz, 2H). 3.49 ~ 3.45 {m, 4H), 3.00 - 2.95 (1, /= 7.1 Hz. 2H), 2.83 (s, 3H). LCMS: 533
[MAH]

Example 67: Syathesis of {(E}d-{QC-{4-({E}-1-{3-fluoro- I H-indarpl-5-yB-2-phenyipent- I~
en~I-ylphenoxylethyfaminol-N-methylbut-2-enamide (Compound 67)

Compound 67 was synthesized following the approach outlined in Scheme 3, omitting Step-4
and Step-5, by modifying: ay Step-3 by substituting 2.0 equiv of pent-1-vne for
ethvoviirimethylsilane, using 5.0 equiv of triethvlamine and 0.3 equiv of Cul, b) Step-6 by
using 1.1 equiv of 4.4,5 S-tetramethyl-2-(tetramethyl-1,3 . 2-dioxaborolan-2-v1}-1,3.2-
dioxaborolane, ¢) Step-7 by substituting 0.5 equiv of tert-butyl (E)-(2-{4-

todophenoxy jethyl X 4-{methylamino}-4-oxobut-2-en-1 -vijcarbamate for compound 324,
using 0.1 equnv of PAPPh;kCly, 2.5 equiv of Cs,C0;s, a 5:2 ratio of 2-Methyl THF H,0, and
stirring at 50 °C until completion, d) Step-8 by using 2.0 equiv of bromobenzene, 7.0 equiv
of KOH, and 0.1 equiv of PA(PPh;),Cly, and e} using a 1:1 ratio of TFA:DCM to deliver the
title cornpound in 6.7 mg, 0.22% overall vield, as a white solid. 'H NMR (400 MHz,
Methanol-dy) § 7.22 (d. J = 8.6 Hz, 2H), 7.15 — 7.10 (m, 4H), 7.09 — 7.01 (m, 4H), 6.98 —
6.96(m, ZH), 678 - 670 (m, 1H). 633 -629(d, J=152Hz 1H), 432 -430{,J=49
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Hz. 2H), 3.93 - 3.91 (d. J = 6.9 Hz, 2H), 3.50 - 3.48 (d, J = 4.8 Hz, 2H), 2.81 (5. 3H), 2.47 -
2.43 (m, 2H). 1.39 - 1.33 (m, 2H), 0.83 — 0.80 (1, J = 7.4 Hz, 3H). LCMS: 535.1 [M+Na]".

Example 68: Synthesis of (E}-4-((2-{4-{{E )~ I-{3-fluoro-1 H-indazol-5-yi}-3-methyi-2-
phenyibut-1-en-1-yhphenoxyethylamino)-Ne-methyibut-2-enamide (Compound 68)

Compound 68 was synthesized following the approach outlined in Scheme 3, omutting Step-4
and Step-5, by modifving: a) Step-3 by substituting 3-fluoro-5-iodo- i ~(tetrahvdro-2H-pyran-
2-v1}-1H-indazole (preparation shown below in Step-a} for compound 319, 2.0 equiv of 3-
methyibut-1-yne for ethynyltrimethylisilane, using 5.0 equiv of triethylamine, and 0.3 equv
of Cul, b) Step-6 by using 1.5 equiv of 4.4,5,5-tetramethyl-2-(tetramethyi-1,3,2-
dioxaborolan-2-y1}-1,3,2-dioxaborolane and 0.1 equiv of Pt{PPh;),. ©) Step-7 by substituting
tert-butyl (E)}-(2-{4-iodophenoxy jethy {4-(methylamino}-4-oxobut-2-en-1 -vi)carbamaie
{Scheme 5} for compound 324, using 0.1 equiv of PA(PPh;»Cl, 2.5 equav of Cs,C0;, a2 5:1
raiio of 2-Methyl THF H,0, and stirring at 50 °C untdl corapletion, d) Step-8 by using 1.5
equiv of bromobenzene, (0.1 equiv of PA(PPh;1,Cly, and 7.0 equiv of KOH, and &) Step-9 by
using a 5:1 ratio of TFA:DCM to deliver the title compound in 20.3 mg, 0.03% overall vield,
as an off-white solid. '"H NMR (300 MHz, Methanol-d4) 8 7.32 — 7.29 (m, 2H), 7.20 - 7.02
(m. 10H). 681 —6.71(dL, J =154, 6.9 Hz. 1H). 636 - 631 (dL, I =153, 1.4 Hz, 1H). 4.35 -
431(dd, J=5.7. 42 Hz, 2H),3.95 - 391 (dd, }=7.0, 1.3 Hz. 2H). 3.53 - 3.49 (1, I =4.9 Hz,
2H), 3.11 - 3.06 (m, 1H), 2.83 (s, 3H), 1.00 - 0.98 (d, ] = 6.9 Hz, 6H). LCMS: 513 [M+H]".

Step-a: Synthesis of 3-fluorp-3-iodo-I-{etrakydro-2H-pyray-2-yi- | H-indazole

Loe O

¥ : e

Y 1)
NT Nal,Cul, DMF N

THP THP
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Into a 500-mL round-bottom flask purged with nitrogen was placed S-bromo-3-fluoro-1-
{(tetrahydro-2H-pyran-2-vl)-1H-indazole (10 g, 3321 mmol, 1.00 equv), NN-
dimethviformamide (300 ml), Nal (30 g, 6.00 equv), Cul (950 mg, 4.99 mmol, 0.15 equiv),
and (‘ERQS)"N],N2—dimethylcyciohexanen1,Zmdiamine (1.43 g, 10.05 mmol, 0.30 equiv). The
resulting solution was stirred at 120 °C until completion. The reaction was then quenched by
the addition of water (200 mL). The resulting solution was extracted with 3x200 mL of ethyl
acetate, then the organic layer was washed with brine (100 mb.), dried over anhydrous sodium
sulfate, and concentrated under vacuum. The residue was applied onto a silica gel colunmn
with ethyi acetate/petrolenm ether {1:20) to deliver the title compound in 9.8 g (78%;) as light

yellow oil. LCMS: 347 [M+H]".

Example 6%: Synthesis of {(E}-Ne-methyl-4-{(2-{{6-{{E}-4,4,4-triflucro-1-(3-flaoro-1 H-
indazol-5-yhbut-I-en- I-yhpyridazin-3-yBoxylethyDamino}but-2-enamide (Compound 69)

HCH

Compound 69 was synthesized following the approach outlined in Scheme 3, omitting Step-
8., bv modifying: a) Siep-7 by substituting tert-buivl (E)}-(2-({6-iodopvridazin-3-
vhoxyyethy{d-(methylamino)-4-oxobut-2-en~1-ylearbamale (preparation shown below in
Steps-a — b) for compound 324, 0.1 equiv of Pdy{(dba); - CHCI; for PA(PPh;),ClL, using 3.0
equiv of Cs,CO;. adding in 0.2 equiv od Davephos, and using a 5:1 ratio of dioxane:H,0
mstead of 2-Methyl THF H:0, and b}y Step-9 by using a 1:1 ratio of TFA:DCM to deliver the
title compound in 13.4 mg, 0.54% overall vield. as a brown solid. 'H NMR (400 MHz,
Methanol-d4} § 8.47 — 8.40 (bs, 1H), 7.87 - 7.77 (m. 3H), 7.60 — 7.56 (s, 2H), 6.81 — 6.74 (m,
1), 6.41 — 637 (d, J = 15.3 Hz, 1H), 4.90 (s, 2H), 4.04 — 3.98 (m, 4H), 3.64 - 3.61 (s, 2H),
2.83 (s, 3H). LOMS: 47910 [M+H]", 501.10 {M+Na]".

Step-a: Synthesis of 2-((6-iodopyridazin-3-ylloxylethan-1-amine hiydrochiorvide

! | HCI
] b HCI(g),dioxane 7

N N. N
N O/\'/ Boc N\N Q/\VNHZ
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Into a 500-ml. round-bottom flask, was placed tert-butyl (2-({6-todopyridazin-3-
yhoxyethyDcarbamate (10 g, 27.38 nmunol, 1.00 equiv} {preparation shown in Example 54,
Step-a) and hydrogen chlonide (4M in dioxane) (100 rol). The resulting solution was stirred
at room temperature until completion. The mixture was then concentrated under vacuum to
deliver the title compound in 7.3 g (88%) as a yeliow solid. The material was taken forward

to the next siep without further punification.

Step-b: Synthesis of tert-bugyl (E}-{2-{(6-ivdopyridazin-3-yloxy)ethyb{4-(methyiaming)-4-

axeht-2-en- I-ylcarbamate

o

1 BrNN/
i H |
Ay, HC 4 :
Yj\ DIEA, DME | Boc o

N O 2) (Boc),O

Into a 250-mk. round-bottom flask was placed 2-({6-1odopyndazin-3-yhoxy Jethan-1-amine
hydrochloride (7.5 g, 24 87 mmol, 1.00 equiv} and N N-dimethviformamide (100 mL} This
was followed by the addition of DIEA (16 g 123.80 mmol, 5.00 equiv) and then (E}-4-
bromo-N-methylbut-2-enamide (4.4 g, 24.72 mmol, 1.00 equv) with stirring at 0 °C in
portions. The resulting solution was then stirred at room teroperature until completion. Then
{Boch( {11 g, 50.40 mmwol, 2.00 equiv} was added to the mixture. The resulting solution was
then stirred at room temperature uniil completion. The reaction was then guenched by the
addition of water (100 ml) and extracted with 3x100 mL of ethyl acetate, then the organic
tayers were combined, washed with brine {100 mL}, and dried over anhvdrous sodium suifate.
The residue was applied onto a silica gel column with ethyl acetate/petroleum ether (1:1) {o
deliver the title compound in 2.0 g (18%) as a brown solid. "H NMR (400 MHz, DMS0-d6) 5
8.00-791 (m, 2H), 702 -696(dd, J =173, 9.0 Hz, 1H), 6.53 - 6,49 (m, 1H), 590 - 586
(d, J=155Hz 1H), 452 - 448{(q, ] =65, 54 Hz, 2H), 4.04 - 3.97 {m, 2H}, 3.60 - 3.36 (t,
J=54Hz 2H), 2.66-2.62{d, ] =4.5 Hz, 3H), 1.36 — 1.33 (i, SH). LOMS: 463 [M+H]".

Example 70: Synthesis of (E)-I-{2-{4-{4,4 4-triffuoro-1-{3-fluore-1 H-indayol-5-ylj-2-
phenyibt-T-en-1-yHBphenoxyethyDpyrrolidin-2-ane (Compound 70)
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Compound 70 was synthesized following the approach outlined in Scheme 3 by modifving: a}
Step-7 by substituting 0.8 equiv of 1-{Z-(4-10dophenoxy JethyDpyrrolidin-2-one {preparation
shown below in Steps-a — b} for compound 324, using 0.1 equuv of Pd(PPh:,Cl and a 5:1

ratio of 2-Methyl THF:H,0, and stirring at 60 °C until completion, b) Step-8 by using 1.5

equiv of bromobenzene, 0.1 equiv of PA(PPh:):(lh, 7.0 equiv of KOH, and a 3:1 ratio of
dioxane:H,0, and ¢} Step-9 by using a 5:2 ratio of TFADCM to deliver the title compound

in 246.0 mg, 1.56% overall vield, as a white solid. 'H NMR {400 MHz, Methanol-d4) § 7.60

(d,J=12Hz, 1H}, 750742 (m,1H), 7.25 - 6.97 {m, 8H), 6.83 - 6.81 (m, 1H), 6.61 - 6.59

(m, 1H), 417 (L F =53 Hy, 1H), 4.00 - 398 (t, J = 5.2 Hz, 1H), 3.67 — 3.49 (m. 4H), 3.44 —

336(d J=10.5Hz, 2H), 2.37 - 229 (4, F=214, 8§ Hz, 2H), 2.02 - 1.95 (m, 2H). LCMS:

524 .4 [M+H]"

Step-a: Synthesis of 2-(2-oxopyrrofidin-I-yilethvi methanesulfonate
O

HO-™N MsCl, TEA MsO-_ "N
DCM

Into a 8-mbL round-bottom flask was placed 1-(2-hydroxyethvlpyvrrohdin-2-one (100 mg,

0.77 mmol, 1.00 equiv), TEA (156.589 mg, 1.55 mmol, 2.00 equiv), and DCM (3 mlL),

followed by the addition of MsCl (97 myg, 1.10 equivy at 0 °C. The resulting soluiion was
stirred at 25 °C and used directly for the next step without any further purification. LCMS:

208.1 IM+H]

Step-b: Synthesis of 1-{2-(4-todophenoxyethyDpyrrolidin-2-one

fee
Nﬁ\ OH "~ O

MO~ S—— O f,\>
~— Cs,C04, DMF PN

Into a 40-mL round-botiom flask was placed 2-(2-oxopyrrolidin-1-yhethy! methanesulfonate
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(1 g 483 mmol, 1.00 equiv), C5C0; (314 g, 964 mmol, 2.00 equv), NN-
dimethyiformamde (10mL), and 4-iodophenol (1.59 g, 7.23 mmol, 1.50 equav). The resulting
solution was stirred at 25 °C until completion. The solution was then diluted with 50mL of
water, then extracted with 3x50 mbL of ethyl acetate. The organic lavers were combined,
washed with 50 mL of brine, dried over anhydrous sodium sulfate, and concentrated under
vacuum. The residue was applied onto a silica gel columm eluting with DCM/methanol (14:1)
to deliver the title compound in 1.1g (56%) as a white solid. 'H NMR (400 MHz, Methanol-
d4) § 7.61 ~ 7.52 (m, 2H), 6.80 ~ 6.71 (m. 2H), 4.10 (t, J = 5.3 Hz, 2H), 3.69 — 3.54 (m, 4H),
237(t J=8.1 Hz 2H), 2.03 {qd, ] = 8.1, 6.8 Hz, 2H). LCMS: 322.0 [M+H]".

Example 71: Synthesis of (Z)-N-methyl-4-{{2-{{5-(4,4,4-triflucro- 1-{3-fluoro- 1 H-indazol-5-
yi)-2-phenyibui- 1-eu-1-yHpyridin-2-yloxylethylaminolbutanamide {Compound 71)

HCI

0O

H

Compound 71 was syntheszied following the approach outlined in Scheme 6, modifying
Step-1 by substituting (E)}-N-methyl-4-(2-(5-{{Z)-4.4,4-influoro-1-(3-fluoro-1H-indazoi-5-
y1-2-phenylbui-1-enyDpyridin-2-yloxy)ethylamino)but-2-enamide  {preparation shown in
Example 3) for compound 336 and THF for MeOH to deliver the title compound in 62.0 mg,
29% overall yield, as a yellow solid. "H NMR (400 MHz, Methanol-d4) § 7.73 (s. 1H), 7.66
(d, F=13Hz 1H), 753 - 7.50 (m, 1H), 7.35 — 7.31 {m, 2H), 7.27 - 7.24 (m, 4H), 7.23 -
7.20 (m, 1H), 6.68 - 6.66 (m, 1H), 4.48 — 4.46 (m, 2H), 3.50 — 3.35 (m, 4H), 3.15-3.07 (¢,
=73 Hz, 2H), 2.70 (s, 3H), 2.39 - 2.35 (1, § = 6.7 Hz, 2H), 1.96 - 1.91 (m, 2H). LCMS: 556
IM+H]

Example 72: Synthesis of (E}-4-((2-{({(3-({Z}-4,4,4-trifluoro- I-G-fuoro- 1 H-indazol-5-yl}-2-
phenyibui-1-en-1-phpyridin-2-yHoxylethylamino}but-2-enoic acid (Compound 72)

176



WO 2018/098305 PCT/US2017/063047

Compound 72 was synthesized following the approach outlined in Scheme 3 by modifving: a)
Step~-7 by substituting methyvl  (Ey-4-{(tert-butoxycarbonyD(2-((5-iodopyridin-2-
vioxy yethy aminoybut-2-enoate (preparation shown below in Steps-a — b) for compound 324,
0.1 equiv of Pd{ddpfiCh, for PA(PPh:»{l, using 2.5 equiv of Cs:C0;, a 5.1 ratio of
dioxane:H,O, and stirring at 50 °C until completion, b} Step-8 by using 0.1 equv of
Pd(ddphHiCl, for PA(PPh;»CL. 7.0 equiv of KOH, and a 5:1 ratio of dioxane:H,0, and ¢)
Step-9 by stirring with just TFA to deliver the title compound in 110.2 mg, 0.65% overall
vield, as an off-white solid. 'H NMR (400 MHz, DMSO-d6) & 12.78 (s. 1H), 9.43 (s. 2H),
768764 (m, ZH), 7.57 -7.54(dd. J=8.8, 2.4 Hz, 1H), 7.30 - 717 {m, 7TH), 6.81 - 6.73 (d,
J=15.6, 1H), 6.62 -~ 6.60 (d, J = 8.6 Hz, 1H), 6.13 - 6.09 (m, 1H), 438 ~ 436 (1, ] = 5.2 Hz,
2H), 3.79(d, J = 6.0 Hz, 2H), 3.51 - 3.43 (m, 2H). 3.23 (s, 2H). LCMS: 541 |M+H]".

Step-a:  Synthesis  of  methyl  {(E}-d-{(tert-butoxycarbonyl(2-((5-ivdopyridin-2-
yvhoxylethylamino)but-2-enoate

| o |
l > Hel BrNO/ l > B()\(j/\\i
o~ NH- P N Ny s
N o TR DIEA, DMF {Boc),0 N O

into a 500-mL round-bottom flask, was placed 2-((5-1io0dopyridin-2-yi)oxyjethan-1-amine
hydrochloride (10 g, 29.67 mmol, 1.00 equv) {Scheme 4, Steps-1 — 2} and NN-
dimethyiformamide (200 ml). This was followed by the addition of DIEA (15 g, 11606
mmol, 4.00 equiv) dropwise with stirring at 0 °C. To this, methyl (E)-4-bromobut-2-enocate
(3.7 g, 20.67 mmol, G.70 equiv} was added dropwise. The resulting solution was stirred at
room teraperature until completion. To the mixture was added (Boc):0O (13 g, 59.56 mmol,
2.00 equiv). The resulting solution was stirred at room temperature until completion. The
reaction was then quenched by the addition of water (100 mL), extracted with 3x200 mL of
ethyl acetate, and then the organic layers were combined and concenirated under vacuum.
The crude product was purified by Flash-Prep-HPLC with Colunm C18 using (20%-95%)
CH:CN in water (NH,HCO; 10mmol/L) to deliver the title compound in 4.0 g (29%) as
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brown oil. LOMS: 463 [M+H]".

Example 73: Svnthesis  of {(E)-d-((2-(4-{{E}- I-{I H-indaz0l-5-yi)-2-phenylbut-1-en-1-
yhphenoxylethyhamino)bai-2-encic acid (Compound 73)

HCI

O

ONQ\MOH

Compound 73 was synthesized following the approach outlined i Scheme 10, onutting
Steps-1 - 3, by moditving: a} Step-4 by substituting (E)}-4-((2-(4-((E)-1-(1H-indazol-5-y1}-2-
phenyibut-1-en-1-yvDyphenoxyethvlamino)-N N-dimethyvtbut-2-enamide {synthesized
following the approach outlined in patent US 2016347717 A1) for compound 357, b) Step-S
by substititing 1.0 equiv of methyl (F)-4-bromobut-2-enocate for compound 339, using 3.0
equiv of DIEA and 2.0 equiv of (BochQ, ¢y adding an additional step to form {E}-4-({(2-(4-
{{E)-1-(1H-indazol-5-vi)-2-phenylbut- i-en-T-yDphenoxv)ethvi)iert-

butoxycarbonyvlyaminobut-2-enoic acid {preparation shown below in Step-a) and d) Step-6
by using a 10:3 ratio of TFA:DCM to deliver the title compound in 129.0 mg, 15% overall
vield. as a red oil. '"H NMR (400 MHz, Methanol-d4) & 8.26 (s, 1H), 7.75 (s, 1H), 7.60 — 7.58
(m, 1H), 7.33 - 7.30 (m. 1H). 7.19 - 7.12 (m, 5H), 6.90 — 6.86 (m, 3H), 6.71 — 6.69 (m, 2H),
6.24 — 6.19 (m, TH), 4.18 — 4.16 (m, 2H). 3.92 — 3.90 (m, 2H), 3.44 - 3.42 (m, 2H). 2.53 -
2.48 (m, 2H), 0.98 ~ 0.94 (1, J = 7.4 Hz, 3H). LCMS: 468.0 [M-+H]|".

Step-a: Synthesis of (B} bl 2-{ - ({E})- I-{ I H-indazol-S-ylh-2-phenylbui- 1 -en- 1~

yhphenaxylethylitert-butoxycarbonyflamino}but-2-enoic acid

Into a 40-mb round-bottom flask was placed methy!l (E)-4-({2-(4-((E)-1-(1H-indazol-5-y1}-2~
phenyibw-1-en-1-y1phenoxyjethylytert-butoxycarbonyamino)but-2-encate (944 mg, 1.62
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mmol, 1.00 equiv), THF (10 mbL). LiOH (112.110 mg, 4 68 mmol, 3.00 equiv), and water (2
mL). The resulting solution was stirred for 3 h at 250C. After completion, the PH of the
solution was adjusted to 6 with 6M HCL and then the solution was filtered to deliver the title

compound in 600 mg {26%} as vellow otl. LCMS: 568.1 [M+H}

+

Example 74: Synthesis of {(E}-N-methyl-4-({2-{{5-((Z)-4 4, 4-trifluoro-I-(3-fluoro- 1 H-
indarol-5-yl)-2-phenylbui- l-ea- I-ylpyrazia-2-yBoxylethyllamino}but-2-ennmide
{Compound 74}

Compound 74 was synthesized following the approach outhined in Scheme 3 by modifying:
a) Step-7 by substituting tert-butyl (E3-(2-((5-10dopyrazin-2-yljoxy yethvh{4-(methviamino}-
4-oxobui-2-en-1-ylicarbamate (preparation shown below in Steps-a — e) for compound 324,
using 0.1 equiv of PA(PPh:)Cl,, substituting a 5:1 ratio of dioxaneH,O {or 2-Methyl
THF:H,0, and stitring at 50 °C until coropletion, b) Step-8 by using 1.5 equiv of
bromobenzene, 0.1 equiv of KOH, and 0.1 equiv of Pd(PPh:)Ch, and ¢) Step-2 by using a 1:1
ratio of TFADCM to deliver the title compound in 6.1 mg, $.23% overall vield, as aveliow
solid. 'H NMR (400 MHz, Methanol-dy) & 8.14 (s, 1H). 7.76 (s, 1H), 7.67 (s, 1H), 7.52 — 7.49
(m. TH), 7.41 — 7.38 (m, 1H), 7.27 — 7.20 (m. 5H), 6.73 — 6.66 (m, 1H), 6.32 - 6.28 (m. 1H).
4.52 - 4.50 (m, 2H), 3.88 - 3.86 (dd. J= 6.9, 1 4 Hz, 2H), 3.54 - 3.42 (m, 4H), 2.81 (s, 3H).
LCMS: 555 [M+H]"

Step-a: Synthesis of 2-((5-iodopyrazin-2-vlloxylethan-i-oi

] N\\Q‘ HO/\’OH i N\
! /j\ NaOH. NMP ‘ E f]\ o~ -OH
NT avm, NT O

into a 40-mL vial was placed 2-chloro-S-iodopyrazine (5.0 g, 20.80 mmol, 1.00 equiv),

gthane-1,2-diol (3.36 g, 5413 munol, 2.60 equiv), sodium hydroxide (1.65 g, 41.25 mmol,
1.98 equiv), and NMP (5mL). The resulting solution was stirred at 100 °C in an oil bath until

completion. The reaction was then quenched by the addition of 200 mL water/ice. The solid
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was collected by filtration to deliver the title compound in 5.1 g (92%) as a hight yvellow solid.

LCMS: 267 [M+H]'.

Step-b: Synthesis of 2-((S-iodopyrazin-2-yhoxylethyl methanesulfonate

Ny, o N
\E l MsCLTEA DCM \[ j\
= H
N o NP OMs

Into a 500-ml 3-necked round-bottom fHask was placed 2-((5-1odopyrazin-2-yhosy)ethan-~1 -

ol (16 g, 60.14 mmeol, 1.00 equiv), TEA (12 g, 118.59 mmol, 2.00 equiv}, and DCM (300mL).

This was followed by the addition of MsCl1 (8.3 g, 1.20 equiv) dropwise with stirring at 0 °C.
The resulting sclution was stirred at room temperature until completion. The reaction was
then quenched by the addition of water/ice (100mL), then extracted with 3 x 200mL of ethyl
acetate and washed with 100mL brine. The organic layers were then combined, dried over
anhvdrous sodium sulfate, and concentrated under vacuum. The residue was applied onto a
silica gel coluron with ethyl acetate/petroleum ether (2:1) to deliver the title compound 1n 16

g {77%; as a light brown solid. LCMS: 345 [M+H]}

+

Srep-c: Synthesis of 2-(2-azidoethoxy)-S-iodopyragine

i N i N
E = NaN3, DMF E X
N{;\O/\/OMS NC;J\O/\V’NS

into a 500-mL round-bottom flask was placed 2-{{5-1odopyrazin-2-vioxy)ethyl

methanesulfonate (20 g, 58.12 mimol, 1.00 equivy, DMF (300mL), and NaN; (7.5 g, 11537
mmol, 2.00 equiv}. The resulting solution was stirred at 80 °C in an ot} bath until completion.
The reaction was then quenched by the addition of 200mL water, extracted with 3 x 100mL
of ethvl acetate, and washed with 100mL brine. The organic layers were then combined,
dried over anhydrous sodium sulfate, and concentrated under vacuunto deliver the title

compound in 8 g (47%) as a brown solid. LCMS: 291 [M+H] .

Step-id: Synthesis of 2-({5-ivdopyrazin-2-vijoxyjethan- I-amine

I N N I N
\[ j\ PPhg, THF, H,0 \[ 5
N/ o/\v"’NS N{)\O/\/NHZ

into a 2530-mL round-botiom flask was placed 2-(2-azidoethoxy -3-iodopyrazineg (8 g, 27.49
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mmol, 1.00 equiv), PPh; (14.4 g, 54 90 mmol, 2.00 equiv), THF (80mL), and water (20mL}.
The resuliing solution was stirred at room temperature until completion, then guenched by the
addition of water (100mL). The pH of the solution was then adjusted to 4-5 with hydrogen
chloride. and then was extracted with 3 x 100mL of Et;O. The aqueous layer was isolated and
sodiwm bicarbonate was used to adjust the pH of the solution to 7-8. The resuliing solution
was extracted with 3 x 100mL of ethy! acetate and washed with 100mL brine. Then the
organic layers were combined, dried over anhydrous sodium sulfate, and concentrated under
vacuum to deliver the title compound in 5.0 g (69%) as an off-white solid. LCMS: 266

IM+H]'

Step-¢: Synthesis of tert-butyl (E}-(2-{{S-ivdopyrazin-2-yDoxylethyB{4-(niethylumino}-4-

oxobut-2-en-I-yhcarbamate

O

f N B A
j&t TSI
N O/‘\\/NHZ N 2 O/\/N\/\\/’J\ -

DIEA,DMF (Bog),O N

Into a 250-mL round-bottom tlask was placed 2-{{5-iodopyrazin-2-yljoxyethan- 1 -amine (7.0
g, 26.41 mmol, 1.00 equivy and DMF (100mL). This was followed by the addition of DIEA
(14 g, 108.33 mmol, 4.00 equiv), dropwise with stirring, at ¢ °C. To this solution was added
(E}-4-bromo-N-methylbut-2-enanide (4.7 g, 26.40 mmol, 1.00 equiv), in portions, at 0 °C.
The resulting solution was stirred at room temperature untiti completion. Then (Boc)O (11 5¢,
52.82 mumol, 2.0equiv} was added. The resulting solution was allowed 1o react, with stirring,
at room temperature until completion. The reaction was then quenched by the addition of
100k, water, extracted with 3 x 100mL of ethyl acetate, and washed with 100mL brine.

Then the organic layers were combined, dried over anhydrous sodium sulfate, and
concentrated onder vacuom. The residue was applied onto a silica gel colurnn with ethyl
acetate/petroleurn ether (10:1) to deliver the title compound in 4.0 g (33%) as a vellow solid.
'H NMR (400 MHz, Chloroform-d) 5 8.31 (d, J = 1.4 Hz, 1H), 8.08 - 8.02 (d, J = 9.0 Hz, 1H),
6.78 - 6.75 (1. J = 12.9 Hz, 1H), 5.87 - 5.75 (dd, =303, 15.3 Hz, 1H), 5.69(d, J=7.1 Hz,
1H), 4.43(d, I =54 Hz, 2H), 405 (d, J = 5.8 Hz, 2H), 3.60 - 3.58 (d, J = 9.1 Hy, 2H), 2.90 —
2.87(d, J=2.2 Hz, 3H), 1.43 (s, 9H). LCMS: 463 [M+H]"

Exampie 75: Preparation of substituted analogs:
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Compounds with the above general formula may be prepared by following a similar reaction
sequence to that described in Scheme 1, wherein the R, substituent is introduced by using the
appropriately substituted 10dide m place of 1,1, 1-trifluore-2Z-iodoethane i Siep 5, or by
selection of the appropnately substituted TMS-acetylene i place of but-l-vn-i-

vhrimethylsilane in Step 3.

The R;, Ry, and R substituents, the value of “n.” and the presence of a double or single bond

at =wmee are infroduced or modified by using the appropriately substituted phenyl (X=) or

pyridyl (X=N}iodide in Step 6, for example:

H o | T H e i\@ H 9

\N‘;*\O/\/NV/\/JI\N/ N Q,/\/N\/\/IL\N/ N/ O/\/N\//\’)E\N/
' f
H

} H
H H

The R substituent can be varied by selection of the appropniately substituted starting material

in Step 2, for example:

:‘/ Br
N

N‘ -

H

Example 100 - Compounds That Inhibit ERa”"™Y" activity in vitro

Cell culture
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MCF7 BUS cells (Coser, ef al., (2003) PNAS 100{24): 13994-13999) were maintained in
Dulbecco’s Modified Eagle Medium supplemented with 10% FBS, 4 mM L-ghutamine and
1x non-essential amino acids. Lenti-X 2937 cells (Clontech, Cat # 632180} were routinely

cultured in Dulbecco’s Modified Eagle Medium supplemented with 10% FBS.

Site-direct mutagenesis and cell line engineering

The QuikChange It XL Site-Directed Mutagenests Kit (Agilent Technologies, Cat #200523)
was used to generate Y5378, Y5337C, YS37N and D538G mutations within the ERa exon 8.
Wild-type ZSRI cDBNA (GeneCopoeia Inc., Cat#f GC-A0322, accession no. NM 000125) was
used as a template with the following mutagenesis primers (where the underlined nucleotides
represent site mutations); Y3378 F-AAG AAC GTG GTGCCC CTC TCT GAC CTG CTG
CTG GAG ATG (SEQ ID NO: 1), R-CAT CTC CAG CAG CAG GTC AGA GAG GGG
CAC CAC GTT CTT (SEQ ID NG: 2, Y5337TN: F-AAG AAC GTG GTG CCC CTC AAT
GAC CTG CTG CTG GAG ATG (SEQ ID NO: 3), R-CAT CTC CAG CAG CAG GTIC
ATYT GAG GGG CAC CAC GTT CTT (SEQ ID NO: 4); Y537C: F-AAG AAC GTG GTG
CCCUCTCTGT GAC CTG CTG CTG GAG ATG (SEQ ID NO: 3), R-CAT CTC CAG CAG
CAG GTC ACA GAG GGG CAC CAC GTT CTT(SEQID NO: 6); DS38G: F-AAC GTG
GTG CCC CTC TAT GGC CTG CTG CTG GAG ATG CTG (SEQ ID NG: 7), R-CAG CAT
CTC CAG CAG CAG GLC ATAGAG GGG CAC CAC GTT (SEQ ID NO: 8). WT and
mutant ZSR/7 cDNAs were cloned into the designation lentiviral vector pLentit. 3/V5-Dest
(Invitrogen, Cat #V533-06). To make lentivirus, DNAs {WT and mutant ESR 1) were co-
transfected with packaging plasmids into Lenti-X 2937 cells using TransiT (Mirus, Cat
#MIR 2700). 48h post-transfection, virus containing media was filtered and added to MCF7
cells in the presence of ug/mi polybrene overnight. Two days following imfection, cells were

placed under selection with 10 pg/mi blasticidin for 2 weeks for stable expression.

Invitro profiferation assays

MCF7-WT and ~Y 5378 cells were seeded at 1500 cells/well in black-walled 96-well plates
{assay plates, Costar, Cal #3904). In parallel, cells were also seeded in a separate 96-well
plate (8 wells/cell line, control plate) for which a CTG (Celi Titer-Glo® Luminescent
Viability Assay, Promega, Cat #(37572) was measured the following day {day 0 reading). The
dayv O reading was used for the Gl calculation at the termination of the experiment. The dav
following seeding, compounds were added (o assay plates. Briefly, a 1:4 senal dilution was

prepared in DMSO at 200x final concentration for a total of 10 concentrations (9 dilutions
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comtaining compound and one is DMSQO only). Serially diluted compounds were pipetted into
medium o prepare a compound-medium mix at 10x final concentration. 10 ul of compound-
medium mix was added to MCF7-WT and -Y 35378 cells at 3 wells/concentration {inplicate
for each concentration). On day 3, media/compound was removed and replaced with fresh
media/compound as described above. On day 6, CTG was measured and compared to day O

readings from conirol plate to assess Glap.

Results

~ : : : o Y 5378/N/C, D3RG -
FIG. 1 shows that ectopic expression of ERg "> 5MVE PIEG iy v

F7 cells conferred
phenotypic resistance to currently marketed therapies tamosifen (SERM), raloxifene (SERM)
and fulvestrant (SERD). Similar observations were also recently published by several
independent labs (Jeselsohn et al., (2014} (lin, Cancer Res. Apr 1.20(73:1757-67. Toy et a.,

(2013) Nar Gener, 2013 Dec45(12):1439-45; Robinson et al., (2013) Nat

that ER™ drive resistance to current endocrine therapies, identification of novel
compounds that would reduce proliferation of the ERa™ -bearing MCF7 cells more
efficaciously than the corresponding clinical compound 4-hyvdroxytamoxifen was sought.
Using the WT and mutant viability assay as a screening tool, compounds were identified that
were more potent towards the Y 5378-bearing MCF7 hne relative to 4-hydroxytamosifen.
The results of the viability assay screen are shown in Table 2. These assays were conducted

with free base and/or salt forms of the compounds identified in the table.

Table 2: Viability Screen Results

Compound # | MCF7 WT GI50 (nM) MCF7 Y3378 GI50 (nM)
I 0.36 £ 016 (4) 379+ 1.92 (4)
2 0.28+0.15 (12) 3352 +218(12)
3 0.76 + 0.44 (25) 838+ 6.81 (25)
4 409+ 274 (11) 4636+ 2323 (11)
5 8854+ 42.72 (2) 180,09 + 227 37 (2)
6 0.38 + 0.00 (2) 5350+ 047 (2)
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7 0.90 + 0.78 (3) 10.47 + 6.60 (3)
§ 0.70 + 0.27 (2) 14.68 + 0.55 (2)
9 088+ 1.18 (18) 923+ 8.19(18)
10 236+ 2.81(16) 2518 + 27.68 (16)
11 2.08 + 1 55 (3) 3270+ 2216 (3)
12 1.45 23.98
13 0.69 £ 0.57 (8) 799 % 547 (3)
14 1.73 £ 0.14 (2) 765+338(2)
i5 0.35 + 0.07 (16) 545+ 3.93(16)
16 0.39+ 0.51 (8) 65.50 + 6.96 (8)
17 0.61+0.11(2) 263 +0.59(2)
18 072+ 0.24 (2) 491 + 0.65 (2)
19 0.66+ 0.05 (2) 315+ 0.01 ()
20 066+ 0.13 (2) 608 £ 2.69(2)
71 0.75 + 0.38 (16) 10.16 + 11.24 (16)
22 1.62 + 0.87 (2) 619+ 484 (2)
23 048+ 0.21 (3) 229+ 1.80 (3)
24 045+ 0.11(4) 334+ 1.14(4)
25 0.38+0.16 (2) 1.58 +023(2)
26 1423 45317
27 2.00 + 1.46 (3) 1713 + 10.09 (3)
28 412+ 1.60(2) 008 + 526 (2)
29 1.37 + 0.60 (3) 13.69+ 6.83 (3)
30 177+ 039 (3) 1450 + 4.80 (3)
31 126+ 1.51(3) 1111+ 1606 (3)
32 0.83 + 0.56 (3) 907+ 4.74 (3)
33 1,22+ 0.46 (4) 20.87 + 13.84 (4)
34 1.86+ 1.24 (4) 11.65 + 5.29 (4)
35 3.06+ 0.25 (2) 2726 + 19.93 (2)
36 1.16 + 0.48 (3) 1380+ 157 (3)
37 1.31 £ 032(5) 13.81 + 961 (5)
38 061 +0.16 (2) 1191+ 413 (2)
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39 0.64 + 0.23 (4) 686 + 1.59 (4)

40 0.41 +0.07 (2) 820+ 2.67 (2)

41 0.24+ 0.04 (2) 938+ 7.61 (2)

42 139+ 056(2) 2838 + 3265 (2)

43 0.15 321

44 451+ 029 (3) 445+612(3)

45 2321+ 942 (2) 7104+ 8.63 (2)

46 1.38 = 0.44 (2) 13.85+ 510 (2)

47 064 + 0.40 (3) 725+ 877 (3)

48 0.80 + 0.14 (2) 825+ 2.60(2)

49 172.66 = 51.68 (2) 2.422.54 + 705.43 (2)
50 400+ 1.16 (8) 9846 + 81 50 (8)

51 982+ 192 (2) 19027 + 50.0R (2)
52 12 93

53 0.3 1.8

54 892.06 + 527.65 (4) 768565 + 320837 (4)
55 054+ 0.10 (3) 713+ 1.13(3)

56 0.49 + 0.24 (3) 2359+ 237 (3)

57 0.64 + 0.38 (3) 506+ 5.72(3)

58 033 +0.12 (4) 397 +2.25 (4)

59 079+ 071 (3) 1421 + 12.08(3)

60 071+ 0.33 (5) 672+ 4.49 (3)

61 033+ 0.02 (2) 127 +0.17 (2)

62 331+ 043(2) 1433+ 432 (2)

63 17.90 = 866 (3) 11734+ 11.59 (3)
64 153.05 + 2739 (4) 67330 + 167.03 (4)
65 5830 + 48.14 (5) 370,30 + 139,48 (3)
66 436,64 + 5520 (23 >10,000.00 = 0.00 (2)
67 538+ 0.66 (2) 87.72 + 55.02 (2)

68 2199+ 2.66 (2) 101.06 + 33.04 (2)
69 8,077.25 = 1.000.73 (2) 9.397 66 + 851.84 (2)
70 0.95 + 0.25 (2) 618 £251(2)
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71 0.62 531
72 1.86 + 0.87 (3) 2222+ 1427 (3)
73 734+ 058 (2) 15454 + 6012 (2)
74 247+ 0.18 (2) 29.44 + 1151 (2)

Resuits as presented in Table 2 are presented as the average of one or more trials with
standard deviations where available. The number of trials for each compound is presented in
parentheses following the value. Those skilled in the art would appreciate that the examples
and embodiments reported herein are for illustrative purposes only. Various modifications or
changes in light thereof will be suggested to persons skilled in the art, and those
modifications or changes are included within the spirit and purview of this application and
scope of the appended claims. For example, those skilled in the art will appreciate that GIS0
values may vary depending on the lot of fetal bovine serurn (FBS), among other factors, usec

to supplement the culture media, due to varving concentrations of estrogen between batches.

Compounds were tested as prepared in the Examples below with regard to use of free base or
salt; resulis for Compound 3 and Compound 21 are presented as averages of both free base

and HCI salt tnials. Tests were not conducted for Cormpounds 75-89,

IN VIVO XENOGRAFT METHGDS

Methods and materials

Although not wishing 1o be bound by theory, applicant appreciates that certain in vivo
xenograft studies may be useful m identifving effective compounds. Such studies may be
conducted, for example, using compounds reported herein and/or their salts. In studies
reported herein, the hydrochlonde salt form as described herein was used. The WHIM20
xenograft study reported below has not vet been conducted with corapounds reported herein,
but the Y5378 positive ST941 PDx xenograft study and studies in the ERa wild-type MCF7
and ST1799 PDx models have been conducted with certain of the compounds as set forth

below,

Example 101 - Y5378 positive §T941 PDX xenograft study
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A Patient-Derived Xenografi (PDX) tumor model representing an ESR1-Y 5378 mutated
huoman ER+ breast cancer, designated as ST941 PDBX-Y 3378, was propagated subcutaneously
i immunocompromised nuce. (CF Wick MU, et al., Establishment and charactenzation of
ST941/C; an ESR1~-mutant ER+ breast cancer cell line and xenograft from a patient with
acquired resistance to endocrine therapy, Proceedings of the 2016 San Anionio Breast Cancer
Symposium; 2016 Dec 6-10; San Antorno, TX. Philadelphia (PA): AACR; Cancer Res
2017774 Suppl): Abstract nr P3-04-26). The tumors were excised within 60 days of
implantation and processed to mixed tumor fragments. Solid tumor tissues were depleted of
necrotic components, ¢t inio 70mg fragments, mixed with matrigel and subcuianeously
implanted into the right flank of 6-12 week old female athyvmic Nude (Crl:NU(NCr)-
Foxnlnu) mice. The precise number of fragments and volume of matrigel were determined
on a case by case basis. When the average tumor volume reaches approximately 125-250
mm’, anirals were randorized prior (o treatment. Al of the primary human tumors utilized

in this study had undergone approximately 5-7 passages i vivo.

Estrogen was not supplemented in the studies. All tested compounds were dosed orally every
dav at doses ranging from 3 to 30 mg/kg. The administration volume was calculated from the
individual mouse body weighis prior to dose administration. The body weights (BW) and

tumor volumes (TV) were measured twice a week,

Tumor volumes (TV) were calculated based on the following formula:

TV =length « width® x 0.5
length: largest diameter of tumor {mm)

width: diameter perpendicular to length (mm}
The Tumor Growth Inhibition % (TG was calculated according to the following formula:
Tumor Growth Inhibition % (TGl =

Average Control TV Day X -Treatment TV Day X
Average Control TV Day X

x1G6

Where Day X is the endpoint measurement.

Example 101. 1 Results for Y5375 Positive §T941 PDx Xenografi Studies
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Compound 3

Fi(3. 2 shows the anti-tumor and body weight effects of Compound 3, prepared as a
hydrochloride salt, in the ST941 PDX-Y 5378 model bearing a heterozygous ERg > oWT
xenograft grown in immunocompronused mice. Compound 3 inhibited xenograft growth in a
dose dependent manner with 3 mg/kg QD. 10 mg/kg QD and 30 mg/kg QD significantly
inhibiting growth on day 39 compared to vehicle control (TGl of 63%, 85%, and 89%, and
p<0.0001 for all doses, respectively). All doses and regimens were well tolerated with no

significant bodv weight loss.

Compound 3 was given orally once daily for the duration of the study. Data represent the
mean + SEM (Tumor Volume}, or the mean + SEM (Body Weight) (N=8 for all groups}. *
p<0.0001 versus vehicle control on Day 39 {Two-Way ANOVA followed by the Dunnett

multiple comparison post hoc test).

Compound 21

FI1G. 3 shows the anti-tumor and body weight effects of compound Compound 21, prepared
as an HCI salt, in the ST941 PDX-Y 5378 model bearing a heterozygous ERa™ Wt
xenogratt. Compound 21 dosed daily inhibited xenograft growth in a dose dependent manner
with 3 mg/kg QD, 10 mg/kg QD, and 30 mg/ke QD treatments significantly mhibiting growth
on day 44 relative to vehicle control {TGI of 43%, 74%, and 77%, and p<Q.03, respectively).

All doses and regimens were well tolerated with no significant body weight loss,
Compound 21 was given orally once daily for the duration of the study. Data represent the

p<0.05 versus vehicle control on Day 44 (repeated measures {-test, Holm-Sidak method with

o=0.05 without assuming a consistent SD).

Example 102 - MUF7 Xenograft Studies

The ESR1I wild-type human ER+ breast cancer cell line MCF7 (ATCC) was cultured in
DMEM media supplemented with 10% FBS at 37°C in a 3% CO, atmosphere and kept in the
exponential growth phase. The cells were collected 1n trvpsin and re~suspended ma 1:1
mixture of matrige! and HBSS at a final concentration of $ x10” cefls/ mL. A 0.2mL aliquot

of cells was injected subcutaneously into the 3™ mammary fat pad of 6-8 week old female
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Balb/c nude mice, giving 1x 10’ cells/ mouse. When the average tumor volume reached
R ) 3 . . . )
approximately about 200 mny’, animals were randomized prior to treatment.  Estrogen was

supplemented for the duration of the study.

All of the compounds were dosed orally everv day at doses ranging from 1 1o 10 mg/kg. Each
treatment was staried on Day 0 and the admunistration schedule was continued for 28 days.
The administration volume was calculated from the individual mouse body weights prior (o
dose administration. The body weights {BW} were measured daily while the tumor volumes
were measured twice a week. Tumor volumes (TV} were calculated based on the above

formula.

Exampie 102. 1 Results for MCF7 Xenograft Studies

Compound 21

FI1G. 4 shows the anti-tumor and body weight effects of Compound 21, prepared as an HCI
salt, in the MCF7 tumor model bearing ERa™ ™" xenograft. Compound 21 dosed daily
inhibited xenograft growth in a dose dependent manner with 1 mg/kg QD. 3 mg/kg QD, and
10 mg/kg QD treatments inhibiting growth on day 28 relative to vehicle control (TGE of
9.2%, 52.4%, and 69.3%, and p<0.05 for 3 and 10 mg/kg groups, respectively). All doses and

regimens were well tolerated with no significant body weight loss.

Compound 21 was given orally once daily for the duration of the study. Data represent the
mean + SEM {Tumor Volume) or mean + SEM (Body Weight) (N=8 for all groups). *
p<0.05 versus vehicle control on Day 28 (repeated measures {-test, Holm-Sidak method with

o=0.05 without assuming a consistent SD).

Example 103 WHIM20 Xenograft Studies

The Patient-Berived Xenograft (PDX)} tumor model, WHIMZ20, representing an ESR1-Y 5378
mutated human ER+ breast cancer is propagated in mice. The tumors are excised and
processed to mixed tumor fragments and the fragments are re-implanted subcutansously into
new recipient mice. Solid tumor tissues are depleted of necrotic componeants, cut inio
fragments, mixed with mainigel and subcutanecusly 1mplanied into the right flank of 6-8
week old female SCID-bg mice. The precise number of fragments and volurne of matrigel are

determined on a case by case basis. When the average tumor volume reaches approximately
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200 mny’, animals are randomized prior to treatment. All of the primary human tumors

uttlized i this study undergo approximaiely 4 passages in vivo.

Estrogen is not supplemented in WHIMZ20 studies. Compounds are dosed orally every day at
the indicated doses. Fach treaiment is started on Day 0 and the administration schedule is
continued for the indicated days. The admuinisiration vohume is calculated from the individual
mouse body weights prior to dose adnunistration. The body weights are measured daily
while the tumor volumes are measured twice a week. Tumor volumes are calculated based on

the previously described formula.

Example 104 ERe’" §T1799 PDX Xenograft Studies

A PDX tumor model representing an ESRI-W'T human ER+ breast cancer, desigonated as
ST1799 PDX-W'T, was propagated subcutaneously in immunocompromised mice. (CF Wick
MJ, et al., Establishment and charactenization of ESR1-muitant breast cancer PDX models,
Proceedings of the Thirty-Eighth Annual CTRC-AACR San Antonio Breast Cancer
Symposiuny 2015 Dec 8-12; San Antonio, TX. Philadelphia (PA), AACR; Cancer Res
2016,76(4 Supply Abstract nr P3-03-04.) The tumors were excised within 60 days of
implantation and processed to mixed tumor fragments. Solid tumor tissues were depleted of
necrotic components, cut into 70mg fragments, mixed with matrigel and subcutaneously
implanted into the right flank of 6-12 week old female athymic Nude (Crh NU(NCr)-
Foxnlnu) mice. The precise number of fragments and volume of matrigel were determined
on a case by case basis. When the average tumor volume reached approximately 125-25¢
mm’, animals were randomized prior to treatment. Estrogen was supplemented for the
duration of the study. Compound 21 was dosed orally every day at doses ranging from 1 1o 30
mg/kg. The administration volume was calcuated from the individual mouse body weights
prior to dose admunistration. The body weights (BW) and tumor volumes (TV) were

measured twice a week.

Example 104. 1 Results for ERa" 8T1799 PDX Xenograft Studies

Compound 21

F1G. 5 shows the anti-tumor and body weight effects of Compound 21, prepared as an HCl

salt, in a 8T1799 PDX model bearing ERa™Y "™ xenograft. Compound 21 dosed daily
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inhibited xenograft growth in a dose dependent manner with 1 mg/ke QD, 3 mg/kg QD, 10
mg/kg QD, and 30 mg/kg QD treatments significantly inhibiting growth on day 39 relative to
vehicle control (TGE of 78.5%, 92.3%, 93 1%, and 90.7%, and p<0.05, respectively). All

doses and regimens were well tolerated with no significant body weight loss.

Compound 21 was given orally once daily for the duration of the study. Data represent the
mean + SEM {(Tumor Volume) or mean + SEM (Body Weight) (N=6 for all groups). *
p<0.05 versus vehicle control on Day 39 (repeated measures {-test, Holm-Sidak method with

o=0.05 without assuming a consistent SD).

Example 105 Time-Dependent Inhibition Assays

To demonstrate that a compound is (or 1s not) a CYP mactivator, abbreviated experimental
designs are commonly used for screening in drug development. One of these approaches
uses mulktiple test compound concentrations at a single incubation time, e.g. the “1Cs; shifi”
approach. In an ICsy shift experiment, the 1Cs; 1s determined for a CYP marker activity
before and after the test compound has been mcubated with enzyme and the co-factor
nicotinamide adenine dinucleotide phosphate (NADPH) for a set preincubation time (Grimm

et al, 2009).

The 1Csq shift approach was used to determine whether compounds are time-dependent
inhibitors of human CYP3 A4 using hver microsomes (0.1 mg/mL). A 30~-munute pre-
incubation time point was selected, where compounds (9 concentrations, 0 to 30 umol/L) are
incubated at 37 °C in presence and absence of 1 mmol/L NADPH. Following the pre-
mcubation period, S pmol/L midazolam {the probe substrate) was added and formation of
hydroxynudazolam was measured by high-performance Hquid chromatography-mass
spectrometry {LC-MS/MS) analysis following a 5 minute incubation period. Anv decrease in
the formation of hvdroxymidazolam, in peak area ratios to vehicle control, was used to
calculate three 1Csq values (0 min pre-incubation, 30 min pre-incubation with NADPH, and
30 min pre-incubation without NADPH) Whereas an (s, shift < 3-fold is accepted as
demonstration that a test compound does not possess a TDI risk, an 15 shift > 3-fold after
pre-incubation is indicative of a CYP3A4 TDI risk. Assays were performed in duplicate, and
mifepristone was used as positive control. Results are shown in Table 3. To Table 3, “Yes”
indicates a TDI shift greater than or equal to 3. “No™ indicates a TDI shift greater than or

equal to 1 and fess than 3.
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Tabie 3

PCT/US2017/063047

Compound {150 Ominy) CYP3A4
Mumber {1{5; 30min + NADPH) THi
2 4.4 Yes
3 2.1 No
7 2.2 No
9 3.0 Yes
10 5.5 Yes
13 |RY; Mo
15 2. No
16 16.0 Yes
17 16 No
21 1.3 No
23 158 Yes
26 12 No
27 3.5 Yes
29 1.4 Mo
30 22 No
31 39 Yes
32 53 Yes
33 9.2 Yes
34 37 Yes
36 57 Yes
37 10.4 Yes
38 472 Yes
39 1.8 No
40 11.0 Yes
44 5.1 Yes
55 4.6 Yes
36 1.7 Mo
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57 0.9 No
59 254 Yes
60 2.0 No
61 2.9 No

By way of comparison with the results above, a TDI assay was also conducted for the
following compound, which 1s reporied as Compound 69 of PCT Intemational Application

Publication No. WO/2016/196346;

. F
f‘\ .»F

r

%

&
A

P

g
N - g
N

The 1Cs shift approach was also used to determine whether Compound 69 of PCT
International Application Publication No. W(/2016/196346 s a time-dependent inhibitor of
human CYP3 A4 using liver mucrosomes. Siroilar to the experimental design described
above, a 30-mimute pre-incubation time point was selected. Minor variations to the method
described above were that Compound 69 of PCT International Application Publication No.
WO/2016/196346 was tested at 8 concentrations {0 to 10 pmol/L}. Following the pre-
incubation period, 3 umol/L midazolam was added and formation of hydroxyraidazolam was
measured following a 2 ninute incubation period. Since under these experimental conditions,
the formation of hvdroxymidazolam followed first order kinetics {considered as a linear
process), these changes in assay design are not expected to impact the 1Csy determinations.
In parallel, the ICs; shift assay was also performed with 15.6 pumol/L testosterone (0.05
mg/mi liver microsomes, 10 minufe incubation} as second probe substrate. Assays for both

probe substrates were performed in {riplicate, and mifeprisione was used as positive control.

The CYP3A4 TDI shuft result for Compound 69 of PCT International Application Publication
No. WO/2016/196346 was greater than 3, indicating 1o be a TDI nsk.
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It will now be apparent that new, improved, and nonobvious compositions have been
described i this specification with sufficient particularity as to be understood by one of
ordinary skill in the art. Moreover, it will be apparent to those skilled in the art that
modifications, variations, substitutions, and equivalents exist for features of the compositions
which do not matertally depart from the spirit and scope of the embodiments disclosed
herem. Accordingly, i is expressly intended that all such modifications, vanations,
substitutions, and equivalents which fall within the spirit and scope of the invention as

defined by the appended claims shall be embraced by the appended claims.
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WHAT IS CLAIMED IS:

1. A compound given by Formula I

Formula 1

wherein:
Ryis -H, -CH;, or -F;
Ryis -CHCH;, —CHLCF;, or cvciobutyl
Rsis
111} selected from -H, -CH;, and -CH,CH,0H, or

B

v} forms a 3-7 membered heterocycloalkyl ring with R4 and the N to
which Rj; 15 aitached;
wherein Ry is -H when 1t does not form said 5-7-membered heterocycloalkyl nng with
R,
XisNor(;

nis 1-2; and

uuuuuu represents a single bond or a double bond;

or a pharmaceutically acceptable salt thereof,
2. The compound or pharmaceutically acceptable salt of claim 1, wherein R, 15 -H or -F.

3. The compound or pharmaceutically acceptable salt of claim 1, having the following

stereochenustry:
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4. A compound gtven by Formula IT:

~ N
X N0 N NR3Rs

Formula l§

wherein:

Ryis-Hor -F;

Ryis -UH,CH;, —CH,CF5, or cyclobutyl;
R

1} is selected {rom -H, -CH;, and -CH,CH,OH, or

i) forms a 4-6 membered heterocycloalkyl ring with Rs and the N to
which Rs and Rs are attached, optionally with an additional heteroatom in the 4-6

membered heterocycloalkyl ring; or
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iit) forms a 5-7 membered heterocycloalkyl ring with Rs and the N to

which Rj is attached;

wherein Ry s -H when it does not form satd 5-7-membered heterocycloalky! ring with
R,

wherein Rs is -H. -CH;, and -CH,CH,OH when it does not form said 4-6 membered
heterocycloalkyl ring with Rj;

XisNorC: and

nis 1-2; or a pharmaceutically acceptable salt thereof.

5. The compound or pharmaceutically acceptable salt of claim 4, having the following

stereochemistry:

NR3Rs

6. A compound of Formula TIF or pharmaceutically acceptable salt thereof:

(1D

wheremm Ryie Hor F;

Ryis ~CHLCH;, —CHLCFs, or eyvclobutyl;
XisCorN;
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and Y is selected from the group consisting of
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7. The compound or pharmaceutically acceptable salt of claim 6, wherein Y 15 selected from

the group consisting of
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8. The compound or pharmaceuticaily acceptable salt of one of claims 1-7, wherein R,
1s -F,
9. The compound or pharmaceutically acceptable salt of one of claims 1-7, wherein R;

10. The compound or pharmaceutically accepiable salt of one of claims 1-7, wherein Ry
i3 ~CH,-CFs.

11, The compound or pharmaceutically acceptable salt of one of claims 1-7, wherein Ry
iS ~CHQ,CH3.

12, The compound or pharmaceutically acceptable salt of claim 1 or claim 3, wherein
oI represents a single bond.

13, The compound or pharmaceutically acceptable salt of one of claims 1-3, wherein n 15
14, The compound or pharmaceutically accepilable salt of one of claims 1-5, wherein R;

15, A compound selected from the group consisting of’
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H H

O

N
H

or a pharmaceutically acceptable sali thergof,

16. A compound having the following formula:

or a pharmaceutically acceptable sali thergof,

17. A compound having the following formula:
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or a pharmaceutically acceptable salt thereof.

i8. A compound having the following formula:

or a pharmaceutically acceptable salt thereof.

19. A compound having the following formula:

or a pharmaceutically acceptable salt thereof,
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21 A compound having the following formula:

22. A pharmaceutical composition comprising a compound or pharmaceutically acceptable

salt of anv one of claims 1-21 and a pharmaceutically acceptable excipient.
23. A method of treating breast cancer comprising administering to a subject a compound,
pharmaceuiically acceptable sall, or pharmaceutical composition according to any one of the

preceding claims.

24. A method according to claim 23, wherein said breast cancer is an ER-positive breast

cancer.

25. A method according to claim 24, where said subject expresses a mutant ER-a protein.

26. A method of treating breast cancer comprising admunistering 1o a subject a compound or

pharmaceutically acceptable salt of claim 18 or claim 20.

27. The method of claim 26, wherein said breast cancer is an ER-positive breast cancer.

28. The method of claim 27, where said subject expresses a mutant ER-x protein.

29, Use of a compound, pharmaceutically acceptable salt, or pharmaceutical composition as

in one of claims 1-22 for treating breast cancer.

30. Use of compound, pharmaceutically acceptable salt, or pharmaceutical

compositionaccording to claim 29, wherein said breast cancer is an ER-positive breast cancer.
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31. Use of compound, pharmaceutically acceptable salt, or pharmaceutical composition

according to claim 30, where said subject expresses a mutant ER-¢ protein.
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