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PYRIDINE DERIVATIVES AS REARRANGED DURING
TRANSFECTION (RET) KINASE INHIBITORS

FIELD OF INVENTION

This invention relates to novel compounds which are inhibitors of the Rearranged during
Transfection (RET) kinase, to pharmaceutical compositions containing them, to processes for their
preparation, and to their use in therapy, alone or in combination, for the normalization of
gastrointestinal sensitivity, motility and/or secretion and/or abdominal disorders or diseases and/or
treatment related to diseases related to RET dysfunction or where modulation of RET activity may
have therapeutic benefit including but not limited to all classifications of irritable bowel syndrome
(IBS) including diarrhea-predominant, constipation-predominant or alternating stool pattern,
functional bloating, functional constipation, functional diarrhea, unspecified functional bowel
disorder, functional abdominal pain syndrome, chronic idiopathic constipation, functional
esophageal disorders, functional gastroduodenal disorders, functional anorectal pain, inflammatory
bowel disease, proliferative diseases such as non-small cell lung cancer, hepatocellular carcinoma,
colorectal cancer, medullary thyroid cancer, follicular thyroid cancer, anaplastic thyroid cancer,
papillary thyroid cancer, brain tumors, peritoneal cavity cancer, solid tumors, other lung cancer,
head and neck cancer, gliomas, neuroblastomas, Von Hippel-Lindau Syndrome and kidney tumors,
breast cancer, fallopian tube cancer, ovarian cancer, transitional cell cancer, prostate cancer, cancer
of the esophagus and gastroesophageal junction, biliary cancer and adenocarcinoma, and any

malignancy with increased RET kinase activity.

BACKGROUND OF THE INVENTION

Irritable bowel syndrome (IBS) is a common illness affecting 10-20% of individuals in
developed countries and is characterized by abnormal bowel habits, bloating and visceral
hypersensitivity (Camilleri, M., N. Engl. J. Med., 2012, 367:1626-1635). While the ctiology of
IBS is unknown it is thought to result from either a disorder between the brain and gastrointestinal
tract, a disturbance in the gut microbiome or increased inflammation. The resulting
gastrointestinal changes affect normal bowel transit resulting in either diarrhea or constipation.
Furthermore in a majority of IBS patients the sensitization of the peripheral nervous system results
in visceral hypersensitivity or allodynia (Keszthelyi, D., Eur. J. Pain, 2012, 16:1444-1454).

While IBS does not directly alter life expectancy it has a considerable effect on a patient’s
quality of life. Moreover there is a significant financial cost for IBS associated healthcare and lost
productivity due to worker absenteecism (Nellesen, D, et al., J. Manag. Care Pharm., 2013, 19:755-
764). One of the most important symptoms that greatly affect an IBS patient’s quality of life is
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visceral pain (Spiegel, B., et al., Am. J. Gastroenterol., 2008, 103:2536-2543). Molecular
strategies that inhibit IBS associated visceral pain would greatly influence the IBS patient’s quality
of life and reduce associated costs.

Rearranged during transfection (RET) is a neuronal growth factor receptor tyrosine kinase
that is activated upon binding one of four neurotrophic factors glial cell line-derived neurotrophic
factor (GDNF), neurturin, artemin and persephin in combination with a co-receptor GDNF family
receptor alpha-1, 2, 3, and 4 respectively (Plaza-Menacho, 1., et al., Trends Genet., 2006, 22:627-
636). RET is known to play an important role in the development and survival of afferent
nociceptors in the skin and gut. RET kinase knock-out mice lack enteric neurons and have other
nervous system anomalies suggesting that a functional RET kinase protein product is required
during development (Taraviras, S. et al., Development, 1999, 126:2785-2797). Moreover
population studies of patients with Hirschsprung’s disease characterized by colonic obstruction
due to lack of normal colonic enervation have a higher proportion of both familial and sporadic
loss of function RET mutations (Butler Tjaden N., et al., Transl. Res., 2013, 162:1-15).

Similarly, aberrant RET kinase activity is associated with multiple endocrine neoplasia
(MEN 2A and 2B), familial medullary thyroid carcinoma (FMTC), papillary thyroid carcinoma
(PTC) and Hirschsprung’s disease (HSCR) (Borello, M., et al., Expert Opin. Ther. Targets, 2013,
17:403-419). MEN 2A is a cancer syndrome resulting from a mutation in the extracellular
cysteine-rich domain of RET leading to dimerization vie a disulfide bond which causes
constitutive activation of the tyrosine kinase activity (Wells Jr, S., et al., J. Clin. Endocrinol.
Metab., 2013, 98:3149-3164). Individuals with this mutation may develop medullary thyroid
carcinoma (MTC), parathyroid hyperplasia, and pheochromocytoma. MEN 2B is caused by a
Met918Thr mutation in RET which changes the tyrosine kinase specificity. MEN 2B is similar to
MEN 2A, but lacks the parathyroid hyperplasia and also leads to development of numerous
mucosal ganglia of the lips, tongue, and intestinal tract. Chromosomal rearrangements linking the
promoter and NH2-terminal domains or unrelated gene(s) to the COOH-terminus of RET kinase
resulting in constitutively activated chimeric forms of the receptor (RET/PTC) are thought to be
tumor initiating events in PTC (Viglietto, G. et al., Oncogene, 1995, 11:1207-1210). PTC’s
encompass about 80% of all thyroid carcinomas. These data indicate that inhibition of RET may
be an afttractive therapeutic strategy for the treatment of pain associated with IBS and other

gastrointestinal disorders and for the treatment of cancers with constitutive RET kinase activity.
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SUMMARY OF THE INVENTION

The present invention relates to compounds according to Formula (I):

@

wherein:

R' is hydrogen, halogen, (C,-Ce)alkyl, halo(C-Cg)alkyl, (C;-Ce)cycloalkyl, hydroxyl,
(C-Co)alkoxy, halo(C;-Cy)alkoxy, (Cs-Cs)cycloalkoxy, amino, ((C,-Cg)alkyl)amino-, or
((C-Co)alkyD)((C,-Cg)alkyl)amino-;

ecach R? is independently selected from the group consisting of halogen, (C,-Cg)alkyl,
halo(C-Cg)alkyl, (C;-Cg)eycloalkyl, cyano, hydroxyl, (C,-Ce)alkoxy, halo(C,-Ce)alkoxy,
(C;5-Co)eycloalkoxy, amino, ((C-Ce)alkyl)amino-, and ((C,-Ce)alkyD)((C,-Ce)alkyl)amino-;

R’ is phenyl or 5- or 6-membered heteroaryl, each of which is optionally substituted with
one to three substituents independently selected from halogen, (C,-Cs)alkyl, halo(C;-Cg)alkyl,
(C;5-Co)evcloalkyl, cyano, 5- or 6-membered heteroaryl, -OR*, and -CONR’R®; wherein said
(C-Co)alkyl is optionally substituted by cyano, hydroxyl, (C;-Cy)alkoxy, halo(C,-C4)alkoxy, or
-NR’R®; and wherein said 5- or 6-membered heteroaryl substituent is optionally substituted by
halogen, (C,-Cy)alkyl, or halo(C,-Cy)alkyl;

R" is hydrogen, (C-Ce)alkyl, halo(C,-Cy)alkyl, (Cs-Cg)cycloalkyl, or 4- to 6-membered
heterocycloalkyl; wherein said (C-Cg)alkyl is optionally substituted by cyano, hydroxyl,
(C-Cy)alkoxy, halo(C,-C)alkoxy, or -NR’R®; and wherein said (C;-Cg)cycloalkyl is optionally
substituted with one or two substituents independently selected from (C,-Cy)alkyl,
halo(C-Cy)alkyl, hydroxyl, hydroxy(C;-Cy)alkyl, (C;-C,)alkoxy, and halo(C,-C,)alkoxy; and
wherein said 4- to 6-membered heterocycloalkyl is optionally substituted with one or two
substituents independently selected from (C;-Cy)alkyl and halo(C,-Cy)alkyl;

R’ and R are each independently selected from the group consisting of hydrogen,
(Ci-Cy)alkyl, and halo(C,-Cy)alkyl;

or R” and R® taken together with the nitrogen to which they are attached represent a 5- or

6- membered saturated ring, optionally containing an additional heteroatom selected from oxygen,
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nitrogen, and sulfur, wherein said ring is optionally substituted by halogen, (C,-Cy)alkyl, or
halo(C-Cy)alkyl; and

nis0, 1, or 2;

or pharmaceutically acceptable salts thereof.

This invention also relates to a pharmaceutical composition comprising a compound of
Formula (I) and a pharmaceutically acceptable excipient.

This invention also relates to a method of treating irritable bowel syndrome comprising
administering to a human in need thereof an effective amount of a compound of Formula (I) or a
pharmaceutically acceptable salt thereof. This invention also relates to a method of treating cancer
comprising administering to a human in need thercof an effective amount of a compound of
Formula (I) or a pharmaceutically acceptable salt thereof.

This invention also relates to compounds of Formula (I) for use in therapy. This invention
also relates to the use of a compound of Formula (I) or a pharmaceutically acceptable salt thercof
for the treatment of irritable bowel syndrome. This invention also relates to the use of a compound
of Formula (I) or a pharmaceutically acceptable salt thereof for the treatment of cancer.

This invention also relates to the use of a compound of Formula (I) or a pharmaceutically
acceptable salt thereof in the preparation of a medicament for the treatment of diseases mediated
by RET. This invention also relates to the use of a compound of Formula (I) or a pharmaceutically
acceptable salt thereof in the manufacture of a medicament for the treatment of irritable bowel
syndrome. This invention also relates to the use of a compound of Formula (I) or a
pharmaceutically acceptable salt thereof in the manufacture of a medicament for the treatment of

cancer.

DETAILED DESCRIPTION OF THE INVENTION

This invention relates to compounds of the Formula (I) or pharmaceutically acceptable
salts thereof as defined above.

This invention also relates to compounds of Formula (IT):

(ID
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wherein:

Xis N or CR";

R' is hydrogen, halogen, (C,-Ce)alkyl, halo(C-Cg)alkyl, (C5-Ce)cycloalkyl, hydroxyl,
(C-Co)alkoxy, halo(C;-Cg)alkoxy, (Cs-Cs)cycloalkoxy, amino, ((C,-Cg)alkyl)amino-, or
((C-Co)alkyD)((C,-Cg)alkyl)amino-;

ecach R? is independently selected from the group consisting of halogen, (C,-Cg)alkyl,
halo(C-Cg)alkyl, (C;-Cg)cycloalkyl, cyano, hydroxyl, (C;-Ce)alkoxy, halo(C,-Ce)alkoxy,
(C;5-Co)eyceloalkoxy, amino, ((C-Ce)alkyl)amino-, and ((C,-Ce)alkyD)((C,-Ce)alkyl)amino-;

R" is hydrogen, (C-Ce)alkyl, halo(C,-Cs)alkyl, (Cs-Cg)cycloalkyl, or 4- to 6-membered
heterocycloalkyl; wherein said (C;-Cg)alkyl is optionally substituted by cyano, hydroxyl,
(C-Cy)alkoxy, halo(C,-Cy)alkoxy, or -NR’R®; and wherein said (Cs-Ce)cycloalkyl is optionally
substituted with one or two substituents independently selected from (C,-Cy)alkyl,
halo(C-Cj)alkyl, hydroxyl, hvdroxy(C;-Cy)alkyl, (C;-C,)alkoxy, and halo(C,-C,)alkoxy; and
wherein said 4- to 6-membered heterocycloalkyl is optionally substituted with one or two
substituents independently selected from (C;-Cy)alkyl and halo(C,-Cy)alkyl;

R’ and R°® are each independently selected from the group consisting of hydrogen,
(C1-Cy)alkyl, and halo(C,-Cy)alkyl;

or R” and R® taken together with the nitrogen to which they are attached represent a 5- or
6- membered saturated ring, optionally containing an additional heteroatom selected from oxygen,
nitrogen, and sulfur, wherein said ring is optionally substituted by halogen, (C,-C,)alkyl, or
halo(C-Cy)alkyl;

R’ is hydrogen, halogen, or (C,-Cy)alkoxy;

R® is hydrogen, halogen, (C;-Cg)alkyl, halo(C;-Cs)alkyl, (C5-Ce)cycloalkyl, cyano, 5- or
6-membered heteroaryl, -OR?, or -CONR’R®; wherein said (C;-Cg)alkyl is optionally substituted
by cyano, hydroxyl, (C,-C4)alkoxy, halo(C,-Cs)alkoxy, or -NR’R®; and wherein said 5- or 6-
membered heteroaryl is optionally substituted by halogen, (C,-Cy)alkyl, or halo(C,-Cy)alkyl;

R’ is hydrogen, halogen, or halo(C,-Cj)alkyl;

R' is hydrogen, halogen, halo(C;-Cy)alkyl, or 5- or 6-membered heteroaryl, wherein said
5- or 6-membered heteroaryl is optionally substituted by halogen, (C,-C,)alkyl, or
halo(C,-Cy)alkyl; and

nis0, 1, or 2;

provided that when X is CR" at least one of R”, R®, R’, and R" is hydrogen;

or pharmaceutically acceptable salts thereof.
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In another embodiment, this invention relates to compounds of Formula (I) or (II) wherein
R' is fluorine, chlorine, (C,-C,)alkyl, hydroxyl, (C,-Cs)alkoxy, halo(C-Cy)alkoxy,
(C;5-Co)evcloalkoxy, amino, ((C-Ce)alkyl)amino-, or ((C;-Ce)alkyl)((C;-Cs)alkyl)amino-. In
another embodiment, this invention relates to compounds of Formula (I) or (II) wherein R' is
(Ci-Cy)alkoxy. In a specific embodiment, this invention relates to compounds of Formula (I) or
(I) wherein R' is ethoxy.

In another embodiment, this invention relates to compounds of Formula (I) or (II) wherein
nis 1 or 2 and each R” is independently halogen. In another embodiment, this invention relates to
compounds of Formula (I) or (II) wherein n is 1 or 2 and each R? is fluorine.

In another embodiment, this invention relates to compounds of Formula (I) wherein R is
phenyl which is optionally substituted with one to three substituents independently selected from
halogen, (C-Cs)alkyl, halo(C,-Ce)alkyl, (Cs-Cs)cycloalkyl, cyano, 5- or 6-membered heteroaryl,
-OR", and -CONR’R®; wherein said (C,-Cy)alkyl is optionally substituted by cyano, hydroxyl,
(C-Cy)alkoxy, halo(C,-Cy)alkoxy, or -NR’R®; and wherein said 5- or 6-membered heteroaryl is
optionally substituted by halogen, (C,;-Cy)alkyl, or halo(C,-Cy)alkyl. In another embodiment, this
invention relates to compounds of Formula (I) wherein R? is phenyl which is optionally substituted
with one to three substituents independently selected from fluorine, chlorine, (C-Cg)alkyl,
halo(C-Cy)alkyl, cyano, (C,-C,)alkoxy, hydroxy(C,-Cg)alkoxy-, (C;-Cg)alkoxy(C,-C4)alkoxy-,
amino(C,-Cy)alkoxy-, ((C,-Cy)alkyl)amino(C,-C4)alkoxy-,
((C1-Cypalkyl)((C1-Cy)alkyl)amino(C,-Cy)alkoxy-, and -CONH,; wherein said (C,-Cy)alkyl is
optionally substituted by cyano, hydroxyl, (C,-Cj)alkoxy, amino, ((C;-C,)alkyl)amino-, or
((C1-Cyalkyl)((C,-Cy)alkyDamino-. In another embodiment, this invention relates to compounds
of Formula (I) wherein R? is phenyl which is optionally substituted with one or two substituents
independently selected from (C,-C,)alkyl and halo(C,-C,)alkyl; wherein said (C;-Cy)alkyl is
optionally substituted by cvano or hydroxyl.

In another embodiment, this invention relates to compounds of Formula (I) wherein R? is
furanyl, thienyl, pyrrolyl, imidazolyl, pyrazolyl, triazolyl, tetrazolyl, oxazolyl, thiazolyl,
1soxazolyl, isothiazolyl, oxadiazolyl, thiadiazolyl, pyridinyl, pyridazinyl, pyrazinyl, pyrimidinyl,
or triazinyl, each of which is optionally substituted with one to three substituents independently
selected from halogen, (C,-Cg)alkyl, halo(C,-Ce)alkyl, (C;-Ce)cycloalkyl, cyano, 5- or 6-
membered heteroaryl, -OR?, and -CONR’R®; wherein said (C,-Cs)alkyl is optionally substituted by
cyano, hydroxyl, (C;-C,)alkoxy, halo(C,-C,)alkoxy, or -NR’R®; and wherein said 3- or
6-membered heteroaryl is optionally substituted by halogen, (C,-C,)alkyl, or halo(C;-Cyalkyl. In
another embodiment, this invention relates to compounds of Formula (I) wherein R? is furanyl,

thienyl, pyrrolyl, imidazolyl, pyrazolyl, triazolyl, tetrazolyl, oxazolyl, thiazolyl, isoxazolyl,
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isothiazolyl, oxadiazolyl, thiadiazolyl, pyridinyl, pyridazinyl, pyrazinyl, pyrimidinyl, or triazinyl,
cach of which is optionally substituted with one to three substituents independently selected from
fluorine, chlorine, (C,-Cg)alkyl, halo(C,-C,)alkyl, cyano, (C;-Cy)alkoxy, hydroxy(C,-C4)alkoxy-,
(C-Cyalkoxy(C,-Cy)alkoxy-, amino(C,-Cy)alkoxy-, ((C;-Cy)alkyl)amino(C,-Cy)alkoxy-,
((C-CyalkyD)((C,-Cy)alkyDamino(C,-Cy)alkoxy-, and -CONH;; wherein said (C;-C¢)alkyl is
optionally substituted by cyano, hydroxyl, (C;-Cj)alkoxy, amino, ((C;-C,)alkyl)amino-, or
((C-Cyalky)((C,-Cy)alkyDamino-.

In another embodiment, this invention relates to compounds of Formula (I) wherein R is
pyridinyl which is optionally substituted with one to three substituents independently selected
from fluorine, chlorine, (C;-C¢)alkyl, halo(C,-C,)alkyl, cyano, (C;-Cy)alkoxy,
hydroxy(C,-Cy)alkoxy-, (C;-Cy)alkoxy(C,-Cy)alkoxy-, amino(C,-C,)alkoxy-,
((C-Cy)alkylamino(C,-Cy)alkoxy-, ((C;-Cy)alkyl)((C,-Cy)alkyl)amino(C,-Cy)alkoxy-, and
-CONH,; wherein said (C;-Ce)alkyl is optionally substituted by cyano, hydroxyl, (C,-Cy)alkoxy,
amino, ((C;-Cy)alkyl)amino-, or ((C,-Cj)alkyl)((C,-Cs)alkyl)amino-. In another embodiment, this
invention relates to compounds of Formula (I) wherein R is pyridinyl which is optionally
substituted with one or two substituents independently selected from (C,-Cy)alkyl and
halo(C-Cy)alkyl; wherein said (C;-C,)alkyl is optionally substituted by cyano or hydroxyl.

In another embodiment, this invention relates to compounds of Formula (I) wherein R is
furanyl, thienyl, pyrrolyl, imidazolyl, pyrazolyl, triazolyl, tetrazolyl, oxazolyl, thiazolyl,
isoxazolyl, isothiazolyl, oxadiazolyl, thiadiazolyl, pyridinyl, pyridazinyl, pyrazinyl, pyrimidinyl,
or triazinyl, each of which is optionally substituted by (C;-C4)alkyl or halo(C;-Cy)alkyl. In another
embodiment, this invention relates to compounds of Formula (I) wherein R? is isoxazolyl which is
optionally substituted by (C,-C,)alkyl or halo(C,-C,)alkyl.

In another embodiment, this invention relates to compounds of Formula (IT) wherein R is
hydrogen or halogen. In a specific embodiment, this invention relates to compounds of Formula
(IT) wherein R’ is hydrogen or fluorine. In a more specific embodiment, this invention relates to
compounds of Formula (IT) wherein R’ is hydrogen.

In another embodiment, this invention relates to compounds of Formula (IT) wherein R® is
hydrogen, fluorine, chlorine, (C,-C¢)alkyl, halo(C,-C,)alkyl, cyano, (C,-C,)alkoxy,
hydroxy(C,-C,)alkoxy-, (C;-Cy)alkoxy(C,-Cy)alkoxy-, amino(C,-C,)alkoxy-,
((C-Cy)alkyl)amino(C,-Cy)alkoxy-, ((C;-Cy)alkyl)((C,-Cy)alkyl)amino(C,-Cy)alkoxy-, or
-CONH,; wherein said (C;-Ce)alkyl is optionally substituted by cyano, hydroxyl, (C,-Cy)alkoxy,
amino, ((C;-Cy)alkyl)amino-, or ((C,-Cy)alkyl)((C,-Cs)alkyl)amino-. In another embodiment, this
invention relates to compounds of Formula (IT) wherein R is hydrogen or (C;-C)alkyl; wherein

said (C;-Cg)alkyl is optionally substituted by cyano, hydroxyl, (C;-Cy)alkoxy, amino,
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((C-Cy)alkylamino-, or ((C;-Cy)alky])((C,-Cy)alkyl)amino-. In another embodiment, this
invention relates to compounds of Formula (IT) wherein R® is (C,-Cj)alkyl which is optionally
substituted by cyano, hydroxyl, (C;-Cy)alkoxy, amino, ((C,-Cy)alkyl)amino-, or
((C-Cyalky)((C,-Cy)alkyDamino-.

In another embodiment, this invention relates to compounds of Formula (IT) wherein R’ is
halo(C-Cy)alkyl. In a specific embodiment, this invention relates to compounds of Formula (IT)
wherein R’ is trifluoromethyl.

In another embodiment, this invention relates to compounds of Formula (II) wherein X is
CR' and R" is hydrogen, halogen, halo(C,-Cy)alkyl, furanyl, thienyl, pyrrolyl, imidazolyl,
pvrazolyl, triazolyl, tetrazolyl, oxazolyl, thiazolyl, isoxazolyl, isothiazolyl, oxadiazolyl,
thiadiazolyl, pyridinyl, pyridazinyl, pyrazinyl, pyrimidinyl, or triazinyl, wherein said furanyl,
thienyl, pyrrolyl, imidazolyl, pyrazolyl, triazolyl, tetrazolyl, oxazolyl, thiazolyl, isoxazolyl,
isothiazolyl, oxadiazolyl, thiadiazolyl, pyridinyl, pyridazinyl, pyrazinyl, pyrimidinyl, or triazinyl is
optionally substituted by halogen, (C,;-Cy)alkyl, or halo(C,-Cy)alkyl. In another embodiment, this
invention relates to compounds of Formula (II) wherein X is CR" and R" is hydrogen, fluorine,
chlorine, or trifluoromethyl. In a specific embodiment, this invention relates to compounds of
Formula (IT) wherein X is CH. In another specific embodiment, this invention relates to
compounds of Formula (IT) wherein X is N.

In a particular embodiment, this invention relates to compounds of Formula (I1) or
pharmaceutically acceptable salts thereof wherein:

Xis CH;

R is (C,-Cy)alkoxy:

cach R? is independently halogen:

R’ is hydrogen or halogen;

R? is hydrogen, fluorine, chlorine, (C1-Cg)alkyl, halo(C,-Cy)alkyl, cyano, (C,-C4)alkoxy,
hydroxy(C,-C,)alkoxy-, (C;-Cy)alkoxy(C,-Cy)alkoxy-, amino(C,-C,)alkoxy-,
((C-Cyalkylamino(C,-Cy)alkoxy-, ((C,-Cy)alkyl)((C,-Cy)alkyl)amino(C,-C,)alkoxy-, or
-CONH,; wherein said (C;-Ce)alkyl is optionally substituted by cvano, hydroxyl, (C,-Cy)alkoxy,
amino, ((C;-Cy)alkyl)amino-, or ((C,-Cy)alky1)((C,-C,)alkyl)amino-;

R’ is halo(C;-Cy)alkyl; and

nis 1 or2.

In a particular embodiment, this invention relates to compounds of Formula (IT) or
pharmaceutically acceptable salts thereof wherein:

XisN;

R' is (C,-Cy)alkoxy;
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cach R” is independently halogen:

R is hvdrogen or halogen:

R%is hydrogen, fluorine. chlorinc, (C;-Cg)alkyl, halo(C,-Cy)alkyl. cvano, (C;-C,)alkoxy.

hyvdroxy(Cy-Cy)alkoxy-, (C;-C alkoxy(C,-Cy)alkoxy-, amino(C>-C)alkoxy-,
((C-Cyalkyl)amino(C,-Cy)alkoxy-. ((C1-Cy)alky1)((C-Cy)alkyDamino(C,-Cy)alkoxy -, or

-CONH,: wherein said (C-C)alky] is optionally substituted by cvano. hyvdroxyl, (C,-C,)alkoxy.

amino. ((C-Cyalkyl)amino-. or ((C,-Cy)alkv)((C,-C alkyvl)amino-:
R’ is halo(C;-Cy)alkyvl: and

nislor2.

This invention also rclates to compounds that are exemplificed in the Experimental scction.

Specific compounds of this invention include:
2-(4-(5-ethoxy-6-oxo-1.6-dihvdropyridin-3-v1)-2-fluoropheny1)-N-(6-(2-
hyvdroxypropan-2-vl)-3-(trifluoromcthyl)pyridin-3-vl)acctamide:
N-(6-cthoxy-5-(trifluoromcthvl)pyridin-3-v1)-2-(4-(5-cthoxy-6-ox0-1.6-
dihvdropyridin-3-31)-2-fluorophenyl)acectamide:
2-(4-(4-cthoxv-6-ox0-1.6-dihvdropyridin-3-v1)-2-fluoropheny1)-N-(4-(3-hydroxy-
2.2-dimcthylpropy1)-3-(trifluoromethy I)phenyl)acetamide:
2~(4-(5-cthoxy-6-ox0-1.6-dihvdropyridin-3-v1)-2,3-difluorophenyl)-N-(4-(2-
hydroxyethoxy)-3-(trifluoromethyl)phenyl)acctamide;
2-(4-(5-ethoxy-6-ox0-1.6-dihvdropyridin-3-v1)-2-fluoropheny 1)-N-(4-(3-hydroxy -
2.2-dimcthylpropyl)-3-(trifluoromcthy I)phenyl)acetamide:
2-(4-(3-cthoxy-6-ox0-1.6-dihvdropyridin-3-v1)-3-fluoropheny1)-V-(4-(3-hydroxy-
2.2-dimethyvlpropy1)-3-(trifluoromethy ) phenyl)acetamide:
N-(4-cvano-3-(trifluoromethyl)pheny1)-2-(4-(4-ethoxy-6-oxo-1.6-dihvdropyridin-
3-v1)-3-fluorophenyl)acetamide:
2~(4-(5-cthoxy-6-oxo-1,6-dihvdropyridin-3-y1)-2,6-difluorophcenyl)-N-(4-(2-
hvdroxycthoxy)-3-(trifluoromethy)phenyl)acectamide:
N-(4-cvano-3-(trifluoromethyl)pheny1)-2-(4-(5-ethoxy-6-ox0- 1 .6-dihyvdropyridin-
3-v1)-2-fluorophenyl)acetamide:
N-(6-(2-(dimethyvlamino)cthoxy)-3-(trifluoromethy1)pyridin-3-v1)-2-(4-(4-ethoxy -
6-oxo0-1.6-dihvdropyvridin-3-v1)-2-fluorophenyl)acetamide:
2-(4-(5-cthoxv-6-ox0-1.6-dihvdropyridin-3-v1)-2-fluoropheny1)-N-(3-(4-methy -
1H-imidazol-1-v1)-3-(trifluoromethyvl)phenyl)acctamide:
N-(6-(2-cyanopropan-2-v1)-3-(trifluoromethyl)pvridin-3-v1)-2-(4-(3-cthoxy-6-oxo-

1.6-dihvdropyridin-3-vl)-2-fluorophenyl)acctamide:
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2-(4-(5-ethoxy-6-ox0-1,6-dihydropyridin-3-yl)-2-fluorophenyl)-N-(4-(2-
hydroxyethoxy)-3-(trifluoromethyl)phenyl)acetamide;
N-(6-(cyanomethyl)-5-(trifluoromethyl)pyridin-3-y1)-2-(4-(5-ethoxy-6-oxo-1,6-
dihydropyridin-3-yl)-2-fluorophenyl)acetamide:
N-(6-(1-cvanoethyl)-5-(trifluoromethyl)pyridin-3-y1)-2-(4-(5-cthoxy-6-oxo-1,6-
dihydropyridin-3-yl)-2-fluorophenyl)acetamide:
N-(4-chloro-3-(trifluoromethyl)phenyl)-2-(4-(5-ethoxy-6-ox0-1,6-dihydropyridin-
3-yl)-2-fluorophenyl)acetamide;
N-(4-((dimethylamino)methyl)-3-(trifluoromethyl)phenyl)-2-(4-(5-ethoxy-6-ox0-
1,6-dihydropyridin-3-yl)-2-fluorophenyl)acetamide;
N-(3.4-dichlorophenyl)-2-(4-(5-cthoxy-6-ox0-1,6-dihydropyridin-3-yl)-2-
fluorophenyl)acetamide;
2-(4-(5-ethoxy-6-ox0-1,6-dihydropyridin-3-yI)-2-fluorophenyl)-N-(5-(1,1,1-
trifluoro-2-methylpropan-2-yl)isoxazol-3-yl)acetamide;
2-(4-(4-ethoxy-6-ox0-1,6-dihydropyridin-3-yl)-2-fluorophenyl)-N-(4-(2-
hydroxyethoxy)-3-(trifluoromethyl)phenyl)acetamide;
2-(4-(5-ethoxy-6-ox0-1,6-dihydropyridin-3-yl)-2-fluorophenyl)-N-(4-((4-
ethylpiperazin-1-yl)methyl)-3-(trifluoromethyl)phenyl)acetamide;
N-(2,5-difluorophenyl)-2-(4-(5-c¢thoxy-6-ox0-1,6-dihydropyridin-3-y1)-2-
fluorophenyl)acetamide;
4-(2-(4-(5-ethoxy-6-ox0-1,6-dihydropyridin-3-yl)-2-fluorophenyl)acetamido)-2-
(trifluoromethyl)benzamide;
N-(2,4-difluoro-5-(trifluoromethyl)phenyl)-2-(4-(5-ethoxy-6-ox0-1,6-
dihydropyridin-3-vl)-2-fluorophenyl)acetamide:
N-(3,5-bis(trifluoromethyl)phenyl)-2-(4-(5-ethoxy-6-oxo-1,6-dihydropyridin-3-
yl)-2-fluorophenyl)acetamide:
2-(4-(5-ethoxy-6-ox0-1,6-dihydropyridin-3-yl)-2-fluorophenyl)-N-(2-fluoro-5-
(trifluoromethyl)phenyl)acetamide;
2-(4-(4-ethoxy-6-ox0-1,6-dihydropyridin-3-yI)-2-fluorophenyl)-N-(3-(1,1,1-
trifluoro-2-methylpropan-2-yl)isoxazol-5-yl)acetamide;
2-(4-(5-ethoxy-6-ox0-1,6-dihydropyridin-3-yl)-2-fluorophenyl)-N-(3-(1,1,1-
trifluoro-2-methylpropan-2-yl)isoxazol-5-yl)acetamide;
2-(4-(4-ethoxy-6-ox0-1,6-dihydropyridin-3-yl)-2-fluorophenyl)-N-(3-(5-methyl-
1,3,4-oxadiazol-2-yl)-5-(trifluoromethyl)phenyl)acetamide;
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2-(4-(4-cthoxy-6-ox0-1.6-dihydropyridin-3-v1)-2-fluorophenyl)-N-(3-(1.1.1-
trifluoro-2-mcthylpropan-2-vl)isoxazol-3-vl)acetamide:
2-(4-(4-cthoxy-6-0x0-1,6-dihvdropyridin-3-y1)-2-fluorophenyl)-N-(6-( 1 -hydroxy-
2-methvipropan-2-vl)-5-(trifluoromethyvl)pyridin-3-vl)acctamide:
2-(d-(4-cthoxy-6-ox0-1.6-dihvdropyridin-3-v1)-3-fluoropheny1)-N-(4-(3-hydroxy-
2.2-dimcthyvIpropy1)-3-(trifluoromethy I)phenyljacetamide:
2-(4-(4-cthoxv-6-oxo-1,6-dihvdropyridin-3-v1)-2-fluoropheny1)-N-(3-
(trifluoromethyl)phenyl)acetamide:
2-(4-(5-cthoxy-6-0x0-1.6-dihvdropyridin-3-v1)-2-fluoropheny1)-N-(3-(4-methyl-
| H-pyrazol- | -v1)-3~(trifluoromcthyl)phenylacetamide:
2-(4-(5-cthoxy-6-ox0-1.6-dihvdropyridin-3-v1)-2-fluoropheny1)-N-(3-(3-mcthyl-
1 H-pyrazol-1-v1)-3-(trifluoromcthyvl)phenyl)acetamide:
N-(3-(1H-pyrazol-4-v1)-5-(trifluoromcthyl)phenyl)-2-(4-(5-cthoxy-6-oxo-1.6-
dihydropyridin-3-v1)-2-fluorophenyl)acctamide:
2-(4-(4-cthoxv-6-oxo-1.6-dihvdropyridin-3-v1)-2-fluoropheny1)-N-(6-(1.1.1-
trifluoro-2-methvlpropan-2-v1)pyridin-3-vl)acctamide:
N-(4-cvano-3-(trifluoromethyl)phenyl)-2-(4-(4-cthoxy-6-oxo-1.6-dihydropy ridin-
3-v1)-2-fluorophenvl)acctamide:
2-(4-(5-cthoxy-6-ox0-1.6-dihvdropyridin-3-v1)-2-fluoropheny1)-N-(3-(2-
morpholinocthoxy)-3-(trifluoromcthy1)phenyDacetamide:
2-(4-(4-cthoxv-6-ox0-1.6-dihvdropyridin-3-v1)-2-fluoropheny1)-N-(3-(1.1.1-
trifluoro-2-methylpropan-2-vl)isoxazol-3-vl)acctamide:
2-(4-(3-cthoxv-6-oxo0-1,6-dihvdropyridin-3-v1)-2-fluoropheny1)-N-(1-methyl-3-
(1.1, 1-trifluoro-2-methylpropan-2-vl)- 1 H-pyrazol-5-vl)acctamide:
2-(4-(3-cthoxv-6-oxo0-1.6-dihvdropyridin-3-v1)-2-fluoropheny1)-N-(3-(1.1.1-
trifluoro-2-methvlpropan-2-v1)-1 H-pyrazol-3-vacetamide:
N-(4-(2.2-difluoro-3-hydroxypropy1)-3-(trifluoromethy 1)pheny1)-2-(4-(5-cthoxy-6-
ox0-1,6-dihydropyridin-3-v1)-2-fluorophenyl)acetamide:
N-(3-(2H-tctrazol-3-y1)-3-(trifluoromethyl)phenyl)-2-(4-(5-cthoxy-6-ox0-1.6-
dihydropyridin-3-vI)-2-fluorophenyl)acctamide:
2-(d-(3-cthoxv-6-ox0-1.6-dihvdropyridin-3-v1)-2-fluoropheny 1)-N-(3-( 1 -methyl-
| H-pyrazol-4-v1)-3-(trifluoromethyl)phenyl)acctamide: and
N-(3-(2-(dimcthylamino)cthoxy)-3-(trifluoromethyl)phenyl)-2-(4-(5-cthoxy-6-
oxo0-1,6-dihydropyridin-3-y1)-2-fluorophcnyl)acetamide:

or pharmaccutically acceptable salts thereof.




10

15

20

25

30

WO 2014/141187 PCT/IB2014/059817
12

A person of ordinary skills in the art recognizes that compounds of the present invention
may have alternative names when different naming software is used.

This invention also relates to compounds of Formula (I) or (II) or any of the exemplified
compounds, or their pharmaceutically acceptable salts thereof, for use in therapy. In particular, for
use in the treatment of disecases mediated by RET: irritable bowel syndrome (IBS) including
diarrhea-predominant, constipation-predominant or alternating stool pattern, functional bloating,
functional constipation, functional diarrhea, unspecified functional bowel disorder, functional
abdominal pain syndrome, chronic idiopathic constipation, functional esophageal disorders,
functional gastroduodenal disorders, functional anorectal pain, inflammatory bowel disease,
proliferative discases such as non-small cell lung cancer, hepatocellular carcinoma, colorectal
cancer, medullary thyroid cancer, follicular thyroid cancer, anaplastic thyroid cancer, papillary
thyroid cancer, brain tumors, peritoneal cavity cancer, solid tumors, other lung cancer, head and
neck cancer, gliomas, neuroblastomas, Von Hippel-Lindau Syndrome and kidney tumors, breast
cancer, fallopian tube cancer, ovarian cancer, transitional cell cancer, prostate cancer, caner of the
esophagus and gastroesophageal junction, biliary cancer and adenocarcinoma. In particular, this
invention relates to compounds of Formula (I) or (II) or any of the exemplified compounds, or
their pharmaceutically acceptable salts thereof, for use in the treatment of irritable bowel syndrome
(IBS) including diarrhea-predominant, constipation-predominant or alternating stool pattern,
functional bloating, functional constipation, functional diarrhea, unspecified functional bowel
disorder, functional abdominal pain syndrome, chronic idiopathic constipation, functional
esophageal disorders, functional gastroduodenal disorders, functional anorectal pain, inflammatory
bowel disease, non-small cell lung cancer, hepatocellular carcinoma, colorectal cancer, medullary
thyroid cancer, follicular thyroid cancer, anaplastic thyroid cancer, papillary thyroid cancer, brain
tumors, peritoneal cavity cancer, solid tumors, other lung cancer, head and neck cancer, gliomas,
neuroblastomas, Von Hippel-Lindau Syndrome and kidney tumors, breast cancer, fallopian tube
cancer, ovarian cancer, transitional cell cancer, prostate cancer, cancer of the esophagus and
gastroesophageal junction, biliary cancer and adenocarcinoma.

This invention also relates to compounds of Formula (I) or (II) or any of the exemplified
compounds, or their pharmaceutically acceptable salts thereof, for use as a medicament. In
another embodiment, the invention relates to the use of compounds of the invention in the
preparation of a medicament for the treatment of diseases mediated by RET. This invention also
relates to compounds of Formula (I) or (II) or any of the exemplified compounds, or their
pharmaceutically acceptable salts thereof, in the manufacture of a medicament for the treatment of

irritable bowel syndrome. This invention also relates to compounds of Formula (I) or (II) or any of
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the exemplified compounds, or their pharmaceutically acceptable salts thereof, in the manufacture
of a medicament for the treatment of cancer.

This invention also relates to the use of compounds of Formula (I) or (II) or any of the
exemplified compounds in therapy. The invention further includes the use of compounds of the
invention as an active therapeutic substance, in particular in the treatment of discases mediated by
RET. This invention also relates to the use of compounds of Formula (I) or (II) or any of the
exemplified compounds for the treatment of irritable bowel syndrome. This invention also relates
to the use of compounds of Formula (I) or (II) or any of the exemplified compounds for the
treatment of cancer.

Because of their potential use in medicine, the salts of the compounds of Formula (I) are
preferably pharmaceutically acceptable. Suitable pharmaceutically acceptable salts include those
described by Berge, Bighley, and Monkhouse, J Pharm. Sci. (1977) 66, pp 1-19. Salts
encompassed within the term “pharmaceutically acceptable salts™ refer to non-toxic salts of the
compounds of this invention. Salts of the disclosed compounds containing a basic amine or other
basic functional group may be prepared by any suitable method known in the art, including
treatment of the free base with an inorganic acid, such as hydrochloric acid, hydrobromic acid,
sulfuric acid, nitric acid, phosphoric acid, and the like, or with an organic acid, such as acetic acid,
trifluoroacetic acid, maleic acid, succinic acid, mandelic acid, fumaric acid, malonic acid, pyruvic
acid, oxalic acid, glycolic acid, salicylic acid, pyranosidyl acid, such as glucuronic acid or
galacturonic acid, alpha-hydroxy acid, such as citric acid or tartaric acid, amino acid, such as
aspartic acid or glutamic acid, aromatic acid, such as benzoic acid or cinnamic acid, sulfonic acid,
such as p-toluenesulfonic acid, methanesulfonic acid, ethanesulfonic acid or the like. Examples of
pharmaceutically acceptable salts include sulfates, pyrosulfates, bisulfates, sulfites, bisulfites,
phosphates, chlorides, bromides, iodides, acetates, propionates, decanoates, caprylates, acrylates,
formates, isobutyrates, caproates, heptanoates, propiolates, oxalates, malonates succinates,
suberates, sebacates, fumarates, maleates, butyne-1,4-dioates, hexyne-1,6-dioates, benzoates,
chlorobenzoates, methylbenzoates, dinitrobenzoates, hydroxybenzoates, methoxybenzoates,
phthalates, phenylacetates, phenylpropionates, phenylbutrates, citrates, lactates, v-
hydroxybutyrates, glvcolates, tartrates mandelates, and sulfonates, such as xylenesulfonates,
methanesulfonates, propanesulfonates, naphthalene-1-sulfonates and naphthalene-2-sulfonates.

Salts of the disclosed compounds containing a carboxylic acid or other acidic functional
group can be prepared by reacting with a suitable base. Such a pharmaceutically acceptable salt
may be made with a base which affords a pharmaceutically acceptable cation, which includes
alkali metal salts (especially sodium and potassium), alkaline earth metal salts (especially calcium

and magnesium), aluminum salts and ammonium salts, as well as salts made from physiologically
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acceptable organic bases such as trimethylamine, triethylamine, morpholine, pyridine, piperidine,
picoline, dicyclohexylamine, N,N -dibenzylethyvlenediamine, 2-hydroxyethylamine, bis-(2-
hydroxyethyl)amine, tri-(2-hydroxyethyl)amine, procaine, dibenzylpiperidine,
dehydroabietylamine, N N'-bisdehydroabietylamine, glucamine, N-methylglucamine, collidine,
choline, quinine, quinoline, and basic amino acid such as lysine and arginine.

Other salts, which are not pharmaceutically acceptable, may be useful in the preparation of
compounds of this invention and these should be considered to form a further aspect of the
invention. These salts, such as trifluoroacetate, while not in themselves pharmaceutically
acceptable, may be useful in the preparation of salts useful as intermediates in obtaining the
compounds of the invention and their pharmaceutically acceptable salts.

If a compound of the invention containing a basic amine or other basic functional group is
isolated as a salt, the corresponding free base form of that compound may be prepared by any
suitable method known to the art, including treatment of the salt with an inorganic or organic base,
suitably an inorganic or organic base having a higher pK, than the free base form of the compound.
Similarly, if a compound of the invention containing a carboxylic acid or other acidic functional
group is isolated as a salt, the corresponding free acid form of that compound may be prepared by
any suitable method known to the art, including treatment of the salt with an inorganic or organic
acid, suitably an inorganic or organic acid having a lower pK, than the free acid form of the
compound.

As used herein, the term “a compound of Formula (I)” or “the compound of Formula (T)”
refers to one or more compounds according to Formula (I). The compound of Formula (I) may
exist in solid or liquid form. In the solid state, it may exist in crystalline or noncrystalline form, or
as a mixture thereof. The skilled artisan will appreciate that pharmaceutically acceptable solvates
may be formed for crystalline or non-crystalline compounds. In crystalline solvates, solvent
molecules are incorporated into the crystalline lattice during crystallization. Solvates may involve
non-aqueous solvents such as, but not limited to, ethanol, isopropanol, DMSO, acetic acid,
ethanolamine, or ethyl acetate, or they may involve water as the solvent that is incorporated into
the crystalline lattice. Solvates wherein water is the solvent incorporated into the crystalline lattice
are typically referred to as "hydrates." Hydrates include stoichiometric hydrates as well as
compositions containing variable amounts of water. The invention includes all such solvates.

The skilled artisan will further appreciate that certain compounds of the invention that
exist in crystalline form, including the various solvates thereof, may exhibit polymorphism (i.¢. the
capacity to occur in different crystalline structures). These different crystalline forms are typically
known as "polymorphs." The invention includes all such polymorphs. Polymorphs have the same

chemical composition but differ in packing, geometrical arrangement, and other descriptive
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properties of the crystalline solid state. Polymorphs, therefore, may have different physical
properties such as shape, density, hardness, deformability, stability, and dissolution properties.
Polymorphs typically exhibit different melting points, IR spectra, and X-ray powder diffraction
patterns, which may be used for identification. The skilled artisan will appreciate that different
polymorphs may be produced, for example, by changing or adjusting the reaction conditions or
reagents, used in making the compound. For example, changes in temperature, pressure, or
solvent may result in polymorphs. In addition, one polymorph may spontancously convert to
another polymorph under certain conditions.

The compound of Formula (I) or (II) or salts thercof may exist in stercoisomeric forms
(e.g., it contains one or more asymmetric carbon atoms). The individual stereoisomers
(enantiomers and diastereomers) and mixtures of these are included within the scope of the present
invention. The scope of the present invention includes mixtures of stercoisomers as well as
purified enantiomers or enantiomerically/diastereomerically enriched mixtures.

Likewise, it is understood that a compound or salt of Formula (I) or (II) may exist in
tautomeric forms other than that shown in the formula and these are also included within the scope
of the present invention. For example, while the compounds of Formula (I) and (II) are depicted
as containing a pyridin-2-one moiety, the corresponding 2-hydroxypvridine tautomer is also
included within the scope of the present invention. It is to be understood that the present invention
includes all combinations and subsects of the particular groups defined hereinabove.

It will be appreciated by those skilled in the art that certain protected derivatives of
compounds of Formula (I) or (II), which may be made prior to or following a final deprotection
stage, may not possess pharmacological activity as such, but may, in certain instances, be
administered orally or parenterally and thereafter metabolized in the body to form compounds of
the invention which are pharmacologically active. Such derivatives may therefore be described as
“prodrugs”. Further, certain compounds of the invention may act as prodrugs of other compounds
of the invention. All protected derivatives and prodrugs of compounds of the invention are
included within the scope of the invention.

Examples of suitable pro-drugs for the compounds of the present invention are described
in Drugs of Today, Volume 19, Number 9, 1983, pp 499 - 538 and in Topics in Chemistry,
Chapter 31, pp 306 - 316 and in “Design of Prodrugs” by H. Bundgaard, Elsevier, 1985, Chapter 1.
It will further be appreciated by those skilled in the art, that certain moieties, known to those
skilled in the art as “pro-moieties”, for example as described by H. Bundgaard in “Design of
Prodrugs™ may be placed on appropriate functionalities when such functionalities are present
within compounds of the invention. Preferred “pro-moicties” for compounds of the invention

include: ester, carbonate ester, hemi-ester, phosphate ester, nitro ester, sulfate ester, sulfoxide,
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amide, carbamate, azo-, phosphamide, glycoside, ether, acetal, and ketal derivatives of the
compounds of Formula (I) or (II).

Administration of a compound of the invention as a prodrug may enable the skilled artisan
to do one or more of the following: (a) modify the onset of the compound in vivo; (b) modify the
duration of action of the compound in vivo; (¢) modify the transportation or distribution of the
compound in vivo; (d) modify the solubility of the compound in vivo, and (¢) overcome or
overcome a side effect or other difficulty encountered with the compound.

The subject invention also includes isotopically-labelled compounds, which are identical
to those recited in Formula (I) and following, but for the fact that one or more atoms are replaced
by an atom having an atomic mass or mass number different from the atomic mass or mass number
usually found in nature. Examples of isotopes that can be incorporated into compounds of the
invention and pharmaceutically acceptable salts thereof include isotopes of hydrogen, carbon,
nitrogen, oxygen, phosphorous, sulphur, fluorine, iodine, and chlorine, such as ’H, °H, "'c, “C,
14C, ISN, 1703 1803 31P, SZP, SSS’ ISF’ 36Cl’ 123L and "1

Compounds of the present invention and pharmaceutically acceptable salts of said
compounds that contain the aforementioned isotopes and/or other isotopes of other atoms are
within the scope of the present invention. Isotopically-labelled compounds of the present
invention, for example those into which radioactive isotopes such as *H or "*C are incorporated,
arc uscful in drug and/or substrate tissue distribution assays. Tritiated, i.c., *H, and carbon-14, i.c.,
1, isotopes are particularly preferred for their ease of preparation and detectability. ''C and "F
isotopes are particularly useful in PET (positron emission tomography), and I isotopes are
particularly useful in SPECT (single photon emission computerized tomography), all useful in
brain imaging. Further, substitution with heavier isotopes such as deuterium, i.c., *H, can afford
certain therapeutic advantages resulting from greater metabolic stability, for example increased in
vivo half-life or reduced dosage requirements and, hence, may be preferred in some circumstances.
Isotopically labelled compounds of Formula (I) and following of this invention can generally be
prepared by carrying out the procedures disclosed in the Schemes and/or in the Examples below,
by substituting a readily available isotopically labelled reagent for a non-isotopically labelled

reagent.

DEFINITIONS
Terms are used within their accepted meanings. The following definitions are meant to
clarify, but not limit, the terms defined.
As used herein, the term "alkyl" represents a saturated, straight, or branched hydrocarbon

moiety. The term "(C;-Co)alkyl" refers to an alkyl moiety containing from 1 to 6 carbon atoms.
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Exemplary alkyls include, but are not limited to methyl, ethyl, 7-propyl, isopropvl, »-butyl,
isobutyl, s-butyl, -butyl, pentyl, and hexyl.

When the term "alkyl" is used in combination with other substituent groups, such as
"halo(C;-Cy)alkyl" or “hydroxy(C;-Cy)alkyl”, the term “alkyl™ is intended to encompass a divalent
straight or branched-chain hydrocarbon radical, wherein the point of attachment is through the
alkyl moiety. The term “halo(C;-Cy)alkyl” is intended to mean a radical having one or more
halogen atoms, which may be the same or different, at one or more carbon atoms of an alkyl
moiety containing from 1 to 4 carbon atoms, which is a straight or branched-chain carbon radical.
Examples of "halo(C,-C,)alkyl" groups useful in the present invention include, but are not limited
to, -CF; (trifluoromethyl), -CCl; (trichloromethyl), 1,1-difluoroethyl, 2.2 2-trifluorocthyl, and
hexafluoroisopropyl. Examples of “hydroxy(C,-C4)alkyl” groups useful in the present invention
include, but are not limited to, hydroxymethyl, hydroxyethyl, and hydroxyisopropyl.

“Alkoxy” refers to a group containing an alkyl radical, defined hercinabove, attached
through an oxygen linking atom. The term “(C;-Cy)alkoxy” refers to a straight- or branched-chain
hydrocarbon radical having at least 1 and up to 4 carbon atoms attached through an oxygen linking
atom. Exemplary “(C;-Cy)alkoxy” groups useful in the present invention include, but are not
limited to, methoxy, ethoxy, n-propoxy, isopropoxy, 7-butoxy, s-butoxy, isobutoxy, and 7-butoxy.

When the term "alkoxy" is used in combination with other substituent groups, such as
"halo(C;-C¢)alkoxy", “hydroxy(C,-Cyalkoxy™, or *(C;-Cs)alkoxy(C,-Cyalkoxy™, the term
“alkoxy” is intended to encompass a divalent straight or branched-chain hydrocarbon radical,
wherein the point of attachment is to the alkyl moiety through an oxygen linking atom. The term
“halo(C,-Cs)alkoxy” refers to a straight- or branched-chain hydrocarbon radical, having at least 1
and up to 6 carbon atoms with one or more halogen atoms, which may be the same or different,
attached to one or more carbon atoms, which radical is attached through an oxygen linking atom.
Exemplary *halo(C,-C¢)alkoxy™ groups useful in the present invention include, but are not limited
to, -OCHF, (difluoromethoxy), -OCF; (trifluoromethoxy), and -OCH(CF;),
(hexafluoroisopropoxy). Examples of “hydroxy(C,-Cy)alkoxy” groups useful in the present
invention include, but are not limited to, 2-hydroxyethoxy and 2-hydroxyisopropoxy. Examples of
*(C-Cyalkoxy(C,-Cy)alkoxy™ groups useful in the present invention include, but are not limited
to, 2-methoxyethoxy, 2-cthoxyethoxy, 2-isopropoxyethoxy, 2-methoxyisopropoxy, and 2-
cthoxyisopropoxy.

As used herein, the term “cycloalkyl™ refers to a non-aromatic, saturated, cyclic
hydrocarbon ring containing the specified number of carbon atoms. The term “(C;-Cs)cycloalkyl”

refers to a non-aromatic cyclic hydrocarbon ring having from three to six ring carbon atoms.
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Exemplary “(C;-Ce)cycloalkyl” groups useful in the present invention include cyclopropyl,
cyclobutyl, cyclopentyl, and cyclohexyl.

As used herein, the term “cycloalkyvloxy-" refers to a group containing a cycloalkyl
radical, defined hereinabove, attached through an oxvgen linking atom.  Exemplary
*(Cs5-Cg)cycloalkyloxy-" groups useful in the present invention include cyclopropyloxy,
cyclobutyloxy, cyclopentyloxy, cvclohexyloxy, cyvcloheptyloxy, and cyclooctyloxy.

As used herein, "4- to 6-membered heterocycloalkyl" represents a group or moiety
comprising a non aromatic, monovalent monocyclic radical, which is saturated or partially
unsaturated, containing 4, 5, or 6 ring atoms, which includes one or two heteroatoms selected
independently from oxygen, sulfur, and nitrogen. Illustrative examples of 4- to 6-membered
heterocycloalkyl groups useful in the present invention include, but are not limited to azetidinyl,
oxetanyl, pyrrolidinyl, pyrazolidinyl, pyrazolinyl, imidazolidinyl, imidazolinyl, oxazolinyl,
thiazolinyl, tetrahydrofuranyl, dihydrofuranyl, 1,3-dioxolanyl, piperidinyl, piperazinyl,
morpholinyl, thiomorpholinyl, tetrahydropyranyl, dihydropyranyl, 1,3-dioxanyl, 1,4-dioxanyl, 1,3-
oxathiolanyl, 1,3-oxathianyl, 1,3-dithianyl, 1,4-oxathiolanyl, 1,4-oxathianyl, and 1,4-dithianyl.

As used herein, "5- or 6-membered heteroaryl" represents a group or moiety comprising an
aromatic monovalent monocyclic radical, containing 5 or 6 ring atoms, including at least one
carbon atom and 1 to 4 heteroatoms independently selected from nitrogen, oxygen, and sulfur.
Selected 5-membered heteroaryl groups contain one nitrogen, oxygen, or sulfur ring heteroatom,
and optionally contain 1, 2, or 3 additional nitrogen ring atoms. Sclected 6-membered heteroaryl
groups contain 1, 2, or 3 nitrogen ring heteroatoms. Illustrative examples of 5- or 6-membered
heteroaryl groups useful in the present invention include, but are not limited to furanyl, thienyl,
pyrrolyl, imidazolyl, pyrazolyl, triazolyl, tetrazolyl, oxazolyl, thiazolyl, isoxazolyl, isothiazolyl,
oxadiazolyl, thiadiazolyl, pyridinyl, pyridazinyl, pyrazinyl, pyvrimidinyl, and triazinyl.

The terms "halogen" and "halo" represent chloro, fluoro, bromo, or iodo substituents.
"Hydroxy" or “hydroxyl” is intended to mean the radical -OH. As used herein, the term *“cyano™
refers to the group -CN.

As used herein, the term “optionally substituted” indicates that a group, such as alkyl,
cycloalkyl, phenyl, or heteroaryl, may be unsubstituted, or the group may be substituted with one
or more substituent(s) as defined. In the case where groups may be selected from a number of
alternative groups the selected groups may be the same or different.

The term “independently” means that where more than one substituent is selected from a
number of possible substituents, those substituents may be the same or different. The alternative
definitions for the various groups and substituent groups of Formula (I) or (I) provided throughout

the specification are intended to particularly describe each compound species disclosed herein,
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individually, as well as groups of one or more compound species. The scope of this invention
includes any combination of these group and substituent group definitions.

"Pharmaceutically acceptable" refers to those compounds, materials, compositions, and
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 toxicity, irritation, or other
problem or complication, commensurate with a reasonable benefit/risk ratio.

As used herein, the term "pharmaceutically acceptable salts" refers to salts that retain the
desired biological activity of the subject compound and exhibit minimal undesired toxicological
effects. These pharmaceutically acceptable salts may be prepared in sifu during the final isolation
and purification of the compound, or by separately reacting the purified compound in its free acid

or free base form with a suitable base or acid, respectively.

PHARMACEUTICAL COMPOSITIONS

The invention further provides a pharmaceutical composition (also referred to as
pharmaceutical formulation) comprising a compound of Formula (I) or (II) or a pharmaceutically
acceptable salt thereof, and one or more excipients (also referred to as carriers and/or diluents in
the pharmaceutical arts). The excipients are pharmaceutically acceptable in the sense of being
compatible with the other ingredients of the formulation and not deleterious to the recipient thereof
(i.e., the patient).

Suitable pharmaceutically acceptable excipients include the following types of excipients:
diluents, fillers, binders, disintegrants, lubricants, glidants, granulating agents, coating agents,
wetting agents, solvents, co-solvents, suspending agents, emulsifiers, sweeteners, flavoring agents,
flavor masking agents, coloring agents, anticaking agents, hemectants, chelating agents,
plasticizers, viscosity increasing agents, antioxidants, preservatives, stabilizers, surfactants, and
buffering agents. The skilled artisan will appreciate that certain pharmaceutically acceptable
excipients may serve more than one function and may serve alternative functions depending on
how much of the excipient is present in the formulation and what other ingredients are present in
the formulation.

Skilled artisans possess the knowledge and skill in the art to enable them to select suitable
pharmaceutically acceptable excipients in appropriate amounts for use in the invention. In
addition, there are a number of resources that are available to the skilled artisan which describe
pharmaceutically acceptable excipients and may be useful in selecting suitable pharmaceutically

acceptable excipients. Examples include Remington's Pharmaceutical Sciences (Mack Publishing

Company), The Handbook of Pharmaceutical Additives (Gower Publishing Limited), and The

Handbook of Pharmaceutical Excipients (the American Pharmaceutical Association and the

Pharmaceutical Press).
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The pharmaceutical compositions of the invention are prepared using techniques and
methods known to those skilled in the art. Some of the methods commonly used in the art are
described in Remington's Pharmaceutical Sciences (Mack Publishing Company).

In accordance with another aspect of the invention there is provided a process for the
preparation of a pharmaceutical composition comprising mixing (or admixing) a compound of
Formula (I) or (II) or a pharmaceutically acceptable salt thereof, with at least one excipient.

Pharmaceutical compositions may be in unit dose form containing a predetermined
amount of active ingredient per unit dose. Such a unit may contain a therapeutically effective dose
of the compound of Formula (I) or (II) or a pharmaceutically acceptable salt thercof, or a fraction
of a therapeutically effective dose such that multiple unit dosage forms might be administered at a
given time to achieve the desired therapeutically effective dose.  Preferred unit dosage
formulations are those containing a daily dose or sub-dose, as herein above recited, or an
appropriate fraction thereof, of an active ingredient. Furthermore, such pharmaceutical
compositions may be prepared by any of the methods well-known in the pharmacy art.

Pharmaceutical compositions may be adapted for administration by any appropriate route,
for example, by oral (including buccal or sublingual), rectal, nasal, topical (including buccal,
sublingual, or transdermal), vaginal, or parenteral (including subcutancous, intramuscular,
intravenous, or intradermal) routes. Such compositions may be prepared by any method known in
the art of pharmacy, for example, by bringing into association the active ingredient with the
excipient(s).

When adapted for oral administration, pharmaceutical compositions may be in discrete
units such as tablets or capsules, powders or granules, solutions or suspensions in aqueous or non-
aqueous liquids, edible foams or whips, oil-in-water liquid emulsions or water-in-oil liquid
emulsions. The compound or salt thereof of the invention or the pharmaceutical composition of
the invention may also be incorporated into a candy, a wafer, and/or tongue tape formulation for
administration as a “quick-dissolve” medicine.

For instance, for oral administration in the form of a tablet or capsule, the active drug
component can be combined with an oral, non-toxic pharmaceutically acceptable inert carrier such
as ecthanol, glycerol, water, and the like. Powders or granules are prepared by comminuting the
compound to a suitable fine size and mixing with a similarly comminuted pharmaceutical carrier
such as an edible carbohydrate, as, for example, starch or mannitol. Flavoring, preservative,
dispersing, and coloring agents can also be present.

Capsules are made by preparing a powder mixture, as described above, and filling formed
gelatin or non-gelatinous sheaths. Glidants and lubricants such as colloidal silica, talc, magnesium

stearate, calcium stearate, solid polyethylene glycol can be added to the powder mixture before the
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filling operation. A disintegrating or solubilizing agent such as agar-agar, calcium carbonate, or
sodium carbonate can also be added to improve the availability of the medicine when the capsule
is ingested.

Moreover, when desired or necessary, suitable binders, lubricants, disintegrating agents,
and coloring agents can also be incorporated into the mixture. Suitable binders include starch,
gelatin, natural sugars, such as glucose or beta-lactose, corn sweeteners, natural and synthetic
gums such as acacia, tragacanth, sodium alginate, carboxymethylcellulose, polyethylene glycol,
waxes, and the like. Lubricants used in these dosage forms include sodium oleate, sodium
stearate, magnesium stearate, sodium benzoate, sodium acetate, sodium chloride, and the like.
Disintegrators include, without limitation, starch, methylcellulose, agar, bentonite, xanthan gum,
and the like.

Tablets are formulated, for example, by preparing a powder mixture, granulating or
slugging, adding a lubricant and disintegrant, and pressing into tablets. A powder mixture is
prepared by mixing the compound, suitably comminuted, with a diluent or base as described
above, and optionally, with a binder such as carboxymethylcellulose, and aliginate, gelatin, or
polyvinyl pyrrolidone, a solution retardant such as paraffin, a resorption accelerator such as a
quaternary salt, and/or an absorption agent such as bentonite, kaolin, or dicalcium phosphate. The
powder mixture can be granulated by wetting a binder such as a syrup, starch paste, acadia
mucilage, or solutions of cellulosic or polymeric materials and forcing through a screen. As an
alternative to granulating, the powder mixture can be run through a tablet machine, resulting in
imperfectly formed slugs broken into granules. The granules can be lubricated to prevent sticking
to the tablet forming dies by means of the addition of stearic acid, a stearate salt, talc, or mineral
oil. The lubricated mixture is then compressed into tablets. The compound or salt of the present
invention can also be combined with a free-flowing inert carrier and compressed into tablets
directly without going through the granulating or slugging steps. A clear opaque protective
coating consisting of a sealing coat of shellac, a coating of sugar, or polymeric material, and a
polish coating of wax can be provided. Dyestuffs can be added to these coatings to distinguish
different dosages.

Oral fluids such as solutions, syrups, and elixirs can be prepared in dosage unit form so
that a given quantity contains a predetermined amount of active ingredient. Syrups can be
prepared by dissolving the compound or salt thereof of the invention in a suitably flavoured
aqueous solution, while elixirs are prepared through the use of a non-toxic alcoholic vehicle.
Suspensions can be formulated by dispersing the compound or salt of the invention in a non-toxic

vehicle. Solubilizers and emulsifiers, such as ethoxylated isostearyl alcohols and polyoxyethylene
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sorbitol cthers, preservatives, flavor additives such as peppermint oil, natural sweeteners,
saccharin, or other artificial sweeteners, and the like, can also be added.

Where appropriate, dosage unit formulations for oral administration can be
microencapsulated. The formulation can also be prepared to prolong or sustain the release as, for
example, by coating or embedding particulate material in polymers, wax, or the like.

In the present invention, tablets and capsules are preferred for delivery of the
pharmaceutical composition.

As used herein, the term “treatment” refers to alleviating the specified condition,
climinating or reducing one or more symptoms of the condition, slowing or eliminating the
progression of the condition, and preventing or delaying the reoccurrence of the condition in a
previously afflicted or diagnosed patient or subject.

The present invention provides a method of treatment in a mammal, especially a human,
suffering from irritable bowel syndrome (IBS) including diarrhea-predominant, constipation-
predominant or alternating stool pattern, functional bloating, functional constipation, functional
diarrhea, unspecified functional bowel disorder, functional abdominal pain syndrome, chronic
idiopathic constipation, functional esophageal disorders, functional gastroduodenal disorders,
functional anorectal pain, inflammatory bowel discase, proliferative disecases such as non-small
cell lung cancer, hepatocellular carcinoma, colorectal cancer, medullary thyroid cancer, follicular
thyroid cancer, anaplastic thyroid cancer, papillary thyroid cancer, brain tumors, peritoncal cavity
cancer, solid tumors, other lung cancer, head and neck cancer, gliomas, neuroblastomas, Von
Hippel-Lindau Syndrome and kidney tumors, breast cancer, fallopian tube cancer, ovarian cancer,
transitional cell cancer, prostate cancer, caner of the esophagus and gastroesophageal junction,
biliary cancer and adenocarcinoma or a combination therecof. Such treatment comprises the step of
administering a therapeutically effective amount of a compound of Formula (I) or (II) or a
pharmaceutically acceptable salt thereof, to said mammal, particularly a human. Treatment can
also comprise the step of administering a therapeutically effective amount of a pharmaceutical
composition containing a compound of Formula (I) or (II) or a pharmaceutically acceptable salt
thereof, to said mammal, particularly a human.

As used herein, the term "effective amount" means that amount of a drug or
pharmaceutical agent that will elicit the biological or medical response of a tissue, system, animal,
or human that is being sought, for instance, by a researcher or clinician.

The term “therapeutically effective amount™ means any amount which, as compared to a
corresponding subject who has not received such amount, results in improved treatment, healing,
prevention, or amelioration of a disease, disorder, or side effect, or a decrease in the rate of

advancement of a disease or disorder. The term also includes within its scope amounts effective to
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enhance normal physiological function. For use in therapy, therapeutically effective amounts of a
compound of Formula (I) or (II), as well as salts thereof, may be administered as the raw chemical.
Additionally, the active ingredient may be presented as a pharmaceutical composition. While it is
possible that, for use in therapy, a therapeutically effective amount of a compound of Formula (I)
or (II) or a pharmaceutically acceptable salt thereof, may be administered as the raw chemical, it is
typically presented as the active ingredient of a pharmaceutical composition or formulation.

The precise therapeutically effective amount of a compound or salt thereof of the invention
will depend on a number of factors, including, but not limited to, the age and weight of the subject
(patient) being treated, the precise disorder requiring treatment and its severity, the nature of the
pharmaceutical formulation/composition, and route of administration, and will ultimately be at the
discretion of the attending physician or veterinarian. Typically, a compound of Formula (I) or (II)
or a pharmaceutically acceptable salt thereof, will be given for the treatment in the range of about
0.1 to 100 mg/kg body weight of recipient (patient, mammal) per day and more usually in the
range of 0.1 to 10 mg/kg body weight per day. Acceptable daily dosages may be from about 0.1 to
about 1000 mg/day, and preferably from about 1 to about 100 mg/day. This amount may be given
in a single dose per day or in a number (such as two, three, four, five, or more) of sub-doses per
day such that the total daily dose is the same. An effective amount of a salt thereof may be
determined as a proportion of the effective amount of the compound of Formula (I) or (II) per se.
Similar dosages should be appropriate for treatment of the other conditions referred herein for
treatment. In general, determination of appropriate dosing can be readily arrived at by one skilled
in medicine or the pharmacy art.

The compounds of the invention may be used alone or in combination with one or more
other therapeutic agents. Accordingly the present invention provides a combination comprising a
compound of Formula (I) or a pharmaceutically acceptable salt thercof and one or more other
therapeutic agents. Such combinations may be presented individually (wherein each active is in
separate composition) or the actives are presented in a combined composition.

The instant compounds can be combined with or co-administered with other therapeutic
agents, particularly agents that may enhance the activity or time of disposition of the compounds.
Combination therapies according to the invention comprise the administration of at least one
compound of the invention and the use of at least one other treatment method. In one
embodiment, combination therapies according to the invention comprise the administration of at
least one compound of the invention and surgical therapy. In one embodiment, combination
therapies according to the invention comprise the administration of at least one compound of the
invention and radiotherapy. In one embodiment, combination therapies according to the invention

comprise the administration of at least one compound of the invention and at least one supportive
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care agent (c.g., at least one anti-emetic agent). In one embodiment, combination therapies
according to the present invention comprise the administration of at least one compound of the
invention and at least one other chemotherapeutic agent. In one particular embodiment, the
invention comprises the administration of at least one compound of the invention and at least one
anti-neoplastic agent. In yet another embodiment, the invention comprises a therapeutic regimen
where the RET inhibitors of this disclosure are not in and of themselves active or significantly
active, but when combined with another therapy, which may or may not be active as a standalone
therapy, the combination provides a useful therapeutic outcome.

By the term "co-administering” and derivatives thereof as used herein refers to either
simultancous administration or any manner of separate sequential administration of a RET
inhibiting compound, as described herein, and a further active ingredient or ingredients,
particularly those known to be useful in the treatment of cancer, including chemotherapy and
radiation treatment. The term further active ingredient or ingredients, as used herein, includes any
compound or therapeutic agent known to or that demonstrates advantageous properties when
administered to a patient in need of treatment for cancer. Preferably, if the administration is not
simultancous, the compounds are administered in a close time proximity to each other.
Furthermore, it does not matter if the compounds are administered in the same dosage form, ¢.g.
one compound may be administered topically and another compound may be administered orally.

Typically, any anti-ncoplastic agent that has activity versus a susceptible tumor being
treated may be co-administered in the treatment of specified cancers in the present invention.
Examples of such agents can be found in Cancer Principles and Practice of Oncology by V.T.
Devita and S. Hellman (editors), 6™ edition (February 15, 2001), Lippincott Williams & Wilkins
Publishers. A person of ordinary skill in the art would be able to discern which combinations of
agents would be useful based on the particular characteristics of the drugs and the cancer involved.
Typical anti-neoplastic agents useful in the present invention include, but are not limited to, anti-
microtubule agents such as diterpenoids and vinca alkaloids; platinum coordination complexes;
alkylating agents such as nitrogen mustards, oxazaphosphorines, alkylsulfonates, nitrosoureas, and
triazenes; antibiotic agents such as anthracyclins, actinomycins and bleomycins; topoisomerase 11
inhibitors such as epipodophyllotoxins; antimetabolites such as purine and pyrimidine analogues
and anti-folate compounds; topoisomerase I inhibitors such as camptothecins; hormones and
hormonal analogues; DNA methyltransferase inhibitors such as azacitidine and decitabine; signal
transduction pathway inhibitors; non-receptor tyrosine kinase angiogenesis inhibitors;
immunotherapeutic agents; proapoptotic agents; and cell cycle signaling inhibitors.

Typically, any chemotherapeutic agent that has activity against a susceptible neoplasm

being treated may be utilized in combination with the compounds the invention, provided that the
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particular agent is clinically compatible with therapy employing a compound of the invention.
Typical anti-neoplastic agents useful in the present invention include, but are not limited to:
alkylating agents, anti-metabolites, antitumor antibiotics, antimitotic agents, nucleoside analogues,
topoisomerase [ and II inhibitors, hormones and hormonal analogues; retinoids, histone
deacetylase inhibitors; signal transduction pathway inhibitors including inhibitors of cell growth or
growth factor function, angiogenesis inhibitors, and serine/threonine or other kinase inhibitors:
cyclin dependent kinase inhibitors; antisense therapies and immunotherapeutic agents, including
monoclonals, vaccines or other biological agents.

Nucleoside analogues are those compounds which are converted to deoxynucleotide
triphosphates and incorporated into replicating DNA in place of cytosine. DNA
methyltransferases become covalently bound to the modified bases resulting in an inactive enzyme
and reduced DNA methylation.  Examples of nucleoside analogues include azacitidine and
decitabine which are used for the treatment of myelodysplastic disorder. Histone deacetylase
(HDAC) inhibitors include vorinostat, for the treatment of cutaneous T-cell lymphoma. HDACs
modify chromatin through the deacetylation of histones. In addition, they have a variety of
substrates including numerous transcription factors and signaling molecules.  Other HDAC
inhibitors are in development.

Signal transduction pathway inhibitors are those inhibitors which block or inhibit a
chemical process which evokes an intracellular change. As used herein this change is cell
proliferation or differentiation or survival. Signal transduction pathway inhibitors useful in the
present invention include, but are not limited to, inhibitors of receptor tyrosine kinases, non-
receptor tyrosine kinases, SH2/SH3 domain blockers, serine/threonine kinases, phosphatidyl
inositol-3-OH kinases, myoinositol signaling, and Ras oncogenes. Signal transduction pathway
inhibitors may be employed in combination with the compounds of the invention in the
compositions and methods described above.

Receptor kinase angiogenesis inhibitors may also find use in the present invention.
Inhibitors of angiogenesis related to VEGFR and TIE-2 are discussed above in regard to signal
transduction inhibitors (both are receptor tyrosine kinases). Other inhibitors may be used in
combination with the compounds of the invention. For example, anti-VEGF antibodies, which do
not recognize VEGFR (the receptor tvrosine kinase), but bind to the ligand; small molecule
inhibitors of integrin (alpha, betas) that inhibit angiogenesis; endostatin and angiostatin (non-RTK)
may also prove useful in combination with the compounds of the invention. One example of a
VEGFR antibody is bevacizumab (AVASTIN®).

Several inhibitors of growth factor receptors are under development and include ligand

antagonists, antibodies, tyrosine kinase inhibitors, anti-sense oligonucleotides and aptamers. Any
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of these growth factor receptor inhibitors may be employed in combination with the compounds of
the invention in any of the compositions and methods/uses described herein. Trastuzumab
(Herceptin®) is an example of an anti-erbB2 antibody inhibitor of growth factor function. One
example of an anti-erbB1 antibody inhibitor of growth factor function is cetuximab (Erbitux"™,
C225). Bevacizumab (Avastin®) is an example of a monoclonal antibody directed against
VEGFR. Examples of small molecule inhibitors of epidermal growth factor receptors include but
are not limited to lapatinib (Tykerb™ and erlotinib (TARCEVA®). Imatinib mesylate
(GLEEVEC®) is one example of a PDGFR inhibitor. Examples of VEGFR inhibitors include
pazopanib (Votrient™), ZD6474, AZD2171, PTK787, sunitinib and sorafenib.

Anti-microtubule or anti-mitotic agents are phase specific agents active against the
microtubules of tumor cells during M or the mitosis phase of the cell cycle. Examples of anti-
microtubule agents include, but are not limited to, diterpenoids and vinca alkaloids.

Diterpenoids, which are derived from natural sources, are phase specific anti -cancer
agents that operate at the Go/M phases of the cell cycle. It is believed that the diterpenoids
stabilize the (-tubulin subunit of the microtubules, by binding with this protein. Disassembly of
the protein appears then to be inhibited with mitosis being arrested and cell death following.
Examples of diterpenoids include, but are not limited to, paclitaxel and its analog docetaxel.

Paclitaxel, 5B,20-epoxy-1,20.,4,73,10B,13a-hexa-hydroxytax-11-en-9-one 4,10-diacetate
2-benzoate 13-ester with (2R,35)-N-benzoyl-3-phenylisoserine; is a natural diterpene product
isolated from the Pacific yew tree Taxus brevifolia and is commercially available as an injectable
solution TAXOL®. It is a member of the taxane family of terpenes. It was first isolated in 1971 by
Wani etal. J. Am. Chem, Soc., 93:2325 (1971), who characterized its structure by chemical and
X-ray crystallographic methods. One mechanism for its activity relates to paclitaxel's capacity to
bind tubulin, thereby inhibiting cancer cell growth. Schiff et al., Proc. Natl, Acad, Sci. USA,
77:1561-1565 (1980); Schiff et al., Nature, 277:665-667 (1979); Kumar, J. Biol, Chem, 256:
10435-10441 (1981). For a review of synthesis and anticancer activity of some paclitaxel
derivatives see: D. G. L. Kingston ef al., Studies in Organic Chemistry vol. 26, entitled “New
trends in Natural Products Chemistry 19867, Attaur-Rahman, P.W. Le Quesne, Eds. (Elsevier,
Amsterdam, 1986) pp 219-235.

Paclitaxel has been approved for clinical use in the treatment of refractory ovarian cancer
in the United States (Markman et al., Yale Journal of Biology and Medicine, 64:583, 1991;
McGuire et al., Ann. Int. Med., 111:273,1989) and for the treatment of breast cancer (Holmes et
al., J. Nat. Cancer Inst., 83:1797,1991)). It is a potential candidate for treatment of neoplasms in
the skin (Einzig et. al., Proc. Am. Soc. Clin. Oncol., 20:46) and head and neck carcinomas

(Forastire et. al., Sem. Oncol., 20:56, 1990). The compound also shows potential for the treatment
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of polycystic kidney disease (Woo et. al., Nature, 368:750. 1994), lung cancer and malaria.
Treatment of patients with paclitaxel results in bone marrow suppression (multiple cell lineages,
Ignoff, R.J. et. al, Cancer Chemotherapy Pocket Guide, 1998) related to the duration of dosing
above a threshold concentration (50nM) (Kearns, C.M. et. al., Seminars in Oncology, 3(6) p.16-23,
1995).

Docetaxel, (2R,35)- N-carboxy-3-phenylisoserine N-ferf-butyl ester, 13-ester with 5p-20-
epoxy-1,2a,4,73,10B,13a-hexahvdroxytax-11-en-9-one  4-acetate 2-benzoate, trihydrate; is
commercially available as an injectable solution as TAXOTERE®. Docetaxel is indicated for the
treatment of breast cancer. Docetaxel is a semisynthetic derivative of paclitaxel g.v., prepared
using a natural precursor, 10-deacetyl-baccatin III, extracted from the needle of the European Yew
tree. The dose limiting toxicity of docetaxel is neutropenia.

Vinca alkaloids are phase specific anti-neoplastic agents derived from the periwinkle
plant. Vinca alkaloids act at the M phase (mitosis) of the cell cycle by binding specifically to
tubulin. Consequently, the bound tubulin molecule is unable to polymerize into microtubules.
Mitosis is believed to be arrested in metaphase with cell death following. Examples of vinca
alkaloids include, but are not limited to, vinblastine, vincristine, and vinorelbine.

Vinblastine, vincaleukoblastine sulfate, is commercially available as VELBAN® as an
injectable solution. Although, it has possible indication as a second line therapy of various solid
tumors, it is primarily indicated in the treatment of testicular cancer and various lymphomas
including Hodgkin’s Disease; and lymphocytic and histiocytic lymphomas. Myelosuppression is
the dose limiting side effect of vinblastine.

Vincristing, vincaleukoblastine, 22-oxo-, sulfate, is commercially available as
ONCOVIN® as an injectable solution. Vincristine is indicated for the treatment of acute leukemias
and has also found use in treatment regimens for Hodgkin’s and non-Hodgkin’s malignant
lymphomas. Alopecia and neurologic effects are the most common side effect of vincristine and to
a lesser extent myelosupression and gastrointestinal mucositis effects occur.

Vinorelbine, 3’ 4’-didehydro  -4’-deoxy-C’-norvincaleukoblastine  [R-(R* R*)-2 3-
dihydroxybutanedioate (1:2)(salt)], commercially available as an injectable solution of vinorelbine
tartrate (NAVELBINE®), is a semisynthetic vinca alkaloid. Vinorelbine is indicated as a single
agent or in combination with other chemotherapeutic agents, such as cisplatin, in the treatment of
various solid tumors, particularly non-small cell lung, advanced breast, and hormone refractory
prostate cancers. Myelosuppression is the most common dose limiting side effect of vinorelbine.

Platinum coordination complexes are non-phase specific anti-cancer agents, which are
interactive with DNA. The platinum complexes enter tumor cells, undergo aquation and form

intra- and interstrand crosslinks with DNA causing adverse biological effects to the tumor.
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Examples of platinum coordination complexes include, but are not limited to, cisplatin and
carboplatin.

Cisplatin, cis-diamminedichloroplatinum, is commercially available as PLATINOL® as an
injectable solution. Cisplatin is primarily indicated in the treatment of metastatic testicular and
ovarian cancer and advanced bladder cancer. The primary dose limiting side effects of cisplatin
are nephrotoxicity, which may be controlled by hydration and diuresis, and ototoxicity.

Carboplatin, platinum, diammine [1,1-cyclobutane-dicarboxylate(2-)-0,07], is
commercially available as PARAPLATIN® as an injectable solution. Carboplatin is primarily
indicated in the first and second line treatment of advanced ovarian carcinoma. Bone marrow
suppression is the dose limiting toxicity of carboplatin.

Alkylating agents are non-phase anti-cancer specific agents and strong electrophiles.
Typically, alkylating agents form covalent linkages, by alkylation, to DNA through nucleophilic
moieties of the DNA molecule such as phosphate, amino, sulthydryl, hydroxyl, carboxyl, and
imidazole groups. Such alkylation disrupts nucleic acid function leading to cell death. Examples
of alkylating agents include, but are not limited to, nitrogen mustards such as cyclophosphamide,
melphalan, and chlorambucil; alkyl sulfonates such as busulfan; nitrosoureas such as carmustine;
and triazenes such as dacarbazine.

Cyclophosphamide, 2-[bis(2-chloroethyl)amino|tetrahydro-2H-1,3,2-oxazaphosphorine 2-
oxide monohydrate, is commercially available as an injectable solution or tablets as CYTOXAN®.
Cyclophosphamide is indicated as a single agent or in combination with other chemotherapeutic
agents, in the treatment of malignant lymphomas, multiple myeloma, and leukemias. Alopecia,
nausea, vomiting and leukopenia are the most common dose limiting side effects of
cyclophosphamide.

Melphalan, 4-[bis(2-chloroethyl)amino]-L-phenylalanine, is commercially available as an
injectable solution or tablets as ALKERAN®. Melphalan is indicated for the palliative treatment
of multiple myeloma and non-resectable epithelial carcinoma of the ovary. Bone marrow
suppression is the most common dose limiting side effect of melphalan.

Chlorambucil, 4-[bis(2-chloroethyl)amino]benzenebutanoic acid, is commercially
available as LEUKERAN® tablets. Chlorambucil is indicated for the palliative treatment of
chronic lymphatic leukemia, and malignant lymphomas such as lymphosarcoma, giant follicular
lymphoma, and Hodgkin’s disecase. Bone marrow suppression is the most common dose limiting
side effect of chlorambucil.

Busulfan, 1,4-butanediol dimethanesulfonate, is commercially available as MY LERAN®
TABLETS. Busulfan is indicated for the palliative treatment of chronic myelogenous leukemia.

Bone marrow suppression is the most common dose limiting side effects of busulfan.
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Carmustine, 1,3-[bis(2-chloroethyl)-1-nitrosourea, is commercially available as single
vials of lyophilized material as BICNU®. Carmustine is indicated for the palliative treatment as a
single agent or in combination with other agents for brain tumors, multiple myeloma, Hodgkin’s
disease, and non-Hodgkin’s lymphomas. Delayed myelosuppression is the most common dose
limiting side effects of carmustine.

Dacarbazine, 5-(3,3-dimethyl-1-triazeno)-imidazole-4-carboxamide, is commercially
available as single vials of material as DTIC-Dome®. Dacarbazine is indicated for the treatment of
metastatic malignant melanoma and in combination with other agents for the second line treatment
of Hodgkin’s Disease. Nausea, vomiting, and anorexia are the most common dose limiting side
effects of dacarbazine.

Antibiotic anti-neoplastics are non-phase specific agents, which bind or intercalate with
DNA. Typically, such action results in stable DNA complexes or strand breakage, which disrupts
ordinary function of the nucleic acids leading to cell death. Examples of antibiotic anti-neoplastic
agents include, but are not limited to, actinomycins such as dactinomycin, anthrocyclins such as
daunorubicin and doxorubicin; and bleomycins.

Dactinomycin, also known as Actinomycin D, is commercially available in injectable form
as COSMEGEN®.  Dactinomycin is indicated for the treatment of Wilm's tumor and
rhabdomyosarcoma. Nausca, vomiting, and anorexia are the most common dose limiting side
effects of dactinomycin.

Daunorubicin, (8S-cis-)-8-acetyl-10-[(3-amino-2,3,6-trideoxy-a-L-lyxo-hexopyranosyl)-
oxy|-7.8.9,10-tetrahydro-6,8,11-trihydroxy-1-methoxy-5,12 naphthacenedione hydrochloride, is
commercially available as a liposomal injectable form as DAUNOXOME?® or as an injectable as
CERUBIDINE®. Daunorubicin is indicated for remission induction in the treatment of acute
nonlymphocytic leukemia and advanced HIV associated Kaposi's sarcoma. Myelosuppression is
the most common dose limiting side effect of daunorubicin.

Doxorubicin, (8S,108)-10-[(3-amino-2,3,6-trideoxy-a.-L-lyxo-hexopyranosyl)oxy|-8-
glveoloyl,7.8,9,10-tetrahydro-6,8,1 1 -trihydroxy-1-methoxy-5,12 naphthacenedione hydrochloride,
is commercially available as an injectable form as RUBEX® or ADRIAMYCIN RDF®.
Doxorubicin is primarily indicated for the treatment of acute lymphoblastic leukemia and acute
myeloblastic leukemia, but is also a useful component in the treatment of some solid tumors and
lymphomas. Myelosuppression is the most common dose limiting side effect of doxorubicin.

Bleomycin, a mixture of cytotoxic glycopeptide antibiotics isolated from a strain of
Streptomyces verticillus, is commercially available as BLENOXANE®. Bleomycin is indicated as

a palliative treatment, as a single agent or in combination with other agents, of squamous cell
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carcinoma, lymphomas, and testicular carcinomas. Pulmonary and cutancous toxicities are the
most common dose limiting side effects of bleomycin.

Topoisomerase II inhibitors include, but are not limited to, epipodophyllotoxins.

Epipodophyllotoxins are phase specific anti-neoplastic agents derived from the mandrake
plant. Epipodophyllotoxins typically affect cells in the S and G, phases of the cell cycle by
forming a ternary complex with topoisomerase I and DNA causing DNA strand breaks. The
strand breaks accumulate and cell death follows. Examples of epipodophyllotoxins include, but
are not limited to, etoposide and teniposide.

Etoposide, 4’ -demethyl-epipodophyllotoxin 9[4,6-0-(R)-ethylidene-B-D-glucopyranoside],
is commercially available as an injectable solution or capsules as VePESID® and is commonly
known as VP-16. FEtoposide is indicated as a single agent or in combination with other
chemotherapy agents in the treatment of testicular and non-small cell lung cancers.
Myelosuppression is the most common side effect of etoposide.  The incidence of
leukopenialeukopenia tends to be more severe than thrombocytopenia.

Teniposide, 4’-demethyl-epipodophyllotoxin 9[4,6-0-(R)-thenylidene-f-D-
glucopyranoside], is commercially available as an injectable solution as VUMON® and is
commonly known as VM-26. Teniposide is indicated as a single agent or in combination with
other chemotherapy agents in the treatment of acute leukemia in children. Myelosuppression is the
most common dose limiting side effect of teniposide.  Teniposide can induce both
leukopenialeukopenia and thrombocytopenia.

Antimetabolite neoplastic agents are phase specific anti-neoplastic agents that act at S
phase (DNA synthesis) of the cell cycle by inhibiting DNA synthesis or by inhibiting purine or
pyrimidine base synthesis and thereby limiting DNA synthesis. Consequently, S phase does not
proceed and cell death follows. Examples of antimetabolite anti-neoplastic agents include, but are
not limited to, fluorouracil, methotrexate, cytarabine, mecaptopurine, thioguanine, and
gemcitabine.

S5-fluorouracil, 5-fluoro-2,4-(1H,3H)pyrimidinedione, is commercially available as
fluorouracil. Administration of 5-fluorouracil leads to inhibition of thymidylate synthesis and is
also incorporated into both RNA and DNA. The result typically is cell death. 5-fluorouracil is
indicated as a single agent or in combination with other chemotherapy agents in the treatment of
carcinomas of the breast, colon, rectum, stomach and pancreas. Myelosuppression and mucositis
are dose limiting side effects of 5-fluorouracil. Other fluoropyrimidine analogs include 5-fluoro
deoxyvuridine (floxuridine) and 5-fluorodeoxyuridinge monophosphate.

Cytarabine, 4-amino-1-f-D-arabinofuranosyl-2 (1H)-pyrimidinone, is commercially

available as CYTOSAR-U® and is commonly known as Ara-C. It is believed that cytarabine



10

15

20

25

30

35

WO 2014/141187 PCT/1IB2014/059817

31
exhibits cell phase specificity at S-phase by inhibiting DNA chain elongation by terminal
incorporation of cytarabine into the growing DNA chain. Cytarabine is indicated as a single agent
or in combination with other chemotherapy agents in the treatment of acute leukemia. Other
cvtidine analogs include 5-azacytidine and 2°,2"-difluorodeoxyceytidine (gemcitabine). Cytarabine
induces leukopenialeukopenia, thrombocytopenia, and mucositis.

Mercaptopurine, 1,7-dihydro-6H-purine-6-thione monohydrate, is commercially available
as PURINETHOL®. Mercaptopurine exhibits cell phase specificity at S-phase by inhibiting DNA
synthesis by an as of yet unspecified mechanism. Mercaptopuring is indicated as a single agent or
in combination with other chemotherapy agents in the treatment of acute leukemia.
Myelosuppression and gastrointestinal mucositis are expected side effects of mercaptopurine at
high doses. A useful mercaptopurine analog is azathioprine.

Thioguanine, 2-amino-1,7-dihydro-6H-purine-6-thione, is commercially available as
TABLOID®. Thioguanine exhibits cell phase specificity at S-phase by inhibiting DNA synthesis
by an as of yet unspecified mechanism. Thioguanine is indicated as a single agent or in
combination with other chemotherapy agents in the treatment of acute leukemia.
Myelosuppression, including leukopenialeukopenia, thrombocytopenia, and anemia, is the most
common dose limiting side effect of thioguanine administration. However, gastrointestinal side
effects occur and can be dose limiting.  Other purine analogs include pentostatin,
erythrohydroxynonyladenine, fludarabine phosphate, and cladribine.

Gemcitabine, 2’-deoxy-2", 2’-difluorocytidine monohydrochloride (B-isomer), is
commercially available as GEMZARg. Gemcitabine exhibits cell phase specificity at S-phase and
by blocking progression of cells through the G1/S boundary. Gemcitabine is indicated in
combination with cisplatin in the treatment of locally advanced non-small cell lung cancer and
alone in the treatment of locally advanced pancreatic cancer. Myelosuppression, including
leukopenialeukopenia, thrombocytopenia, and anemia, is the most common dose limiting side
effect of gemcitabine administration.

Methotrexate, N-[4[[(2,4-diamino-6-pteridinyl)methyl|methylamino]benzoyl]-L-glutamic
acid, is commercially available as methotrexate sodium. Methotrexate exhibits cell phase effects
specifically at S-phase by inhibiting DNA synthesis, repair and/or replication through the
inhibition of dyhydrofolic acid reductase which is required for synthesis of purine nucleotides and
thymidylate. Methotrexate is indicated as a single agent or in combination with other
chemotherapy agents in the treatment of choriocarcinoma, meningeal leukemia, non-Hodgkin's
lymphoma, and carcinomas of the breast, head, neck, ovary and bladder. Myelosuppression
(leukopenia, thrombocytopenia, and anemia) and mucositis are expected side effect of

methotrexate administration.
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Camptothecins, including, camptothecin and camptothecin derivatives are available or
under development as Topoisomerase I inhibitors. Camptothecins cytotoxic activity is believed to
be related to its Topoisomerase I inhibitory activity. Examples of camptothecins include, but are
not limited to irinotecan, topotecan, and the various optical forms of 7-(4-methylpiperazino-
methylene)-10,11-ethylenedioxy-20-camptothecin described below.

Irinotecan HCL, (4S)-4,11-diethyl-4-hydroxy-9-[(4-piperidinopiperidino)carbonyloxy]-1H-
pyrano|3°,4°,6,7]indolizino| 1,2-b]quinoline-3,14(4H,12H)-dione hydrochloride, is commercially
available as the injectable solution CAMPTOSAR®.

Irinotecan is a derivative of camptothecin which binds, along with its active metabolite
SN-38, to the topoisomerase I — DNA complex. It is believed that cytotoxicity occurs as a result of
irreparable double strand breaks caused by interaction of the topoisomerase I : DNA : irintecan or
SN-38 ternary complex with replication enzymes. Irinotecan is indicated for treatment of
metastatic cancer of the colon or rectum. The dose limiting side effects of irinotecan HCI are
myelosuppression, including neutropenia, and GI effects, including diarrhea.

Topotecan H(l, (S)-10-[(dimethylamino)methyl |-4-¢thyl-4,9-dihydroxy-1H-
pyrano|3°,4°,6,7]indolizino| 1,2-b]quinoline-3,14-(4H,12H)-dione monohydrochloride, is
commercially available as the injectable solution HYCAMTIN®. Topotecan is a derivative of
camptothecin which binds to the topoisomerase I — DNA complex and prevents religation of
singles strand breaks caused by Topoisomerase I in response to torsional strain of the DNA
molecule. Topotecan is indicated for second line treatment of metastatic carcinoma of the ovary
and small cell lung cancer. The dose limiting side effect of topotecan HCI is myelosuppression,

primarily neutropenia.

COMPOUNDS PREPARATION

Generic Synthesis Schemes

The compounds of this invention may be made by a variety of methods, including well-
known standard synthetic methods. Illustrative general synthetic methods are set out below and
then specific compounds of the invention are prepared in the working examples. The skilled
artisan will appreciate that if a substituent described herein is not compatible with the synthetic
methods described herein, the substituent may be protected with a suitable protecting group that is
stable to the reaction conditions. The protecting group may be removed at a suitable point in the
reaction sequence to provide a desired intermediate or target compound. In all of the schemes
described below, protecting groups for sensitive or reactive groups are employed where necessary
in accordance with general principles of synthetic chemistry. Protecting groups are manipulated

according to standard methods of organic synthesis (T.W. Green and P.G.M. Wuts, (1991)
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Protecting Groups in Organic Synthesis, John Wiley & Sons, incorporated by reference with
regard to protecting groups). These groups are removed at a convenient stage of the compound
synthesis using methods that are readily apparent to those skilled in the art. The selection of
processes as well as the reaction conditions and order of their execution shall be consistent with
the preparation of compounds of the present invention.

The synthesis of the compounds of the gencral Formula (I) and pharmaceutically
acceptable derivatives and salts thereof may be accomplished as outlined below in Schemes 1-5 by
those skilled in the art. In the following description, the groups are as defined above for
compounds of Formula (I) unless otherwise indicated. Starting materials are commercially
available or are made from commercially available starting materials using methods known to
those skilled in the art.

Compounds of Formula (I) may be prepared as illustrated in Scheme 1. Appropriately
substituted acid A may be coupled with a primary amine under amide bond formation conditions,
such as HOBt, EDC, and Et;N in DMF, to vield aryl bromide intermediate B. Intermediate B can
be coupled with boronate ester intermediate C under palladium coupling conditions, such as with
PdClLy(dppf) and Cs,COs, to yield intermediate D. Deprotection of the paramethoxybenzyl (PMB)
or benzyl (Bn) moiety can accomplished in the presence of palladium on carbon under a H,

atmosphere resulting in compounds of Formula (I).

Scheme 1
N
P/O\( X + R
|// P e HNT BN o
Sadh O o1
° N” OH
¢ (RE) g (RY).
B A
0N o N
"1 T
—
R// AN 0 R1/\ AN 0
|// /R3 |// N/R3
P=PMBorBn (R?) H (R%) H
D @

Intermediate D may also be prepared as illustrated in Scheme 2. Aryl bromide B can be
converted to the boronate ester under appropriate conditions, such as with PdCly(dppf) and KOAc

i 1,4-dioxane, to yield boronate ester intermediate E. An appropriately substituted 3-
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bromopyridine can then be coupled to intermediate E under palladium coupling conditions, such
as with PdCl,(dppf) and Cs,COs, to yield intermediate D. Conditions similar to those in scheme 1

can further transform intermediate D to compounds of Formula (I).

Scheme 2
P =PMB or Bn
0 P/OTN\
| AN 0 O | x ') R | AN O
P R / R P _R®
(RZ)/ H (Rz)/ H (RZ)/ H
n n n
5 B E D

Intermediate D may also be prepared as illustrated in Scheme 3. Aryl bromide F can be
converted to the boronate ester under appropriate conditions, such as with PdCly(dppf) and KOAc
in 1,4-dioxane, to vield boronate ester intermediate G. Methyl ester intermediate G can be

10  converted to the primary amide intermediate H under basic conditions with ammonia. An
appropriately substituted 3-bromopyridine can then be coupled to intermediate H under palladium
coupling conditions, such as with PdCl,(dppf) and Cs,CO;, to yield intermediate I. Intermediate I
can be further transformed into intermediate D by coupling with an appropriately substituted aryl
bromide under appropriate conditions, such as with Pd,(dba);, Xantphos, and Cs,CO; in 1.4-

15  dioxane. Conditions similar to those in scheme 1 can further transform intermediate D to

compounds of Formula (I).

Scheme 3
0 0
Br. |\3 I\3
| x 0 o | X 0 o | AN 0o
> —
2/ S o 2/ A o 2/ S NH,
G G (R9),
F G H
p /OTN
— A
R'l
2 NHZ 2 N
(R?) (R, H
1 D
20 Intermediate I may also be prepared as illustrated in Scheme 4. Aryl bromide intermediate

J can be coupled to a substituted pyridine boronate ester under palladium coupling conditions,
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such as with PdCL(dppf) and Cs,CO;s, to yield intermediate I. Intermediate I can be further

transformed to compounds of Formula (I) as demonstrated in Schemes 3 and 1.

Scheme 4
P/OTN\ P = PMB or Bn
Br N L 7 AN 0

L NH,

Compounds of Formula (I) may also be prepared as illustrated in Scheme 5.

Appropriately substituted acid A may be coupled to an appropriately substituted pyridin-3-yl
boronate ester under palladium coupling conditions, such as with PdCl,(dppf) and Cs,COs, to yield

intermediate K. Deprotection of the paramethoxybenzyl (PMB) or benzyl (Bn) moiety of

intermediate K in the presence of palladium on carbon in a H, atmosphere yields intermediate L.

Acid intermediate L. can then be coupled to an appropriately substituted primary amine under

amide bond formation conditions, such as HOBt, EDC, and Et;N in DMF, to vield compounds of

formula (I).

Scheme 5
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EXPERIMENTALS

The following examples illustrate the invention. These examples are not intended to limit
the scope of the present invention, but rather to provide guidance to the skilled artisan to prepare
and use the compounds, compositions, and methods of the present invention. While particular
embodiments of the present invention are described, the skilled artisan will appreciate that various
changes and modifications can be made without departing from the spirit and scope of the
invention. Unless otherwise noted, reagents are commercially available or are prepared according
to procedures in the literature. The symbols and conventions used in the descriptions of processes,
schemes, and examples are consistent with those used in the contemporary scientific literature, for
example, the Journal of the American Chemical Society or the Journal of Biological Chemistry.

In the Examples:

Chemical shifts are expressed in parts per million (ppm) units. Coupling constants (J) are
in units of hertz (Hz). Splitting patterns describe apparent multiplicitics and are designated as s
(singlet), d (doublet), t (triplet), q (quartet), dd (double doublet), dt (double triplet), dq (double
quartet), m (multiplet), br (broad).

Flash column chromatography was performed on silica gel.

The naming programs used are ACDLABs 11.0 Namebatch, ACD IUPAC, or

ChemDraw®.

Abbreviations

BH;+DMS borane dimethyl sulfide complex

Boc,0 di-tert-butyl dicarbonate
CDCl; chloroform-d

CD;0D methanol-d,

CHCl; chloroform

Cs,CO; cesium carbonate

DCE dichloroethane

DCM dichloromethane

DIBAL-H diisobutylaluminum hydride

DIEA diisopropylethylamine
DMF N, N-dimethylformamide
DMSO dimethylsulfoxide

EA ethyl acetate

EDC N-(3-dimethylaminopropyl)-NV -cthylcarbonate
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ES-LCMS
Et;N
EtOH

g

H,
HATU
HCl
H,O
HOBt
HPLC
H,S0,
in vacuo
K,;COs
KCN
KOAc
KOH
LAH
LCMS
LiOH-H,0
m-CPBA
MeCN
Mel
MeOH
mg
MgSO,
min

mL
mmol
N,
NaBH,
NaCN
Na,CO;
NaH
NaHCO;

37

electrospray liquid chromatography-mass spectrometry
triethylamine

ethanol

gram(s)

hour(s)

hydrogen gas
O-(7-azabenzotriazol-1-yl)-N N N' .N'-tetramethyluronium hexafluorophosphate
hydrochloric acid

water

hydroxybenzotriazole

high performance liquid chromatography
sulfuric acid

under vacuum

potassium carbonate

potassium cyanide

potassium acetate

potassium hydroxide

lithium aluminium hydride

liquid chromatography-mass spectrometry
lithium hydroxide hydrate
meta-chloroperoxybenzoic acid
acetonitrile

methyl iodide

methanol

milligram(s)

magnesium sulfate

minute(s)

milliliter(s)

millimole(s)

nitrogen gas

sodium borohydride

sodium cyanide

sodium carbonate

sodium hydride

sodium bicarbonate
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NaOH
Na,S0,
Na,S,0;
NBS
n-Buli
NH,Cl1
NH,OH
NIS
NMR
PBr;
Pd/C
PdCly(dppf)
Pd,(dba);
PE

PMB
POCl,

1t

SOCl,
TBME
TBS
TBSCl1
TFA
THF
TLC
T;P"
Xantphos

38

sodium hydroxide

sodium sulfate

sodium thiosulfate

N-bromosuccinimide

n-butyl lithium

ammonium chloride

ammonium hydroxide
N-iodosuccinimide

nuclear magnetic resonance

phosphorus tribromide

palladium on carbon

1, 1'-bis(diphenylphosphino)ferrocene|dichloropalladium(II)
tris(dibenzylideneacetone)dipalladium(0)
petroleum ether

p-methoxybenzyl

phosphorus oxvchloride

room temperature

thionyl chloride

rerr-butyl methyl ether
fert-butyldimethylsilyl
fert-butyldimethylsilyl chloride
trifluoroacetic acid

tetrahydrofuran

thin layer chromotrography
propylphosphonic anhydride
4,5-bis(diphenylphosphino)-9,9-dimethylxanthene

Preparation of Intermediates

Intermediate 1. 3-Ethoxy-2-((4-methoxybenzyl)oxy)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)pyridine

PCT/IB2014/059817
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Step 1: 3-Bromo-5-ethoxypyridine

A solution of 5-bromopyridin-3-ol (70 g, 402 mmol), K,CO; (111 g, 805 mmol) and iodoethane
(69.0 g, 443 mmol) in DMF (700 mL) was stirred for 16 h at 25 °C. Then the mixture was
concentrated to give the residue which was extracted with DCM (2 x 200 mL), dried over Na,SO,,
filtered, and concentrated to give 3-bromo-3-cthoxypyridine (53 g, 218 mmol, 54.2% yield): 'H
NMR (400 MHz, CD;0D) & 8.19-8.17 (m, 2H), 7.60-7.59 (m, 1H), 4.13-4.07 (m, 2H), 140 (t, J =
7.0 Hz, 3H); ES-LCMS m/z 202 (M+H).

Step 2: 3-Bromo-5-cthoxypyridine 1-oxide

\
e

To a solution of 3-bromo-5-ethoxypyridine (53 g, 262 mmol) in DCM (200 mL) at 0 °C was
slowly added m-CPBA (67.9 g, 393 mmol) over 30 min. After the resulting solution was stirred
for 15 h, the mixture was washed with NaS,0; solution and extracted with DCM (2 x 300 mL),
dried over Na,SO,, filtered, and the organic phasc was concentrated to give 3-bromo-3-
ethoxypyridine 1-oxide (40 g, 165 mmol, 62.9% yield): 'H NMR (400 MHz, CD;0D) & 8.19-8.18
(m, 1H), 8.08-8.07 (m, 1H), 7.50-7.49 (m, 1H), 4.17-4.15 (d, J = 8.8 Hz, 2H), 1.43 (t, /= 7.0 Hz,
3H); ES-LCMS m/z 217 (M+H).

Step 3: 5-Bromo-2-chloro-3-ethoxypyridine
Br N o

=z
N Cl

To a solution of 3-bromo-5-ethoxypyridine 1-oxide (40 g, 183 mmol) in DCM (200 mL) at 0 °C
was slowly added POCI; (159 mL, 1701 mmol) over 30 min. Then the resulting solution was
warmed to 45 °C for 15 h. The mixture was concentrated and extracted with DCM (2 x 200 mL),
dried over Na,SO,, filtered, and concentrated to give 5-bromo-2-chloro-3-ethoxypyridine (30 g,
60.9 mmol, 33.2% yicld): '"H NMR (400 MHz, CD;0D) & 8.00-7.99 (d, J = 2.0 Hz, 1H), 7.65-7.64
(d,/=2.0Hz, 1H), 4.17-4.12 (m, 2H), 1.44 (t, J= 7.0 Hz, 2H); ES-LCMS m.z 235 (M+H).
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Step 4: 5-Bromo-3-ethoxy-2-((4-methoxybenzyl)oxy)pyridine

Br\(jio\/

| N/ OPMB

To a mixture of (4-methoxyphenyl)methanol (16.71 g, 121 mmol) in DMF (200 mL) was added
NaH (3.96 g, 165 mmol) at 0 °C. After the mixture was stirred for 30 min, 5-bromo-2-chloro-3-
cthoxypyridine (26 g, 110 mmol) was added to above mixture; the mixture was stirred for 12 h at
80-90 °C. The mixture was quenched by H,O (20 mL), extracted with DCM (2 x 200 mL), dried
over Na,SQ,, filtered, and concentrated to give the residue which was purified by column
chromatography (10% EA/90% PE, 360 g silica column). All fractions found to contain product
by TLC (EA/PE = 5:1, R; = 0.5) were combined and concentrated to vield a white solid of 5-
bromo-3-ethoxy-2-((4-methoxybenzyl)oxy)pyridine (36 g, 74.5 mmol, 67.8% yield): 'H NMR
(400 MHz, CD;0D) 6 7.71 (d, J=2.0 Hz, 1H), 7.36-7.31 (m, 3H), 6.89-6.87 (m, 2H), 5.27 (s, 2H),
4.05-4.00 (m, 2H) 3.77 (s, 3H), 2.37 (d, J=7.0 Hz, 3H); ES-LCMS m/z 338 (M+H).

Step 5: 3-Ethoxy-2-((4-methoxybenzyl)oxy)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)pyridine

B N 0]

To a solution of 3-bromo-3-ethoxy-2-((4-methoxybenzyl)oxy)pyridine (10 g, 29.6 mmol),
44.4'4' 55,5 5"-octamethyl-2,2'-bi(1,3,2-dioxaborolane) (8.26 g, 32.5 mmol) and KOAc (7.25 g,
73.9 mmol) in 14-dioxane (250 mL) stirred under nitrogen at 20 °C was added PdCly(dppf)
(1.082 g, 1.478 mmol) in one charge. The reaction mixture was stirred at 100 °C for 3 h. The
mixture was filtered and the filtrate was concentrated in vacuo to give the crude product. The
crude material was purified by silica column chromatography (PE/EA = 10:1). All fractions
found to contain product by TLC (PE/EA = 10:1, Rf = 0.6) were combined and concentrated to
vield a white solid of 3-ethoxy-2-((4-methoxybenzyl)oxy)-5-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)pyridine (9.2 g, 23.88 mmol, 81.0% yield): '"H NMR (400 MHz, CDCl;) & 8.10
(s, 1H), 7.42 (d, J = 8.8 Hz, 2H), 7.33 (s, 1H), 6.88-6.85 (m, 2H), 5.45 (s, 2H), 4.11-4.06 (m, 2H),
3.78 (s, 3H), 1.43 (t,J=7.0 Hz, 3H), 1.33 (s, 12H); ES-LCMS m/z 386.0 (M+H).
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Intermediate 2: 4-(2-(Benzyloxy)ethoxy)-3-(trifluoromethyl)aniline

O
o
H,>N CF;

Step 1: 1-(2-(Benzyloxy)ethoxy)-4-nitro-2-(trifluoromethyl)benzene
O\/\OBn

O,N CF,
To a mixture of 1-fluoro-4-nitro-2-(trifluoromethyl)benzene (5 g, 23.91 mmol) in DMF (50 mL)
was added K,CO; (6.61 g, 47.8 mmol) and 2-(benzyloxy)ethanol (4.00 g, 26.3 mmol) at rt. The
mixture was stirred at 110 °C for 12 h. LCMS and TLC (PE/EA = 5:1, R¢= 0.4) showed the
reaction was finished. The mixture was filtrated, and the filtrate was concentrated to give crude
product, which was purified by silica gel column to obtain 1-(2-(benzyloxy)ethoxy)-4-nitro-2-
(trifluoromethyl) benzene (7.1 g, 18.18 mmol, 76.0% yield): "H NMR (400 MHz, CDCl5) 8.49 (d,
J=2.4Hz 1H), 838 (d,J=9.2 Hz, 1H), 7.54-7.28 (m, 5H), 7.13 (d, /= 8.4 Hz, 1H), 4.56 (s, 2H),
436 (t,J=4.8 Hz, 2H), 3.89 (t,.J = 3.6 Hz, 2H); ES-LCMS m/z 342(M+H).

Step 2: 4-(2-(Benzyloxy)ethoxy)-3-(trifluoromethyl)aniline

O™
HoN CF;

To a mixture of 1-(2-(benzyloxy)ethoxy)-4-nitro-2-(trifluoromethyl)benzene (8.1 g, 23.73 mmol)
in MeOH (100 mL) was added zinc (15.52 g, 237 mmol) and NH,Cl (12.70 g, 237 mmol). The
mixture was stirred at 20 °C for 3 h. LCMS showed the reaction was finished. The mixture was
filtered, and the filtrate was concentrated to give crude product, which was purified by silica gel
column (PE/EA = 5:1, Rs = 0.4) to obtain 4-(2-(benzyloxy)ethoxy)-3-(trifluoromethyl)aniline (5.1
g, 14.40 mmol, 60.7% yield). '"H NMR (400 MHz, CDCl3) 7.35-7.24 (m, 5H), 6.81 (t, J = 8.4 Hz,
2H), 6.78 (d, J = 2.8 Hz, 1H), 4.63 (s, 2H), 4.13 (t, J = 4.8 Hz, 2H), 3.83 (t, J = 3.6 Hz, 2H); ES-
LCMS m/z 312(M+H).

Intermediate 3: 4-(3-((rert-Butyldimethylsilyl)oxy)-2,2-dimethylpropyl)-3-(trifluoromethyl)aniline

H,N CF

2 3
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Step 1: Ethyl 2, 2-dimethyl-3-(2-(trifluoromethyl)phenyl)propanoate
@)

OEt

CF

3

To a mixture of diisopropylamine (8.00 mL, 57.1 mmol) in THF (300 mL) cooled to 0 °C was
added »-BuLi (24.60 mL, 61.5 mmol) dropwise. The mixture was stirred at 0 °C for 1 h. Then to
the mixture cooled to -30 °C was added a solution of ethyl isobutyrate (6.12 g, 52.7 mmol) in THF
(2 mL). The mixture was stirred at -30 °C for 1 h. To the mixture was added a solution of 1-
(bromomethyl)-2-(trifluoromethyl)benzene (10.5 g, 43.9 mmol) in THF (5 mL) at -30 °C. The
whole mixture was stirred at -30 °C for 3 h and then stirred at 25 °C for 12 h. The mixture was
quenched with aqueous NH,CI and extracted with EA. The organic layer was washed with brine,
dried over MgSQ,, filtered and concentrated. The crude material was purified by silica column
chromatography (PE/EA =200:1). All fractions found to contain product by TLC (PE/EA = 10:1,
Rs = 0.6) were combined and concentrated to yield a light yellow solid of ethyl 2 2-dimethyl-3-(2-
(trifluoromethyl)phenyl)propanoate (10 g, 35.3 mmol, 80.0% yield): "H NMR (400 MHz, CDCl)
6:7.62(d,J=8.0Hz 1H), 741 (t, /=76 Hz, 1H), 7.29 (t, /= 7.6 Hz, 1H), 7.22 (d, J = 8.0 Hz,
1H), 4.17 (q. J = 7.2 Hz, 2H), 3.14 (s, 3H), 1.25 (t, J= 7.2 Hz, 3H), 1.18 (s, 6H); ES-LCMS m/z
275 (M+H).

Step 2: Ethyl 2, 2-dimethyl-3-(4-nitro-2-(trifluoromethyl)phenyl)propanoate
@)
OEt
O,N CF,

To a solution of ethyl 2,2-dimethyl-3-(2-(trifluoromethyl)phenyl)propanoate (10 g, 36.5 mmol) in
H,SO, (5 mL, 94 mmol) cooled to 0 °C was added potassium nitroperoxous acid (4.05 g, 40.1
mmol) in portions. The mixture was stirred at 0 °C for 30 min. The mixture was poured into ice-
water and extracted with DCM. The organic layer was washed with brine, dried over Na;SQOy,
filtered, and concentrated to give a vyellow solid of ethyl 22-dimethyl-3-(4-nitro-2-
(trifluoromethyl)phenyl)propanoate (8.5 g, 24.54 mmol, 67.3% yicld): '"H NMR (400 MHz,
CDCl;) &: 8.59 (d, J=2.4 Hz, 1H), 847 (dd, /=24, 88 Hz, 1H), 7.82 (d, J = 8.4 Hz, 1H), 5.97-
5.83 (m, 2H); ES-LCMS m/z 320 (M+H).
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Step 3: Ethyl 3-(4-amino-2-(trifluoromethyl)phenyl)-2,2-dimethylpropanoate
@)

OEt

H,N CF

2 3

A reaction mixture of ethyl 2,2-dimethyl-3-(4-nitro-2-(trifluoromethyl)phenyl)propanocate (8.5 g,
26.6 mmol) and Pd/C (0.283 g, 2.66 mmol) in MeOH (50 mL) was hydrogenated using an H-cube
(settings: 50 °C, 50 psi, 24 h). The mixture was filtered and the filtrate was concentrated. The
crude material was purified by silica column chromatography (PE/EA = 10:1). All fractions found
to contain product by TLC (PE/EA = 5:1, Ry = 0.4) were combined and concentrated to yield a off
white solid of ethyl 3-(4-amino-2-(trifluoromethyl)phenyl)-2,2-dimethylpropanoate (7 g, 22.42
mmol, 84.0% yield): "H NMR (400 MHz, CDCl;) &: 6.98 (d, J = 8.4 Hz, 1H), 6.91 (d, J=2.4 Hz,
1H), 6.71 (dd, J =24, 8.4 Hz, 1H), 4.15 (q, /= 6.8 Hz, 2H), 3.00 (s, 2H), 1.25 (t, J = 7.2 Hz, 3H),
1.14 (s, 6H); ES-LCMS m/z 290 (M+H).

Step 4: 3-(4-Amino-2-(trifluoromethyl)phenyl)-2,2-dimethylpropan-1-ol

O™
H,N CF

3

To a mixture of ethyl 3-(4-amino-2-(trifluoromethyl)phenyl)-2,2-dimethylpropanoate (2 g, 6.91
mmol) in THF (200 mL) was added LAH (0.525 g, 13.83 mmol) in portions. The mixture was
stirred at 25°C for 10 h. The mixture was quenched with 15% aqueous NaOH (10 mL). The
mixture was dried over Na,SO4. The mixture was filtered and the filtrate was concentrated. The
residue was purified by silica column chromatography (PE/EA = 8:1). All fractions found to
contain product by TLC (PE/EA = 2:1, Ry = 0.35) were combined and concentrated to yield a light
vellow oil of 3-(4-amino-2-(trifluoromethyl)phenyl)-2,2-dimethylpropan-1-ol (1.1 g, 4.45 mmol,
64.4% yield): "H NMR (400 MHz, MeOD) &: 7.17 (d, J = 8.4 Hz, 1H), 6.98 (d, J = 2.4 Hz, 1H),
6.84 (dd, J =24, 8.0 Hz, 1H), 3.31 (s, 2H), 2.67 (d, J = 1.2 Hz, 2H), 0.84 (s, 6H); ES-LCMS mz
248 (M+H).

Step 5: 4-(3-((fert-Butyldimethylsilyl)oxy)-2,2-dimethylpropyl)-3-(trifluoromethyl)aniline

H,N CF

3
To a mixture of 3-(4-amino-2-(trifluoromethyl)phenyl)-2,2-dimethylpropan-1-ol (300 mg, 1.213
mmol) in DCM (150 mL) was added imidazole (124 mg, 1.820 mmol) and TBSCI (219 mg, 1.456
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mmol). Then the mixture was stirred at 25 °C for 5 h. The mixture was filtered and the filtrate
was concentrated. The crude material was purified by preparative TLC (PE/EA =2:1, Ry=0.5) to
vield a light vyellow solid of 4-(3-((tert-butyldimethylsilyl)oxy)-2,2-dimethylpropyl)-3-
(trifluoromethyl)aniline (350 mg, 0.930 mmol, 77.0% yield): 'H NMR (400 MHz, CD5Cl) &: 7.14
(d, /=84 Hz, 1H), 6.86 (d,J=2.8 Hz, 1H), 6.70 (dd, J= 2.8, 8.4 Hz, 1H), 3.20 (s, 2H), 2.62 (d, J
= 1.2 Hz, 2H), 0.87 (s, 9H), 0.73 (s, 6H), 0.00 (s, 6H); ES-LCMS m/z 362 (M+H).

Intermediate 4: 2-(4-Bromo-2-fluorophenyl)acetic acid

Br F
T
OH

Step 1: 2-(4-Bromo-2-fluorophenyl)acetonitrile
Br F
Tl
A suspension of NaCN (2.085 g, 42.5 mmol) in DMF (20 mL) was added to a solution of 4-
bromo-1-(bromomethyl)-2-fluorobenzene (5.7 g, 21.27 mmol) in DMF (20 mL). The mixture was
stirred at 26 °C for 10 h. Then the solution was concentrated and distributed between EA and
saturated NaHCOQ; solution. The combined organic extract was washed with brine, dried over
MgSO,, filtered and concentrated. The resulting 2-(4-bromo-2-fluorophenyl)acetonitrile (4.01 g,

18.74 mmol, 88.0% yield) was used to next step without further purification. TLC (PE/EA = 1/1,
R¢ 0.5): 'TH NMR (400 MHz, CDCls) & 7.24-7.37 (m, 3H), 3.70 (s, 2H).

Step 2: 2-(4-Bromo-2-fluorophenyl)acetic acid

Br F
T
OH

NaOH (56.2 mL, 112 mmol) was added to a solution of 2-(4-bromo-2-fluorophenyl)acetonitrile
(4.01 g, 18.74 mmol) in MeOH (30 mL). The mixture was stirred at 100 °C for 12 h. The
mixture was cooled to rt. Then the solution was concentrated and distributed between EA and
saturated NaHCO; solution. The combined organic extract was washed with brine, dried over
MgSO,, filtered and concentrated. The resulting 2-(4-bromo-2-fluorophenyl)acetic acid (4.13 g,
17.72 mmol, 95.0% yield) was used to next step without further purification. TLC (PE/EA = 1/1,
R = 0.4): '"H NMR (400 MHz, CDCl3) § 7.22-7.31 (m, 2H), 7.13 (t,J = 8.05 Hz, 1H), 3.67 (s, 2H);
ES-LCMS m/z 232.9 (M+H).
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Intermediate 5: 2-(Benzyloxy)-4-ethoxy-5-iodopyridine

Bn/O N |
O

]

Step 1: 4-Ethoxypyridine 1-oxide

To a mixture of 4-nitropyridine 1-oxide (50 g, 357 mmol) in THF (500 mL) was added sodium
cthanolate (48.6 g, 714 mmol). The mixture was stirred at 25 °C for 16 h. The reaction residue
was concentrated. The crude material was purified by silica column chromatography
(DCM/MeOH = 25:1). All fractions found to contain product by TLC (DCM/MeOH = 25:1, R, =
0.6) were combined and concentrated to yield a dark red solid of 4-cthoxypyridine 1-oxide (25 g,
162 mmol, 45.3% yield): '"H NMR (400 MHz, CD;0D) & 8.20-8.18 (m, 2H), 7.11-7.10 (m, 2H),
421-4.15 (m, 2H), 1.42 (t,J = 7.2 Hz, 3H); ES-LCMS m/z 140.0(M +H).

Step 2: 4-Ethoxypyridin-2-ol

A mixture of 4-cthoxypyridine 1-oxide (5 g, 35.9 mmol) in acetic anhydride (36.7 g, 359 mmol)
was heated to reflux for 4 h. Then the solvent was removed in vacuo, and the residue was
dissolved in MeOH (25 mL) and H,O (25 mL) and stirred at 25 °C for 16 h. The mixture was
concentrated. The crude material was purified by silica column chromatography (DCM/MeOH =
10:1). All fractions found to contain product by TLC (DCM/MeOH = 10:1, Ry = 0.6) were
combined and concentrated to yield a dark yellow solid of 4-ethoxypyridin-2-ol (2.5 g, 16.17
mmol, 45.0% yield): "H NMR (400 MHz, CD;0D) & 7.28 (d, J = 7.6 Hz, 1H), 6.07 (d, J=3.2, 7.2
Hz, 1H), 5.86-7.85 (d, J = 2.4 Hz, 1H), 4.06-4.01 (m, 2H), 1.38 (t, /= 7.2 Hz, 3H); ES-LCMS m/z
140.0 (M +H).
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Step 3: 4-Ethoxy-5-iodopyridin-2-ol
HO /N
<

To a mixture of 4-ethoxypyridin-2-ol (2.5 g, 17.97 mmol) in DMF (30 mL) was added NIS (4.04
g, 17.97 mmol). The mixture was stirred at 80 °C for 16 h. The mixture was concentrated and
purified by preparative HPLC (MeCN/H,O as eluants, acidic condition) to yield a yellow solid of
4-ethoxy-5-iodopyridin-2-ol (1.2 g, 4.30 mmol, 23.9% yicld): '"H NMR (400 MHz, CD;OD) §
7.70(s, 1H), 5.92 (s, 1H), 4.15-4.10 (m, 2H), 1.48 (t, /= 6.8 Hz, 3H); ES-LCMS m/z 265.8 (M+H).

Step 4: 2-(Benzyloxy)-4-ethoxy-5-iodopyridine

To a mixture of 4-ethoxy-5-iodopyridin-2-ol (800 mg, 3.02 mmol) in THF (10 mL) was added
(bromomethyl)benzene (619 mg, 3.62 mmol) and silver carbonate (1665 mg, 6.04 mmol). The
mixture was stirred at 70 °C for 16 h. The reaction residue was filtered and the filtrate was
concentrated. The mixture was diluted with H>O and extracted with DCM. The combined organic
extract was washed with brine, dried over MgSQO,, filtered and concentrated. The resulting 2-
(benzyloxy)-4-cthoxy-5-iodopyridine (800 mg, 1.915 mmol, 63.4% vield) was used to next step
without further purification: "H NMR (400 MHz, CDCI3) & 8.28 (s, 1H), 7.45-7.43 (m, 2H), 7.38-
7.36 (m, 3H), 6.22 (s, 1H), 5.33 (s, 2H), 4.12-4.07 (m, 2H), 1.48 (t,.J= 6.8 Hz, 3H); ES-LCMS mz
355.9 (M+H).

Intermediate 6: 5-(1,1,1-Trifluoro-2-methylpropan-2-yl)isoxazol-3-amine
CF,

—
S IO
HN" N
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Step 1: 5,5,5-Trifluoro-4,4-dimethyl-3-oxopentanenitrile
CN

O
F.C

3

To a mixture of MeCN (3.32 mL, 97 mmol) in THF (300 mL) cooled to -78 °C was added »-BuLi
(56.4 mL, 141 mmol). The mixture was stirred at -30 °C for 30 min. Then to the mixture was
added methyl 3,3,3-trifluoro-2,2-dimethylpropanoate (15 g, 88 mmol) dropwise. The mixture was
stirred at 25 °C for 10 h. The mixture was quenched with aqueous NH,Cl and extraced with
DCM/MeOH (10:1). The organic layer was dried over Na,SO,, filtered and concentrated. The
crude material was purified by silica column chromatography (PE/EA = 10:1). All fractions found
to contain product by TLC (PE/EA = 5:1, Ry = 0.6) were combined and concentrated to yield a
light yellow solid of 5,5,5-trifluoro-4,4-dimethyl-3-oxopentanenitrile (5 g, 27.9 mmol, 31.7%
yield): "H NMR (400 MHz, CDCls) &: 3.75 (s, 2H), 1.41 (s, 6H).

Step 2: 5-(1,1,1-Trifluoro-2-methylpropan-2-yl)isoxazol-3-amine

CF,

NN :O
H,N" °N

To a mixture of hydroxylamine hydrochloride (3.10 g, 44.7 mmol) in H,O (25 mL) cooled to 0 °C
was added NaHCO; (3.94 g, 46.9 mmol) to adjust to pH =7.5. Then to the mixture was added a
solution of 5,5,5-trifluoro-4,4-dimethyl-3-oxopentanenitrile (4 g, 22.33 mmol) in MeOH (25 mL).
The mixture was stirred at 65 °C for 15 h. After cooled, the mixture was acified with conc. HCI to
pH = 1.0 and then refluxed for 2 h. After cooling, the mixture was neutralized by 4 M NaOH to
pH = 8.0. The mixture was extracted with DCM/MeOH (10:1). The organic layer was dried over
Na,SO,, filtered and concentrated to yield a white solid of 5-(1,1,1-trifluoro-2-methylpropan-2-
yl)isoxazol-3-amine (2 g, 9.06 mmol, 40.6% yield): 'H NMR (400 MHz, CDCl3) & 5.78 (s, 1H),
3.93 (s., 2H), 1.51 (s, 6H); ES-LCMS m/z 195 (M+1).

Intermediate 7: 3-(4-Methyl-1H-imidazol-1-y1)-5-(trifluoromethyl)aniline
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Step 1: 4-Methyl-1-(3-nitro-5-(trifluoromethyl)phenyl)-1H-imidazole

A suspension of 4-methyl-1H-imidazole (1.178 g, 14.35 mmol) in DMF (15 mL) was added to a
solution of 1-fluoro-3-nitro-5-(trifluoromethyl)benzene (2 g, 9.56 mmol) in DMF (15 mL).
Cs,CO5 (6.23 g, 19.13 mmol) was added and the mixture was stirred at 80 °C for 8 h. The mixture
was cooled to 1t and then the solution was concentrated and distributed between EA and saturated
NaHCO; solution. The combined organic extract was washed with brine, dried over MgSQ.,
filtered and concentrated. The crude material was purified by silica column chromatography
(PE/EA = 5:1). All fractions found to contain product by TLC (PE/EA = 1:1, Rs = 0.5) were
combined and concentrated to yield a light yellow solid of 4-methyl-1-(3-nitro-5-
(trifluoromethyl)phenyl)-1H-imidazole (800 mg, 2.95 mmol, 30.8% vield): '"H NMR (400 MHz,
CD;0D) 6 8.61-8.78 (m, 1H), 8.44-8.51 (m, 1H), 8.31-8.39 (m, 2H), 7.55 (s, 1H), 2.27 (s, 3H);
ES-LCMS m/z 272.0 (M+H).

Step 2: 3-(4-Methyl-1H-imidazol-1-yl1)-5-(trifluoromethyl)aniline

A suspension of 4-methyl-1-(3-nitro-5-(trifluoromethyl)phenyl)-1H-imidazole (800 mg, 2.95
mmol) in MeOH (15 mL) was added to a solution of Pd/C (8.26 mg, 0.078 mmol) in MeOH (15
mL). The mixture was at 25 °C for 5 h under H; atmosphere. Then the solution was concentrated
and distributed between EA and saturated NaHCO; solution. The combined organic extract was
washed with brine, dried over MgSQy, filtered and concentrated. The crude material was purified
by preparative HPLC (MeCN/H,O as cluants, basic condition) to yield a white solid of 3-(4-
methyl-1H-imidazol-1-yl)-5-(trifluoromethyl)aniline (321.83 mg, 1.334 mmol, 86.0% yield). TLC
(PE/EA = 1:1, R;= 0.3): 'HNMR (400 MHz, CD;0D) § 7.98 (s, 1H), 7.24 (s, 1H), 7.02-6.76 (m,
3H), 2.31-2.17 (m, 3H); ES-LCMS m/z 242.1 (M+H).
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Intermediate 8: 2-(5-Nitro-3-(trifluoromethyl)pyridin-2-yl)acetonitrile

N
ONT N

3

Step 1: 5-Nitro-3-(trifluoromethyl)pyridin-2-ol

A

O,N CF,

To an ice-cooled solution of 3-(trifluoromethyl)pyridin-2-ol (4 g, 24.53 mmol) in H,SO, (26.1
mL, 491 mmol) was added nitric acid (1.206 mL, 27.0 mmol) dropwise. After 30 min, the ice bath
was removed and the reaction was stirred at 26 °C for 10 h. The reaction mixture was added to
120 g ice. The resulting precipitate was collected by filtration, rinsed with additional H,O and air-
dried to afford the first batch of product. Another crop of product was obtained after evaporating
the mother liquor to less than 100 mL, cooling on an ice bath, and adding NaOH to adjust to pH =
8. The mixture was extracted by EA (100 mL). The organic layer was dried and concentrated to
give the product, which was combined with the first batch to yield a yellow solid of 5-nitro-3-
(trifluoromethyl)pyridin-2-ol (2.63 g, 12.64 mmol, 51.5% yield): "H NMR (400 MHz, CD;0D) &:
8.86 (d,J =3.1Hz, 1H), 8.55 (d,J = 2.6 Hz, 1H); ES-LCMS m/z 209.0 (M+H).

Step 2: 2-Chloro-5-nitro-3-(trifluoromethyl)pyridine
N Cl
g
x

O,N CF,

SOCl; (18.45 mL, 253 mmol) was added to a solution of 5-nitro-3-(trifluoromethyl)pyridin-2-ol
(2.63 g, 12.64 mmol). DMF (1.957 mL, 25.3 mmol) was added and the mixture was at 100 °C for
10 h. Then the solution was concentrated and distributed between EA and saturated NaHCO;
solution. The combined organic extract was washed with brine, dried over MgSQ,, filtered and
concentrated. The resulting 2-chloro-5-nitro-3-(trifluoromethyl)pyridine (2.46 g, 10.86 mmol,
86% vield) was used in the next step without further purification. TLC (PE/EA = 5:1, Ry = 0.6):
'HNMR (400 MHz, CDCl;) &: 9.23-9.59 (m, 1H), 8.79 (d, J = 2.4 Hz, 1H).

Step 3: fert-Butyl 2-cyano-2-(5-nitro-3-(trifluoromethyl)pyridin-2-yl)acetate
@) @) \’<
N
“ | CN
N

ON CF,
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To a solution of tert-butyl 2-cyanoacetate (523 mg, 3.71 mmol) in THF (15 mL) was added K,CO;
(854 mg, 6.18 mmol). Then 2-chloro-5-nitro-3-(trifluoromethyl)pyridine (700 mg, 3.09 mmol)
was added into the mixture and the mixture was at 50 °C for 10 h. Then the solution was
concentrated and distributed between EA and saturated NaHCOj; solution. The combined organic
extract was washed with brine, dried over MgSOQ,, filtered and concentrated. The crude material
was purified by preparative TLC (DCM/MeOH = 20:1, R¢ = 0.4) to yield a light yellow solid of
tert-butyl 2-cyano-2-(5-nitro-3-(trifluoromethyl)pyridin-2-yl)acetate (1 g, 3.02 mmol, 98.0%
yield): "H NMR (400 MHz, CD;0D) & 8.99 (d, J = 2.43 Hz, 1H), 8.36 (d, J = 2.43 Hz, 1H), 3.35
(s, 1H), 1.49 (d, J = 1.54 Hz, 9H); ES-LCMS m/z 276 (M-55).

Step 4: 2-(5-Nitro-3-(trifluoromethyl)pyridin-2-yl)acetonitrile
N
~ | CN
Y
O,N CF,

To a solution of fers-butyl 2-cyano-2-(5-nitro-3-(trifluoromethyl)pyridin-2-yl)acetate (1.06 g, 3.20
mmol) in MeOH (80 mL) was added HCI (20 mL, 3.20 mmol). The mixture was at 70 °C for 10 h.
Then the solution was concentrated and distributed between EA and saturated NaHCO; solution.
The combined organic extract was washed with brine, dried over MgSO,, filtered and
concentrated. The resulting 2-(5-nitro-3-(trifluoromethyl)pyridin-2-yl)acetonitrile (402 mg, 1.739
mmol, 54.4% yield) was used in the next step without further purification. TLC (PE/EA =35:1, Ry
=0.6): '"H NMR (400 MHz, CDCl3)  9.56 (d, J = 2.21 Hz, 1H), 8.63-8.87 (m, 1H), 4.20 (br. s.,
2H); ES-LCMS m/z 232.0 (M+H).

Intermediate 9: 2-(4-(5-Ethoxy-6-ox0-1,6-dihydropyridin-3-yl)-2-fluorophenyl)acetic acid

H
O _N
|
Ao F o

OH
Step 1: 2-(4-(5-Ethoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)acetic acid

.0 N
PMB ~ |

F
Ao 0
OH

A suspension of 2-(4-bromo-2-fluorophenyl)acetic acid (300 mg, 1.287 mmol) in 1,4-dioxane (3
mL) and H,O (1.000 mL) was added to a solution of 3-cthoxy-2-((4-methoxybenzyl)oxy)-5-
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(4.4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridine (496 mg, 1.287 mmol) in 1,4-dioxane (3
mL) and H,O (1.000 mL). PdCly(dppf) (94 mg, 0.129 mmol) and Cs,CO; (1049 mg, 3.22 mmol)
were added and the mixture was stirred at 110 °C for 30 min under microwave irradiation. The
mixture was cooled to 1t and then the solution was concentrated and distributed between EA and
saturated NaHCOQ; solution. The combined organic extract was washed with brine, dried over
MgSO,, filtered and concentrated. The crude material was purified by preparative TLC (PE/EA =
I:1, R¢= 0.5) to yield a light yellow solid of 2-(4-(5-cthoxy-6-((4-methoxybenzyl)oxy)pyridin-3-
y1)-2-fluorophenyl)acetic acid (320 mg, 0.778 mmol, 60.4% vield): "H NMR (400 MHz, CD;0D)
86793 (d, J = 1.8 Hz, 1H), 7.18-7.50 (m, 6H), 6.78-7.00 (m, 2H), 5.28-5.54 (m, 2H), 4.04-4.21
(m, 2H), 3.74-3.84 (m, 3H), 3.30-3.38 (m, 2H), 1.32-1.52 (m, 3H); ES-LCMS m/z 412.0 (M+H).

Step 2: 2-(4-(5-Ethoxy-6-ox0-1,6-dihydropyridin-3-y1)-2-fluorophenyl)acetic acid

H
O _N
|
Ao F o

OH

A suspension of 2-(4-(5-ethoxy-6-((4-methoxybenzyl)oxy)pyridin-3-y1)-2-fluorophenyl)acetic acid
(120 mg, 0.292 mmol) in MeOH (10 mL) was added to a solution of Pd/C (31.0 mg, 0.292 mmol)
in MeOH (10 mL). The mixture was stirred under a H, atmosphere at 26 °C for 2 h. Then the
solution was filtered and concentrated. The crude material was purified by preparative HPLC
(MeCN/H,0 as cluants, acidic condition) to vield a light vellow solid of 2-(4-(5-¢thoxy-6-0x0-1,6-
dihydropyridin-3-yl)-2-fluorophenyl)acetic acid (80 mg, 0.275 mmol, 94.0% vield): "H NMR (400
MHz, CD;OD) 6 7.14-7.53 (m, 5H), 4.01-4.21 (m, 2H), 3.60-3.68 (m, 2H), 1.46 (s, 3H); ES-
LCMS m/z 292.1 (M+H).

Intermediate 10: 4-(4-Ethyl-piperazin-1-ylmethyl)-3-trifluoromethyl-phenylamine

HZN/E:(C\FQ j

Step 1: (4-Amino-2-trifluoromethyl-phenyl)-(4-ethyl-piperazin-1-yl)-methanone

(N
H,N CF
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A mixture of 4-amino-2-trifluoromethyl-benzoic acid (15 g, 73.1 mmol), HOBT (14.56 g, 95
mmol), EDC (16.82 g, 88 mmol), Et;N (20.38 mL, 146 mmol), 1-ethyl-piperazine (8.35 g, 73.1
mmol) in DCM (200 mL) was stirred at 25 °C for 2 h. To the mixture was added DCM (200 mL)
and then washed with H,O, 2 M NaOH (2 x 150 mL) and brine. The organic layer was dried over
Na,SO.,, filtered, and concentrated to give a off white solid of (4-amino-2-trifluoromethyl-phenyl)-
(4-ethyl-piperazin-1-yl)-methanone (20 g, 65.2 mmol, 89.0% yicld): "H NMR (400 MHz, CDCl;)
6. 7.07 (d, J=8.0 Hz, 1H), 6.92 (d, J = 2.4 Hz, 1H), 6.79 (dd, J = 2.0, 8.0 Hz, 1H), 3.99 (s, 2H),
3.84-3.76 (m, 2H), 3.25-3.23 (m, 2H), 2.50-2.39 (m, 4H), 2.33-2.31 (m, 2H), 1.08 (t, J = 7.2 Hz,
3H): ES-LCMS m/z 302 (M+H).

Step 2: 4-(4-Ethyl-piperazin-1-ylmethyl)-3-trifluoromethyl-phenylamine

N
AL

2

A

To a mixture of (4-amino-2-trifluoromethyl-phenyl)-(4-ethyl-piperazin-1-yl)-methanone (20 g,
66.4 mmol) in THF (500 mL) was added BH;*DMS (19.91 mL, 199 mmol) dropwise. Then the
mixture was stirred at 80 °C for 4 h. The mixture was quenched by adding MeOH and then
concentrated. The residue was purified by silica column chromatography on silica gel (PE:EA =
2:1, Ry = 0.35) to give a white solid of 4-(4-cthyl-piperazin-1-ylmethyl)-3-trifluoromethyl-
phenylamine (14 g, 46.0 mmol, 69.4% yicld): 'H NMR (400 MHz, CDCl;) &: 7.48 (d, J = 8.4 Hz,
1H), 6.91 (d, J=2.8 Hz, 1H), 6.79 (dd, /=24, 8.4 Hz, 1H), 3.76 (s, 2H), 3.53 (s, 2H), 2.45-2.39
(m, 8H), 1.08 (t,.J = 7.2 Hz, 3H); ES-LCMS m.z 288 (M+H).

Intermediate 11:  2-(4-(4-Ethoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)acetic

acid
PMBO

Step 1: 2-Chloro-4-ethoxypyridine

1
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To a mixture of 2-chloro-4-nitropyridine (170 g, 1070 mmol) in THF (2 L) was added sodium
cthanolate (109.45 g, 1610 mmol) slowly at 0 °C. The mixture was stirred at 25 °C for 12 h.
LCMS and TLC (PE/EA = 5:1, Ry = 0.6) showed the reaction was finished. The mixture was
filtered, and most solvent of the filtrate was removed in vacuio. The residue was extracted with EA
(800 mL x 3), and the organic layer was washed with saturated NaCl solution (1 L), dried over
Na,S0,, filtered, and concentrated to give crude 2-chloro-4-cthoxypyridine (157 g, 1.0 mol, 92%
yield) as a solid: '"H NMR (400 MHz, CD;0D) § 8.15 (d, J = 6.0 Hz, 1H), 6.99 (d, J=2.0 Hz, 1H),
6.91-6.89 (m, 1H), 4.16-4.14 (m, 2H), 1.41-1.38 (m, 3H); ES-LCMS 'z 158 (M+H).

Step 2: 5-Bromo-2-chloro-4-cthoxypyridine
Cl N

2-Chloro-4-cthoxypyridine (100 g, 0.63 mol) was added to H,SO, (500 mL) slowly. Then 1-
bromopyrrolidine-2,5-dione (124.2 g, 0.70 mol) was added into above mixture at rt. The mixture
was stirred at 80 °C for 3 h. TLC (PE/EA =10:1, R= 0.5) showed the reaction was finished. The
reaction mixture was poured into ice-water (2 L), and extracted with EA (1 L x 3). The organic
layer was washed with saturated Na,COj; solution (1 L x 2), dried over Na,SO,4 and concentrated.
The residue was purified by silica column chromatography (PE/EA = 60:1-30:1). All fractions
found to contain product by TLC (PE/EA = 10:1, Ry = 0.5) were combined and concentrated to
yield 5-bromo-2-chloro-4-cthoxypyridine (60.9 g, 0.26 mol, 40% yield): 'H NMR (400 MHz,
CD;0D) 6 8.31 (s, 1H), 7.14 (s, 1H), 4.32-4.10 (m, 2H), 1.58-1.35 (m, 3H); ES-LCMS mz 237
(M+2).

Step 3: 5-Bromo-4-ethoxy-2-((4-methoxybenzyl)oxy)pyridine
PMBO.__N
AN

|/
R

To a mixture of 5-bromo-2-chloro-4-cthoxypyridine (75 g, 317.1 mmol) in toluene (500 mL) was
added (4-methoxyphenyl)methanol (52.6 g, 380.6 mmol), KOH (35.6 g, 634.3 mmol) and 18-

Br

crown-6 (8.4 g, 31.2 mmol) at rt. The reaction mixture was stirred at 120 °C for 2 h. The mixture

was portioned between 2-methoxy-2-methylpropane (500 mL) and brine (800 mL). The organic
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layer was concentrated. The residue was purified by column (PE/EA = 10:1, R¢ = 0.5) to give 5-
bromo-4-cthoxy-2-((4-methoxybenzyl)oxy)pyridine (72.2 g, 221 mmol, 70% yicld): "H NMR (400
MHz, CD;0D) & 8.05 (s, 1H), 7.33 (d, J = 8.8 Hz, 2H), 6.90-6.84 (m, 2H), 6.38 (s, 1H), 5.20 (s,
2H), 4.16-4.05 (m, 2H), 3.77 (s, 3H), 1.43 (q, J = 6.8 Hz, 3H); ES-LCMS m/z 338 (M+2H).

Step 4: 2-(4-Bromo-2-fluorophenyl)acetonitrile
Br. F
T a
To a solution of 4-bromo-1-(bromomethyl)-2-fluorobenzene (500 g, 1.87 mol) in EtOH (2.2 L)
stirred under nitrogen at 20 °C was added NaCN (93 g, 1.90 mmol) in one charge. The reaction
mixture was stirred at 60 °C for 12 h. Then the solution was concentrated and distributed between
DCM (2000 mL) and saturated NaHCQO; solution (1800 mL). Another batch was repeated using
the same procedure. Then the two batches were combined. The combined organic extract was
washed with brine, dried over MgSO,, filtered and concentrated to provide 2-(4-bromo-2-

fluorophenyl)acetonitrile (794 g, 99% yield): 'H NMR (400 MHz, CDCl;) § 7.38-7.27 (m, 3H),
3.72 (s, 2H).

Step 5: 2-(4-Bromo-2-fluorophenyl)acetic acid

Br. F
TLL
OH

To a solution of 2-(4-bromo-2-fluorophenyl)acetonitrile (397 g, 1.82 mol) in MeOH (500 mL)
stirred under nitrogen at 20 °C was added NaOH (2.22 L, 2.5M, 5.56 mol) solution in one charge.
The reaction mixture was stirred at 80 °C for 5 h. Then the solution was concentrated and
neutralized with conc. HCl to pH = 5 with stirring. Then the solution was extracted with EA (1.5
L x 2). Another two batches were repeated using the same procedure. Then the three batches were
combined. The combined organic extract was washed with brine, dried over Na,SOy,, filtered and
concentrated in vacuo to give the pure 2-(4-bromo-2-fluorophenyl)acetic acid (1200 g, 92% yield):
TLC (PE/EA = 5:1, Ry = 0.2); '"H NMR (400 MHz, CDCl;) § 7.24 (br. s., 1H), 7.12 (t, J= 7.9 Hz,
1H), 3.65 (s, 2H).

Step 6: Methyl 2-(4-bromo-2-fluorophenyl)acetate

Br F
Tt
O/
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To a solution of 2-(4-bromo-2-fluorophenyl)acetic acid (260 g, 1.13 mol) in MeOH (2 L) was
added H,SO, (30 mL) at rt. The solution was heated to reflux overnight. Then the solvent was
concentrated and distributed between EA and saturated NaHCOj; solution. The combined organic
extract was washed with brine, dried over Na,SO,, filtered and concentrated. Another batch was
repeated using the same procedure. Then the two batches were combined to provide methyl 2-(4-
bromo-2-fluorophenyl)acetate (520 g, 94%). TLC (PE/EA = 10:1, Ry = 0.7). '"H NMR (400 MHz,
CDCl5) 6 7.25-7.20 (m, 2H), 7.14 (t, J= 8.0 Hz, 1H), 3.70 (s, 3H), 3.62 (s, 2H).

Step 7: Methyl 2-(2-fluoro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)acetate

To a solution of methyl 2-(4-bromo-2-fluorophenyl)acetate (260 g,1.05 mol) and 4,4,4'4',5,5,5',5'-
octamethyl-2,2'-bi(1,3,2-dioxaborolane) (320 g, 1.26 mol) in 1,4-dioxane (2 L) was added KOAc¢
(206 g, 2.10 mol) and PdClLx(dppf) (23 g, 0.03 mol) at rt. The solution was heated to reflux for 4 h
under N,. Then the solution was filtered and the filtrate was concentrated in vacuo to give the
crude product. Another batch was repeated using the same procedure. Then the two batches were
combined and purified by silica column chromatography (PE/EA = 30:1 to 10:1). All fractions
found to contain product by TLC (PE/EA = 10:1, Ry = 0.5) were combined and concentrated to
vield methyl 2-(2-fluoro-4-(4.4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)acetate (560 g,
90%) as a light yellow oil: "H NMR (400 MHz, CDCl3) § 7.54 (d, J = 7.5 Hz, 1H), 7.49 (d, J =
10.0 Hz, 1H), 7.31-7.26 (m, 1H), 3.73 (s, 2H), 1.34 (s, 12H), 1.27 (s, 3H); ES-LCMS m/z 2952
(M+H).

Step 8: Methyl 2-(4-(4-cthoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)acetate
PMBO N
|
™ F
OW O/

To a solution of 5-bromo-4-ethoxy-2-((4-methoxybenzyl)oxy)pyridine (175 g, 519 mmol) in 1,4-
dixoane (1.2 L) and H,O (300 mL) was added methyl 2-(2-fluoro-4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)phenyl)acetate (167 g, 569 mmol), PdCLy,(dppf) (25 g, 5.19 mmol) and Cs,CO;
(337 g, 1038 mmol) under N,. The mixture was refluxed for 2 h. TLC (PE/EA = 5:1, Ry = 0.3)
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showed the reaction was finished. The mixture was portioned between EA (1 L) and H,O (800
mL). The organic layer was dried over Na,SO, and concentrated. The residue was purified by
column chromatography (PE/EA = 5:1, Ry = 03) to give 5-bromo-4-cthoxy-2-((4-
methoxybenzyl)oxy)pyridine (210 g, 0.49 mol, 90% yield): "H NMR (400 MHz, CD;0OD) & 7.94
(s, 1H), 7.36 (d, J = 8.8 Hz, 2H), 7.32-7.22 (m, 3H), 6.90 (d, /= 8.8 Hz, 2H), 6.43 (s, 1H), 5.26 (s,
2H), 4.11 (d, J = 6.8 Hz, 2H), 3.78 (s, 3H), 3.72 (s, 2H), 3.70 (s, 3H), 1.36 (t, J= 7.2 Hz, 3H); ES-
LCMS m/z 426 (M+H).

Step 9: 2-(4-(4-Ethoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)acetic acid
PMBO N
z

™ F
OW OH

To a solution of methyl 2-(4-(4-ethoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-2-
fluorophenyl)acetate (210 g, 519 mmol) in THF (500 mL) was added a solution of LiOH*H,O (52
g, 1.23 mol) in H,O (700 mL). The mixture was stirred at 60 °C for 10 h. TLC (PE/EA = 5:1, R;
= 0.3) showed the reaction was finished. The mixture was concentrated and neutralized with 1.0
M HCl to pH = 7.0. Then the mixture was filtered, and the solid was washed with water and dry in
vacuo to give 2-(4-(4-ethoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)acetic acid
(183.3 g, 0.45 mol, 93% vield): '"H NMR (400 MHz, CD;OD) & 7.94 (s, 1H), 7.41-7.28 (m, 3H),
724 (d, J=9.6 Hz, 2H), 6.91 (d, J = 8.8 Hz, 2H), 6.44 (s, 1H), 5.26 (s, 2H), 4.11 (q, J = 6.8 Hz,
2H), 3.78 (s, 3H), 3.67 (s, 2H), 1.36 (t,J = 7.2 Hz, 3H); ES-LCMS m/z 412 (M+H).

Intermediate 12: 2-(4-Bromo-2-fluorophenyl)-N-(3-(1,1, 1-trifluoro-2-methylpropan-2-yl)isoxazol -
5-ylD)acetamide

Step 1: 2-(4-Bromo-2-fluorophenyl)acetonitrile
Br F
T
To a suspension of NaCN (2.085 g, 42.5 mmol) in DMF (20 mL) was added to a solution of 4-
bromo-1-(bromomethyl)-2-fluorobenzene (5.7 g, 21.27 mmol) in DMF (20 mL). The mixture was
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stirred at 26 °C for 10 h. Then the solution was concentrated and partioned between EA (50 mL)
and saturated NaHCO; solution (50 mL). The organic extract was washed with brine (50 mL),
dried over MgSO,, filtered and concentrated to give a off white soild of 2-(4-bromo-2-
fluorophenyl)acetonitrile (4.01 g, 18.74 mmol, 88% yield): '"H NMR (400 MHz, CDCl;) & 7.24-
7.37 (m, 3 H), 3.70 (s, 2 H).

Step 2: 2-(4-Bromo-2-fluorophenyl)acetic acid

Br F
0@
OH

To a solution of 2-(4-bromo-2-fluorophenyl)acetonitrile (4.01 g, 18.74 mmol) in MeOH (30 mL)
was added 2 M NaOH (56.2 mL, 112 mmol). The mixture was stirred at 100 °C for 12 h. The
mixture was then cooled to rt. Then the solution was concentrated and distributed between EA
and saturated NaHCO; solution. The combined organic extract was washed with brine, dried over
MgSO,, filtered and concentrated to provide 2-(4-bromo-2-fluorophenyl)acetic acid (4.13 g, 17.72
mmol, 95% vield): '"H NMR (400 MHz, CDCl;) & 7.31-7.22 (m, 2H), 7.13 (t, J = 8.05 Hz, 1H),
3.67 (s, 2H); ES-LCMS m.z 233 (M+H).

Step 3: 5,5,5-Trifluoro-4,4-dimethyl-3-oxopentanenitrile
CN

O

F.C

To a mixture of MeCN (1.086 g, 26.5 mmol) in THF (300 mL) cooled to -78 °C was added »#-BuLi
(10.58 mL, 26.5 mmol). The mixture was stirred at -30 °C for 0.5 h. Then to the mixture was
added methyl 3,3,3-trifluoro-2,2-dimethylpropanoate (3 g, 17.63 mmol) dropwise. The mixture
was quenched with aqueous NH4Cl and extracted with DCM/MeOH (10:1, 30 mL). The organic
layer was dried over Na,SQy, filtered and concentrated. The crude material was purified by silica
column chromatography (PE/EA = 8:1). All fractions found to contain product by TLC (PE/EA =
5:1, Ry = 0.5) were combined and concentrated to vield a light yvellow oil of 5,5 5-trifluoro-4,4-
dimethyl-3-oxopentanenitrile (1 g, 5.30 mmol, 30% vield): "H NMR (400 MHz, CDCl;) § 3.79 (s,
2H), 1.41 (s, 6H).
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Step 4: 3-(1,1,1-Trifluoro-2-methylpropan-2-yl)isoxazol-5-amine

H,N o

To a mixture of 5,55-trifluoro-4,4-dimethyl-3-oxopentanenitrile (1 g, 5.58 mmol) and
hydroxylamine hydrochloride (0.407 g, 5.86 mmol) in water (30 mL) was added NaOH (0.447 g,
11.16 mmol). Then the mixture was stirred at 100 °C for 3 h. After cooling to rt, the mixture was
extracted with DCM (50 mL x 3). The organic layer was dried over Na,SO,, filtered and
concentrated to yield a light yellow solid of 3-(1,1,1-trifluoro-2-methylpropan-2-yl)isoxazol-5-
amine (700 mg, 3.39 mmol, 61% yield): 'H NMR (400 MHz, CDCl3) & 5.17 (s, 1H), 4.41 (s, 2H),
1.49 (s, 6H); ES-LCMS m/z 195 (M+H).

Step 5: 2-(4-Bromo-2-fluorophenyl)-N-(3-(1,1,1-trifluoro-2-methylpropan-2-yl)isoxazol-5-
yl)acetamide
CF

Br F
o N\
L
N (@)

H

3

To a mixture of 2-(4-bromo-2-fluorophenyl)acetic acid (360 mg, 1.545 mmol) in DCM (50 mL)
was added 3-(1,1,1-trifluoro-2-methylpropan-2-vl)isoxazol-5-amine (300 mg, 1.545 mmol),
HATU (881 mg, 2.317 mmol) and tricthylamine (0.645 mL, 4.63 mmol). Then the mixture was
stirred at 25 °C for 12 h. The mixture was washed with brine (50 mL), dried over Na,SO,, filtered,
and concentrated to yield a yellow oil of 2-(4-bromo-2-fluorophenyl)-N-(3-(1,1,1-trifluoro-2-
methylpropan-2-yl)isoxazol-5-yl)acetamide (600 mg, 1.1 mmol, 71% yield): '"H NMR (400 MHz,
CDCl;) 6 8.09 (d, J = 6.8 Hz, 1H), 7.34-7.29 (m, 1H), 7.21 (s, 1H), 6.64 (d, J = 6.8 Hz, 1H), 6.43
(s, 1H), 3.75 (s, 2H), 1.52 (s, 6H); ES-LCMS m/z 409 (M+H).
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Preparation of Compounds of the Invention
Example 1: 2-(4-(5-Ethoxy-6-ox0-1,6-dihydropyridin-3-yl)-2-fluorophenyl)-N-(6-(2-hyd

roxypropan-2-yl)-5-(trifluoromethyl)pyridin-3-yl)acetamide

O,N CF,

To a mixture of 3-(trifluoromethyl)pyridin-2-ol (2 g, 12.26 mmol) was added nitric acid (1.644
mL, 36.8 mmol) and H,SO4 (12.03 g, 123 mmol) at 0 °C. Then the mixture was stirred at 25 °C
for 16 h. The mixture was then warmed to 60 °C for 5 h, cooled and added to 150 g of ice. The
mixture was extracted with EA (2 x 100 mL) and washed with H,O (100 mL) to give the organic
layer. The combined organic extract was washed with brine, dried over Na,SQO,, concentrated to
yield a brown solid of 5-nitro-3-(trifluoromethyl)pyridin-2-ol (2.2 g, 8.99 mmol, 73.3% yield): 'H
NMR (400 MHz, CD;0D) ¢ 8.91 (d, J =2.43 Hz, 1H), 9.42 (d, J = 2.43 Hz, 1H); ES-LCMS m/z
209.0 (M+H).

Step 2: 2-Chloro-5-nitro-3-(trifluoromethyl)pyridine
N Cl

| X

Z

O,N CF

2 3

To a mixture of 5-nitro-3-(trifluoromethyl)pyridin-2-ol (2 g, 9.61 mmol) was added SOCI, (21.04
mL, 288 mmol) and DMF (0.074 mL, 0.961 mmol). Then the mixture was stirred at 80 °C for 16
h. The mixture was concentrated and extracted with EA (2 x 100 mL) and washed with H,O (100
mL) to give the organic layer. The combined organic extract was washed with brine, dried over
Na,S0., concentrated to vield a brown solid of 2-chloro-5-nitro-3-(trifluoromethyl)pyridine (2 g,
5.30 mmol, 55.1% yield): '"H NMR (400 MHz, CD;0D) & 891 (d, J=2.43 Hz, 1H), 942 (d, J =
243 Hz, 1H).
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Step 3: 6-Chloro-5-(trifluoromethyl)pyridin-3-amine
N Cl

| N

=

H,N CF

2 3

To a mixture of 2-chloro-5-nitro-3-(trifluoromethyl)pyridine (2 g, 8.83 mmol) in acetic acid (10
mL) was added iron (2.465 g, 44.1 mmol) in one portion. The mixture was stirred at 80 °C for 15
min. The mixture was filtered and concentrated and then washed with aqueous NaOH and
extracted with EA. The crude material was purified by silica column chromatography (PE/EA =
5:1). All fractions found to contain product by TLC (PE/EA = 8:1, Rs = 0.6) were combined and
concentrated to yield a yellow solid of 6-chloro-5-(trifluoromethyl)pyridin-3-amine (1 g, 4.58
mmol, 51.9% yield): "H NMR (400 MHz, CD;0D) & 8.06 (s, 1H), 7.86 (d, J = 8.60 Hz, 1H), 7.53
(d,J = 8.60 Hz, 1H), 7.46-7.26 (m, 5H), 4.16-4.11 (m, 2H), 3.81 (s, 2H), 1.47 (t, J = 6.62 Hz, 3H);
ES-LCMS m/z 197.0 (M+H).

Step 4: 1-(5-Amino-3-(trifluoromethyl)pyridin-2-yl)ethanone
o)

N
X

HNT N7 cE,

To a mixture of 6-chloro-5-(trifluoromethyl)pyridin-3-amine (200 mg, 1.018 mmol) in MeOH (3
mL) was added 6-chloro-5-(trifluoromethyl)pyridin-3-amine (200 mg, 1.018 mmol), NaHCO;
(171 mg, 2.035 mmol) and PdCly(dppf) (74.5 mg, 0.102 mmol). The mixture was stirred under a
N, atmosphere at 110 °C for 30 min under microwave. Then the reaction residue was filtered and
the solid was washed by MeOH. Then 6M HCl was added to the solution, which was stirred a rt
for 1 h and then concentrated to give the crude product. The crude product was purified by
preparative TLC (PE/EA = 1:1, Ry = 0.6) to yield a light yellow solid of 1-(5-amino-3-
(trifluoromethyl)pyridin-2-yl)ethanone (120 mg, 0.500 mmol, 49.1% yield): '"H NMR (400 MHz,
CD;0D) 6 8.10 (d, J = 2.43 Hz, 1H), 7.30 (d, J = 2.43 Hz, 1H), 2.56 (s, 3H); ES-LCMS m/z 205.0
(M+H).

Step 5: N-(6-Acetyl-5-(trifluoromethyl)pyridin-3-y1)-2-(4-bromo-2-fluorophenyl)acetamide
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To a mixture of 2-(4-bromo-2-fluorophenyl)acetic acid (125 mg, 0.536 mmol) in DCM (10 mL)
was added 2-(4-bromo-2-fluorophenyl)acetic acid (125 mg, 0.536 mmol), EDC (123 mg, 0.644
mmol), HOBt (99 mg, 0.644 mmol) and Et;N (0.150 mL, 1.073 mmol). The mixture was stirred at
25 °C for 16 h. Then the reaction residue was concentrated to give the crude product, which was
purified by preparative TLC (PE/EA = 1:1, Re = 0.6) to yield a light vellow solid of N-(6-acetyl-5-
(trifluoromethyl)pyridin-3-y1)-2-(4-bromo-2-fluorophenyl)acetamide (120 mg, 0.243 mmol, 45.4%
yield): '"H NMR (400 MHz, CD;0D) & 9.00 (d, J = 1.5 Hz, 1H), 8.60 (d,J = 1.5 Hz, 1H), 8.13 (d,
J =25Hz 2H), 7.33 (s., 1H), 3.85 (s, 2H), 2.66 (s, 3H); ES-LCMS m/z 418.9 (M+H).

Step 6: N-(6-Acetyl-5-(trifluoromethyl)pyridin-3-y1)-2-(4-(5-ethoxy-6-((4-

methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)acetamide

To a mixture of 3-cthoxy-2-((4-methoxybenzyl)oxy)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)pyridine (100 mg, 0.260 mmol) in 1,4-dioxane (3 mL) and H,O (1 mL) was added N-(6-acetyl-
S-(trifluoromethyl)pyridin-3-yl)-2-(4-bromo-2-fluorophenyl)acetamide (120 mg, 0.286 mmol),
Cs,COs5 (169 mg, 0.519 mmol) and PdCly(dppf) (18.99 mg, 0.026 mmol). The mixture was stirred
under a N, atmosphere at 110 °C for 30 min under microwave. Then the reaction residue was
filtered and the filtrate was concentrated to give the crude product, which was purified by
preparative TLC (PE/EA = 1:1, Ry = 0.6) to vield a light yellow solid of N-(6-acetyl-5-
(trifluoromethyl)pyridin-3-v1)-2-(4-(5-ethoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-2-
fluorophenyl)acetamide (100 mg, 0.100 mmol, 38.7% yield): "H NMR (400 MHz, CD;0D) & 9.02
(s, IH), 8.62 (s, 1H), 8.13 (d, J = 2.0 Hz, 2H), 7.42 (d, J = 9.0 Hz, 4H), 7.33 (d, J = 2.5 Hz, 2H),
6.94 (s, 1H), 5.39 (s, 2H), 4.15-4.09 (m, 2H), 3.91 (s, 2H), 2.03 (s, 3H), 1.26 (t, J = 7.0 Hz, 3H);
ES-LCMS m/z 598.1 (M+H).

Step 7: 2-(4-(5-Ethoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)-N-(6-(2-
hydroxypropan-2-yl)-5-(trifluoromethyl)pyridin-3-yl)acetamide
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To a mixture of  N-(6-acetyl-5-(trifluoromethyl)pyridin-3-y1)-2-(4-(5-ethoxy-6-((4-
methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)acetamide (100 mg, 0.167 mmol) in THF (10
mL) was added methylmagnesium bromide (0.167 mL, 0.502 mmol). The mixture was stirred at 0
°C for 2 h under a N, atmosphere. Then the mixture was added to H,O and extracted with EA.
The combined organic extract was washed with brine, dried over MgSO,, filtered and
concentrated. The crude material was purified by preparative TLC (DCM/MeOH = 15:1, Rf=0.6)
to vield a yellow solid of 2-(4-(5-ethoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)-
N-(6-(2-hydroxypropan-2-yl)-5-(trifluoromethyl)pyridin-3-yl)acetamide (70 mg, 0.086 mmol,
51.1% yield): "H NMR (400 MHz, CD;0D) & 8.87 (d, J = 2.0 Hz, 1H), 8.45 (d, J = 2.0 Hz, 1H),
8.09 (d, J =24 Hz, 1H), 794 (d, J = 2.0 Hz, 1H), 7.44-7.40 (m, 3H), 7.29 (d, J = 2.4 Hz, 1H),
6.88 (s, 2H) 6.78 (d, J = 2.4 Hz, 1H), 5.35 (s, 2H) ,4.17-4.11(m, 2H), 3.83 (s, 2H), 3.77 (s, 3H),
1.59 (s, 6H), 1.41 (t,J = 7.1 Hz, 3H); ES-LCMS m/z 494.2 (M-PMB+H).

Step 8: 2-(4-(5-Ethoxy-6-ox0-1,6-dihydropyridin-3-yl)-2-fluorophenyl)-N-(6-(2-hydroxypropan-2-
y1)-5-(trifluoromethyl)pyridin-3-vl)acetamide

To a mixture of 2-(4-(5-cthoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)-N-(6-(2-
hydroxypropan-2-yl)-5-(trifluoromethyl)pyridin-3-yl)acetamide (70 mg, 0.114 mmol) in MeOH
(10 mL) was added Pd/C (7 mg, 0.066 mmol). The mixture was stirred under a H, atmosphere at
25 °C for 16 h. Then the reaction residue was filtered and concentrated. The crude material was
purified by preparative HPLC (MeCN/H,O as ¢luants, basic condition) to yield a white solid of 2-
(4-(5-ethoxy-6-ox0-1,6-dihydropyridin-3-y1)-2-fluorophenyl)-N-(6-(2-hydroxypropan-2-yl)-5-
(trifluoromethyl)pyridine-3-yl)acetamide (5.71 mg, 0.011 mmol, 10.9% vield): 'H NMR (400
MHz, CD;OD) 6 8.90 (s, 1H), 8.48 (s, 1H), 7.48-7.43 (m, 1H), 7.40-7.32 (m, 3H), 7.26 (d, J =
2.01 Hz, 1H), 4.15 (m, 2H), 3.86 (s, 2H), 1.62 (s, 6H), 1.49 (t, J = 7.03 Hz, 3H); ES-LCMS m.z
4942 (M+H).
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Example 2: N-(6-Ethoxy-5-(trifluoromethyl)pyridin-3-y1)-2-(4-(5-ethoxy-6-oxo-1,6-

dihydropyridin-3-yl)-2-fluorophenyl)acetamide hydrochloride

H
O N
| F N O
”"LLC@LI“
N CF,
H

Step 1: 2-Chloro-5-nitro-3-(trifluoromethyl)pyridine

Z

O,N CF

2 3

To a mixture of 3-(trifluoromethyl)pyridin-2-o0l (2 g, 12.26 mmol) and nitric acid (1.644 mL, 36.8
mmol) was added H,SO, (12.03 g, 123 mmol) at 0 °C. Then the mixture was stirred at 25 °C for
16 h. The mixture was then warmed to 60 °C for 5 h, cooled and added to 150 g of ice. The
mixture was extracted with EA (2 x 100 mL) and washed with H,O (100 mL) to give the organic
layer. The combined organic extract was washed with brine, dried over Na,SQ,, filtered, and
concentrated to vield a brown solid of 5-nitro-3-(trifluoromethyl)pyridin-2-ol (2.2 g, 8.99 mmol,
73.3% yield): '"H NMR (400 MHz, CD;0OD) & 8.91 (d.J = 2.43 Hz, 1H), 9.42 (d. J = 2.43 Hz, 1H):
ES-LCMS m/z 209.0 (M+H).

Step 2: 2-Chloro-5-nitro-3-(trifluoromethyl)pyridine
N Cl

| ~

/

O,N CF

3

To a mixture of 5-nitro-3-(trifluoromethyl)pyridin-2-ol (2 g, 9.61 mmol) and SOCl, (21.04 mL,
288 mmol) was added DMF (0.074 mL, 0.961 mmol). Then the mixture was stirred at 80 °C for
16 h. The mixture was concentrated and extracted with EA (2 x 100 mL) and washed with H,O
(100 mL) to give the organic layer. The combined organic extract was washed with brine, dried
over Na,SQ,, filtered, and concentrated to yield a brown solid of 2-chloro-5-nitro-3-
(trifluoromethyl)pyridine (2 g, 5.30 mmol, 55.1% yield): '"H NMR (400 MHz, CD;0D) & 8.91 (d, J
=243 Hz, 1H),9.42 (d,.J =2.43 Hz, 1H).
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Step 3: 2-Ethoxy-5-nitro-3-(trifluoromethyl)pyridine

F

O,N CF

2 3

To a mixture of 2-chloro-5-nitro-3-(trifluoromethyl)pyridine (500 mg, 2.207 mmol) in THF (10
mL) was added EtOH (0.155 mL, 2.65 mmol) and NaH (132 mg, 3.31 mmol). Then the mixture
was stirred at 0 °C for 30 min, then warmed to rt and stirred for 16 h. The mixture was added to
H,0 and extracted with EA (2 x 50 mL) to give the organic layer. The combined organic extract
was washed with brine, dried over Na,SQ,, filtered, and concentrated to yield a brown oil of 2-
ethoxy-5-nitro-3-(trifluoromethyl)pyridine (120 mg, 0.457 mmol, 20.7% vield): "H NMR (400
MHz, CD;0D) 8927 (d,J =2.5Hz, 1H), 8.75(d, J = 2.5 Hz, 1H), 4.67 (m, 2H), 147 (t, /= 7.0
Hz, 3H).

Step 4: 6-Ethoxy-5-(trifluoromethyl)pyridin-3-amine
N\ NG

=

H,N CF

2 3

To a mixture of 2-ethoxy-5-nitro-3-(trifluoromethyl)pyridine (120 mg, 0.508 mmol) in EA (10
mL) was added tin(II) chloride dihydrate (459 mg, 2.033 mmol). The mixture was stirred at 50 °C
for 16 h. Then the solution was distributed between EA and saturated NaHCOj; solution. The
combined organic extract was washed with brine, dried over MgSQ,, filtered and concentrated.
The crude material was purified by preparative TLC (PE/EA = 4:1, Ry = 0.6) to vield a light yellow
oil of 6-cthoxy-5-(trifluoromethyl)pyridin-3-amine (80 mg, 0.310 mmol, 61.1% yield): 'H NMR
(400 MHz, CD;0D) 6 6.27 (d,J = 2.5 Hz, 1H), 5.86 (d,J = 3.0 Hz, 1H), 2.81 (m, 2H), 0.17 (t,J =
7.0 Hz, 3H); ES-LCMS m/z 207.1 (M+H).

Step 5: 2-(4-Bromo-2-fluorophenyl)-N-(6-ethoxy-3-(trifluoromethyl)pyridin-3-yl)acetamide
Brm N | o~

N7 cE

H
To a mixture of 2-(4-bromo-2-fluorophenyl)acetic acid (90 mg, 0.386 mmol) in DCM (10 mL)
was added 6-cthoxy-5-(trifluoromethyl)pyridin-3-amine (88 mg, 0.425 mmol), DIEA (0.135 mL,
0.772 mmol) and HATU (220 mg, 0.579 mmol). The mixture was stirred at 25 °C for 16 h. The
mixture was diluted with H,O and extracted with DCM. The combined organic extract was

washed with brine, dried over MgSQ,, filtered and concentrated. The crude material was purified

by preparative TLC (PE/EA = 1:1, Ry = 0.6) to yield a light yellow oil of 2-(4-bromo-2-
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fluorophenyl)-N-(6-ethoxy-5-(trifluoromethyl)pyridin-3-yl)acetamide (120 mg, 0.228 mmol,
59.0% yield): "H NMR (400 MHz, CD;0D) & 8.49 (d, J = 2.0 Hz, 1H), 8.27 (d, J = 2.5 Hz, 1H),
7.39-7.34 (m, 3H), 4.47 (m, 2H), 1.21 (t, J = 6.5 Hz, 3H).ES-LCMS m/z 421.0 (M+H).

Step 6: N-(6-Ethoxy-5-(trifluoromethyl)pyridin-3-y1)-2-(4-(5-ethoxy-6-((4-methoxyb
enzyl)oxy)pyridin-3-yl)-2-fluorophenyl)acetamide

To a mixture of 3-cthoxy-2-((4-methoxybenzyl)oxy)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)pyridine (100 mg, 0.260 mmol) in 1,4-dioxane (3 mL) and H,O (1 mL) was added 2-(4-bromo-
2-fluorophenyl)-N-(6-ethoxy-5-(trifluoromethyl)pyridin-3-yl)acetamide (120 mg, 0.286 mmol),
Cs,CO5 (169 mg, 0.519 mmol) and PdClLy(dppf) (18.99 mg, 0.026 mmol). The mixture was stirred
under a N, atmosphere at 110 °C for 30 min under microwave. Then the reaction residue was
filtered and the filtrate was concentrated to give the crude product, which was purified by
preparative TLC (PE:EA=1:1, Ry = 0.6) to yield a light yellow solid of N-(6-cthoxy-5-
(trifluoromethyl)pyridin-3-yl)-2-(4-(5-ethoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-2-
fluorophenyl)acetamide (50 mg, 0.071 mmol, 27.3% yield): '"H NMR (400 MHz, CD;0D) § 8.51
(d,J =2.5Hz, 1H), 829 (d, J = 2.5 Hz, 1H), 7.97 (d, J = 2.0 Hz, 1H), 7.52-7.35 (m, 6H), 6.93 (d,
J = 8.5 Hz, 2H), 5.39 (s, 2H), 4.47 (m, 2H), 4.17 (m, 2H), 3.78-3.85 (m, 5H),1.42-1.47 (m, 3H),
1.38-1.42 (m, 3H); ES-LCMS m/z 600.1 (M+H).

Step 7: N-(6-Ethoxy-5-(trifluoromethyl)pyridin-3-yl)-2-(4-(5-ethoxy-6-oxo-1,6-dih
ydropyridin-3-yl)-2-fluorophenyl)acetamide hydrochloride

H
O N
| F Ng__O
NP e,
H

To a  mixture of  N-(6-ethoxy-5-(trifluoromethyl)pyridin-3-yl)-2-(4-(5-cthoxy-6-((4-
methoxybenzyl)oxy )pyridin-3-yl)-2-fluorophenyl)acetamide (40 mg, 0.067 mmol) in DCM (10
mL) was added TFA (0.701 mL, 9.10 mmol). The mixture was stirred at 25 °C for 2 h. Then the
reaction residue was added to NaOH (2.5 m, 3 mL) and concentrated. The crude material was

purified by preparative HPLC (MeCN/H,O as cluants, basic condition) to yield a white solid of N-
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(6-ethoxy-3-(trifluoromethyl)pyridin-3-y1)-2-(4-(5-ethoxy-6-0x0-1,6-dihydropyridin-3-yl)-2-
fluorophenyl)acetamide hydrochloride (15.66 mg, 0.030 mmol, 49.8% yield): "H NMR (400 MHz,
CD;0D) & 8.50 (s, 1H), 8.29 (d, J = 2.0 Hz, 1H), 7.49-7.41 (m, 1H), 7.40-7.31 (m, 3H), 7.26 (d, J
=2.0 Hz, 1H), 447 (m, 2H), 4.15 (m, 2H), 3.82 (s, 2H), 1.49 (t,J/ = 7.0 Hz, 3H), 1.40 (t, J = 7.0
Hz, 3H); ES-LCMS mz 480.2 (M+H).

Example 3: 2-(4-(4-Ethoxy-6-ox0-1,6-dihydropyridin-3-yl)-2-fluorophenyl)-N-(4-(3-hydroxy-2,2-
dimethylpropyl)-3-(trifluoromethyl)phenyl)acetamide

H
O N
| F
o)
r N CF,

Step 1. Ethyl 3-(4-(2-(4-bromo-2-fluorophenyl)acetamido)-2-(trifluoromethyl)phenyl)-2,2-

(@)
Br F
T M"“
N CF,

Ethyl-3-(4-amino-2-(trifluoromethyl)phenyl)-2,2-dimethylpropanoate (200 mg, 0.691 mmol) was
added to a solution of 2-(4-bromo-2-fluorophenyl)acetic acid (161 mg, 0.691 mmol), HATU (315
mg, 0.830 mmol) and TEA (0.482 mL, 3.46 mmol) in DCM (5 mL). The reaction mixture was
stirred at rt for 2 h, and then the solution was distributed between DCM and H,O. The combined

dimethylpropanoate

organic extract was dried over MgSQ,, filtered and concentrated. The crude product was purified
by preparative TLC (DCM, R; = 0.5) to yield a light yellow oil of ethyl 3-(4-(2-(4-bromo-2-
fluorophenyl)acetamido)-2-(trifluoromethyl)phenyl)-2,2-dimethylpropanoate (320 mg, 0571
mmol, 83.0% vield): "H NMR (400 MHz, MeOH-d3) § 7.94 (d,J = 1.54 Hz, 1H), 7.68 (d,J = 8.38
Hz, 1H), 7.27-7.36 (m, 2H), 7.22 (d, J = 8.38 Hz, 1H), 6.90-6.97 (m, 1H), 4.09-4.18 (m, 2H), 3.74
(s, 2H), 3.07 (s, 2H), 1.20-1.25 (m, 3H), 1.15 (s, 6H); ES-LCMS m/z 504 (M+H).
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Step 2: Ethyl 3-(4-(2-(2-fluoro-4-(4,4,5,5-tetramethyl- 1,3 2-dioxaborolan-2-yl)phenyl)acetamido)-
2-(trifluoromethyl)phenyl)-2,2-dimethylpropanoate

Ngi ;

-B F

SO QK
N CF
H 3

PdClLy(dppf) (23.21 mg, 0.032 mmol) was added to a solution of ethyl 3-(4-(2-(4-bromo-2-
fluorophenyl)acetamido)-2-(trifluoromethyl)phenyl)-2,2-dimethylpropanoate (320 mg, 0.635
mmol), KOAc (187 mg, 1904 mmol) and 44,445,555 -octamethyl-2,2'-bi(1,3,2-
dioxaborolane) (193 mg, 0.761 mmol) in 1,4-dioxane (10 mL). The reaction mixture was stirred at
100 °C for 8 h. Then the solution was concentrated and distributed between EA and H,O. The
combined organic extract was washed with brine, dried over Na,SO,, filtered and concentrated.
The crude material was purified by preparative TLC (PE/EA = 5:1, Ry = 0.6) to vield a light yellow
oil of ethyl 3-(4-(2-(2-fluoro-4-(4.4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)acetamido)-2-
(trifluoromethyl)phenyl)-2,2-dimethylpropanoate (300 mg, 0.490 mmol, 77% vyield): 'H NMR
(400 MHz, CD;0D) 87.94 (s, 1H), 7.68 (d, J = 8.60 Hz, 1H), 7.50 (d, J = 7.50 Hz, 1H), 7.33-7.41
(m, 2H), 7.22 (d, J = 8.60 Hz, 1H), 4.12-4.15 (m, 2H), 3.78 (s, 2H), 3.07 (s, 2H), 1.33 (s, 12H),
122 (d,J = 1.54 Hz, 3H), 1.15 (s, 6H); ES-LCMS n2/z 552 (M+H).

Step 3. Ethyl 3-(4-(2-(4-(6-(benzyloxy)-4-ethoxypyridin-3-y1)-2-fluorophenyl)acetamido)-2-
(trifluoromethyl)phenyl)-2,2-dimethylpropanoate

BnO N
- | (@]
F
) SO
O
r N CF,

The reaction mixture of PdCL(dppf) (13.27 mg, 0.018 mmol), 4-(benzyloxy)-2-ethoxy-1-
iodobenzene (0.131 mL, 0.399 mmol), ethyl 3-(4-(2-(2-fluoro-4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)phenyl)acetamido)-2-(trifluoromethyl)phenyl)-2,2-dimethyl propanoate (0.121
mL, 0.363 mmol) and Cs,COs (355 mg, 1.088 mmol) in H,O (1 mL) and 1,4-dioxane (3 mL) was
stirred at 100 °C for 2 h. Then the solution was concentrated and distributed between DCM and
H,0. The combined organic extract was dried over MgSQ,, filtered and concentrated. The crude
material was purified by silica column chromatography (PE/EA = 5:1). All fractions found to
contain product by TLC (PE/EA = 2:1, Ry = 0.6) were combined and concentrated to yield a light
yellow oil of ethyl 3-(4-(2-(4'-(benzyloxy)-2'-ethoxy-3-fluoro-[ 1,1'-biphenyl]-4-yl)acetamido)-2-
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(trifluoromethyl)phenyl)-2,2-dimethylpropanoate (100 mg, 0.147 mmol, 40.6% yield): 'H NMR
(400 MHz, CD;0D) 6 7.93-7.98 (m, 2H), 7.71 (dd, J = 8.49, 1.87 Hz, 1H), 7.42-7.46 (m, 2H),
7.32-7.39 (m, 3H), 7.25-7.31 (m, 3H), 7.23 (d, J = 8.60 Hz, 1H), 6.48 (s, 1H), 5.35 (s, 2H), 4.10-
4.17 (m, 4H), 3.79 (s, 2H), 3.07 (s, 2H), 2.00 (s, 2H), 1.23 (dd, J = 7.17, 0.88 Hz, 6H), 1.15 (s,
6H): ES-LCMS m/z 653 (M+H).

Step 4: 2-(4-(6-(Benzyloxy)-4-ethoxypyridin-3-yl)-2-fluorophenyl)-N-(4-(3-hydroxy-2,2-
dimethylpropyl)-3-(trifluoromethyl)phenyl)acetamide
BnO N
z

F
O O
o
( N CF,

LAH (17.45 mg, 0.460 mmol) was added to a solution of ethyl 3-(4-(2-(4-(6-(benzyloxy)-4-
ethoxypyridin-3-yl)-2-fluorophenyl)acetamido)-2-(trifluoromethyl)phenyl)-2,2-
dimethylpropanoate (100 mg, 0.153 mmol) in THF (5 mL). The reaction mixture was stirred at 25
°C for 1 h. The reaction was then extracted with EA (50 mL), washed with water and NaOH
solution and dried over Na,SO,4. The combined organic extracts were purified by preparative TLC
(PE/EA = 2:1, R¢= 0.4) to vield a light yellow oil of 2-(4-(6-(benzyloxy)-4-cthoxypyridin-3-yl)-2-
fluorophenyl)-N-(4-(3-hydroxy-2,2-dimethylpropyl)-3-(trifluoromethyl)phenyl)acetamide (20 mg,
0.032 mmol, 20.9% yield): 'H NMR (400 MHz, CD;0D) & 7.94-8.03 (m, 2H) 7.77 (d, J = 8.53
Hz, 1H) 7.46 (t, J = 7.53 Hz, 3H) 7.36-7.43 (m, 3H) 7.27-7.35 (m, 3H) 6.52 (s, 1H) 5.38 (s, 2H)
3.83 (s, 2H) 2.81 (s, 2H) 2.03 (s, 4H) 1.40 (t,J = 6.78 Hz, 3H) 1.26 (t,J = 7.28 Hz, 3H) 0.82-0.90
(m, 6H); ES-LCMS m/z 611 (M+H).

Step 5 2-(4-(4-Ethoxy-6-oxo0-1,6-dihvdropyridin-3-yl)-2-fluorophenyl)-N-(4-(3-hydroxy-2,2-
dimethylpropyl)-3-(trifluoromethyl)phenyl)acetamide

H
Ox N
| F
o)
r N CF,

The reaction mixture of 2-(4-(6-(benzyloxy)-4-ethoxypyridin-3-yl)-2-fluorophenyl)-N-(4-(3-
hydroxy-2,2-dimethylpropyl)-3-(trifluoromethyl)phenyl)acetamide (20 mg, 0.033 mmol) and Pd/C
(3.49 mg, 0.033 mmol) in MeOH (3 mL) was stirred at 20 °C for 20 min under a H, atmosphere.
Then the solution was concentrated and purified by preparative HPLC (MeCN/H,O as cluants,
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acidic condition) to vyield a white solid of 2-(4-(4-ethoxy-6-ox0-1,6-dihydropyridin-3-yl)-2-
fluorophenyl)-N-(4-(3-hydroxy-2,2-dimethylpropyl)-3-(trifluoromethyl)phenyl)acetamide  (11.88
mg, 0.022 mmol, 67.7% yield): "H NMR (400 MHz, CD;0D) & 7.95 (d, J = 1.98 Hz, 1H), 7.79 (s,
1H), 7.71 (dd, J = 8.49, 1.87 Hz, 1H), 7.40-7.46 (m, 2H), 7.25-7.32 (m, 2H), 6.37 (s, 1H), 4.24 (q,
J =6.84 Hz, 2H), 3.82 (s, 2H), 3.35 (br. s., 2H), 2.77 (s, 2H), 1.41 (t, J = 6.95 Hz, 3H), 0.83 (s,
6H): ES-LCMS m/z 521 (M+H).

Example 4: 2-(4-(5-Ethoxy-6-ox0-1,6-dihydropyridin-3-y1)-2,3-difluorophenyl)-N-(4-(2-

hydroxyethoxy)-3-(trifluoromethyl)phenyl)acetamide

Stepl: (4-Bromo-2,3-difluorophenyl)methanol

Br F

OH

To a solution of 4-bromo-2,3-difluorobenzoic acid (650 mg, 2.74 mmol) in THF (5 mL) stirred
under N, at 0 °C was added BH3*DMS (1.371 mL, 13.71 mmol) in one charge. The reaction
mixture was stirred at 67 °C for 2 h. To the solution was added MecOH (5 mL) at rt. Then the
solution was stirred at rt for 30 min. The solution was concentrated in vacuo to give the crude
product. The resulting (4-bromo-2,3-difluorophenyl)methanol (600 mg, 1.749 mmol, 63.8%
yield) was used in the next step without further purification. TLC (PE/EA =2:1, R;0.6): '"HNMR
(400 mHz, CDCl;) 6 7.37-7.28 (m, 1H), 7.12 (t,J= 7.4 Hz, 1H), 4.76 (d, J= 5.2 Hz, 2H), 3.70 (s,
1H).

Step 2: 1-Bromo-4-(bromomethyl)-2,3-difluorobenzene

F
Br F

Br

To a solution of (4-bromo-2,3-difluorophenyl)methanol (500 mg, 2.242 mmol) in DCM (10 mL)
stirred under N, at 0 °C was added PBr; (0.634 mL, 6.73 mmol) in one charge. The reaction
mixture was stirred at 10 °C for 2 h. Then the solution was concentrated and distributed between

DCM and saturated NaHCO; solution. The combined organic extract was washed with brine,
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dried over MgSQ,, filtered and concentrated. The crude material was purified by preparative
TLC (PE/EA = 10:1, R 0.6) to yield light yellow oil of 1-bromo-4-(bromomethyl)-2,3-
difluorobenzene (330 mg, 1.154 mmol, 51.5% yield): 'H NMR (400 MHz, CDCl5) & 7.30 (ddd, J
=2.0,6.0,82Hz, 1H), 7.11-7.03 (m, 1H), 4.46 (s, 2H).

Step 3: 2-(4-Bromo-2,3-difluorophenyl)acetonitrile
F
Br F

CN

To a solution of 1-bromo-4-(bromomethyl)-2,3-difluorobenzene (330 mg, 1.154 mmol) in EtOH
(10 mL) stirred under N, at 0 °C was added NaCN (73.5 mg, 1.500 mmol) in one charge. The
reaction mixture was stirred at 10 °C for 12 h. Then the solution was concentrated and distributed
between EA and saturated NaHCOs5 solution. The combined organic extract was washed with
brine, dried over MgSO,, filtered and concentrated. The resulting 2-(4-bromo-2,3-
difluorophenyl)acetonitrile was used in the next step without further purification. TLC (PE/EA =
5:1, R¢ 0.6): '"H NMR (400 MHz, CDCl3) § 7.39 (ddd, J = 1.8, 6.1, 8.2 Hz, 1H), 7.15 (t, J= 6.8
Hz, 1H), 3.78 (s, 2H).

Step 4: 2-(4-Bromo-2,3-difluorophenyl)acetic acid
F
Br F

COOH

Compound 2-(4-bromo-2,3-difluorophenyl)acetonitrile (200 mg, 0.690 mmol) was dissolved in
H,0 (1 mL) and H,SO,4 (1 mL) at 20 °C in one charge. The reaction mixture was stirred at 100 °C
for 1 h. Then the solution was distributed between EA and H,O. The combined organic extract
was washed with brine, dried over MgSQ,, filtered and concentrated. The resulting 2-(4-bromo-
2,3-difluorophenyl)acetic acid (180 mg, 0.287 mmol, 41.6% yield) was used in the next step
without further purification. TLC (PE/EA = 2:1, R¢ 0.6): '"H NMR (400 MHz, CDCls) & 7.27-7.20
(m, 1H), 6.92-6.85 (m, 1H), 3.65 (s, 2H); ES-LCMS m/z 250.0 (M+H).
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Step 5: N-(4-(2-(Benzyloxy)ethoxy)-3-(trifluoromethyl)phenyl)-2-(4-bromo-2,3-

difluorophenyl)acetamide

F
RS TS e

N CF,
To a solution of 4-(2-(benzyloxy)ethoxy)-3-(trifluoromethyl)aniline (20 mg, 0.064 mmol), 2-(4-
bromo-2,3-difluorophenyl)acetic acid (48.4 mg, 0.077 mmol) and DIEA (0.034 mL, 0.193 mmol)
in DCM (3 mL) stirred under a N, atmosphere at 20 °C was added HATU (29.3 mg, 0.077 mmol)
in one charge. The reaction mixture was stirred at 20 °C for 2 h. Then the solution was
distributed between DCM and saturated NaHCO; solution. The combined organic extract was
washed with brine, dried over Na,SOy, filtered and concentrated. The crude material was purified
by preparative TLC (PE/EA = 5:1, R 03) to vield a light vellow solid of N-(4-(2-
(benzyloxy)ethoxy)-3-(trifluoromethyl)phenyl)-2-(4-bromo-2,3-difluorophenyl)acetamide (12
mg, 0.019 mmol, 29.9% yield): 'H NMR (400 MHz, CDCl3) & 7.69-7.59 (m, 2H), 7.36-7.24 (m,
6H), 7.05 (t,J = 7.3 Hz, 1H), 6.96 (d, J = 8.4 Hz, 1H), 4.64 (s, 2H), 4.20 (t, /= 4.4 Hz, 2H), 3.86
(t,J=4.8 Hz, 2H), 3.71 (s, 2H); ES-LCMS m/z 546.0 (M+H).

Step 6: N-(4-(2-(Benzyloxy)cthoxy)-3-(trifluoromethyl)phenyl)-2-(4-(5-cthoxy-6-((4-
methoxybenzyl)oxy)pyridin-3-y1)-2,3-difluorophenyl)acetamide

0
/@: ~"0Bn
N CF

H 3

To a solution of 3-ethoxy-2-((4-methoxybenzyl)oxy)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yDpyridine (8.49 mg, 0.022 mmol), N-(4-(2-(benzyloxy)ethoxy)-3-(trifluoromethyl)phenyl)-2-(4-
bromo-2,3-difluorophenyl)acetamide (12 mg, 0.022 mmol) and Cs,CO; (17.96 mg, 0.055 mmol)
in 1,4-dioxane (6 mL) and H,O (2 mL) stirred under a N, atmosphere at 20 °C was added
PdClLy(dppf) (0.807 mg, 1.102 umol) in one charge. The reaction vessel was heated in 110 °C for
3 h. Then the solution was concentrated and distributed between EA and saturated NaHCO;
solution. The combined organic extract was washed with brine, dried over MgSQ,, filtered and
concentrated. The crude material was purified by preparative TLC (PE/EA = 2:1, Ry = 0.6) to
vield a brown solid of N-(4-(2-(benzyloxy)ethoxy)-3-(trifluoromethyl)phenyl)-2-(4-(5-ethoxy-6-
((4-methoxybenzyl)oxy)pyridin-3-v1)-2,3-difluorophenyl)acetamide (10 mg, 0.012 mmol, 52.7%
vield): "H NMR (400 MHz, CDCls) & 7.82 (d, J = 3.0 Hz, 1H), 7.66-7.50 (m, 2H), 7.41-7.34 (m,
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2H), 7.29-7.07 (m, 8H), 6.95-6.80 (m, 3H), 5.39 (d, J = 4.9 Hz, 2H), 457 (d, J = 5.0 Hz, 2H),
4.14 (d, J = 4.0 Hz, 2H), 4.09-3.96 (m, 2H), 3.84-3.66 (m, 7H), 1.38 (q. J = 6.4 Hz, 3H); ES-
LCMS m/z 723.1 (M+H).

Step 7: 2-(4-(5-Ethoxy-6-oxo0-1,6-dihydropyridin-3-yl)-2,3-difluorophenyl)-N-(4-(2-
hydroxyethoxy)-3-(trifluoromethyl)phenyl)acetamide

To a solution of N-(4-(2-(benzyloxy)ethoxy)-3-(trifluoromethyl)phenyl)-2-(4-(5-ethoxy-6-((4-
methoxybenzyl)oxy)pyridin-3-yl)-2,3-difluorophenyl)acetamide (10 mg, 0.014 mmol) in MeOH
(3 mL) stirred under N, at 20 °C was added Pd/C (0.147 mg, 1.384 umol) in one charge. The
solution was stirred under a H, atmosphere. The reaction mixture was stirred at 10 °C for 12 h.
The mixture was filtered, and the filtrate was concentrated in vacuo to give the crude product.
The crude material was purified by preparative HPLC (MeCN/H,0 as eluants, acidic condition) to
vield a light yellow solid of 2-(4-(5-cthoxy-6-0x0-1,6-dihydropyridin-3-yl)-2,3-difluorophenyl)-
N-(4-(2-hydroxy cthoxy)-3-(trifluoromecthyl)phenyl)acctamide (3.17 mg, 6.19 pmol, 44.7%
yield). TLC (DCM/MeOH = 5:1, Rg= 0.4): 'H NMR (400 MHz, CD;0D) & 7.88 (d, J=2.4 Hz,
1H), 7.75 (dd, J = 2.2, 8.8 Hz, 1H), 7.37-7.12 (m, 5H), 4.20-4.07 (m, 4H), 3.90 (t, /= 5.0 Hz,
2H), 3.85 (s, 2H), 1.48 (t, J= 7.0 Hz, 3H); ES-LCMS m/z 513.2 (M+H).

Example 5: 2-(4-(5-Ethoxy-6-ox0-1,6-dihydropyridin-3-yl)-2-fluorophenyl)-N-(4-(3-hydroxy-2,2-
dimethylpropyl)-3-(trifluoromethyl)phenyl)acetamide

H
O N
| F
~Meys oo
N CF,

Step 1: 3-(4-Amino-2-(trifluoromethyl)phenyl)-2,2-dimethylpropan-1-ol

0]
Br F
m OEt
N CF
H 3
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To a mixture of 2-(4-bromo-2-fluorophenyl)acetic acid (6 g, 25.7 mmol) in DCM (50 mL) was
added ethyl 3-(4-amino-2-(trifluoromethyl)phenyl)-2,2-dimethylpropanoate (7.45 g, 25.7 mmol),
HATU (12.73 g, 33.5 mmol) and Et;N (10.74 mL, 77 mmol). Then the mixture was stirred at 25
°C for 12 h. The mixture was washed with brine and saturated NaHCO; solution. The organic
layer was dried over MgSQ,, filtered and concentrated to yield a vellow oil of ethyl 3-(4-(2-(4-
bromo-2-fluorophenyl)acetamido)-2-(trifluoromethyl)phenyl)-2,2-dimethylpropanoate (12 g, 19.99
mmol, 78.0% yield): "H NMR (400 MHz, CD;0D) &: 7.94 (d, J=2.0 Hz, 1H), 7.67 (d,J=8.4 Hz,
1H), 7.36-7.25 (m, 3H), 7.22 (d, J = 8.4 Hz, 1H), 4.14 (q, J = 7.2 Hz, 2H), 3.73 (s, 2H), 3.07 (s,
2H), 1.22 (t,J =172 Hz, 3H), 1.15 (s, 6H); ES-LCMS m/z 504 (M).

Step 2: Ethyl 3-(4-(2-(4-(5-cthoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-2-
fluorophenyl)acetamido)-2-(trifluoromethyl)phenyl)-2,2-dimethylpropanoate
BMPO

N
z | (o)
F
S80e¢Se e %
N CF,

To a mixture of 3-cthoxy-2-((4-methoxybenzyl)oxy)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
vl)pyridine (458 g, 11.90 mmol) and ethyl 3-(4-(2-(4-bromo-2-fluorophenyl)acetamido)-2-
(trifluoromethyl)phenyl)-2,2-dimethylpropanoate (6 g, 11.90 mmol) in H;O (1 mL) and 1,4-
dioxane (3 mL) was added Cs,COs (7.75 g, 23.79 mmol) and PdCl,(dppf) (0.435 g, 0.595 mmol)
under N,. Then the mixture was stirred and irradiated in a microwave oven at 120 °C for 30 min.
The mixture was concentrated and extracted with EA. The combined organic layers were
concentrated. The crude material was purified by silica column chromatography (PE/EA = 5:1).
All fractions found to contain product by TLC (PE/EA = 2:1, Ry = 0.45) were combined and
concentrated to wyield a  yellow solid of  ethyl  3-(4-(2-(4-(5-cthoxy-6-((4-
methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)acetamido)-2-(trifluoromethyl)phenyl)-2,2-
dimethylpropanoate (4.5 g, 4.63 mmol, 38.9% yield): 'H NMR (400 MHz, CD;0D) §: 7.98-7.93
(m, 2H), 7.70 (d, J= 6.8 Hz, 1H), 7.46-7.35 (m, 6H), 7.23 (d, J= 8.6 Hz, 1H), 6.90 (d, J= 8.6 Hz,
2H), 5.36 (s, 2H), 4.18-4.10 (m, 4H), 3.83-3.75 (m, 5H), 3.09-3.05 (m, 2H), 1.41 (t, J = 7.2 Hz,
3H), 1.24 (d, J = 1.8 Hz, 9H); ES-LCMS m/z 563 (M-120).
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Step 3: 2-(4-(5-Ethoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)-N-(4-(3-hydroxy-
2,2-dimethylpropyl)-3-(trifluoromethyl)phenyl)acetamide
BMPO

To a mixture of cthyl = 3-(4-(2-(4-(5-ethoxy-6-((4-methoxybenzyl)oxy)pyridin-3-y1)-2-
fluorophenyl)acetamido)-2-(trifluoromethyl)phenyl)-2,2-dimethylpropanoate (3.5 g, 5.13 mmol) in
THF (200 mL) cooled to 0 °C was added LAH (0.389 g, 10.25 mmol) in portions. The mixture
was stirred at 0 °C for 30 min. The mixture was quenched with 15% aqueous NaOH (10 mL).
The mixture was dried over Na,SO4. The mixture was filtered and the filtrate was concentrated.
The residue was purified by silica column chromatography (PE/EA = 8:1). All fractions found to
contain product by TLC (PE/EA = 2:1, Ry = 0.35) were combined and concentrated to yield a light
vellow oil of 2-(4-(5-ethoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)-N-(4-(3-
hydroxy-2,2-dimethylpropyl)-3-(trifluoromethyl)phenyl)acetamide (3 g, 4.21 mmol, 82.0% vield):
'H NMR (400 MHz, CD;0D) &: 7.93 (d, J = 2.0 Hz, 2H), 7.71 (d, J = 8.4 Hz, 1H), 7.47-7.31 (m,
7H), 6.90 (d, J = 8.4 Hz, 2H), 5.35 (s, 2H), 4.17-4.10 (m, 2H), 3.82-3.74 (m, 5H), 3.31-3.30 (m,
2H), 2.77 (s, 2H), 1.41 (t, J = 6.8 Hz, 3H), 0.82 (s, 6H); ES-LCMS m/z 635 (M-120).

Step  4:  2-(4-(5-Ethoxy-6-ox0-1,6-dihydropyridin-3-vl)-2-fluorophenyl)-N-(4-(3-hydroxy-2,2-
dimethylpropyl)-3-(trifluoromethyl)phenyl)acetamide

H
O N
| F
N CF,

A mixture of N-(4-(3-((fert-butyldimethylsilyl)oxy)-2,2-dimethylpropyl)-3-
(trifluoromethyl)phenyl)-2-(4-(5-ethoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-2-
fluorophenyl)acetamide (3 g, 3.97 mmol) and HC1 (4 M in 1,4-dioxane, 20 mL) was stirred at 25
°C for 2 h. The mixture was concentrated. The crude material was purified by preparative HPLC
(MeCN/H,0 as cluants, acidic condition) twice to give a white solid of 2-(4-(5-¢thoxy-6-0x0-1,6-
dihydropyridin-3-yl)-2-fluorophenyl)-N-(4-(3-hydroxy-2,2-dimethylpropyl)-3-
(trifluoromethyl)phenyl)acetamide (1528.59 mg, 2.94 mmol, 73.9% yield): '"H NMR (400 MHz,
CD;0D) &: 7.94 (d, J = 2.0 Hz, 1H), 7.74-7.67 (m, 1H), 7.44-7.38 (m, 2H), 7.37-7.27 (m, 3H),
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722 (d, J= 2.0 Hz, 1H), 4.11 (q, J = 6.8 Hz, 2H), 3.78 (s, 2H), 3.32-3.30 (m, 2H), 2.77 (s, 2H),
1.45 (t, J= 6.8 Hz, 3H), 0.82 (s, 6H); ES-LCMS m/z 521 (M+1).

Example 6: 2-(4-(5-Ethoxy-6-ox0-1,6-dihydropyridin-3-yl)-3-fluorophenyl)-N-(4-(3-hydroxy-2,2-
dimethylpropyl)-3-(trifluoromethyl)phenyl)acetamide

H
O N -
|
~M oo
N CF,

Step 1: (4-Bromo-3-fluorophenyl)methanol

Br

OH

To a solution of 4-bromo-3-fluorobenzaldehyde (10 g, 49.3 mmol) and NaBH, (3.73 g, 99 mmol)
in THF (100 mL) was added MeOH (100 mL) dropwise at 20 °C. After LCMS analysis showed
the starting material had disappeared, the solvent was removed in vacuo. The residue was
dissolved in DCM (200 mL) and washed with H,O (60 mL) and brine (60 mL). The organic layer
was dried over Na,SO,, filtered and concentrated to vield a white solid of (4-bromo-3-
fluorophenyl)methanol (9.8 g, 47.7 mmol, 97.0% yield): 'H NMR (400 MHz, CD;0D) & 7.54 (t, J
=178 Hz, 1H), 7.18 (d, J = 9.6 Hz, 1H), 7.06 (d, J = 7.2 Hz, 1H), 4.56 (s, 2H); ES-LCMS m/z
188.9 (M-17).

Step 2: 1-Bromo-4-(bromomethyl)-2-fluorobenzene
F
Br

Br

To a solution of (4-bromo-3-fluorophenyl)methanol (5 g, 24.39 mmol) in DCM (100 mL) was
added PBr; (2.76 mL, 29.3 mmol) dropwise. The resulting mixture was stirred at 20 °C. After
LCMS analysis showed the starting material had disappeared, the mixture was adjusted to pH = 8
by aqueous Na,CO;. The organic layer was dried and concentrated to give the crude product,
which was purified by column chromatography (PE/EA = 10/1) to yield a white solid of 1-bromo-
4-(bromomethyl)-2-fluorobenzene (4.2 g, 14.89 mmol, 61.1% yield): 'H NMR (400 MHz,
CD;0D) 6 7.57(d,J=76Hz 1H), 728 (d,J=72Hz, 1H), 7.16 (d, /= 6.4 Hz, 1H), 4.53 (s, 2H);
ES-LCMS m/z 186.9 (M-79).
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Step 3: 2-(4-Bromo-3-fluorophenyl)acetonitrile
F
Br

CN

To a solution of 1-bromo-4-(bromomethyl)-2-fluorobenzene (1 g, 3.73 mmol) in EtOH (30 mL)
was added KCN (0.243 g, 3.73 mmol). The resulting mixture was stirred at 60 °C. After 3 h,
LCMS analysis showed the starting material had disappeared. The solvent was removed in vacuo.
The residue was dissolved in EA (80 mL) was washed with H,O (30 mL) and brine (30 mL). The
organic layer was dried and concentrated to give the crude product, which was purified by silica
column chromatography (PE/EA = 10/1) to vield a white solid of 2-(4-bromo-3-
fluorophenyl)acetonitrile (0.78 g, 2.96 mmol, 79.0% yield): 'H NMR (400 MHz, CD0D) & 7.63
(t,J=78Hz 1H), 724 (d, /=92 Hz, 1H), 7.12 (d, J=9.6 Hz, 1H), 3.92 (s, 2H); ES-LCMS mz
214.0 (M+H).

Step 4: 2-(4-Bromo-3-fluorophenyl)acetic acid
F
Br

OH

A solution of 2-(4-bromo-3-fluorophenyl)acetonitrile (0.78 g, 3.64 mmol) in H,SO4 (5 mL) and
H,0 (5 mL) was stirred at 100 °C for 16 h. After LCMS analysis showed the starting material had
disappeared, the mixture was dissolved in H,O (20 mL) and extracted by EA (20 mL). The
organic layer was dried over Na,SQ,, filtered and concentrated to yield a white solid of 2-(4-
bromo-3-fluorophenyl)acetic acid (0.7 g, 2.046 mmol, 56.1% yield): "H NMR (400 MHz, CD;0D)
8753 (t,J=78Hz 1IH),7.16 (dd, J=9.8, 1.9 Hz, 1H), 7.02 (d, J= 8.0 Hz, 1H), 3.61 (s, 2H).

Step 5: 2-(4-Bromo-3-fluorophenyl)-N-(4-(3-((tert-butyldimethylsilyl)oxy)-2,2-dimethyl propyl)-
3-(trifluoromethyl)phenyl)acetamide
F

Br 0 moms
CF

H 3
A solution of 2-(4-bromo-3-fluorophenyl)acetic acid (50 mg, 0.215 mmol), 4-(3-((fert-butyl
dimethylsilyl)oxy)-2,2-dimethylpropyl)-3-(trifluoromethylaniline (78 mg, 0.215 mmol), DIEA
(83 mg, 0.644 mmol), HOBt (49.3 mg, 0.322 mmol) and EDC hydrochloride (61.7 mg, 0.322
mmol) in DCM (20 mL) was stirred at 20 °C for 16 h. The mixture was washed with H,O (20 mL)



10

15

20

25

WO 2014/141187 PCT/IB2014/059817
77

and brine (20 mL). The organic layer was dried over Na,SQ,, filtered and concentrated. The
crude material was purified by preparative TLC (PE/EA = 3/1) to yield 2-(4-bromo-3-
fluorophenyl)-N-(4-(3-((fert-butyldimethylsilyl)oxy)-2,2-dimethylpropyl)-3-
(trifluoromethyl)phenyl)acetamide (80 mg, 0.132 mmol, 61.4% yield): 'H NMR (400 MHz,
CD;0D) 6 7.83 (d,J=2.0Hz, 1H), 7.61 (d,J=6.6 Hz, 1H), 7.49 (t,J=7.7 Hz, 1H), 735 (d, J =
8.6 Hz, 1H), 7.15 (dd, J=9.7, 1.8 Hz, 1H), 7.01 (d, J = 6.8 Hz, 1H), 3.62 (s, 2H), 2.70 (s, 2H),
2.07 (s, 2H), 0.86 (s, 9H), 0.76-0.69 (m, 6H), 0.05-0.02 (m, 6H); ES-LCMS m/z 576.0 (M+H).

Step 6: N-(4-(3-((tert-Butyldimethylsilyl)oxy)-2,2-dimethylpropyl)-3-(trifluoromethyl)phenyl)-2-
(4-(5-ethoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-3-fluorophenyl)acetamide
PMBO

N CF,

A solution of 2-(4-bromo-3-fluorophenyl)-N-(4-(3-((fert-butyldimethylsilyl)oxy)-2,2-
dimethylpropyl)-3-(trifluoromethyl)phenyl)acetamide (80 mg, 0.139 mmol), 3-cthoxy-2-((4-
methoxybenzyl)oxy)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridine  (53.5 mg, 0.139
mmol), Cs,CO; (90 mg, 0.278 mmol), PdCLy(dppf) (10.15 mg, 0.014 mmol) in 1,4-dioxane (9 mL)
and H,O (3 mL) was stirred at 110 °C for 15 min. After LCMS analysis showed the starting
material had disappeared, the solvent was removed in vacuo. The residue was dissolved in EA (60
mL) and washed with H,O (20 mL) and brine (20 mL). The organic layer was dried over Na,SO,,
filtered and concentrated. The crude material was purified by preparative TLC (PE/EA = 2/1) to
vield N-(4-(3-((fert-butyldimethylsilyl)oxy)-2,2-dimethylpropyl)-3-(trifluoromethyl)phenyl)-2-(4-
(5-ethoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-3-fluorophenyl)acetamide (100 mg, 0.111
mmol, 80.0% yield): '"H NMR (400 MHz, CD;0D) & 7.84 (d, J = 2.0 Hz, 1H), 7.77 (s, 1H), 7.37
(d, J=17.6 Hz, 1H), 7.34-7.30 (m, 5H), 7.17-7.15 (m, 2H), 6.83 (d, J = 8.8 Hz, 2H), 5.27 (s, 2H),
4.04-3.99 (m, 4H), 3.70 (s, 3H), 3.66 (s, 2H), 3.24 (s, 2H), 2.69 (s, 2H), 1.31 (t, / = 7.0 Hz, 3H),
0.86 (s, 9H), 0.73 (s, 6H), 0.00 (s, 6H); ES-LCMS m/z 755.2 (M+H).
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Step 7:  2-(4-(5-Ethoxy-6-oxo0-1,6-dihydropyridin-3-vl)-3-fluorophenyl)-N-(4-(3-hydroxy-2,2-
dimethylpropyl)-3-(trifluoromethyl)phenyl)acetamide

H
O N -
|
~ME e
N CF,

A solution of N-(4-(3-((fert-butyldimethylsilyl)oxy)-2,2-dimethylpropyl)-3-(trifluoro
methyl)phenyl)-2-(4-(5-ethoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-3-fluorophenyl)acetamide
(100 mg, 0.132 mmol) in HCl (MeOH, 5 mL, 20.00 mmol) was stirred at 20 °C. After LCMS
analysis showed the starting material had disappeared, the solvent was removed in vacuo. The
crude product was purified by preparative HPLC to yield a white solid of 2-(4-(5-ethoxy-6-oxo-
1,6-dihydropyridin-3-y1)-3-fluorophenyl)-V-(4-(3-hydroxy-2,2-dimethylpropyl)-3-
(trifluoromethyl)phenyl)acetamide (37.98 mg, 0.073 mmol, 55.1% vyield): 'H NMR (400 MHz,
CD;0D) 794 (d,J=22Hz, 1H), 7.70 (dd, J= 2.0, 8.4 Hz, 1H), 7.51-7.45 (m, 1H), 7.45-7.37 (m,
3H), 7.28-7.21 (m, 2H), 4.15 (m, 2H), 3.75 (s, 2H), 3.29 (broad s, 2H), 2.77 (s, 2H), 1.46 (t, J=6.9
Hz, 3H), 0.82 (s, 6H); ES-LCMS m/z 521.2 (M+H).

Examplec 7: N-(4-Cyano-3-(trifluoromcthyl)phenyl)-2-(4-(4-cthoxy-6-oxo0-1,6-dihydropyridin-3-
yl)-3-fluorophenyl)acetamide

H
O N
CN
) L
O
CF

Step 1: 2-(4-Bromo-3-fluorophenyl)acetate

A\
Iz

Br

O/

To a solution of 2-(4-bromo-3-fluorophenyl)acetic acid (500 mg, 2.146 mmol) in MeOH (10 mL,
247 mmol) was added sulfurous dichloride (0.232 mL, 3.22 mmol). The resulting mixture was
stirred at 60 °C. After 3 h, LCMS analysis showed the starting material had disappeared and the
solvent was removed in vacuo. The residue was dissolved in DCM (60 mL) and washed with
aqueous NaHCO; (20 mL) and brine (20 mL). The organic layer was dried over Na,SO,, filtered

and concentrated to vield a vellow oil of methyl 2-(4-bromo-3-fluorophenyl)acetate (500 mg,
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1.774 mmol, 83.0% vield): 'H NMR (400 MHz, CD;0D) §7.53 (t, J = 8.0 Hz, 1H), 7.15 (dd, J =
9.8, 1.7 Hz, 1H), 7.01 (d, J = 8.2 Hz, 1H), 3.75-3.61 (m, 5H); ES-LCMS m/z 248.9 (M+H).

Step 2: Methyl 2-(3-fluoro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)acetate

(‘3 F
O’B 0
o~
A solution of methyl 2-(4-bromo-3-fluorophenyl)acetate (0.5 g, 2.024 mmol), 4,4,4'4',5,5,5'5'"-

octamethyl-2 2'-bi(1,3,2-dioxaborolane) (0.617 g, 2.429 mmol), PdCl,(dppf) (0.148 g, 0.202
mmol) and KOAc¢ (0.397 g, 4.05 mmol) in 1,4-dioxane (5 mL) was stirred at 80 °C for 16 h. After
LCMS analysis showed the starting material had disappeared, the solvent was removed in vacuo.
The residue was dissolved in EA (60 mL) and filtered. The filtrate was washed H,O (20 mL) and
brine (20 mL). The organic laver was dried over Na,SO,, filtered and concentrated. The crude
product was purified by column chromatography (PE/EA = 5/1) to yield a yellow oil of methyl 2-
(3-fluoro-4-(4,4,5, 5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)acetate (440 mg, 1.294 mmol,
63.9% yield): '"H NMR (400 MHz, CD;0D) § 7.62 (t, J = 7.2 Hz, 1H), 7.07 (d, J = 8.4 Hz, 1H),
6.98 (d,J =104 Hz, 1H), 3.67 (s, 5H), 1.33 (s, 12H); ES-LCMS m/z 295.1 (M+H).

Step 3: 2-(3-Fluoro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)acetamide

>?L?F
-B

o 0

NH,

A solution of methyl 2-(3-fluoro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)acetate
(0.1 g, 0.340 mmol) in ammonia (MeOH, 10 mL, 160 mmol) was stirred at 20 °C for 16 h. After
LCMS analysis showed the starting material had disappeared, the solvent was removed in vacuo to
yield 2-(3-fluoro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)acetamide (100 mg, 0.286
mmol, 84.0% vield): "H NMR (400 MHz, DMSO-dg) & 7.56 (t,J = 7.2 Hz, 1H), 7.14-6.98 (m, 2H),
3.59 (s, 2H), 1.26 (s, 12H); ES-LCMS m/z 280.1 (M+H).
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Step 4: 2-(4-(6-(Benzyloxy)-4-ethoxypyridin-3-yl)-3-fluorophenyl)acetamide

BnO.__N
Z F

A

r © NH,

A solution of 2-(3-fluoro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)acetamide (100
mg, 0.358 mmol), 2-(benzyloxy)-4-ethoxy-5-iodopyridine (127 mg, 0.358 mmol), PdCly(dppf)
(26.2 mg, 0.036 mmol) and Cs,CO; (233 mg, 0.717 mmol) in 1,4-dioxane (6 mL) and H,O (2 mL)
was stirred at 110 °C for 15 min. After LCMS analysis showed the starting material had
disappeared, the solvent was removed in vacuo. The residue was dissolved in EA (40 mL) and
washed with H,O (20 mL) and brine (20 mL). The organic layer was dried over Na,SQ,, filtered
and concentrated. The crude product was purified by preparative TLC (PE/EA = 1/1) to vield 2-
(4-(6-(benzyloxy)-4-cthoxypyridin-3-yl)-3-fluorophenyl)acetamide (20 mg, 0.358 mmol, 14.8%
yield): '"H NMR (400 MHz, CD;0D) & 7.87 (s, 1H), 7.56-7.43 (m, 2H), 7.43-7.22 (m, 4H), 7.21-
7.11 (m, 2H), 6.50 (s, 1H), 5.38 (s, 2H), 4.13 (m, 2H), 3.58 (s, 2H), 1.32 (t, J = 6.8 Hz, 3H); ES-
LCMS m/z381.1 (M+H).

Step 5: 2-(4-(6-(Benzyloxy)-4-ethoxypyridin-3-yl)-3-fluorophenyl)-V-(4-cvano-3-
(trifluoromethyl)phenyl)acetamide
BnO N
z F

CN
) 1 X
0]
N CF
i N
A solution of 2-(4-(6-(benzyloxy)-4-ethoxypyridin-3-yl)-3-fluorophenyl)acetamide (20 mg, 0.053
mmol), 4-bromo-2-(trifluoromethyl)benzonitrile (13.14 mg, 0.053 mmol), Pdy(dba); (4.81 mg,

5.26 umol), Xantphos (3.04 mg, 5.26 umol) and Cs,CO; (34.3 mg, 0.105 mmol) in 1,4-dioxane (2
mL) was stirred at 120 °C for 1 h. After LCMS analysis showed the starting material had

3

disappeared, the solvent was removed in vacuo. The residue was dissolved in EA (20 mL) and
washed with H,O (10 mL) and brine (10 mL). The organic layer was dried over Na,SQ,, filtered
and concentrated. The crude material was purified by preparative TLC (PE/EA = 2/1) to yield 2-
(4-(6-(benzyloxy)-4-cthoxypyridin-3-yl)-3-fluorophenyl)-N-(4-cyano-3-

(trifluoromethyl)phenyl)acetamide (12 mg, 0.015 mmol, 28.5% vyield): 'H NMR (400 MHz,
CD;0D) & 8.25 (s, 1H), 8.01 (d, J= 8.6 Hz, 1H), 7.90 (d, J = 8.8 Hz, 1H), 7.84 (s, 1H), 7.59-7.48
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(m, 1H), 7.43-7.28 (m, 5H), 7.23-7.15 (m, 2H), 6.46 (s, 1H), 5.34 (s, 2H), 4.09 (m, 2H), 3.73 (s,
3H), 1.28 (t, J = 6.4 Hz, 3H): ES-LCMS m/z 550.1 (M+H).

Step 6: N-(4-Cyano-3-(trifluoromethyl)phenyl)-2-(4-(4-ethoxy-6-oxo0-1,6-dihydropyridin-3-yl)-3-
fluorophenyl)acetamide

X o /@iCN
@)

r N CF,
A solution of  2-(4-(6-(benzyloxy)-4-ethoxypyridin-3-y1)-3-fluorophenyl)-N-(4-cyvano-3-
(trifluoromethyl)phenyl)acetamide (12 mg, 0.022 mmol) and Pd/C (2.324 mg, 0.022 mmol) in
MeOH (10 mL) was stirred at 20 °C under a H, atmosphere for 16 h. After LCMS analysis
showed the starting material had disappeared, the mixture was filtered. The filtrate was
concentrated to give the crude product, which was purified by preparative HPLC to yield a white
solid of N-(4-cyano-3-(trifluoromethyl)phenyl)-2-(4-(4-ethoxy-6-oxo-1,6-dihydropyridin-3-yl)-3-
fluorophenyl)acetamide (3.63 mg, 7.90 umol, 36.2% vield): "H NMR (400 MHz, CD;0D) § 8.23
(s, 1H), 8.02-7.95 (m, 1H), 7.94-7.88 (m, 1H), 7.59 (s, 1H), 7.35-7.29 (m, 1H), 7.25-7.15 (m, 2H),
6.23 (s, 1H), 4.16 (m, 2H), 3.80 (s, 2H), 1.32 (t, /= 7.0 Hz, 3H); ES-LCMS m/z 460.1 (M+H).

Example 8: 2-(4-(5-Ethoxy-6-0x0-1,6-dihydropyridin-3-yl)-2 6-difluorophenyl)-N-(4-(2-
hydroxyethoxy)-3-(trifluoromethyl)phenyl)acetamide

| OH
U J@ﬂw
H CF;
F

Step 1: (4-Bromo-2,6-difluorophenyl)methanol
Br F

OH

F
To a solution of 4-bromo-2,6-difluorobenzoic acid (5 g, 21.10 mmol) in THF (100 mL) was added
BH;°DMS (20.03 mL, 211 mmol) dropwise at rt. The resulting mixture was stirred at 60 °C for 16
h. After LCMS analysis showed the starting material had disappeared, the mixture was quenched

by MeOH. The solvent was removed in vacuo to yield a white solid of (4-bromo-2,6-
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difluorophenyl)methanol (4.5 g, 20.02 mmol, 95.2% yield), which was used in the next step
without further purification: ES-LCMS m/z 222.1 (M+1).

Step 2: 5-Bromo-2-(bromomethyl)-1,3-difluorobenzene
Br F

Br

F

To a solution of (4-bromo-2,6-difluorophenyl)methanol (2 g, 8.97 mmol) in DCM (80 mL) was
added tribromophosphine (2.91 g, 10.76 mmol) at 0 °C. The resulting mixture was stirred at rt.
After LCMS analysis showed the starting material had disappeared, the mixture was washed with
aqueous NaHCO; (40 mL) and brine (30 mL). The organic layer was dried over Na,SO,, filtered
and concentrated. The crude material was purified by silica column chromatography (PE/EA =
5/1) to yield a colorless oil of 5-bromo-2-(bromomethyl)-1,3-difluorobenzene (1.6 g, 5.48 mmol,
61.2% yield): 'H NMR (400 MHz, CD;0D) § 7.12 (d, J = 6.8 Hz, 2H), 4.47 (s, 2H).

Step 3: 2-(4-Bromo-2,6-difluorophenyl)acetonitrile
Br F

CN

F

To a solution of 5-bromo-2-(bromomethyl)-1,3-difluorobenzene (1.6 g, 5.60 mmol) in DMF (20
mL) was added KCN (0.401 g, 6.16 mmol). The resulting mixture was stirred at 25 °C for 16 h.
The mixture was dissolved in H,O (50 mL) and extracted by EA (50 mL). The organic layer was
dried over Na,SQ,, filtered and concentrated. The crude material was purified by silica column
chromatography (PE/EA = 3/1) to vield a white solid of 2-(4-bromo-2,6-
difluorophenyl)acetonitrile (1.1 g, 2.57 mmol, 45.9% vield): "H NMR (400 MHz, CD;0D) & 7.39-
7.36 (m, 2H), 3.89 (s, 2H).

Step 4: 2-(4-Bromo-2,6-difluorophenyl)acetic acid
Br F

OH
F

A solution of 2-(4-bromo-2, 6-difluorophenyl)acetonitrile (0.5 g, 2.155 mmol) in H,SO; (3 mL,
56.3 mmol) and H,O (3 mL, 167 mmol) was stirred at 60 °C for 16 h. After LCMS analysis
showed the starting material had disappeared, the mixture was dissolved in H,O (20 mL) and
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extracted by EA (2 x 30 mL). The organic layer was dried over Na,SO,, filtered and concentrated.
The crude material was purified by silica column chromatography (PE/EA = 3/1 to 1/1) to yield 2-
(4-bromo-2,6-difluorophenyl)acetic acid (0.3 g, 0.718 mmol, 33.3% vield): "H NMR (400 MHz,
CD;0D) 6 7.13-7.05 (m, 2H), 3.71 (s, 2H).

Step 3: N-(4-(2-(Benzyloxy)ethoxy)-3-(trifluoromethyl)phenyl)-2-(4-bromo-2,6-
difluorophenyl)acetamide
OBn
Br F 0 /@O\)
N CF;

H
F

To a solution of 2-(4-bromo-2,6-difluorophenyl)acetic acid (0.3 g, 1.195 mmol) in sulfurous
dichloride (5 mL, 1.195 mmol) was added DMF (9.25 uL, 0.120 mmol). The resulting mixture
was stirred at 60 °C. After 2 h, LCMS analysis showed the starting material had disappeared and
the solvent was removed in vacuo to give 2-(4-bromo-2,6-difluorophenyl)acetyl chloride (0.35 g,
0.832 mmol, 69.6% vield). To a solution of 4-(2-(benzyloxy) ethoxy)-3-(trifluoromethyl)aniline
(0.347 g, 1.113 mmol) and Et;N (0.225 g, 2.227 mmol) in DCM (30 mL) was added 2-(4-bromo-
2,6-difluorophenyl)acetyl chloride (0.3 g, 1.113 mmol). The resulting mixture was stirred at 25
°C. After LCMS analysis showed the starting material had disappeared, the mixture was washed
with H;O (20 mL) and brine (20 mL). The organic layer was dried over Na,SO,, filtered,
concentrated, and purified by preparative TLC (PE/EA = 3/1) to give N-(4-(2-(benzyloxy)ethoxy)-
3-(trifluoromethyl)phenyl)-2-(4-bromo-2,6-difluorophenyl)acetamide (110 mg, 0.196 mmol,
17.6% vield): "H NMR (400 MHz, CD;0D) & 7.81 (d, J = 2.8 Hz, 1H), 7.68 (d, J = 2.4 Hz, 1H),
7.32-7.25 (m, 7H), 7.15 (d, J = 8.8 Hz, 1H), 4.61 (s, 2H), 4.23 (t, /= 4.6 Hz, 2H), 3.84 (t, /= 4.6
Hz, 2H), 3.77 (s, 2H); ES-LCMS m/z 546.0 (M+H).

Step 6: N-(4-(2-(Benzyloxy)ethoxv)-3-(trifluoromethyl)phenyl)-2-(4-(5-¢thoxy-6-((4-
methoxybenzyl)oxy)pyridin-3-y1)-2,6-difluorophenyl)acetamide
PMBO N

= | OBn
200 edNe iy
N CFs
F

A solution of 3-ethoxy-2-((4-methoxybenzyl)oxy)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
ypyridine (78 mg, 0.202 mmol), N-(4-(2-(benzyloxy)ethoxy)-3-(trifluoromethyl)phenyl)-2-(4-
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bromo-2,6-difluorophenyl)acetamide (110 mg, 0.202 mmol), PdCl,(dppf)-DCM adduct (16.50 mg,
0.020 mmol) and Cs,CO; (132 mg, 0.404 mmol) in 1,4-dioxane (6 mL) and H,O (2 mL) was
stirred at 110 °C for 15 min. After LCMS analysis showed the starting material had disappeared,
the solvent was removed in vacuo. The residue was dissolved in DCM (60 mL) and washed with
H,O (20 mL) and brine (20 mL). The organic layer was dried over Na,SO,, filtered and
concentrated. The crude product was purified by preparative TLC (DCM/MeOH = 10/1) to yield
N-(4-(2-(benzyloxy)ethoxy)-3-(trifluoromethyl)phenyl)-2-(4-(5-ethoxy-6-((4-methoxybenzyl)
oxy)pyridin-3-y1)-2,6-difluorophenyl)acetamide (70 mg, 0.071 mmol, 35.1% yield):'H NMR (400
MHz, CD;0D) 6 797 (d,J=2.0Hz, 1H), 7.84 (s, 1H), 7.71 (d,J= 112 Hz, 1H), 7.46 (d,J=2.0
Hz, 1H), 7.39 (d, J = 8.6 Hz, 2H), 7.37-7.13 (m, 8H), 6.90 (d, J = 8.6 Hz, 2H), 5.39-5.34 (m, 2H),
4.61 (s, 2H), 4.27-4.20 (m, 2H), 4.18-4.10 (m, 2H), 3.86-3.82 (m, 2H), 3.78 (s, 3H), 1.42 (t, J=6.9
Hz, 3H), 1.19 (s, 2H); ES-LCMS m/z 723.2 (M+H).

Step 7: 2-(4-(5-Ethoxy-6-0x0-1,6-dihydropyridin-3-yl)-2 6-difluorophenyl)-N-(4-(2-
hydroxyethoxy)-3-(trifluoromethyl)phenyl)acetamide

o N
| OH
TN § KI”
N CFs
F

A solution of N-(4-(2-(benzyloxy)ethoxy)-3-(trifluoromethyl)phenyl)-2-(4-(5-ethoxy-6-((4-
methoxybenzyl)oxy)pyridin-3-yl)-2,6-difluorophenyl)acetamide (70 mg, 0.097 mmol) and Pd/C
(10.31 mg, 0.097 mmol) in MeOH (10 mL) was stirred under a H, atmosphere for 16 h. After
LCMS analysis showed the starting material had disappeared, the mixture was filtered. The filtrate
was concentrated to give the crude product, which was purified by preparative HPLC to vield a
white  solid of  2-(4-(5-ethoxy-6-0ox0-1,6-dihydropyridin-3-y1)-2,6-difluorophenyl)-N-(4-(2-
hydroxyethoxy)-3-(trifluoromethyl)phenyl)acetamide (7 mg, 0.014 mmol, 14.0% yield): 'H NMR
(400 MHz, CD50D) 6 7.83 (d,J=2.4 Hz, 1H), 7.71 (d, /= 6.8 Hz, 1H), 7.36 (d, /= 2.0 Hz, 1H),
724 (dd,J=3.0,54 Hz, 3H), 7.16 (d, J=9.0 Hz, 1H), 4.07-4.20 (m, 4H), 3.87 (t,/=5.0 Hz, 2H),
3.81 (s, 2H), 1.46 (t, J=7.06 Hz, 3H); ES-LCMS m/z 513.1 (M+H).
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Example 9: N-(4-Cyano-3-(trifluoro-methyl)phenyl)-2-(4-(5-ethoxy-6-oxo-1,6-dihydro-pyridin-3-
vl)-2-fluorophenyl)acetamide

H
0] N
F CN
N CF,
Step 1: 2-(4-Bromo-2-fluorophenyl)acetamide
Br F
T
NH
To a solution of 2-(4-bromo-2-fluorophenyl)acetic acid (0.1 g, 0.429 mmol) in sulfurous dichloride

(5 mL, 0.429 mmol) was added DMF (3.32 uL, 0.043 mmol). The resulting mixture was stirred at
60 °C. After 2 h, TLC analysis (PE/EA = 1/1) showed the starting material had disappeared. The

2

solvent was removed in vacuo to give 2-(4-bromo-2-fluorophenyl)acetyl chloride (110 mg, 0.416
mmol, 97% yield). A solution of 2-(4-bromo-2-fluorophenyl)acetyl chloride (110 mg, 0.437
mmol) in THF (5 mL) was added to ammonium hydroxide (10 mL, 257 mmol). The resulting
mixture was stirred at 0 °C. After LCMS analysis showed the starting material had disappeared,
the solvent was removed in vacuo. The residue was dissolved in EA (50 mL) and washed with
H,O (10 mL) and brine (10 mL). The organic layer was dried and concentrated to give a white
solid of 2-(4-bromo-2-fluorophenyl)acetamide (100 mg, 0.280 mmol, 63.9% yield), which was
used into the next step without further purification: "H NMR (400 MHz, CD;0D) & 7.32-7.30 (m,
2H), 7.24 (t, J= 8.2 Hz, 1H), 3.54 (s, 2H); ES-LCMS m/z 232.0 (M+H).

Step 2: 2-(4-(5-Ethoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)acetamide

PMBO N
-
/\O ™ F o
NH,

A solution of 3-ethoxy-2-((4-methoxybenzyl)oxy)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yDpyridine (133 mg, 0.345 mmol), 2-(4-bromo-2-fluorophenyl)acetamide (80 mg, 0.345 mmol),
Cs,CO5 (225 mg, 0.690 mmol) and PdCly(dppf) (25.2 mg, 0.034 mmol) in 1,4-dioxane (9 mL) and
H,O (3 mL) was stirred at 110 °C for 15 min. After LCMS analysis showed the starting material
had disappeared, the mixture was dissolved in H,O (20 mL) and extracted by EA (50 mL). The

organic layer was dried over Na,SO,, filtered and concentrated. The crude material was purified
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by preparative TLC (PE/EA = 3/1) to vield a yellow solid of 2-(4-(5-cthoxy-6-((4-
methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)acetamide (90 mg, 0.219 mmol, 63.6% yield):
'H NMR (400 MHz, CD;0D) 7.93 (d, J =2.0 Hz, 1H), 7.43-7.34 (m, 6H), 6.91-6.89 (m, 2H), 5.35
(s, 2H), 4.16-4.11 (m, 2H), 3.78 (s, 3H), 1.41 (t, /= 7.0 Hz, 3H); ES-LCMS mz 291.1 (M-120).

Step 3: N-(4-Cyano-3-(trifluoromethyl)phenyl)-2-(4-(5-ethoxy-6-((4-methoxybenzyl)oxy)pyridin-
3-yl)-2-fluorophenyl)acetamide

PMBO N
-
/\OLJ\O:F)?\ | ICN
N CF,

A solution of 2-(4-(5-cthoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)acetamide
(10 mg, 0.024 mmol), 4-bromo-2-(trifluoromethyl)benzonitrile (6.09 mg, 0.024 mmol), Pd,(dba);
(2.231 mg, 2.436 umol), Xantphos (1.410 mg, 2.436 umol) and Cs,CO; (15.88 mg, 0.049 mmol)
in 1,4-dioxane (1 mL) was stirred at 120 °C for 1 h. After LCMS analysis showed the starting
material had disappeared, the solvent was removed in vacuo. The residue was dissolved in EA (20
mL) and washed with H,O (10 mL) and brine (10 mL). The organic layer was dried over Na,SO,,
filtered and concentrated. The crude material was purified by preparative TLC (PE/EA = 1/1) to
vield a white solid of  N-(4-cyano-3-(trifluoromethyl)phenyl)-2-(4-(5-ethoxy-6-((4-
methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)acetamide (15 mg, 0.013 mmol, 51.4% yield):
'H NMR (400 MHz, CD;0D) & 8.23 (s, 1H), 7.98 (m, 1H), 7.94-7.90 (m, 2H), 7.44-7.37 (m, 6H),
6.90 (d, /= 8.4 Hz, 2H), 5.32 (s, 2H), 4.16-4.11 (m, 2H), 2.85 (s, 2H), 3.77 (s, 3H), 1 41 (t,J=7.2
Hz, 3H); ES-LCMS m/z 460.1 (M-120).

Step 4: N-(4-Cyano-3-(trifluoro-methyl)phenyl)-2-(4-(5-cthoxy-6-ox0-1,6-dihydro-pyridin-3-yl)-

2-fluorophenyl)acetamide

H
O N
F CN
/\O% /@
N CF,

A solution of N-(4-cyano-3-(trifluoromethyl)phenyl)-2-(4-(5-ethoxy-6-((4-methoxybenzyl)
oxy)pvridin-3-yl)-2-fluorophenyl)acetamide (15 mg, 0.026 mmol) in HCI (MeOH (solvate), 5 mL,
0.026 mmol) was stirred at 20 °C. After LCMS analysis showed the starting material had
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disappeared, the solvent was removed in vacuo. The crude product was purified by preparative
HPLC to vield a white solid of N-(4-cyano-3-(trifluoro-methyl)phenyl)-2-(4-(5-ethoxy-6-oxo-1,6-
dihydropyridin-3-yl)-2-fluorophenyl)acetamide (3 mg, 6.39 pmol, 24.7% vyield): '"H NMR (400
MHz, CD;0D) 6 8.23 (s, 1H), 7.99 (s, 1H), 7.91 (d, J= 8.4 Hz, 1H), 7.41 (m, 1H), 7.37-7.34 (m,
3H), 7.29 (d,J=2.0 Hz, 1H), 4.17-4.11 (m, 2H), 3.84 (s, 2H), 1.46 (t, J= 6.8 Hz, 3H); ES-LCMS
mz 460.1 (M+H).

Example 10: N-(6-(2-(Dimethylamino)ethoxy)-5-(trifluoromethyl)pyridin-3-yl)-2-(4-(4-cthoxy-6-
oxo-1,6-dihydropyridin-3-yl)-2-fluorophenyl)acetamide dihydrochloride

X CF,
Step 1: 5-Nitro-3-(trifluoromethyl)pyridin-2-ol
N OH
| B
O.N Z CF

2 3

To an ice-cooled solution of 3-(trifluoromethyl)pyridin-2-ol (5 g, 30.7 mmol) in H;SO4 (30 mL,
563 mmol) was added nitric acid (1.507 mL, 33.7 mmol) dropwise. After 30 min, the ice bath was
removed and the reaction mixture was stirred at 25 °C for 16 h. The reaction mixture was warmed
to 60 °C for 5 h, cooled, and added to 150 g of ice. The resulting precipitate was collected by
filtration, rinsed with additional H,O, and air-dried to afford the first batch of product. Another
crop of product was obtained after evaporating the mother liquor to less than 100 mL, cooling on
an ice bath, and adding NaOH to adjust to pH 8. The mixture was extracted by EA (100 mL). The
organic layer was dried and concentrated to give the product, which was combined with the first
batch to yield a yellow solid of 5-nitro-3-(trifluoromethyl)pyridin-2-ol (5 g, 24.03 mmol, 78.0%
yield): '"H NMR (400 MHz, CD,0D) & 8.85 (d, J=3.2 Hz, 1H), 8.58 (d, J=2.8 Hz, 1H).

Step 2: 2-Chloro-5-nitro-3-(trifluoromethyl)pyridine
N Cl
| A
oNT N cF,

To a solution of 5-nitro-3-(trifluoromethyl)pyridin-2-ol (1 g, 4.81 mmol) in SOCI, (10 mL, 137
mmol) was added DMF (0.372 mL, 4.81 mmol). The resulting mixture was stirred at 80 °C for 16

h. After TLC analysis showed the starting material had disappeared, the solvent was removed in
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vacuo. The residue was dissolved in DCM (60 mL) and washed with aqueous NaHCO; (20 mL)
and brine (20 mL). The organic layer was dried over Na,SQ,, filtered and concentrated. The
crude product was purified by column chromatography (PE/EA = 20/1) to yield a yellow solid of
2-chloro-5-nitro-3-(trifluoromethyl)pyridine (0.8 g, 3.53 mmol, 73.5% vield): 'H NMR (400 MHz,
CD;0D) 6942 (d,/J=2.8 Hz, 1H), 891 (d, J=2.4 Hz, 1H).

Step 3: N N-Dimethyl-2-((5-nitro-3-(trifluoromethyl)pyridin-2-yl)oxy)ethanamine
| N\ (@] ~N N ~
|

F

O,N CF

2 3

To a solution of 2-chloro-5-nitro-3-(trifluoromethyl)pyridine (0.5 , 2.207 mmol) and 2-
(dimethylamino)ethanol (0.393 g, 4.41 mmol) in THF (10 mL) was added NaH (0.177 g, 4.41
mmol) at 0 °C. The resulting mixture was stirred at rt. After 5 h, TLC analysis showed the
starting material had disappeared. The solvent was removed in vacuo. The residue was dissolved
in DCM (60 mL) and washed with H,O (20 mL) and brine (20 mL). The organic layer was dried
over Na,SO,, filtered and concentrated. The crude product was purified by silica column
chromatography (DCM/ MeOH = 20/1) to yield a white solid of N N-dimethyl-2-((5-nitro-3-
(trifluoromethyl)pyridin-2-yl)oxy)ethanamine (0.5 g, 1.717 mmol, 78.0% yield): 'H NMR (400
MHz, CD;0D) & 9.25 (d, J = 2.4 Hz, 1H), 8.74 (d, J = 2.4 Hz, 1H), 4.73 (t, J = 5.4 Hz, 2H), 2.88
(t,JJ=5.4 Hz, 2H), 2.37 (s, 6H); ES-LCMS m/z 280.0 (M+H).

Step 4: 6-(2-(Dimethylamino)ethoxy)-5-(trifluoromethyl)pyridin-3-amine
| N\ (@] ~\ N e
|

F

H,N CF

2 3

A solution of N.N-dimethyl-2-((5-nitro-3-(trifluoromethyl)pyridin-2-yl)oxy)ethanamine (500 mg,
1.791 mmol) and Pd/C (191 mg, 1.791 mmol) in MeOH (30 mL) was stirred at 20 °C under H,.
After TLC analysis (DCM/MeOH = 20/1) showed the starting material had disappeared, the
mixture was filtered. The filtrate was concentrated to yield a oil of 6-(2-(dimethylamino)ethoxy)-
5-(trifluoromethyl)pyridin-3-amine (360 mg, 1.444 mmol, 81.1% yield): 'H NMR (400 MHz,
CD;0D) 6 7.77(d,J=24Hz, 1H), 737 (d, J=32Hz, 1H), 443 (t, J=5.6 Hz, 2H), 2.78 (t, ] =
6.4 Hz, 2H), 2.35 (s, 6H); ES-LCMS m/z 250.1 (M+H).
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Step 5: 2-(4-Bromo-2-fluorophenyl)-N-(6-(2-(dimethylamino)ethoxy)-5-(trifluoro methyl)pyridin-
3-yl)acetamide

To a solution of 2-(4-bromo-2-fluorophenyl)acetic acid (100 mg, 0429 mmol), 6-(2-
(dimethylamino)ethoxy)-5-(trifluoromethyl)pyridin-3-amine (107 mg, 0.429 mmol) and HATU
(245 mg, 0.644 mmol) in DCM (15 mL) was added DIEA (0.225 mL, 1.287 mmol). The resulting
mixture was stirred at 20 °C for 16 h. The mixture was washed with H,O (20 mL) and brine (20
mL). The organic layer was dried over Na,SQ,, filtered and concentrated. The crude product was
purified by preparative TLC (DCM/MeOH = 10/1) to yield a brown oil of 2-(4-bromo-2-
fluorophenyl)-N-(6-(2-(dimethylamino)ethoxy)-5-(trifluoromethyl)pyridin-3-yl)acetamide (130 mg,
0.273 mmol, 63.7% yield): '"H NMR (400 MHz, CD;0D) 5 8.51 (d, J=2.0 Hz, 1H), 829 (d, /=24
Hz, 1H), 7.38-7.26 (m, 4H), 4.62 (t, J = 5.4 Hz, 2H), 3.75 (s, 2H), 3.08 (t, / = 5.2 Hz, 2H), 2.56 (s,
6H); ES-LCMS mz 464.0 (M+H).

Step 6: N-(6-(2-(Dimethylamino)ethoxy)-5-(trifluoromethyl)pyridin-3-y1)-2-(2-fluoro-4-(4.4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)acetamide

A solution of  2-(4-bromo-2-fluorophenyl)-N-(6-(2-(dimethylamino)ethoxy)-5-(trifluoro
methyl)pyridin-3-yl)acetamide (0.1 g, 0215 mmol), 4.4.,4',4'5,5,5",5"-octamethyl-2,2'-bi(1,3,2-
dioxaborolane) (0.066 g, 0.258 mmol), PdCly(dppf) (0.016 g, 0.022 mmol) and KOAc (0.042 g,
0.431 mmol) in 1,4-dioxane (5 mL) was stirred at 80 °C for 16 h. After LCMS analysis showed
the starting material had disappeared, the solvent was removed in vacuo. The residue was purified
by preparative TLC (DCM/MeOH = 20/1) to yield N-(6-(2-(dimethylamino)ethoxy)-5-
(trifluoromethyl)pyridin-3-y1)-2-(2-fluoro-4-(4,4,5,5-tetramethyl-1,3,2 -dioxaborolan-2-
yl)phenyl)acetamide (42 mg, 0.076 mmol, 35.4% yield): 'H NMR (400 MHz, CD;0D) & 8.56 (s,
1H), 8.30 (s, 1H), 7.51 (d, J = 7.6 Hz, 1H), 7.43-7.30 (m, 2H), 4.75-4.68 (m, 2H), 3.80 (s, 2H),
3.41 (s, 2H), 2.82 (s, 6H), 1.33 (s, 12H); ES-LCMS m/z 512.2 (M+H).
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Step 7: 2-(4-(6-(Benzyloxy)-4-ethoxypyridin-3-yl)-2-fluorophenyl)-N-(6-(2-(dimethyl
amino)ethoxy)-5-(trifluoromethyl)pyridin-3-yl)acetamide
BnO

A solution of N-(6-(2-(dimethylamino)ethoxy)-5-(trifluoromethyl)pyridin-3-yl)-2-(2-fluoro-4-
(4.4,5,5-tetramethyl-1,3 2-dioxaborolan-2-yl)phenyl)acetamide (30 mg, 0.059 mmol), 2-
(benzyloxy)-4-cthoxy-5-iodopyridine (20.84 mg, 0.059 mmol), PdCly(dppf) (42.9 mg, 0.059
mmol) and Cs,CO5 (19.12 mg, 0.059 mmol) in 1,4-dioxane (3 mL) and H,O (1 mL) was stirred at
110 °C for 15 min. After LCMS analysis showed the starting material had disappeared, the solvent
was removed in vacuo. The residue was dissolved in EA (30 mL) and washed with H,O (10 mL)
and brine (10 mL). The organic layer was dried over Na,SQ,, filtered and concentrated. The
crude product was purified by preparative TLC (DCM/MeOH = 10/1) to yield 2-(4-(6-
(benzyloxy)-4-cthoxypyridin-3-yl)-2-fluorophenyl)-N-(6-(2-(dimethylamino)ethoxy)-5-
(trifluoromethyl)pyridin-3-yl)acetamide (5 mg, 6.97 umol, 11.9% yield): 'H NMR (400 MHz,
CD;0D) 6 8.56 (s, 1H), 8.33 (d, /= 2.0 Hz, 1H), 7.99 (s, 1H), 7.48-7.30 (m, 8H), 6.51 (s, 1H),
538 (s, 2H), 4.64 (t,J = 5.2 Hz, 2H), 4.16 (m, 2H), 3.84 (s, 2H), 3.03 (t, /= 5.2 Hz, 2H), 2.53 (s,
6H), 1.40 (t, J = 7.0 Hz, 3H); ES-LCMS m/z 613.1 (M+H).

Step 8: N-(6-(2-(Dimethylamino)ethoxy)-5-(trifluoromethyl)pyridin-3-y1)-2-(4-(4-ethoxy-6-oxo-
1,6-dihydropyridin-3-yl)-2-fluorophenyl)acetamide dihydrochloride

A solution of 2-(4-(6-(benzyloxy)-4-cthoxypyridin-3-yl)-2-fluorophenyl)-N-(6-(2-(dimethyl
amino)ethoxy)-5-(trifluoromethyl)pyridin-3-yl)acetamide (5 mg, 8.16 pumol) and Pd/C (0.869 mg,
8.16 umol) in MeOH (10 mL) was stirred at 20 °C under H, (0.016 mg, 8.16 umol) for 16 h. After
LCMS analysis showed the starting material was consumed, the mixture was filtered. The filtrate
was concentrated to give the crude product, which was purified by preparative HPLC to give a
colorless oil of N-(6-(2-(dimethylamino)ethoxy)-5-(trifluoromethyl)pyridin-3-yl)-2-(4-(4-cthoxy-
6-0x0-1,6-dihydropyridin-3-yl)-2-fluorophenyl)acetamide dihydrochloride (1 mg, 1.680 pmol,
20.6% yield): '"H NMR (400 MHz, CD;0D) & 8.63 (s, 1H), 8.37 (s, 1H), 7.62 (d, J = 6.4 Hz, 1H),
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7.46-7.42 (m, 1H), 7.31-7.28 (m, 2H), 6.21 (d, J= 11.8 Hz, 1H), 4.23-4.18 (m, 2H), 3.86 (s, 2H),
3.69-3.67 (m, 2H), 3.33 (m, 2H), 3.04 (s, 6H), 142 (t, J = 7.0 Hz, 3H); ES-LCMS m/z 5232
(M+H).

Example 11: 2-(4-(5-Ethoxy-6-oxo0-1,6-dihydropyridin-3-yl)-2-fluorophenyl)-N-(3-(4-methyl-1H-
imidazol-1-yl)-5-(trifluoromethyl)phenyl)acetamide hydrochloride

H
O _N
| CF,
F
/\O X o /@\
N N
H \§<N

A suspension of 3-(4-methyl-1H-imidazol-1-yl)-5-(trifluoromethyl)aniline (6.63 mg, 0.027 mmol)
in DMF (5 mL) was added to a solution of 2-(4-(5-ethoxy-6-ox0-1,6-dihydropyridin-3-yl)-2-
fluorophenyl)acetic acid (8 mg, 0.027 mmol) in DMF (5 mL). HOBt (6.31 mg, 0.041 mmol), EDC
(7.90 mg, 0.041 mmol) and Et;N (0.011 mL, 0.082 mmol) were added and the mixture was stirred
at 50 °C for 12 h. Then the solution was concentrated and distributed between EA and saturated
NaHCO; solution. The combined organic extract was washed with brine, dried over MgSQ.,
filtered and concentrated. The crude material was purified by preparative HPLC (MecCN/H,0 as
celuants, acidic condition) to vield an off white solid of 2-(4-(5-ethoxy-6-oxo-1,6-dihydropyridin-3-
yl)-2-fluorophenyl)-N-(3-(4-methyl-1H-imidazol-1-yl)-5-(trifluoromethyl)phenyl)acetamide
hydrochloride (1.60 mg, 2.90 umol, 10.6% yicld). TLC (DCM/MeOH = 10:1, Ry = 0.3): '"H NMR
(400 MHz, CD30D) 6: 9.41 (d, J = 1.54 Hz, 1H), 8.37-8.45 (m, 1H), 7.96 (s, 1H), 7.73-7.88 (m,
2H), 7.18-7.52 (m, 5H), 4.14 (q, J = 7.06 Hz, 2H), 3.87 (s, 2H), 2.43 (s, 3H), 1.46 (t, J= 6.95 Hz,
3H); ES-LCMS m/z 515.1 (M+H).

Example 12: N-(6-(2-Cyanopropan-2-yl)-5-(trifluoromethyl)pyridin-3-yl)-2-(4-(5-cthoxy-6-oxo-
1,6-dihydropyridin-3-yl)-2-fluorophenyl)acetamide hydrochloride

H
O _N
| F N CN
Ao o ¢
N7 N CE,
H
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Step 1: 2-Methyl-2-(5-nitro-3-(trifluoromethyl)pyridin-2-vl)propanenitrile

CN

N
z

|
ON" ",

K>CO; (359 mg, 2.60 mmol) was added to a solution of 2-(5-nitro-3-(trifluoromethyl)pyridin-2-
ylacetonitrile (200 mg, 0.865 mmol) in MeCN (10 mL). Mel (3071 mg, 21.63 mmol) was added
and the mixture was at 40 °C for 10 h. Then the solution was concentrated and distributed
between EA and saturated NaHCO; solution. The combined organic extract was washed with
brine, dried over MgSO,, filtered and concentrated. The crude material was purified by
preparative TLC (PE/EA = 5:1, Ry = 0.5) to vield a light vellow solid of 2-methyl-2-(5-nitro-3-
(trifluoromethyl)pyridin-2-yl)propanenitrile (129 mg, 0.498 mmol, 57.5% yield): 'H NMR (400
MHz, CDCl;) & 9.54 (d, ] =2.2 Hz, 1H), 8.65 - 9.07 (m, 1H), 1.92 (s, 6H); ES-LCMS m/z 260.1
(M+H).

Step 2: 2-(5-Amino-3-(trifluoromethyl)pyridin-2-vy1)-2-methylpropanenitrile

CN
N

"
HN \ CF,

Tin(Il) chloride dihydrate (449 mg, 1.991 mmol) was added to a solution of 2-methyl-2-(5-nitro-3-
(trifluoromethyl)pyridin-2-yl)propanenitrile (129 mg, 0.498 mmol) in EA (15 mL). The mixture
was at 60 °C for 4 h. Then the solution was adjusted to pH = 8-9 with 2N NaOH. The combined
organic extract was washed with brine, dried over MgSQy,, filtered and concentrated. The crude
material was purified by preparative HPLC (MeCN/H,O as c¢luants, basic condition) to vield a
white solid of 2-(5-amino-3-(trifluoromethyl)pyridin-2-yl)-2-methylpropanenitrile (46.48 mg,
0.203 mmol, 40.7% yield). TLC (PE/EA = 1:1, Rg=0.3): "H NMR (400 MHz, DMSO-d;) & 8.04-
817 (m, 1 H), 731 (d,J =243 Hz, 1 H), 5.97 (s, 2 H), 1.70 (s, 6 H); ES-LCMS m.z 230.1 (M+H).

Step 3:  N-(6-(2-Cyanopropan-2-y1)-5-(trifluoromethyl)pyridin-3-y1)-2-(4-(5-ethoxy-6-oxo0-1,6-
dihydropyridin-3-v1)-2-fluorophenyl)acetamide hydrochloride

H
O _N
| F N CN
Ao o ¢
N7 cE
H
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A suspension of 2-(5-amino-3-(trifluoromethyl)pyridin-2-yl)-2-methylpropanenitrile (13.91 mg,
0.061 mmol) in DMF (5 mL) was added to a solution of 2-(4-(5-ethoxy-6-oxo0-1,6-dihydropyridin-
3-yl)-2-fluorophenyl)acetic acid (52 mg, 0.061 mmol) in DMF (5 mL). HOBt (13.94 mg, 0.091
mmol), EDC (17.45 mg, 0.091 mmol) and Et;N (0.025 mL, 0.182 mmol) and the mixture was at
50 °C for 12 h. Then the solution was concentrated and distributed between EA and saturated
NaHCO; solution. The combined organic extract was washed with brine, dried over MgSQ.,
filtered and concentrated. The crude material was purified by preparative HPLC (MeCN/H,O as
cluants, acidic condition) to vyield an off white solid of N-(6-(2-cyanopropan-2-vyl)-5-
(trifluoromethyl)pyridin-3-yl)-2-(4-(5-ethoxy-6-oxo-1,6-dihydropyridin-3-yl)-2-
fluorophenyl)acetamide hydrochloride (8.62 mg, 0.016 mmol, 26.4% yield). TLC (DCM/MeOH =
10:1, R¢ = 0.3): "H NMR (400 MHz, CD;0D) &: 8.95 (d, J = 2.2 Hz, 1H), 8.56 (d, J = 2.4 Hz, 1H),
7.26-7.47 (m, 5H), 4.14 (q. J = 7.0 Hz, 2H), 3.81-3.90 (m, 2H), 1.77-1.91 (m, 6H), 1.47 (t,J=6.9
Hz, 3H); ES-LCMS m/z 503.1 (M+H).

Example 13: 2-(4-(5-Ethoxy-6-ox0-1,6-dihydropyridin-3-yl)-2-fluorophenyl)-V-(4-(2-

hydroxyethoxy)-3-(trifluoromethyl)phenyl)acetamide

H
O N
| F o
N CF,

Step 1: N-(4-(2-(Benzyloxy)ethoxy)-3-(trifluoromethyl)phenyl)-2-(4-bromo-2-

Br F 6]
T, O
N CF,
A suspension of 4-(2-(benzyloxy)ethoxy)-3-(trifluoromethylDaniline (668 mg, 2.146 mmol) in

DCM (35 mL) was added to a solution of 2-(4-bromo-2-fluorophenyl)acetic acid (500 mg, 2.146
mmol) in DCM (35 mL). HOBt (493 mg, 3.22 mmol), EDC (617 mg, 3.22 mmol) and Et;N (0.897

fluorophenyl)acetamide

mL, 6.44 mmol) and the mixture was at 26 °C for 3 h. Then the solution was concentrated and
distributed between EA and saturated NaHCO; solution. The combined organic extract was
washed with brine, dried over MgSQy, filtered and concentrated. The crude material was purified
by silica column chromatography (PE/EA = 10/1). All fractions found to contain product by TLC
(PE/EA = 5/1, Rs 0.6) were combined and concentrated to yield a light yellow solid of N-(4-(2-
(benzyloxy)ethoxy)-3-(trifluoromethyl)phenyl)-2-(4-bromo-2-fluorophenyl)acetamide (1 g, 1.900
mmol, 89.0% vield): "H NMR (400 MHz, CD;0D) & 7.83-7.82 (d, J = 2.8 Hz, 1H), 7.33-7.24 (m,
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10H), 4.83 (s, 1H), 4.23-4.21 (m, 2H), 3.84-3.83 (m, 2H), 3.71-3.67 (m, 2H); ES-LCMS m/z 525.9
(M+H).

Step 2: N-(4-(2-(Benzyloxy)ethoxy)-3-(trifluoromethyl)phenyl)-2-(4-(5-ethoxy-6-
((4methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)acetamide

.0 N
PMB ~ |
F O
N CF
H 3

A suspension  of  N-(4-(2-(benzyloxy)ethoxy)-3-(trifluoromethyl)phenyl)-2-(4-bromo-2-
fluorophenyl)acetamide (800 mg, 1.520 mmol) in 1,4-dioxane (3 mL) and H,O (1 mL) was added
to a solution of 3-ethoxy-2-((4-methoxybenzyl)oxy)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
vl)pyridine (586 mg, 1.520 mmol) in 1,4-dioxane (3 mL) and H,O (1 mL). PdCly(dppf) (111 mg,
0.152 mmol) and Cs,CO; (990 mg, 3.04 mmol) were added and the mixture was at 110 °C for 30
min under microwave. The mixture was cooled to rt. Then the solution was concentrated and
distributed between EA and saturated NaHCO; solution. The combined organic extract was
washed with brine, dried over MgSQy, filtered and concentrated. The crude material was purified
by preparative TLC (PE/EA = 1/1, Ry = 0.5) to yield a light yellow solid of N-(4-(2-
(benzyloxy)ethoxy)-3-(trifluoromethyl)phenyl)-2-(4-(5-ethoxy-6-((4-methoxybenzyl)oxy)pyridin-

3-yl)-2-fluorophenyl)acetamide (230 mg, 0.326 mmol, 21.5% vyield): '"H NMR (400 MHz,
CD;0D) & 7.95-794 (d, J = 2.0 Hz, 1H), 7.90-7.89. (d, J = 2.8 Hz, 1H), 7.45-7.38 (m, 6H), 7.37-
7.25 (m, 6H), 6.92-6.90 (m, 2H), 5.36 (s, 2H), 4.61 (s, 2H), 4.25-4.24 (m, 2H), 4.23-4.11 (m, 2H),
3.85-3.83 (m, 2H), 3.79-3.77 (m, 2H), 1.45-1.41 (t,J = 4.8 Hz, 3H); ES-LCMS m/z 705.1 (M+H).

Step 3: 2-(4-(5-Ethoxy-6-ox0-1,6-dihydropyridin-3-yl)-2-fluorophenyl)-N-(4-(2-hydroxyethoxy)-
3-(trifluoromethyl)phenyl)acetamide

H
@) N
l F 0]
/\OIJ\(:(/(J\ /@[ \/\OH
N CF
H 3

A suspension of N-(4-(2-(benzyloxy)ethoxy)-3-(trifluoromethyl)phenyl)-2-(4-(5-ethoxy-6-((4-
methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)acetamide (50 mg, 0.071 mmol) in MeOH (10
mL) was added to a solution of Pd/C (15.10 mg, 0.142 mmol) in MeOH (10 mL). The mixture
was hydrogenated under a H, atmosphere at 26 °C for 2 h. Then the solution was filtered and
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concentrated. The crude material was purified by preparative HPLC (MeCN/H,O as eluants, basic
condition) to vyield a white solid of 2-(4-(5-ethoxy-6-ox0-1,6-dihydropyridin-3-yl)-2-
fluorophenyl)-N-(4-(2-hydroxyethoxy)-3-(trifluoromethyl)phenyl)acetamide  (26.17 mg, 0.053
mmol, 74.6% yield). TLC (DCM/MeOH = 10/1, Ry= 0.4): '"H NMR (400 MHz, CD;0D) & 7.84-
7.83 (m, 1H), 7.72-7.70 (d, J = 8.8 Hz, 1H), 7.43-7.41 (m, 1H), 7.39-7.29 (m, 3H), 7.23-7.22 (d, J
=2.0 Hz, 1H), 7.17-7.15 (d, J = 9.2 Hz, 1H), 4.14-4.11 (m, 4H), 3.88-3.86 (m, 2H), 3.76 (s, 2H),
1.47-1.44 (t,J = 7.0 Hz, 3H); ES-LCMS m/z 495.0 (M+H).

Example 14: N-(6-(Cyanomethyl)-5-(trifluoromethyl)pyridin-3-yl1)-2-(4-(5-ethoxy-6-oxo-1,6-
dihydropyridin-3-yl)-2-fluorophenyl)acetamide hydrochloride

H
O N
| F N
N7 NcE,
H

Step 1: 2-(5-Amino-3-(trifluoromethyl)pyridin-2-yl)acetonitrile
N
~ | CN
X

H,N CF,

A suspension of tin(Il) chloride dihydrate (58.6 mg, 0.260 mmol) in EA (60 mL) was added to a
solution of 2-(5-nitro-3-(trifluoromethyl)pyridin-2-yl)acetonitrile (30 mg, 0.130 mmol) in EA (60
mL). The mixture was at 50 °C for 3 h. Then the solution was concentrated and distributed
between EA and saturated NaHCO; solution. The combined organic extract was washed with
brine, dried over MgSQ,, filtered and concentrated. The resulting 2-(5-amino-3-
(trifluoromethyl)pyridin-2-yl)acetonitrile (16 mg, 0.080 mmol, 61.3% vyield) was used in the next
step without further purification. TLC (PE/EA = 1:1, Ry = 0.5): 'H NMR (400 MHz, CDCl;) &:
8.19-8.27 (m, 1H), 7.22 (d, J=2.5 Hz, 1H), 3.97 (s, 2H); ES-LCMS m/z 202.0 (M+H).

Step 2: N-(6-(Cyanomethyl)-5-(trifluoromethyl)pyridin-3-y1)-2-(4-(5-ethoxy-6-oxo-1,6-
dihydropyridin-3-vl)-2-fluorophenyl)acetamide hydrochloride

H
O N
| F N
N7 cF,
H
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A suspension of 2-(5-amino-3-(trifluoromethyl)pyridin-2-yl)acetonitrile (16.00 mg, 0.080 mmol)
in DMF (5 mL) was added to a solution of 2-(4-(5-ethoxy-6-ox0-1,6-dihydropyridin-3-yl)-2-
fluorophenyl)acetic acid (46.33 mg, 0.080 mmol) in DMF (5 mL). HOBt (18.27 mg, 0.119 mmol),
EDC (22.87 mg, 0.119 mmol) and Et;N (0.033 mL, 0.239 mmol) and the mixture was at 50 °C for
12 h. Then the solution was concentrated and distributed between EA and saturated NaHCO;
solution. The combined organic extract was washed with brine, dried over MgSQ,, filtered and
concentrated. The crude material was purified by preparative HPLC (MeCN/H,O as eluants,
acidic condition) to vield a yellow solid of N-(6-(cyanomethyl)-5-(trifluoromethyl)pyridin-3-yl1)-2-
(4-(5-ethoxy-6-ox0-1,6-dihydropyridin-3-yl)-2-fluorophenyl)acetamide hydrochloride (0.96 mg,
1.879 pmol, 2.4% vield). TLC (DCM/MeOH = 10:1, Ry = 0.3): '"H NMR (400 MHz, CD;0D) &:
8.87-8.96 (m, 1 H), 8.56 (d, ] =2.21 Hz, 1 H), 7.19-7.50 (m, 5 H), 4.08-4.18 (m, 2 H), 3.85 (s, 3
H), 3.58 (s, 2 H), 1.29-1.35 (m, 3 H); ES-LCMS m/z 475.0 (M+H).

Example 15:  N-(6-(1-Cyanoethyl)-5-(trifluoromethyl)pyridin-3-yl)-2-(4-(5-ethoxy-6-oxo0-1,6-
dihydropyridin-3-yl)-2-fluorophenyl)acetamide hydrochloride

H
O N
| F N
N7 cF,
H

Step 1: 2-(5-Nitro-3-(trifluoromethyl)pyridin-2-yl)propanenitrile
N
z | CN

ON" "cF,

K>CO; (359 mg, 2.60 mmol) was added to a solution of 2-(5-nitro-3-(trifluoromethyl)pyridine-2-
yl)acetonitrile (200 mg, 0.865 mmol) in MeCN (10 mL). Mel (3071 mg, 21.63 mmol) was added
and the mixture was stirred at 40 °C for 10 h. Then the solution was concentrated and distributed
between EA and saturated NaHCO; solution. The combined organic extract was washed with
brine, dried over MgSO,, filtered and concentrated. The crude material was purified by
preparative TLC (PE/EA = 5:1, Rf = 0.5) to vield a light yellow solid of 2-(5-nitro-3-
(trifluoromethyl)pyridin-2-yl)propanenitrile (73.6 mg, 0.300 mmol, 34.7% yicld): 'H NMR (400
MHz, CDCls) &: 9.65 (d, ] = 2.2 Hz, 1H), 954 (d, ] = 2.2 Hz, 1H), 8.86 (d, J = 2.2 Hz, 1H), 8.80
(d,J=20Hz, 1H), 447 (q, J = 7.1 Hz, 1H), 1.92 (s, 2H), 1.78 (d, J = 7.1 Hz, 3H); ES-LCMS m/z
246.0 (M+H).
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Step 2: 2-(5-Amino-3-(trifluoromethyl)pyridin-2-yl)propanenitrile
N
z | CN

N

H,N CF,

Tin(Il) chloride dihydrate (135 mg, 0.600 mmol) was added to a solution of 2-(5-nitro-3-
(trifluoromethyl)pyridin-2-yl)propanenitrile (73.6 mg, 0.300 mmol) in EA (15 mL). The mixture
was at 50 °C for 3 h. Then the solution was concentrated and distributed between EA and
saturated NaHCOQ; solution. The combined organic extract was washed with brine, dried over
MgSQ,, filtered and concentrated. The resulting 2-(5-amino-3-(trifluoromethyl)pyridin-2-
vl)propanenitrile (55 mg, 0.256 mmol, 85.0% vyield) was used to next step without further
purification. TLC (PE/EA = 5:1, Ry=0.5): '"H NMR (400 MHz, CDCl;) &: 8.25 (s, 1H), 7.17 (d, J
=2.2 Hz, 1H), 4.15-4.28 (m, 1H), 1.66 (d, J=7.1 Hz, 3H); ES-LCMS m/z 216.0 (M+H).

Step 3: N-(6-(1-Cyanoethyl)-5-(trifluoromethyl)pyridin-3-y1)-2-(4-(5-ethoxy-6-oxo0-1,6-
dihydropyridin-3-yl)-2-fluorophenyl)acetamide hydrochloride

H
O N
| F N
N7 N CE,
H

A suspension of 2-(5-amino-3-(trifluoromethyl)pyridin-2-yl)propanenitrile (55.6 mg, 0.258 mmol)
in DMF (10 mL) was added to a solution of 2-(4-(5-ethoxy-6-ox0-1,6-dihydropyridin-3-yl)-2-
fluorophenyl)acetic acid (125.4 mg, 0.258 mmol) in DMF (10 mL). HATU (147 mg, 0.387 mmol)
and DIEA (0.135 mL, 0.775 mmol) were added and the mixture was at 50 °C for 12 h. Then the
solution was concentrated and distributed between EA and saturated NaHCO; solution. The
combined organic extract was washed with brine, dried over MgSQ,, filtered and concentrated.
The crude material was purified by preparative HPLC (MeCN/H,O as cluants, acidic condition) to
yield an off white solid of N-(6-(1-cyanoethyl)-5-(trifluoro methyl)pyridin-3-yl)-2-(4-(5-cthoxy-6-
oxo-1,6-dihydropyridin-3-y1)-2-fluorophenyl)acetamide hydrochloride (10.59 mg, 0.020 mmol,
7.8% yield). TLC (DCM/MeOH = 10:1, Ry = 0.3): '"H NMR (400 MHz, CD;0D) &: 8.96 (s, 1H),
8.49-8.65 (m, 1H), 7.17-7.53 (m, 5H), 4.46 (q, J = 7.0 Hz, 1H), 4.07-4.20 (m, 2H), 3.86 (s, 2H),
1.67 (d,J=7.1 Hz, 3H), 1.37-1.53 (m, 3H); ES-LCMS m/z 489.1 (M+H).
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Example 16: N-(4-Chloro-3-(trifluoromethyl)phenyl)-2-(4-(5-cthoxy-6-ox0-1,6-dihydropyridin-3-
vl)-2-fluorophenyl)acetamide

H
O N
F Cl
/\O]\;J\@/i\ /@
N CF
H 3

A suspension of 4-chloro-3-(trifluoromethyl)aniline (20.14 mg, 0.103 mmol) in DMF (8 mL) was
added to a solution of 2-(4-(5-¢thoxy-6-0x0-1,6-dihydropyridin-3-yl)-2-fluorophenyl)acetic acid
(30 mg, 0.103 mmol) in DMF (8 mL). HOBt (23.66 mg, 0.154 mmol), EDC (29.6 mg, 0.154
mmol) and Et;N (0.043 mL, 0.309 mmol) were added and the mixture was stirred at 50 °C for 8 h.
Then the solution was concentrated and distributed between EA and saturated NaHCO; solution.
The combined organic extract was washed with brine, dried over MgSO,, filtered and
concentrated. The crude material was purified by preparative HPLC (MeCN/H,O as eluants,
acidic condition) to yield a white solid of N-(4-chloro-3-(trifluoro methyl)phenyl)-2-(4-(5-cthoxy-
6-0x0-1,6-dihydropyridin-3-yl)-2-fluorophenyl)acetamide (11.39 mg, 0.024 mmol, 23.6% vyield).
TLC (DCM/MeOH = 10:1, R = 0.6): 'H NMR (400 MHz, CD;0OD) &: 8.10 (s, 1 H), 7.79 (d, J =
8.82 Hz, 1H), 7.53 (d, J = 8.82 Hz, 1H), 7.37-7.44 (m, 1H), 7.26-7.37 (m, 3H), 7.23 (d, J = 1.98
Hz, 1H), 4.12 (q, J = 7.06 Hz, 2H), 3.80 (s, 2H), 1.46 (t, /= 6.95 Hz, 3H); ES-LCMS m/z 469.1
(M+H).

Example 17: N-(4-((Dimethylamino)methyl)-3-(trifluoromethyl)phenyl)-2-(4-(5-ethoxy-6-oxo-1,6-
dihydropyridin-3-yl)-2-fluorophenyl)acetamide hydrochloride

H
O N
F
~Meys ocr
N CF,

Step 1. N,N-Dimethyl-4-nitro-2-(trifluoromethyl)benzamide
O
-

N
|

O,N CF,
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To a solution of 4-nitro-2-(trifluoromethyl)benzoic acid (10 g, 42.5 mmol), dimethylamine
(hydrochloride, 4.51 g, 55.3 mmol) and Et;N (17.78 mL, 128 mmol) in DCM (150 mL) stirred
under nitrogen at 20 °C was added HATU (1941 g, 51.0 mmol) in one charge. The reaction
mixture was stirred at 20 °C for 2 h. Then the solution was distributed between DCM and
saturated NaHCOQ; solution. The combined organic extract was washed with brine, dried over
MgS0O,, filtered and  concentrated. The  resulting N N-dimethyl-4-nitro-2-
(trifluoromethyl)benzamide (10 g, 25.2 mmol, 59.2% yield) was used in the next step without
further purification. TLC (PE/EA = 5:1, R¢ 0.6): '"H NMR (400 MHz, CDCl;) 6 8.57 (d, J = 1.8
Hz, 1H), 8.46 (dd, J = 2.0, 8.4 Hz, 1H), 7.58 (d, J = 8.4 Hz, 1H), 2.79 (s, 6H); ES-LCMS m/z
263.0 (M+H).

Step 2: 4-Amino-N, N-dimethyl-2-(trifluoromethyl)benzamide
@)
-

N
|

H,N CF,

To a solution of N,N-dimethyl-4-nitro-2-(trifluoromethyl)benzamide (10 g, 25.2 mmol) in MeOH
(100 mL) stirred under N, at 20 °C was added Pd/C (1 g, 9.40 mmol) in one charge. The reaction
mixture stirred under a H, atmosphere at 20 °C for 12 h. The mixture was filtered, and the filtrate
was concentrated in vacuo to give the desired product 4-amino-N,N-dimethyl-2-
(trifluoromethyl)benzamide (8.3 g, 23.59 mmol, 94.0% vyield). TLC (DCM/MeOH = 10:1, R¢=
0.4): "HNMR (400 MHz, CDCl;)  7.07 (d, J = 8.2 Hz, 1H), 6.90 (s, 1H), 6.79 (d, J = 8.2 Hz, 1H),
3.95 (br. s., 2H), 3.08 (s, 3H), 2.80 (s, 3H); ES-LCMS m/z 233.0 (M+H).

Step 3: 4-((Dimethylamino)methyl)-3-(trifluoromethyl)aniline

/@\/\N/
I
H.N CF

2 3
To a solution of 4-amino-N,N-dimethyl-2-(trifluoromethyl)benzamide (8.3 g, 23.59 mmol) in THF
(100 mL) stirred under a N, atmosphere at 20 °C was added BH;*DMS (11.20 mL, 118 mmol)
dropwise. The reaction mixture was stirred at 80 °C for 2 h. To the solution was added MeOH,
then concentrated in vacuo to give the crude product. The crude material was purified by silica
column chromatography (DCM/MeOH = 30:1). All fractions found to contain product by TLC
(DCM/MeOH = 10:1, Ry = 0.4) were combined and concentrated to yield light yellow oil of 4-
((dimethylamino)methyl)-3-(trifluoromethyl)aniline (4 g, 18.33 mmol, 78.0% yield): 'H NMR
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(400 MHz, CD;0D) & 7.99 (d, J = 8.0 Hz, 1H), 7.73 (s, 1H), 7.67 (d, 8.0 Hz, 1H), 4.57 (s, 2H),
2.96 (s, 6H); ES-LCMS m/z 219.2 (M+H).

Step 4: 2-(4-Bromo-2-fluorophenyl)-N-(4-((dimethylamino)methyl)-3-

(trifluoromethyl)phenyl)acetamide

To a solution of 4-((dimethylamino)methyl)-3-(trifluoromethyl)aniline dihydrochloride (4 g,
13.74 mmol), 2-(4-bromo-2-fluorophenyl)acetic acid (3.20 g, 13.74 mmol) and Et;N (9.57 mL,
68.7 mmol) in DCM (100 mL) stirred under a N, atmosphere at 20 °C were added EDC (2.63 g,
13.74 mmol) and HOBt (2.104 g, 13.74 mmol) in one¢ charge. The reaction mixture was stirred at
20 °C for 2 h. Then the solution was concentrated and distributed between EA and saturated
NaHCO; solution. The combined organic extract was washed with brine, dried over MgSQO,,
filtered and concentrated. The crude material was purified by silica column chromatography
(PE/EA = 3:1). All fractions found to contain product by TLC (PE/EA = 2:1, R; 0.6) were
combined and concentrated to vield a light yellow solid of 2-(4-bromo-2-fluorophenyl)-N-(4-
((dimethylamino)methyl)-3-(trifluoromethyl)phenyl)acetamide (5.5 g, 9.14 mmol, 66.5% yield):
'H NMR (400 MHz, CDCl5) & 7.79 (br. s., 2H), 7.70 (d, J = 5.02 Hz, 2H), 7.30 (br. s., 2H), 3.73
(s, 2H), 3.53 (s, 2H), 2.47 (s, 6H); ES-LCMS m/z 435.0 (M+H).

Step 5: N-(4-((Dimethylamino)methyl)-3-(trifluoromethyl)phenyl)-2-(4-(5-ethoxy-6-((4-

methoxybenzyl)oxy)pyridin- 3-vl) 2- ﬂuorophenvl)acetam1dc

LT

To a solution of 3-cthoxy-2-((4-methoxybenzyl)oxy)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
vl)pyridine (3.52 g, 9.14 mmol), 2-(4-bromo-2-fluorophenyl)-N-(4-((dimethylamino)methyl)-3-
(trifluoromethyl)phenyl)acetamide (5.5 g, 9.14 mmol) and Cs,CO; (7.45 g, 22.85 mmol) in 1,4-
dioxane (30 mL) and H,O (10.00 mL) stirred under a N, atmosphere at 20 °C was added
PdCly(dppf) (0.334 g, 0.457 mmol) in one charge. The reaction vessel was heated in 110 °C for 3
h. Then the solution was concentrated and distributed between EA and H,O. The combined
organic extract was washed with brine, dried over MgSO,, filtered and concentrated. The crude

material was purified by silica column chromatography (PE/EA = 1:1). All fractions found to
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contain product by TLC (PE/EA = 1:1, R; 0.3) were combined and concentrated to yield a white
solid of N-(4-((dimethylamino)methyl)-3-(trifluoromethyl)phenyl)-2-(4-(5-ethoxy-6-((4-
methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)acetamide (5.8 g, 7.30 mmol, 80.0% yield): 'H
NMR (400 MHz, CDCls) 6 7.80-7.98 (m, 3H), 7.67 (d, J = 8.6 Hz, 1H), 7.37-7.47 (m, 3H), 7.26-
7.35 (m, 2H), 7.20 (d, J=2.0 Hz, 1H), 6.89 (d, J= 8.6 Hz, 2H), 5.44 (s, 2H), 4.13 (g, /= 7.0 Hz,
2H), 3.75-3.86 (m, 5H), 3.70 (br. s., 2H), 2.35 (br. s., 6H), 1.46 (t, J = 7.0 Hz, 3H) ES-LCMS m/z
612.2 (M+H).

Step 6: N-(4-((Dimethylamino)methyl)-3-(trifluoromethyl)phenyl)-2-(4-(5-ethoxy-6-oxo-1,6-
dihydropyridin-3-yl)-2-fluorophenyl)acetamide hydrochloride

H
O N
| F
~Mes ocr
N CF
H 3

To a solution of N-(4-((dimethylamino)methyl)-3-(trifluoromethyl)phenyl)-2-(4-(5-¢thoxy-6-((4-
methoxybenzyl)oxy )pyridin-3-yl)-2-fluorophenyl)acetamide (5.8 g, 7.30 mmol) in DCM (50 mL)
was added HCI (1,4-dioxane, 5 mL, 20.00 mmol) at rt. The solution was stirred at 20 °C for 30
min. The solution was concentrated in vacuo to give the crude product. The crudc matcrial was
purified by preparative HPLC (MeCN/H,O as eluants, acidic condition) to yield an off white solid
of N-(4-((dimethylamino)methyl)-3-(trifluoromethyl)phenyl)-2-(4-(5-ethoxy-6-oxo-1,6-
dihydropyridin-3-vl)-2-fluorophenyl)acetamide hydrochloride (1.5 g, 2.78 mmol, 38.1% vyield).
TLC (DCM/MeOH = 5:1, Ry= 0.3): 'H NMR (400 MHz, CD;0D) & 821 (d, J = 1.4 Hz, 1H),
8.04 (d,J =84 Hz 1H), 7.75 (d, J= 8.4 Hz, 1H), 7.36-7.53 (m, 5H), 4.50 (s, 2H), 420 (q,J=7.0
Hz, 2H), 3.87 (s, 2H), 2.95 (s, 6H), 1.50 (t, /= 7.0 Hz, 3H); ES-LCMS m/z 492.2 (M+H).

Example 18: N-(3,4-Dichlorophenyl)-2-(4-(5-ethoxy-6-0x0-1,6-dihydropyridin-3-yl1)-2-

H
@] N
F Cl
/\Oj;)\@()?\ /@
N Cl
H

fluorophenyl)acetamide
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Step 1: 2-(4-Bromo-2-fluorophenyl)-N-(3,4-dichlorophenyl)acetamide
Br F Cl
TR X
Cl
To a solution of 2-(4-bromo-2-fluorophenylacetic acid (144 mg, 0.617 mmol), 3.,4-

dichloroaniline (100 mg, 0.617 mmol) and HATU (704 mg, 1.852 mmol) in DCM (20 mL) was
added Et;N (0.258 mL, 1.852 mmol) dropwise. Then the mixture was stirred at 20 °C under a N,

N
H

atmosphere for 3 h. After LCMS analysis showed the starting material had disappeared, the
solvent was removed in vacuo. Then the crude product was dissolved in DCM and washed with
H,0 and brine. The organic layer was evaporated to dryness to give the crude product which was
purified by silica column chromatography (PE/EA = 100/1 to 8/1) to afford pure product 2-(4-
bromo-2-fluorophenyl)-N-(3,4-dichlorophenyl)acetamide (190 mg, 0.419 mmol, 67.8% yicld): 'H
NMR: (400 MHz, CD;0D) & 10.25 (br. s, 1H), 7.89 (s, 1H), 7.44 (s, 2H), 7.28-7.37 (m, 3H), 3.74
(s, 2H); ES-LCMS: m/z 377.9 (M+H).

Step 2: N-(3,4-Dichlorophenyl)-2-(4-(5-ethoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yI)-2-

O N
PMB z |
F Cl
/\O ™ 0 /@[
N Cl
H

To a solution of 2-(4-bromo-2-fluorophenyl)-N-(3,4-dichlorophenyl)acetamide (60 mg, 0.159

fluorophenyl)acetamide

mmol), 3-ethoxy-2-((4-methoxybenzyl)oxy)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
ylpyridine (61.3 mg, 0.159 mmol) and Cs,CO; (156 mg, 0.477 mmol) in 1,4-dioxane (3 mL) and
H,0 (1 mL) was added PdCl,(dppf) (11.64 mg, 0.016 mmol) in one charge. The mixture was
stirred at 130 °C in the microwave for 30 min. After LCMS analysis showed the starting material
had disappeared, the mixture was filtered. The filtrate was concentrated and evaporated to dryness
to give crude product which was dissolved in DCM and washed with H,O and brine. Then the
crude product was purified by preparative TLC (DCM/MeOH = 40/1) to give pure product N-(3,4-
dichlorophenyl)-2-(4-(5-ethoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)acetamide
(60.0 mg, 0.084 mmol, 52.7% yield): '"H NMR: (400 MHz, CD;0D) §7.95 (d, J = 2.0 Hz, 1H),
792 (d, J=1.8 Hz, 1H), 7.45 (s, 3H), 7.43-7.37 (m, 5H), 6.91 (d, J = 8.6 Hz, 2H), 5.37 (s, 2H),
4.15 (m, 3H), 3.79 (s, 4H), 1.42 (t, J= 7.0 Hz, 3H); ES-LCMS: m/z 435 (M-120).
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Step 3: N-(3,4-Dichlorophenyl)-2-(4-(5-ethoxy-6-ox0-1,6-dihydropyridin-3-y1)-2-

H
@] N
F Cl
/\OIJ\@)?\ /@
N Cl
H

A solution of N-(3,4-dichlorophenyl)-2-(4-(5-ethoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-2-
fluorophenyl)acetamide (60 mg, 0.108 mmol) in HC1 (MeOH, 27.0 ul, 0.108 mmol) was stirred at
20 °C for 1 h. After LCMS analysis showed the starting material had disappeared, the solvent

fluorophenyl)acetamide

was removed in vacuo. The crude product was purified by preparative HPLC to give pure product
N-(3.,4-dichlorophenyl)-2-(4-(5-ethoxy-6-0x0- 1,6-dihydropyridin-3-yl)-2-fluorophenyl)acetamide
(14.72 mg, 0.034 mmol, 31.3% yield): '"H NMR: (400 MHz, CD;0D) & 7.92 (s, 1H), 7.45 (s, 2H),
741 (d,J=176Hz, 1H), 7.38-7.32 (m, 3H), 7.28-7.25 (m, 1H), 7.27 (d, /= 2.0 Hz, 1H), 4.14 (m,
2H), 3.79 (s, 2H), 1.47 (t,J = 7.0 Hz, 3H); ES-LCMS: m/z 435.0 (M+H).

Example 19: 2-(4-(5-Ethoxy-6-ox0-1,6-dihydropyridin-3-yl)-2-fluorophenyl)-N-(5-(1,1,1-

trifluoro-2-methylpropan-2-yl)isoxazol-3-yl)acetamide

H
O N CF,
P ™ | F
(@) O o
O
N7 N
H

Step 1. 2-(4-Bromo-2-fluorophenyl)-N-(5-(1,1,1-trifluoro-2-methylpropan-2-yl)  isoxazol-3-

vl)acetamide

CF,
Br F
(@] —
m s
N N
H

To a mixture of 2-(4-bromo-2-fluorophenyl)acetic acid (100 mg, 0.429 mmol) in DCM (50 mL)
was added 5-(1,1,1-trifluoro-2-methylpropan-2-yl)isoxazol-3-amine (92 mg, 0.472 mmol), HATU
(245 mg, 0.644 mmol) and Et;N (0.179 mL, 1.287 mmol). Then the mixture was stirred at 25 °C
for 12 h. The mixture was concentrated and the crude material was purified by preparative TLC

(PE/EA = 2:1, Rf = 0.4) to yield a yellow oil of 2-(4-bromo-2-fluorophenyl)-N-(5-(1,1,1-trifluoro-
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2-methylpropan-2-yl)isoxazol-3-yl)acetamide (50 mg, 0.109 mmol, 25.4% yield): "H NMR (400
MHz, CDCl5) &: 8.12 (s., 1H) 7.35-7.27 (m, 2H) 7.23-7.18 (m, 1H) 6.95 (s, 1H) 3.72 (s, 2H) 1.55
(s, 6H); ES-LCMS m/z 411 (M+2).

Step  2:  2-(4-(5-Ethoxy-6-((4-methoxybenzyl)oxy)pyridin-3-y1)-2-fluorophenyl)-V-(5-(1,1,1-

trifluoro-2-methylpropan-2-vl)isoxazol-3-yl)acetamide

CF
pmp- O~ | 3
e X F o _
NS 'o
N N
H

To a mixture of 3-cthoxy-2-((4-methoxybenzyl)oxy)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yDpyridine (60 mg, 0.156 mmol), 2-(4-bromo-2-fluorophenyl)-N-(5-(1,1,1-trifluoro-2-
methylpropan-2-yl)isoxazol-3-yl)acetamide (63.7 mg, 0.156 mmol) in H,O (1 mL) and 1,4-
dioxane (3 mL) was added Cs,CO; (101 mg, 0.311 mmol) and PdCly(dppf) (11.40 mg, 0.016
mmol) under a N, atmosphere. Then the mixture was stirred and irradiated in a microwave oven at
120 °C for 30 min. The mixture was concentrated and extracted with EA. The combined organic
was concentrated and the crude material was purified by preparative TLC (PE/EA = 2:1, R;=0.5)
to give a yellow solid of 2-(4-(5-ethoxy-6-((4-methoxybenzyl)oxy)pyridin-3-vl)-2-fluorophenyl)-
N-(5-(1,1,1-trifluoro-2-methylpropan-2-yl)isoxazol-3-yl)acetamide (20 mg, 0.031 mmol, 19.9%
vield): '"H NMR (400 MHz, CD;0D) &: 7.97 (d, J = 2.0 Hz, 1H), 7.47 (d, J = 2.0 Hz, 1H), 7.46-
7.37 (m, 5H), 6.97-7.89 (m, 3H), 5.39 (s, 2H), 4.17 (g, J = 6.8 Hz, 2H), 3.85 (s, 2H), 3.83-3.79 (m,
3H), 1.60 (s, 6H), 1.45 (t, J=7.0 Hz, 3H); ES-LCMS m/z 588 (M+1).

Step  3:  2-(4-(5-Ethoxy-6-ox0-1,6-dihydropyridin-3-yl)-2-fluorophenyl)-N-(4-(3-hydroxy-2,2-
dimethylpropyl)-3-(trifluoromethyl)phenyl)acetamide

H
O N CF,
P ™ | F
(@) O o
O
N7 N
H

A mixture of 2-(4-(5-cthoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)-N-(5-(1,1,1-
trifluoro-2-methylpropan-2-yl)isoxazol-3-yl)acetamide (20 mg, 0.034 mmol) and HCI (4 M in
dioxane, 20 mL) was stirred at 25 °C for 2 h. The mixture was concentrated and the crude material
was purified by preparative HPLC (MeCN/H,0 as cluants, acidic condition) to give a white solid
of 2-(4-(5-ethoxy-6-0x0-1,6-dihydropyridin-3-yl)-2-fluorophenyl)-N-(5-(1,1,1-trifluoro-2-
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methylpropan-2-yl)isoxazol-3-yl)acetamide (7.9 mg, 0.017 mmol, 49.7% yield): 'H NMR (400
MHz, CD;0D) 6é: 7.42-7.36 (m, 1H), 7.35 (s, 2H), 7.29 (d, J = 2.2 Hz, 1H), 7.22 (d, J = 2.2 Hz,
1H), 6.87 (s, 1H), 4.12 (q,J = 7.0 Hz, 2H), 3.81 (s, 2H), 1.56 (s, 6H), 1.46 (t, J= 6.8 Hz, 3H); ES-
LCMS m/z 468 (M+1).

Example 20: 2-(4-(4-Ethoxy-6-oxo0-1,6-dihydropyridin-3-yl)-2-fluorophenyl)-V-(4-(2-

hydroxyethoxy)-3-(trifluoromethyl)phenyl)acetamide

H
O N
l F O
% /©: ~"“0H
O
~ N CF,
H
Step 1: N-(4-(2-(Benzyloxy)ethoxy)-3-(trifluoromethyl)phenyl)-2-(4-bromo-2-
Br F O
m /O: e
N CF,
A suspension of 2-(4-bromo-2-fluorophenyl)acetic acid (600 mg, 2.57 mmol), EDC (592 mg, 3.09

mmol), HOBt (473 mg, 3.09 mmol), Et;N (1.056 mL, 7.72 mmol) in DCM (10 mL) was stirred for
2 h at rt. The mixture was extracted with DCM (2 x 50 mL). The organic extract was washed with

fluorophenyl)acetamide

brine, dried over Na,SO,, filtered and concentrated. The crude product was purified by preparative
TLC to yield N-(4-(2-(benzyloxy)ethoxy)-3-(trifluoromethyl)phenyl)-2-(4-bromo-2-
fluorophenyl)acetamide (450 mg, 0.496 mmol, 19.3% yield): "H NMR (400 MHz, CD;0D) & 7.83-
7.82(d, J=24Hz 1H), 7.71-7.68 (dd, J = 8.8, 2.4 Hz, 1H), 7.34-7.29 (m, 1H), 7.15-7.13 (d, J =
8.8 Hz, 1H), 4.60 (s, 2H), 4.23 (t, J= 4.8 Hz, 2H) 3.83 (t, J= 4.6 Hz, 2H), 3.71 (s, 2H); ES-LCMS
m'z 526 (M+H).

Step 2 N-(4-(2-(Benzyloxy)ethoxy)-3-(trifluoromethyl)phenyl)-2-(2-fluoro-4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)acetamide

]
-B F O
O e
N CF
H 3

A suspension  of  N-(4-(2-(benzyloxy)ethoxy)-3-(trifluoromethyl)phenyl)-2-(4-bromo-2-
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fluorophenyl)acetamide (300 mg, 0570 mmol), 4,44'4'5,5,5" 5 -octamethyl-2.2'-bi(1,3,2-
dioxaborolane) (145 mg, 0.570 mmol), PdCl,(dppf) (41.7 mg, 0.057 mmol), KOAc (112 mg, 1.140
mmol) in 1,4-dioxane (10 mL) was heated to 100 °C for 120 min under a N, atmosphere. The
mixture was concentrated to give the residue which was extracted with DCM (20 mL x 2). Then
the mixture was concentrated to give the residue which was extracted with DCM (20 mL x 2). The
organic extract was washed with brine, dried over Na,SQ,, filtered and concentrated. The crude
product was purified by preparative TLC (EA/PE = 1:1, Rf= 05) to yield N-(4-(2-
(benzyloxy)ethoxy)-3-(trifluoromethyl)phenyl)-2-(2-fluoro-4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)phenyl)acetamide (300 mg, 0.314 mmol, 55.1% yield): '"H NMR (400 MHz,
CD;0D) 6 7.84 (d, J/=2.6 Hz, 1H), 7.70 (dd, J = 9.0, 2.4 Hz, 1H), 7.51 (d, J = 7.5 Hz, 1H), 7.42-
721 (m, 7H), 7.14 (d, J=9.0 Hz, 1H), 4.29-4.19 (m, 2H), 3.89-3.82 (m, 2H), 3.76 (s, 2H), 1.33 (s,
12H); ES-LCMS m/z 721 (M+H).

Step 3: N-(4-(2-(Benzyloxy)ethoxy)-3-(trifluoromethyl)phenyl)-2-(4-((5-ethoxy-6-((4-
methoxybenzyl)oxypyridin-3-vl)oxy)-2-fluorophenyl)acetamide

BnO N
| A
F O
Qm L
O
\/ ” CF3

A suspension of 2-(benzyloxy)-4-cthoxy-5-iodopyridine (80 mg, 0.225 mmol), N-(4-(2-
(benzyloxy)ethoxy)-3-(trifluoromethyl)phenyl)-2-(2-fluoro-4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)phenyl)acetamide (129 mg, 0.225 mmol), PdCl,(dppf) (16.48 mg, 0.023 mmol),
Cs,CO5 (73.4 mg, 0.225 mmol) in 1,4-dioxane (5 mL) and H,O (1 mL) was heated to 100 °C for
20 min under a N, atmosphere in a microwave. Then the mixture was concentrated to give the
residue which was extracted with DCM (20 mL x 2). The organic extract was washed with brine,
dried over Na,SO,, filtered and concentrated. The crude product was purified by preparative TLC
(EA/PE = 1:1, Rf = 0.5) to yield 2-(4-(6-(benzyloxy)-4-ethoxypyridin-3-yl)-2-fluorophenyl)-N-(4-
(2-(benzyloxy) ethoxy)-3-(trifluoromethyl)phenyl)acetamide (60 mg, 0.054 mmol, 24.1% yield):
'H NMR (400 MHz, CD;0D) § 7.95 (s., 1H), 7.85-7.84 (d, J=2.4 Hz, 1H), 7.74-7.71 (dd, J = 8.8,
2.4 Hz, 1H), 7.44-7.42 (m, 2H), 7.38-7.24 (m, 10H), 7.16-7.14 (d, J = 8.8 Hz, 1H), 6.48 (s, 1H),
535 (s, 2H), 4.61 (s, 2H), 4.23 (t, J = 4.6 Hz, 2H), 4.15-4.10 (m, 3H), 3.84 (t, J/ = 4.6 Hz, 2H),
3.77 (s, 2H), 3.66-3.65 (m, 1H), 3.55-3.54 (m, 1H), 1.36 (t, J/=7.2 Hz, 3H); ES-LCMS m/z 721
(M+H).
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Step 4: 2-(4-(4-Ethoxy-6-oxo0-1,6-dihydropyridin-3-yl)-2-fluorophenyl)-N-(4-(2-hydroxyethoxy)-
3-(trifluoromethyl)phenyl)acetamide

H
O N
| F O
1}\@1/& /@ \/\OH
O
\/ N CF3

A mixture of 2-(4-(6-(benzyloxy)-4-cthoxypyridin-3-yl)-2-fluorophenyl)-N-(4-(2-
(benzyloxy)ethoxy)-3-(trifluoromethyl)phenyl)acetamide (60 mg, 0.089 mmol), Pd/C (9.46 mg,
0.089 mmol) in MeOH (10 mL) was stirred for 16 h under a H, atmosphere at 25 °C. Then the
mixture was filtered and the filtrate was concentrated to give the residue which was purified by
preparative HPLC to yield 2-(4-(4-ethoxy-6-0x0-1,6-dihydropyridin-3-yl)-2-fluorophenyl)-N-(4-
(2-hydroxyethoxy)-3-(trifluoromethyl)phenyl)acetamide (17.76 mg, 0.034 mmol, 38.8% yield): 'H
NMR (400 MHz, CD50D) 6 7.83 (d, J=2.4 Hz., 1H), 7.73-7.70 (m, 1H), 7.35-7.29 (m, 2H), 7.42
(s, 1H), 7.37 (d, J = 8.0 Hz, 1H), 7.23-7.21 (m, 2H), 7.17-7.14 (d, J = 4.6 Hz, 1H), 6.03 (s, I1H),
4.13-4.11 (m, 4H), 3.87 (t, J = 5.0 Hz, 2H), 3.76 (s, 2H), 1.37 (t, J/=7.0 Hz, 3H); ES-LCMS mz
495 (M+H).

Examplc 21: 2-(4-(5-Ethoxy-6-0x0-1,6-dihydropyridin-3-y1)-2-fluorophcnyl)-N-(4-((4-
cthylpiperazin-1-yl)methyl)-3-(trifluoromethyl)phenyl)acetamide, dihydrochloride

H
O N
|
Shave¥ose
N CFsk/N\/

Step 1: 2-(4-Bromo-2-fluorophenyl)-N-(4-((4-ethylpiperazin-1-yl)methyl)-3-

(trifluoromethyl)phenyl)acetamide

Br F o N/\
CU G

A suspension of 4-((4-cthylpiperazin-1-yl)methyl)-3-(trifluoromethyl)aniline (247 mg, 0.858
mmol) in DCM (35 mL) was added to a solution of 2-(4-bromo-2-fluorophenyl)acetic acid (200
mg, 0.858 mmol) in DCM (35 mL). HOBt (197 mg, 1.287 mmol), EDC (247 mg, 1.287 mmol)
and Et;N (0.359 mL, 2.57 mmol) was added and the mixture was stirred at 26 °C for 3 h. Then the

solution was concentrated and distributed between EA and saturated NaHCO; solution. The
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combined organic extract was washed with brine, dried over MgSQ,, filtered and concentrated.
The crude material was purified by silica column chromatography (PE/EA = 10/1). All fractions
found to contain product by TLC (PE/EA = 5/1, Ry = 0.6) were combined and concentrated to yield
a light yellow solid of 2-(4-bromo-2-fluorophenyl)-N-(4-((4-ethylpiperazin-1-yl)methyl)-3-
(trifluoromethyl)phenyl)acetamide (413 mg, 0.822 mmol, 96.0% yield): 'H NMR (400 MHz,
CD;0D) 6 7.98-7.91 (m, 1H), 7.79-7.67 (m, 2H), 7.40-7.27 (m, 3H), 3.74 (s, 2H), 3.61 (s, 2H),
2.58-2.39 (m, 11H), 1.09 (s, 4H); ES-LCMS m/z 502.0 (M+H).

Step 2: 2-(4-(5-Ethoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)-N-(4-((4-
cthylpiperazin-1-yl)methyl)-3-(trifluoromethyl)phenyl)acetamide

pre) N
PMB ~ |
F
/\O N o /@\/\N/ﬁ
N
N CF3K/ \/
H

A suspension of 2-(4-bromo-2-fluorophenyl)-N-(4-((4-ethylpiperazin-1-yl)methyl)-3-
(trifluoromethyl)phenyl)acetamide (413 mg, 0.822 mmol) in 1,4-dioxane (3 mL) and H,O (1 mL)
was added to a solution of 3-cthoxy-2-((4-methoxybenzyl)oxy)-5-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)pyridine (317 mg, 0.822 mmol) in 1,4-dioxane (3 mL) and H,O (1 mL).
PdClLy(dppf) (60.2 mg, 0.082 mmol) and Cs,CO; (536 mg, 1.644 mmol) were added and the
mixture was at 110 °C for 30 min in a microwave. The mixture was cooled to rt. Then the
solution was concentrated and distributed between EA and saturated NaHCO; solution. The
combined organic extract was washed with brine, dried over MgSQ,, filtered and concentrated.
The crude material was purified by preparative TLC (PE/EA = 1/1, Ry = 0.5) to vield a light yellow
solid of 2-(4-(5-ethoxy-6-((4-methoxybenzyl)oxy)pyridin-3-y1)-2-fluorophenyl)-N-(4-((4-
cthylpiperazin-1-yl)methyl)-3-(trifluoromethyl)phenyl)acetamide (405 mg, 0.595 mmol, 72.4%
yield): 'H NMR (400 MHz, CD;0D) § 8.02-7.87 (m, 2H), 7.82-7.64 (m, 2H), 7.60-7.30 (m, 6H),
6.98-6.80 (m, 2H), 5.34 (s, 2H), 4.18-4.04 (m, 2H), 3.84-3.72 (m, 4H), 3.68-3.57 (m, 2H), 2.91-
2.38 (m, 10H), 1.47-1.31 (m, 3H), 1.14 (s, 3H); ES-LCMS m/z 681.3 (M+H).
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Step 3: 2-(4-(5-Ethoxy-6-ox0-1,6-dihydropyridin-3-yl)-2-fluorophenyl)-N-(4-((4-ethylpiperazin-
I-yl)methyl)-3-(trifluoromethyl)phenyl)acetamide dihydrochloride

O N
|
~ Mo ooo
N CF3K/N\/

A suspension of 2-(4-(5-ethoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)-N-(4-((4-
cthylpiperazin-1-yl)methyl)-3-(trifluoromethyl)phenyl)acetamide (400 mg, 0.588 mmol) in MeOH
(10 mL) was added to a solution of Pd/C (62.5 mg, 0.588 mmol) in MeOH (10 mL). The mixture
was hydrogenated at 26 °C for 2 h. Then the solution was filtered and concentrated. The crude
material was purified by preparative HPLC (MeCN/H,O as eluants, acidic condition) to yield a
light vellow solid of 2-(4-(5-cthoxy-6-oxo-1,6-dihydropyridin-3-yl)-2-fluorophenyl)-N-(4-((4-
cthylpiperazin-1-yl)methyl)-3-(trifluoromethyl)phenyl)acetamide, dihydrochloride (40.71 mg,
0.064 mmol, 10.9% yicld). TLC (DCM/MeOH = 10/1, R;= 0.4): '"H NMR (400 MHz, CD;0D) §
8.22 (d, J = 1.8 Hz, 1H), 8.05 (d, J = 8.6 Hz, 1H), 7.95 (dd, J = 8.6, 1.8 Hz, 1H), 7.75-7.61 (m,
2H), 7.55-7.37 (m, 3H), 4.63-4.50 (m, 2H), 4.27 (q, J= 6.9 Hz, 2H), 3.96-3.53 (m, 10H), 3.37-3.31
(m, 2H), 1.56-1.45 (m, 3H), 1.39 (t, J="7.3 Hz, 3H); ES-LCMS m/z 561.1 (M+H).

Example 22: N-(2,5-Difluorophenyl)-2-(4-(5-ethoxy-6-oxo-1,6-dihydropyridin-3-v1)-2-

H
O N
F _F
~Merr
N F
H

2

fluorophenyl)acetamide

To a solution of 1,4-difluoro-2-nitrobenzene (500 mg, 3.14 mmol) in MeOH (20 mL) was added
Pd/C (66.9 mg, 0.629 mmol) in portions. Then the mixture was stirred under a H, atmosphere at
20 °C for 1 h. After TLC (PE/EA=3/1) analysis showed the starting material had disappeared, the
mixture was filtered. The filtrate was concentrated to give the desired product 2,5-difluoroaniline
(338 mg, 2.61 mmol, 83% vield). 'H NMR: (400 MHz, CDCl;) § 6.94-6.88 (m, 1H), 6.50-6.46
(m, 1H), 6.40-6.31 (m, 1H), 3.82 (br. s., 2H).
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Step 2: 2-(4-Bromo-2-fluorophenyl)-N-(2,5-difluorophenyl)acetamide

RGBS
N F
To a solution of 2-(4-bromo-2-fluorophenyl)acetic acid (180 mg, 0.775 mmol) and 2,5-
difluoroaniline (100 mg, 0.775 mmol) in DCM (20 mL) was added Et;N (0.324 mL, 2.324 mmol)
and HATU (884 mg, 2.324 mmol) in portions. Then the mixture was stirred at 20 °C for 3 h.
After LCMS analysis showed the starting material had disappeared, the solvent was removed in
vacuo. Then the crude product was dissolved in DCM and washed with H,O and brine. The
organic layer was evaporated to dryness. The crude product which was purified by silica column
chromatography (PE/EA 100/1 to 10/1) to afford 2-(4-bromo-2-fluorophenyl)-N-(2,5-
difluorophenyl)acetamide (103 mg, 0.276 mmol, 35.6% vield). "H NMR: (400 MHz, CD;0D) &
7.87-7.82 (m, 1H), 7.39-7.26 (m, 3H), 7.20-7.13 (m, 1H), 6.90-6.82 (m, 1H), 3.83 (s, 2H); ES-
LCMS: m/z 343.9 (M+H).

Step 3: N-(2,5-Difluorophenyl)-2-(4-(5-ethoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-2-
fluorophenyl)acetamide

O N
PMB Z |
F F
/\O ™ 0o ]@\
N F
H

To a solution of 2-(4-bromo-2-fluorophenyl)-NV-(2,5-difluorophenyl)acetamide (40 mg, 0.116
mmol), 3-ethoxy-2-((4-methoxybenzyl)oxy)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)pyridine (44.8 mg, 0.116 mmol) and Cs,CO; (114 mg, 0.349 mmol) in 1,4-dioxane (3 mL) and
H,0 (1 mL) was added PdCl,(dppf) (8.51 mg, 0.012 mmol) in one charge. Then the mixture was
stirred at 110 °C in a microwave for 30 min. After LCMS analysis showed the starting material
had disappeared, the mixture was filtered. The filtrate was concentrated and evaporated to dryness
to give crude product which was dissolved in DCM and washed with H,O and brine. Then the
crude product was purified by preparative TLC to give N-(2,5-difluorophenyl)-2-(4-(5-cthoxy-6-
((4-methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)acetamide (45.0 mg, 0.054 mmol, 46.1%
yield). '"H NMR: (400 MHz, CD;OD) & 7.96 (d, J=2.0 Hz, 1H), 7.88 (d. J=9.6 Hz, 1H), 7.46 (d.
J=2.0 Hz, 1H), 7.36-7.44 (m, 5H), 7.18 (m, 1H), 6.91 (d, J=8.6 Hz, 2H), 6.87 (br. s., 1H), 5.37 (s,
2H), 4.15-4.13 (m, 2H), 3.88 (s, 2H), 3.79 (s, 3H), 1.43 (t, J/=7.0 Hz, 3H); ES-LCMS: mz 403.0
(M-120+H).
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Step 4: N-(2,5-Difluorophenyl)-2-(4-(5-ethoxy-6-oxo0-1,6-dihydropyridin-3-yl)-2-

H
O N
F_F
N F
H

A solution of N-(2,5-difluorophenyl)-2-(4-(5-ethoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-2-
fluorophenyl)acetamide (45 mg, 0.086 mmol) in HC1 (MeOH (solvate), 64.6 ul, 0.258 mmol) was
stirred at 20 °C for 1 h. After LCMS analysis showed the starting material had disappeared, the

fluorophenyl)acetamide

solvent was removed in vacuo to give crude product which was purified by preparation HPLC to
afford pure product N-(2,5-difluorophenyl)-2-(4-(5-cthoxy-6-oxo0-1,6-dihydropyridin-3-yI)-2-
fluorophenyl)acetamide (5.83 mg, 0.014 mmol, 16.8% yield): 'H NMR: (400 MHz, CD;0D) &
7.86 (broad s, 1H), 7.43-7.37 (m, 5H), 7.20-7.13 (m, 1H), 6.86 (t, /=8.4 Hz, 1H), 4.20-4.15 (m,
2H), 3.88 (s, 2H), 1.48 (t, J=7.0 Hz, 3H); ES-LCMS: m/z 403.0 (M+H).

Examples 23-26 (Table 1) were prepared using procedures analogous to those described in
cxamplc 17, starting from 3-cthoxy-2-((4-mcthoxybenzyl)oxy)-5-(4,4.5,5-tctramcthyl-1,3,2-
dioxaborolan-2-yl)pyridine (Intermediate 1), 2-(4-bromo-2-fluorophenyl)acetic acid (Intermediate

4), and a variety of anilines.

Table 1

Example Structure NMR LCMS

"H NMR (400 MHz, CD;0D) &

H
Ox-N 3.06 (s, 1 H), 7.86 (d, J = 8.60
O > > > 1
|~ | E Hz, 1 H), 7.53 (d,J = 8.60 Hz, ES,ZLE%SI
o O NH2 || H), 7.46-7.26 (m, 5 H), 4.16- (M H) '
N cF, fh11(m, 2 H), 3.81 (s, 2 H),
H

1.47 (t,J = 6.62 Hz, 3 H)

'H NMR: (400 MHz, CD;0D)

H
O N — 5_
| LT
24| oY FoF Fooaotm, ), o002, s 4710
4H). 7.25 (5, 1H). 4.14 (m, 2H).(LE o
N CF, B-87 (s, 2H), 1.47 (7= 7.0
H

Hz, 3H)
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0. N '"H NMR (400 MHz, CD,0D) &
| GFs 8.21 (s, 2H), 7.64 (s, 1H), 7.42 [ES-LCMS
25 | NS F o (m, 1H), 7.36-729 (m, 3H), m/z 503.0

7.22 (s, 1H), 4.11 (m, 2H), 3.83|(M+H)
CFs (s, 2H), 1.45 (t, J= 6.8 Hz, 3H)

Iz

'H NMR (400 MHz, CD;0D)
5: 8.39 (d, J=5.51 Hz, 1H),

H
O-N 7.45 (d,J =17.50 Hz, 1H), 7.38-
26 PN | FoE 7.43 (m, 1H), 7.25-7.38 (m, Eﬁ_Lils\gso
0 0 @\ 4H), 7.23 (d, J =221 Hz, 1H), (MiH) :
N cF, P12(q.J=6.98 Hz, 2H), 3.88

(s, 2H), 1.46 (t, J =6.95 Hz,
3H)

Example 27: 2-(4-(4-Ethoxy-6-ox0-1,6-dihydropyridin-3-yl)-2-fluorophenyl)-N-(3-(1,1,1-

trifluoro-2-methylpropan-2-vl)isoxazol-5-yl)acetamide

H
Os N
| CF,
F
N 0 \
N
0 N~ 0
f N

Step 1: 2-Chloro-4-ethoxypyridine

~_©

To a mixture of 2-chloro-4-nitropyridine (20 g, 126 mmol) in THF (200 mL) was added sodium
cthoxide (25.8 g, 378 mmol) in portions. The mixture was stirred at 25 °C for 10 h. The mixture
was filtered and the filtrate was concentrated. The crude material was purified by silica column
chromatography (PE/EA = 5:1). All fractions found to contain product by TLC (PE/EA = 5:1, R¢
= 0.6) were combined and concentrated to yield a light yellow solid of 2-chloro-4-ethoxypyridine
(13 g, 71.9 mmol, 57% vield): "H NMR (400 MHz, CDCl3) 6 8.18 (d, J = 5.2 Hz, 1H), 6.82 (d, J =
2.4 Hz, 1H), 6.73 (dd, J = 2.0, 6.0 Hz, 1H), 4.09 (q, J =7.2 Hz, 2H), 1.44 (t, J = 7.2 Hz, 3H); ES-
LCMS m/z 158 (M+H).
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Step 2: 5-Bromo-2-chloro-4-ethoxypyridine
Cl N
| N
7 Br
~©

To a mixture of 2-chloro-4-ethoxypyridine (13 g, 82 mmol) and H,SO, (40 mL, 750 mmol) was
added NBS (17.62 g, 99 mmol). Then the mixture was stirred at 60 °C for 10 h. After cooling to
rt, the mixture was poured into cold water (300 mL). The mixture was extracted with EA (200 mL
x 2). The combined organic layer was washed with saturated NaHCO; solution (200 mL x2) and
concentrated. The crude material was purified by silica column chromatography (PE/EA = 15:1).
All fractions found to contain product by TLC (PE/EA = 5:1, Ry = 0.6) were combined and
concentrated to yield a yellow solid of 5-bromo-2-chloro-4-ethoxypyridine (8.5 g, 26.3 mmol, 32%
yield): "H NMR (400 MHz, CDCls) & 8.32 (s, 1H), 6.79 (s, 1H), 4.16 (q, J= 6.8 Hz, 2H), 1.50 (t, J
= 6.8 Hz, 3H); ES-LCMS m/z 238 (M+3).

Step 3: 5-Bromo-4-cthoxy-2-((4-methoxybenzyl)oxy)pyridine

PMBO N
| AN
7 Br
\/O

A mixture of 5-bromo-2-chloro-4-ethoxypyridine (8 g, 33.8 mmol), Cs,CO; (33.1 g, 101 mmol)
and (4-methoxyphenyl)methanol (5.37 g, 38.9 mmol) in DMF (100 mL) was stirred at 120 °C for
12 h. The mixture was then concentrated. The residue was added to DCM (150 mL). The mixture
was filtered and the filtrate was concentrated. The crude material was purified by silica column
chromatography (PE/EA = 8:1). All fractions found to contain product by TLC (PE/EA = 5:1, Rf
= 0.4) were combined and concentrated to vield a yellow solid of 5-bromo-4-cthoxy-2-((4-
methoxybenzyl)oxy)pyridine (5 g, 12.57 mmol., 37% vield): '"H NMR (400 MHz, CDCl;) &: 8.05
(s, 1H), 732 (d, /= 8.8 Hz, 1H), 6.84 (d, /= 8.4 Hz, 1H), 6.17 (s, 1H), 5.18 (s, 2H), 4.02 (q, J =
6.8 Hz, 2H), 3.74 (s, 3H), 1.40 (t, J= 7.2 Hz, 3H); ES-LCMS m/z 338 (M+H).
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Step 4: 2-(2-Fluoro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)-N-(3-(1,1,1-trifluoro-
2-methylpropan-2-yl)isoxazol-5-yl)acetamide

To a mixture of 4,4,4'4'5.5,5",5'"-octamethyl-2,2'-bi(1,3,2-dioxaborolane) (279 mg, 1.100 mmol)
and 2-(4-bromo-2-fluorophenyl)-N-(3-(1, 1, 1 -trifluoro-2-methylpropan-2-yl)isoxazol-5-
vl)acetamide (300 mg, 0.733 mmol) in 1,4-dioxane (50 mL) was added KOAc (216 mg, 2.2 mmol)
and PdCL(dppf) (26.8 mg, 0.037 mmol) under N,. Then the mixture was stirred at 100 °C for 5 h.
The mixture was filtered and the filtrate was concentrated. The crude material was purified by
preparative TLC (PE/EA = 3:1, Rf = 0.5) to yield a yellow solid of 2-(2-fluoro-4-(4.4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)-N-(3-(1,1,1-trifluoro-2-methylpropan-2-yl)isoxazol-
5-yDacetamide (230 mg, 0.403 mmol, 55% yield): '"H NMR (400 MHz, CDCls) & 8.06 (s, 1H),
7.63-7.48 (m, 2H), 7.35-7.29 (m, 1H), 6.43 (s, 1H), 3.84-3.76 (m, 2H), 1.53-1.49 (m, 6H), 1.34 (s,
9H); ES-LCMS m/z: 457 (M+H).

Step  5:  2-(4-(4-Ethoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)-~N-(3-(1,1,1-
trifluoro-2-methylpropan-2-yl)isoxazol-5-yl)acetamide

PMBO.__N
“ CF,
F
N 0 \
N
o N~ O
f N

To a mixture of 5-bromo-4-cthoxy-2-((4-methoxybenzyl)oxy)pyridine (74.1 mg, 0.219 mmol) and
2-(2-fluoro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)-N-(3-(1,1,1-trifluoro-2-

methylpropan-2-yl)isoxazol-5-yl)acetamide (100 mg, 0.219 mmol) in water (I mL) and 1,4-
dioxane (3 mL) was added Cs,CO; (143 mg, 0.438 mmol) and PdCly(dppf) (16.04 mg, 0.022
mmol) under N,. Then the mixture was stirred and irradiated in a microwave oven at 120 °C for
20 min. The mixture was then concentrated. The crude material was purified by preparative TLC
(PE/EA = 2:1, Ry = 04) to yield an off white solid of 2-(4-(4-cthoxy-6-((4-
methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)-V-(3-(1,1,1-trifluoro-2-methylpropan-2-

yl)isoxazol-5-yl)acetamide (70 mg, 0.071 mmol, 33% yield): 'H NMR (400 MHz, CD;0D) § 7.40-
7.34 (m, 2H), 7.30-7.17 (m, 4H), 6.92-6.88 (m, 2H), 6.45 (s, 1H), 6.38 (d,J=4.0 Hz, 1H), 5.27 (s,
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2H), 4.13-4.10 (m, 2H), 3.83-3.82 (m, 2H), 3.79-3.77 (m, 3H), 1.53 (s, 6H), 1.37 (t, J = 6.8 Hz,
3H); ES-LCMS m/z: 588 (M+H).

Step 6: 2-(4-(4-Ethoxy-6-ox0-1,6-dihvdropyridin-3-yl)-2-fluorophenyl)-N-(3-(1,1,1-trifluoro-2-

methylpropan-2-yl)isoxazol-5-yl)acetamide

H
O N
| CF,
F
N O A\
N
O N o)
f b

A mixture of 2-(4-(4-cthoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)-N-(3-(1,1,1-
trifluoro-2-methylpropan-2-yl)isoxazol-5-yl)acetamide (70 mg, 0.119 mmol) and TFA (10% in
DCM, 50 mL) was stirred at 25 °C for 2 h. The mixture was concentrated. The crude material
was purified by preparative HPLC (MeCN/H,O as eluants, basic condition) to give a white solid of
2-(4-(4-ethoxy-6-ox0-1,6-dihydropyridin-3-yl)-2-fluorophenyl)-N-(3-(1,1, 1 -trifluoro-2-

methylpropan-2-yl)isoxazol-5-yl)acetamide (24.61 mg, 0.051 mmol, 43% yield): "H NMR (400
MHz, CD;0D) 6 7.39-7.32 (m, 1H), 7.26-7.18 (m, 1H), 6.37 (s, 1H), 5.99 (s, 1H), 4.10 (g, /= 6.8
Hz, 2H), 3.82 (s, 2H), 1.53 (s, 6H), 1.37 (t,J = 7.2 Hz, 3H); ES-LCMS m/z: 468 (M+H).

Example 28: 2-(4-(5-Ethoxy-6-ox0-1,6-dihydropyridin-3-yl)-2-fluorophenyl)-N-(3-(1,1,1-

trifluoro-2-methylpropan-2-yl)isoxazol-5-yl)acetamide

H
Os N CF,
|
/\j\j\@f)ﬂ B
N
N~ O
H

Step 1: 3-Bromo-5-ethoxypyridine
Br N o~

p”
N

A solution of 5-bromopyridin-3-ol (70 g, 402 mmol), K,CO; (111 g, 805 mmol), iodoethane (69.0
g, 443 mmol) in DMF (900 mL) was stirred for 16 h at 25 °C. Then the mixture was concentrated
and water (100 mL) was added, the mixture was extracted with DCM (400 mL x 2), the combined

organic phase were dried over Na,SQ,, filtered, and concentrated to give 3-bromo-5-
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ethoxypyridine (53 g, 218 mmol, 54% yield): 'H NMR (400 MHz, CD;0D) § 8.19-8.17 (m, 2H),
7.60-7.59 (m, 1H), 4.13-4.07 (m, 2H), 1.40 (t, /= 7.0 Hz, 3H); ES-LCMS m/z 202 (M+H).

Step 2: 3-Bromo-5-ethoxypyridine-1-oxide
Br N o~

To a solution of 3-bromo-5-ethoxypyridine (53 g, 262 mmol) in DCM (600 mL) at 0 °C was
slowly added m-CPBA (67.9 g, 393 mmol) over 30 min. After the resulting solution was stirred
for 15 h, the mixture was washed with Na,;S,0; solution and extracted with DCM (600 mL x 2).
The combined organic layer was washed with saturated NaHCO; (300 mL), brine (300 mL), dried
over Na,SO,, filtered, and concentrated to give 3-bromo-5-ecthoxypyridine-1-oxide (40 g, 165
mmol, 63% yicld): "HNMR (400 MHz, CD;OD) § 8.19-8.18 (m, 1H), 8.08-8.07 (m, 1H), 7.50-
7.49 (m, 1H), 4.17-4.15 (d, /= 8.8 Hz, 2H), 1.43 (t,J= 7.0 Hz, 3H); ES-LCMS m/z 217 (M+H).

Step 3: 5-Bromo-2-chloro-3-ethoxypyridine
Br N o~

Z
N Cl

To a solution of 3-bromo-5-cthoxypyridine-1-oxide (40 g, 183 mmol) in DCM (200 mL) at 0 °C
was slowly added POCI; (159 mL, 1701 mmol) over 30 min. Then the resulting solution was
warmed to 45 °C and stirred for 15 h. The mixture was concentrated and adjusted pH = 9-10 with
10% NaOH solution, extracted with DCM (300 mL x 2), dried over Na,SO,, filtered, and
concentrated to give the crude product which was purified by silica column chromatography (10%
EA:90% PE, 800 g silica column). All fractions found to contain product by TLC (EA : PE = 1:5,
Rs = 0.6) were combined and concentrated to yield an oil of 5-bromo-2-chloro-3-ethoxypyridine
(30 g, 60.9 mmol, 33% vield): "H NMR (400 MHz, CD;0D) & 8.00-7.99 (d, J = 2.0 Hz, 1H), 7.65-
7.64 (d,J=2.0Hz 1H), 4.17-4.12 (m, 2H), 1.44 (t, /= 7.0 Hz, 2H); ES-LCMS m/z 235 (M+H).

Step 4: 5-Bromo-3-ethoxy-2-((4-methoxybenzyl)oxy)pyridine
Br\(\/[o\/
l N/ OPMB
To a mixture of (4-methoxyphenyl)methanol (16.71 g, 121 mmol) in DMF (300 mL) was added

NaH (3.96 g, 165 mmol) at 0 °C dropwise. After the mixture was stirred for 30 min, 5-bromo-2-
chloro-3-ethoxypyridine (26 g, 110 mmol) in DMF (100 mL) was added to above mixture and the
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mixture was stirred for 12 h at 80-90 °C. The mixture was quenched by H,O (20 mL), extracted
with DCM (400 mL x 2), dried over Na,SQOy, filtered, and concentrated to give the residue which
was purified by column chromatography (10% EA: 90% PE, 360 g silica column). All fractions
found to contain product by TLC (EA : PE = 1:5, Ry = 0.5) were combined and concentrated to
vield a white solid of 5-bromo-3-ethoxy-2-((4-methoxybenzyl)oxy)pyridine (36 g, 74.5 mmol,
68% yield): '"H NMR (400 MHz, CD;0D) § 7.71 (d, J=2.0 Hz, 1H), 7.36-7.31 (m, 3H), 6.89-6.87
(m, 2H), 5.27 (s, 2H), 4.05-4.00 (m, 2H) 3.77 (s, 3H), 2.37 (d, J = 7.0 Hz, 3H); ES-LCMS m/z 338
(M+H).

Step 5: 3-Ethoxy-2-((4-methoxybenzyl)oxy)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
vl)pyridine
N._ O«
| X PMB
O\I,?, F o™
o)

To a solution of 5-bromo-3-cthoxy-2-((4-methoxybenzyl)oxy)pyridine (10 g, 29.6 mmol),
44.4'4' 55,5 5" -octamethyl-2,2'-bi(1,3,2-dioxaborolane) (8.26 g, 32.5 mmol) and KOAc (7.25 g,
73.9 mmol) in 1,4-dioxane (250 mL) stirred under nitrogen at 20 °C was added PdCly(dppf) (1.082
g, 1.478 mmol) in one charge. The reaction mixture was stirred at 100 °C for 3 h. The mixture was
filtered and the filtrate was concentrated in vacuo to give the crude product. The crude material
was purified by silica column chromatography (PE/EA = 10:1). All fractions found to contain
product by TLC (PE/EA = 10:1, R¢ = 0.6) were combined and concentrated to yield a white solid
of 3-cthoxy-2-((4-methoxy benzyl)oxy)-5-(4.4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridine
(9.2 g, 23.88 mmol, 81% yield): '"H NMR (400 MHz, CDCl;) & 8.10 (s, 1H), 7.42 (d, J = 8.8 Hz,
2H), 7.33 (s, 1H), 6.88-6.85 (m, 2H), 5.45 (s, 2H), 4.11-4.06 (m, 2H), 3.78 (s, 3H), 1.43 (t, /= 7.0
Hz, 3H),1.33 (s, 12H); ES-LCMS m/z 386.0 (M+H).

Step  6:  2-(4-(5-Ethoxy-6-((4-methoxybenzyl)oxy)pyridin-3-y1)-2-fluorophenyl)-N-(3-(1,1,1-
trifluoro-2-methylpropan-2-yl)isoxazol-5-yl)acetamide
PMBO

N CF,
T
| N
N O
H

To a mixture of 3-cthoxy-2-((4-methoxybenzyl)oxy)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yDpyridine (200 mg, 0.519 mmol) and 2-(4-bromo-2-fluorophenyl)-N-(3-(1,1,1-trifluoro-2-
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methylpropan-2-yl)isoxazol-5-yl)acetamide (212 mg, 0.519 mmol) in water (I mL) and 1,4-
dioxane (3 mL) was added Cs,COs (338 mg, 1.038 mmol) and PdCl,(dppf) (38.0 mg, 0.052 mmol)
under N,. Then the mixture was stirred and irradiated in a microwave oven at 120 °C for 20 min.
The mixture was then concentrated. The crude material was purified by preparative TLC (PE/EA
= 2:1, Rs = 0.4) to vield a off white solid of 2-(4-(5-ethoxy-6-((4-methoxybenzyl)oxy)pyridin-3-
yl)-2-fluorophenyl)-N-(3-(1, 1, 1-trifluoro-2-methylpropan-2-vl)isoxazol-5-yl)acetamide (100 mg,
0.121 mmol, 23% yield): '"H NMR (400 MHz, CD;0D) § 7.42-7.28 (m, 5H), 7.27-7.21 (m, 2H),
6.92-6.84 (m, 2H), 6.36 (s, 1H), 4.50 (s, 2H), 4.11 (d, J = 6.8 Hz, 2H), 3.82 (s, 2H), 3.79-3.75 (m,
3H), 1.52 (s, 6H), 1.45 (t, /= 7.2 Hz, 3H); ES-LCMS m/z 468 (M-119).

Step 7 2-(4-(5-Ethoxy-6-ox0-1,6-dihydropyridin-3-yl)-2-fluorophenyl)-N-(3-(1,1,1-trifluoro-2-

methylpropan-2-yl)isoxazol-5-yl)acetamide

H
Os N CF,
|
AOIJ\@QF)OL B
N
N~ O
H

A mixture of 2-(4-(5-cthoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)-N-(3-(1,1,1-
trifluoro-2-methylpropan-2-yl)isoxazol-5-yl)acetamide (100 mg, 0.170 mmol) and TFA (10% in
DCM, 100 mL) was stirred at 25 °C for 2 h. The mixture was then concentrated. The crude
material was purified by preparative HPLC (MeCN/H;O as eluants, acid condition) to give a white
solid of 2-(4-(5-ethoxy-6-ox0-1,6-dihydropyridin-3-yl)-2-fluorophenyl)-N-(3-(1,1,1-trifluoro-2-
methylpropan-2-yl)isoxazol-5-yl)acetamide (28.35 mg, 0.060 mmol, 36% yicld): '"H NMR (400
MHz, CD;0D) 6 7.45-7.30 (m, 4H), 7.25 (d, J = 1.6 Hz, 1H), 6.36 (s, 1H), 4.12 (q, J = 6.8 Hz,
2H), 3.82 (s, 2H), 1.52 (s, 6H), 1.46 (t, J = 6.8 Hz, 3H); ES-LCMS m/z 468 (M+H).

Example 29: 2-(4-(4-Ethoxy-6-oxo0-1,6-dihydropyridin-3-yl)-2-fluorophenyl)-N-(3-(5-methyl-
1.3.4-oxadiazol-2-y1)-5-(trifluoromethyl)phenyl)acetamide

! h
O N o__N
0] @)
N CF,
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Step 1: Methyl 3-nitro-5-(trifluoromethyl)benzoate
O,N COOMe

CF

3

To a mixture of 3-nitro-5-(trifluoromethyl)benzoic acid (20 g, 85 mmol) in MeOH (200 mL) was
added H,SO, (12 mL, 225 mmol) at 0 °C dropwise, then the mixture was stirred for 16 h at 25 °C.
Then the solvent was concentrated and was adjusted pH = 9 with NaHCO; solution. The solvent
was concentrated to give the residue which was extracted with DCM (200 mL x 2), dried over
Na,S0,, filtered, and concentrated to yield an oil of methyl 3-nitro-5-(trifluoromethyl)benzoate (20
g, 76 mmol, 90% yield): '"H NMR (400 MHz, CD;0D) & 8.99 (s, 1H), 8.74 (s, 1H), 8.62 (s, 1H),
4.01 (s, 3H); ES-LCMS m/z 250 (M+1).

Step 2: 3-Nitro-5-(trifluoromethyl)benzohydrazide

NH,
|
O NH

O,N CF

3

A mixture of methyl 3-nitro-5-(trifluoromethyl)benzoate (20 g, 80 mmol) and hydrazine hydrate
(5.56 mL, 96 mmol) in MeOH (100 mL) was stirred for 16 h at 25 °C. Then the solvent was
concentrated to vield an off white solid of 3-nitro-5-(trifluoromethyl)benzohydrazide (20 g, 72.2
mmol, 90% yield): '"H NMR (400 MHz, CD;0D) & 8.89 (s, 1H), 8.65 (s, 1H), 8.50 (s, 1H); ES-

LCMS m/z 250 (M+H).

Step 3: 2-Methyl-5-(3-nitro-5-(trifluoromethyl)phenyl)-1,3,4-oxadiazole

»:N

\
o__N

ON CF,

A mixture of 3-nitro-5-(trifluoromethyl)benzohydrazide (20 g, 80 mmol) in 1,1,1-tricthoxyethane
(156 g, 963 mmol) was heated to reflux and stirred for 12 h. Then the solvent was concentrated to
yield a black solid of 2-methyl-5-(3-nitro-5-(trifluoromethyl)phenyl)-1,3,4-oxadiazole (20 g, 65.9
mmol, 82% yield): "H NMR (400 MHz, CD;0D) & 9.04 (s, 1H), 8.71 (s, 1H), 8.66 (s, 1H), 2.67 (s,



10

15

20

25

WO 2014/141187 PCT/IB2014/059817
120

1H): ES-LCMS m/z 274 (M+H).

Step 4: 2-Methyl-5-(3-nitro-5-(trifluoromethyl)phenyl)-1,3,4-oxadiazole

»:N

\
o__N

H,N CF,

A mixture of 2-methyl-5-(3-nitro-5-(trifluoromethyl)phenyl)-1,3,4-oxadiazole (20 g, 73.2 mmol)
and Pd/C (0.779 g, 7.32 mmol) in MeOH (25 mL) was stirred for 12 h at 35 psi under H,
atmosphere at 25 °C. Then the mixture was filtered and the filtrate was concentrated to give the
residue which was crystallized with MeOH (15 mL) to yield a gray solid of 3-(5-methyl-1,3,4-
oxadiazol-2-yl)-5-(trifluoromethyl)aniline (17 g, 66.4 mmol, 91% yield): '"H NMR (400 MHz,
CD;0D) 6 7.46 (s, 1H), 7.42 (s, IH), 7.07 (s, 1H), 2.61 (s, 3H); ES-LCMS m/z 244 (M+H).

Step 5: 2-(4-(4-Ethoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)-N-(3-(5-methyl-
1,3,4-oxadiazol-2-yl)-5-(trifluoromethyl)phenyl)acetamide

=
\
o. N
PMBO lN\ P
F
AN o
N CF,

To a mixture of 2-(4-(4-ethoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)acetic acid
(300 mg, 0.729 mmol), 3-(5-methyl-1,3,4-oxadiazol-2-yl)-5-(trifluoromethyl)aniline (195 mg,
0.802 mmol), and Et;N (0.203 ml, 1.458 mmol) in DCM (15 ml) was added HATU (333 mg, 0.875
mmol) at 25 °C. Then the mixture was stirred for 2 h, the mixture was concentrated to give the
residue which was extracted with DCM (30 mL x 2). The organic extract was washed with brine
(20 mL), dried over Na,SQ,, filtered and concentrated. The crude product was purified by
preparative  TLC (DCM : MeOH = 30:1, R = 07) to vyield 2-(4-(4-ethoxy-6-((4-
methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)-V-(3-(5-methyl- 1,3, 4-oxadiazol-2-y1)-5-
(trifluoromethyl)phenyl)acetamide (60 mg, 0.094 mmol, 13% vield): "H NMR (400 MHz, MeOD-
dd) 6 8.52 (br. s., 1H), 7.99 (br. s., 1H), 7.95 (br. s., 1H), 7.42-7.39 (m, 2H), 7.30 (d, J = 8.4 Hz,
3H), 6.89 (d, J = 8.6 Hz, 3H), 6.52-6.50 (m, 1H), 5.11 (br. s., 2H), 4.64-4.62 (m, 2H), 431 (d,J =
7.1 Hz, 2H), 2.63 (br. s., 3H), 1.38 (t,.J = 7.1 Hz, 3H); ES-LCMS m/z 637 (M+H).
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Step  6: 2-(4-(4-Ethoxy-6-ox0-1,6-dihvdropyridin-3-yl)-2-fluorophenyl)-N-(3-(5-methyl-1,3,4-
oxadiazol-2-yl)-5-(trifluoromethyl)phenyl)acetamide

! =
@] N Oo_.N
O @]
H CF,

A mixture of 2-(4-(4-ethoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)-N-(3-(5-
methyl-1,3.4-oxadiazol-2-yl)-5-(trifluoromethyl)phenyl)acetamide (60 mg, 0.094 mmol) and Pd/C
(10.03 mg, 0.094 mmol) in MeOH (15 mL) was stirred for 0.5 h under a H, atmosphere at 25 °C.
Then the mixture was filtered and the filtrate was concentrated to give the residue which was
purified by preparative  HPLC to vield 2-(4-(4-ethoxy-6-ox0-1,6-dihydropyridin-3-yl)-2-
fluorophenyl)-N-(3-(5-methyl-1,3,4-oxadiazol-2-yl)-5-(trifluoromethyl)phenyl)acetamide  (41.53
mg, 0.079 mmol, 84% yield): "H NMR (400 MHz, DMSO-d6) §11.40-11.29 (m, 1H), 10.86 (s,
1H), 8.50 (s, 1H), 8.21 (s, 1H), 7.86 (s, 1H), 7.40-7.29 (m, 2H), 7.23 (d, J = 2.6 Hz, 2H), 5.78 (s,
1H), 4.02 (q, J = 7.1 Hz, 2H), 3.79 (s, 2H), 2.58 (s, 3H), 1.26 (t, J = 6.9 Hz, 3H); ES-LCMS m/z
517 (M+H).

Example 30: 2-(4-(4-Ethoxy-6-ox0- 1,6-dihydropyridin-3-yl)-2-fluorophenyl)-N-(5-(1,1,1-

trifluoro-2-methylpropan-2-yl)isoxazol-3-yl)acetamide

H
Os N CF,
0
0O SN
H

Step 1: 5,5,5-Trifluoro-4,4-dimethyl-3-oxopentanenitrile
CN

F,C ©
To a mixture of MeCN (13.9 mL, 264 mmol) in THF (500 mL) cooled to -78 °C was added »-
BuLi (106 mL, 264 mmol). The mixture was stirred at -30 °C for 0.5 h. Then to the mixture was
added methyl 3,3,3-trifluoro-2,2-dimethylpropanoate (30 g, 176 mmol) dropwise. The mixture
was stirred at 25 °C for 10 h. The mixture was quenched with aqueous NH,CI (50 mL), extracted
with EA (300 mL x 3). The organic layer was dried over Na,SO,, filtered and concentrated to
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vield a crude product of a yellow oil of 5.5,5-trifluoro-4,4-dimethyl-3-oxopentanenitrile (22 g,
122.9 mmol, 70% vield): "H NMR (400 MHz, CDCls) & 3.75 (s, 2H), 1.41 (s, 6H).

Step 2: 5-(1,1,1-Trifluoro-2-methylpropan-2-yl)isoxazol-3-amine

CF,

H,N SN
To a mixture of hydroxylamine hydrochloride (23.2 g, 336 mmol) in water (300 mL) cooled to 0
°C was added NaHCO; (30 g, 351 mmol) and pH = 7.5 adjusted. Then to the mixture was added a
solution of 5,5,5-trifluoro-4,4-dimethyl-3-oxopentanenitrile (30 g, 167 .4 mmol) in MeOH (40 mL).
The mixture was stirred at 65 °C for 15 h. After cooled, the mixture was acidified with conc. HCI
to pH = 1 and then refluxed for 2 h. After cooling to rt, the mixture was neutralized by 4 M NaOH
to pH = 8. The mixture was extracted with EA (300 mL x 2). The organic layer was dried over
Na,SO,, filtered and concentrated. The crude material was purified by silica column
chromatography (PE/EA = 8:1~3:1). All fractions found to contain product by TLC (PE/EA = 2:1,
R = 0.6) were combined and concentrated to vield a red solid of 5-(1,1,1-trifluoro-2-
methylpropan-2-yl)isoxazol-3-amine (19.5 g, 100.5 mmol, 60% yield): '"H NMR (400 MHz,
CDCl;5) 6 5.79 (s, 1H), 3.96 (s., 2H), 1.53 (s, 6H); ES-LCMS m/z: 195 (M+H).

Step  3:  2-(4-(4-Ethoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)-N-(5-(1,1,1-
trifluoro-2-methylpropan-2-yl)isoxazol-3-yl)acetamide
PMBO /N CF,
™ F
@)

g

To a mixture of 2-(4-(4-ethoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)acetic acid

Iz

(55.1 g, 134 mmol) and 5-(1,1,1-trifluoro-2-methylpropan-2-yl)isoxazol-3-amine (26 g, 134 mmol)
in pyridine (500 mL) was added TsP® (137.5 mL, 134 mmol) dropwise and stirred at 25 °C for 1 h.
After TLC analysis showed the starting material was consumed completely, the mixture was
poured into stirring cold water (1 L). The mixture was stirred for 0.5 h and then let stand for 10 h.
The solid was filtered, washed with H,O (200 mL x 3) and TBME (200 mL x 2) and dried in vacuo
to give an off-white solid of 2-(4-(4-cthoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-2-
fluorophenyl)-N-(5-(1,1,1-trifluoro-2-methylpropan-2-yl)isoxazol-3-yl)acetamide (65 g, 100
mmol, 74% yield): "H NMR (400 MHz, CD;0D) & 7.94 (s, 1H), 7.40-7.32 (m, 3H), 7.26 (d, J =
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9.6 Hz, 2H), 6.90 (d, J = 8.8 Hz, 3H), 6.43 (s, 1H), 5.26 (s, 2H), 4.11 (q, J = 7.2 Hz, 2H), 3.81 (s,
2H), 3.78 (s, 3H), 1.56 (s, 6H), 1.35 (t, J = 7.2 Hz, 3H): ES-LCMS m/z: 588 (M+H).

Step 4: 2-(4-(4-Ethoxy-6-ox0-1,6-dihvdropyridin-3-yl)-2-fluorophenyl)-N-(5-(1,1,1-trifluoro-2-

methylpropan-2-yl)isoxazol-3-yl)acetamide

H
O N CF,
o
0O SN
H

To a suspension of 2-(4-(4-ethoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)-N-(5-
(1,1,1-trifluoro-2-methylpropan-2-yl)isoxazol-3-yl)acetamide (100 g, 170 mmol) in DCM (1 L)
was added TFA (80 mL, 1077 mmol) dropwise. The mixture was stirred at 25 °C for 2 h. The
mixture was then concentrated. To the residue was added H,O (500 mL) dropwise and then
neutralized with saturated Na,CO; solution to adjust pH = 7.5. The precipitate was filtered,
washed with H,O (350 mL x 3) and dried in vacuo. To the solid was added PE/EA (3:1, v/v, 300
mL) and stirred for 0.5 h. The solid was filtered and washed with PE/EA (3:1, v/v, 100 mL x 2).
The solid was redissolved in DCM/MeOH (20:1, v/v, 1.5 L) and then concentrated in vacuo to a
minimal amount of solvent (about 150 mL). The solid was filtered, washed with CH;CN (50 mL x
2) and dried in vacuo. The residual solid was added to EtOH (2.5 L) and heated to 80 °C. After
the solid was dissolved completely, the mixture was concentrated in vacuo to give a white solid of
2-(4-(4-ethoxy-6-ox0-1,6-dihydropyridin-3-yl)-2-fluorophenyl)-N-(5-(1,1, 1 -trifluoro-2-
methylpropan-2-yl)isoxazol-3-yl)acetamide (61.4 g, 131 mmol, 77% yield): '"H NMR (400 MHz,
CD;0D) 6 7.40-7.30 (m, 2H), 7.25-7.18 (m, 2H), 6.88 (s, 1H), 5.98 (s, 1H), 4.11 (q, J = 7.2 Hz,
2H), 3.81 (s, 2H), 1.56 (s, 6H), 1.37 (t,J = 7.2 Hz, 3H); ES-LCMS m/z: 468 (M+H).

Example 31: 2-(4-(4-Ethoxy-6-oxo0-1,6-dihydropyridin-3-yl)-2-fluorophenyl)-V-(6-(1-hydroxy-2-
methylpropan-2-yl)-5-(trifluoromethyl)pyridin-3-yl)acetamide

N OH
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Step 1: 5-Nitro-3-(trifluoromethyl)pyridin-2-ol

Z

O,N CF,

To an ice-cooled solution of 3-(trifluoromethyl)pyridin-2-ol (10 g, 61.3 mmol) in H,SO,4 (50 mL,
938 mmol), nitric acid (3.01 ml, 67.4 mmol) was added dropwise. After 30 min, the ice bath was
removed and the reaction was stirred at 25 °C for 72 h. The reaction mixture was added to ice.
The resulting precipitate was collected by filtration, rinsed with additional water, and air-dried to
afford the first batch of product. Another crop of product was obtained after evaporating the
mother liquor to less than 100 mL, cooling on an ice bath, and adding NaOH to pH adjust to 8.
The mixture was extracted by EA (100 mL). The organic layer was dried and concentrated to give
the product, which was combined with the first batch to yield a yellow solid of 5-nitro-3-
(trifluoromethyl)pyridin-2-ol (9 g, 39.9 mmol, 65% yicld): "H NMR (400 MHz, CD,0D) & 8.84 (d,
J=2.8 Hz, 1H), 8.56 (d, /J=2.8 Hz, 1H); ES-LCMS m/z: 209.0 (M+H).

Step 2: 2-Chloro-5-nitro-3-(trifluoromethyl)pyridine
N Cl

| A

=

O,N CF,

To a solution of 5-nitro-3-(trifluoromethyl)pyridin-2-ol (9 g, 43.2 mmol) in SOCl, (30 mL, 411
mmol) was added a catalytic amount of DMF (0.033 ml, 0.432 mmol). The mixture was stirred at
80 °C overnight. After LCMS analysis showed the starting material was consumed, the solvent
was removed in vacuo. The residue was dissolved in H,O and extracted with EA. The organic
layer was washed with aqueous NaHCO; and brine. The organic layer was dried over Na,SO, and
filtered. The filtrate was concentrated to give the crude product, which was purified by column
chromatography (PE/EA = 10/1) to vyield a vyellow oil of 2-chloro-5-nitro-3-
(trifluoromethyl)pyridine (8.5 g, 34.7 mmol, 80% yield): 'H NMR (400 MHz, CD;0D)89.43 (d, J
=2.8 Hz, 1H), 8.92 (d, /=2 .4 Hz, 1H); ES-LCMS m/z: 225.2 (M+H).

Step 3: rert-Butyl 2-cyano-2-(5-nitro-3-(trifluoromethyl)pyridin-2-yl)acetate

O« -Ot-Bu
N
(Y TN
ON" ",

To a solution of 2-chloro-5-nitro-3-(trifluoromethyl)pyridine (5 g, 22.07 mmol) and K,CO; (6.10
g, 44.1 mmol) in THF (150 mL) was added ferr-butyl 2-cvanoacetate (3.74 g, 26.5 mmol). The
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resulting mixture was stirred at 70 °C overnight under N,. After TLC analysis (PE/EA = 10/1)
showed the starting material was consumed, the solvent was removed in vacuo. The residue was
dissolved in EA (100 mL) and washed with H;O (50 mL) and brine (50 mL). The organic layer
was dried over Na,SO,, filtered and concentrated to yield a solid of fers-butyl 2-cvano-2-(5-nitro-
3-(trifluoromethyl)pyridin-2-yl)acetate (7 g, 21.13 mmol, 96% vyield): 'H NMR (400 MHz,
CDs0D) & 9.08 (s, 1H), 8.59 (br. s., 1H), 4.63 (br. s., 1H), 1.55 (s, 9H); ES-LCMS m/z: 332.1
(M+H).

Step 4: 2-(5-Nitro-3-(trifluoromethyl)pyridin-2-yl)acetonitrile

N
|\ CN

ON" N cF,

To a solution of fert-butyl 2-cvano-2-(5-nitro-3-(trifluoromethyl)pyridin-2-yl)acetate (7 g, 21.13
mmol) in MeOH (100 mL) was added aqueous HCI (40 mL, 1316 mmol). The resulting mixture
was stirred at 100 °C overnight. After TLC analysis (PE/EA = 10/1) showed the starting material
was consumed, the solvent was removed in vacio. The residue was dissolved in H,O (50 mL) and
extracted by EA (100 mL). The organic layer was washed with aqueous NaHCOj; and brine and
then dried over Na,SO,. After filtration, the filtrate was concentrated to give the crude product,
which was purified by column chromatography (PE/EA = 10/1) to vield a brown solid of 2-(5-
nitro-3-(trifluoromethyl)pyridin-2-yl)acetonitrile (4.3 g, 17.77 mmol, 84% yield): '"H NMR (400
MHz, CD;0D) 6 9.59 (s, 1H), 8.88 (d, J = 2.4 Hz, 1H), 4.86 (s, 2H); ES-LCMS m/z: 232.1
(M+H).

Step 5: 2-Methyl-2-(5-nitro-3-(trifluoromethyl)pyridin-2-yl)propanenitrile

CN
N

| N
F

O,N CF,

To a solution of 2-(5-nitro-3-(trifluoromethyl)pyridin-2-yl)acetonitrile (1 g, 4.33 mmol) and
Cs,CO5 (4.23 g, 12.98 mmol) in MeCN (30 mL) was added iodomethane (3.07 g, 21.63 mmol).
The resulting mixture was stirred at 40 °C overnight in an autoclave. After LCMS analysis
showed the starting material was consumed, the solvent was removed in vacuo. The residue was
dissolved in EA (100 mL) and washed with H;O (50 mL) and brine (50 mL). The organic layer
was dried over Na,SO,, filtered and concentrated. The crude product was purified by column

chromatography (PE/EA = 10/1) to yield a yellow oil of 2-methyl-2-(5-nitro-3-
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(trifluoromethyl)pyridin-2-yl)propanenitrile (0.7 g, 2.70 mmol, 62% vyield): 'H NMR (400 MHz,
CD;0D) 6 9.56 (s, 1H), 8.93 (d, J=2.8 Hz, 1H), 1.90 (s, 6H); ES-LCMS m/z: 260.1 (M+H).

Step 6: 2-Methyl-2-(5-nitro-3-(trifluoromethyl)pyridin-2-y1)propanal

O,N CF,
To a solution of 2-methyl-2-(5-nitro-3-(trifluoromethyl)pyridin-2-yl)propanenitrile (700 mg, 2.70
mmol) in DCM (30 mL) was added DIBAL-H (5.40 mL, 5.40 mmol) at -50 °C. The resulting
mixture was stirred at -50 °C for 1 h and slowly warmed to rt. After LCMS analysis showed the
starting material was consumed, the mixture was quenched by saturated NH,Cl. The mixture was
dissolved in water and extracted by EA. The organic layer was dried and concentrated to give the
crude product, which was purified by column chromatography to yield a vellow oil of 2-methyl-2-
(5-nitro-3-(trifluoromethyl)pyridin-2-yl)propanal (200 mg, 0.763 mmol, 28% yicld): '"H NMR (400
MHz, CD;0D) 6 9.67 (s, 1H), 9.54 (s, 1H), 8.89 (s, 1H), 1.56 (s, 6H); ES-LCMS m/z: 263.1
(M+H).

Step 7: 2-(5-Amino-3-(trifluoromethyl)pyridin-2-y1)-2-methylpropan-1-ol

N OH

/

H,N 7 CF,
A solution of 2-methyl-2-(5-nitro-3-(trifluoromethyl)pyridin-2-yl)propanal (100 mg, 0.381 mmol)
and Raney nickel (22.39 mg, 0.381 mmol) in MeOH (30 mL) was stirred at 25 °C under H,
overnight. After TLC analysis (PE/EA = 5/1) showed the starting material was consumed, the
mixture was filtered. The filtrate was concentrated to give 2-(5-amino-3-(trifluoro methyl)pyridin-
2-y1)-2-methylpropan-1-ol (60 mg, 0.256 mmol, 67% vield): '"H NMR (400 MHz, CD;0D) & 8.08
(br.s., 1H), 7.36 (d, J=2.8 Hz, 1H), 1.31 (s, 6H); ES-LCMS m/z: 235.1 (M+H).
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Step 8: 2-(4-(4-Ethoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)-N-(6-(1-hydroxy-
2-methylpropan-2-yl)-5-(trifluoromethy ) pyridin-3-yl)acetamide

PMBO.__N
|
N F s /Nl OH
o]
j H\ CF,

A solution of 2-(4-(4-ethoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl1)-2-fluorophenyl)acetic acid
(50 mg, 0.122 mmol), 2-(5-amino-3-(trifluoromethyl)pyridin-2-y1)-2-methylpropan-1-ol (28.5 mg,
0.122 mmol), HATU (92 mg, 0.243 mmol) and DIEA (0.064 mL, 0.365 mmol) in DCM (10 mL)
was stirred at 25 °C. After LCMS analysis showed the starting material was consumed, the
mixture was washed with H,O. The organic layer was washed with brine and dried over Na,SO,
and filtered. The filtrate was concentrated to give the crude product, which was purified by
preparative TLC (DCM/MeOH = 20/1) to yield 2-(4-(4-ethoxy-6-((4-methoxybenzyl)oxy)pyridin-
3-yl)-2-fluorophenyl)-N-(6-(1-hydroxy-2-methylpropan-2-yl)-5-(trifluoromethyl)pyridin-3-
yDacetamide (20 mg, 0.032 mmol, 26% yield): 'H NMR (400 MHz, CD-OD) & 8.95 (br. s., 1H),
8.50 (s, 1H), 7.99 (s, 1H), 7.43-7.39 (m, 3H), 7.30-7.24 (m, 2H), 6.95-6.91 (m, 2H), 6.48 (s, 1H),
530 (s, 2H), 4.16-4.11 (m, 2H), 3.87-3.79 (m, 6H), 1.40-1.38 (m, 9H); ES-LCMS m/z: 628.3
(M+H).

Step 91 2-(4-(4-Ethoxy-6-ox0-1,6-dihydropyridin-3-yl)-2-fluorophenyl)-N-(6-(1-hydroxy-2-
methylpropan-2-yl)-5-(trifluoromethyl)pyridin-3-yl)acetamide

N OH

A solution of 2-(4-(4-ethoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)-N-(6-(1-
hydroxy-2-methylpropan-2-yl)-5-(trifluoromethyl)pyridin-3-yl)acetamide (20 mg, 0.032 mmol) in
TFA in DCM (5 mL, 3.72 mmol) was stirred at 25 °C. After LCMS analysis showed the starting
material was consumed, the solvent was removed in vacuo to give the crude product, which was
purified by preparative HPLC (under neutral condition) to yield a white solid of 2-(4-(4-c¢thoxy-6-
oxo-1,6-dihydropyridin-3-yl)-2-fluorophenyl)-N-(6-(1-hydroxy-2-methylpropan-2-y1)-5-
(trifluoromethyl)pyridin-3-yl)acetamide (8.8 mg, 0.017 mmol, 54% yield): 'H NMR (400 MHz,
CD;0D) 6 8.91 (s, 1H), 8.46 (d, J = 2.0 Hz, 1H), 7.40-7.35 (m, 2H), 7.24-7.21 (m, 2H), 5.98 (s,
1H), 4.13-4.08 (m, 2H), 3.82 (s, 4H), 1.37 (t, /= 7.0 Hz, 9H); ES-LCMS m/z: 508.2 (M+H).
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Example 32: 2-(4-(4-Ethoxy-6-ox0-1,6-dihydropyridin-3-yl)-3-fluorophenyl)-N-(4-(3-hydroxy-
2,2-dimethylpropyl)-3-(trifluoromethyl)phenyl)acetamide

To a mixture of 4-nitropyridine 1-oxide (28 g, 200 mmol) in THF (50 mL) was added sodium
cthanolate (40.8 g, 600 mmol). The mixture was stirred at 25 °C for 16 h. The reaction residue
was then concentrated and the crude material was purified by silica column chromatography
(DCM/MeOH = 25:1). All fractions found to contain product by TLC (DCM/MeOH = 25:1, R¢=
0.6) were combined and concentrated to yield a dark red solid of 4-cthoxypyridine 1-oxide (20 g,
101 mmol, 50% yield). '"H NMR (400 MHz, MeOH-d;) & 8.20 (d, J= 7.6 Hz, 2H), 7.12 (d,J= 7.6
Hz, 2H), 4.18 (q,J = 7.2 Hz, 2H), 1.42 (t, J = 6.8 Hz, 3H); ES-LCMS m/z: 140.0 (M+H).

Step 2: 4-Ethoxypyridin-2-ol

N/ OH

A mixture of 4-ethoxypyridine 1-oxide (20 g, 144 mmol) in Ac,0 (200 mL, 7.836 mol) was heated
to refluxed for 4 h. Then, the solvent was removed in vacuo, and the residue was dissolved in
MeOH (50 mL) and water (50 mL) and stirred at 25 °C for 16 h. The mixture was then
concentrated and the crude material was purified by silica column chromatography (DCM/MeOH
= 10:1). All fractions found to contain product by TLC (DCM/MeOH = 10:1, Ry = 0.6) were
combined and concentrated to yield a dark yellow solid of 4-ethoxypyridin-2-ol (17 g, 104 mmol,
72% yield). 'H NMR (400 MHz, McOH-d,) § 8.20 (d, J = 7.6 Hz, 2H), 7.12 (d, J = 7.6 Hz, 2H),
4.18 (q,/=7.2 Hz, 2H), 1.42 (t, J= 6.8 Hz, 3H); ES-LCMS m/z: 140.0 (M+H).
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Step 3: 4-Ethoxy-5-iodopyridin-2-ol
OJ
o
~Z
HO N

To a mixture of 4-ethoxypyridin-2-ol (17 g, 122 mmol) in DMF (125mL) was added NIS (27.5 g,
122 mmol). The mixture was stirred at 80 °C for 16 h. The mixture was concentrated and purified
by preparative HPLC (MeCN/H20 as eluants, acidic condition) to vield a vellow solid of 4-
ethoxy-5-iodopyridin-2-ol (4.2 g, 13.47 mmol, 11% yield). TLC (DCM/MeOH = 10:1, Ry = 0.6):
'H NMR (400 MHz, MeOH-d4) 8 7.70 (s, 1H), 5.91 (s, 1H), 4.10 (q. J = 7.2 Hz, 2H), 1.44 (t, J =
6.8 Hz, 3H); ES-LCMS m/z: 265.9 (M+H).

Step 4: 2-(Benzyloxy)-4-ethoxy-5-iodopyridine

AN

0

\I
L

Bn<
O N

To a mixture of 4-ethoxy-5-iodopyridin-2-ol (3.7 g, 13.96 mmol) in THF (10 mL) was added
(bromomethyl)benzene (2.87 g, 16.75 mmol) and silver carbonate (7.70 g, 27.9 mmol).  The
mixture was stirred at 70 °C for 16 h. The reaction residue was then filtered and the filtrate was
concentrated. The mixture was diluted with water (30 mL) and extracted with DCM (30 mL x 2).
The combined organic extract was washed with brine, dried over MgSO,, filtered and
concentrated. The crude material was purified by silica column chromatography (PE/EA = 5:1).
All fractions found to contain product by TLC (PE/EA = 5:1, Ry = 0.6) were combined and
concentrated to yield a light yellow oil of 2-(benzyloxy)-4-ethoxy-5-iodopyridine (4.2 g, 10.64
mmol, 76% yield). "H NMR (400 MHz, MeOH-d,) § 8.25 (s, 1H), 7.47-7.41 (m, 2H), 7.40-7.30
(m, 3H), 6.41 (s, 1H), 5.32 (s, 2H), 4.16 (q, J = 7.2 Hz, 2H), 1.47 (t, /=7.2 Hz, 3H); ES-LCMS m/z
356.0 (M+H).

Step 5: Methyl 2-(4-bromo-3-fluorophenyl)acetate
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Br

O/

To a mixture of 2-(4-bromo-3-fluorophenyl)acetic acid (5 g, 21.46 mmol) in MeOH (50 mL) was
added SOCI, (1.879 mL, 25.7 mmol) and DMF (0.166 mL, 2.146 mmol). Then the mixture was
stirred at 80 °C for 16 h. The mixture was concentrated and extracted with EA (100 mL x 2) and
washed with NaHCO; (100 mL) to give the organic laver. The combined organic extract was
washed with brine, dried over Na,SO,, filtered, and concentrated to yield a brown oil of methyl 2-
(4-bromo-3-fluorophenyl)acetate (5 g, 17.20 mmol, 80% yicld): 'H NMR (400 MHz, MeOH-d,) &
753 (t,J=176Hz 1H), 7.15 (dd, J = 1.6, 9.6 Hz, 1H), 7.04-6.99 (m, 1H), 3.67 (s, 3H), 3.65 (s,
2H); ES-LCMS m.z 249.0 (M+H+2).

Step 6: Methyl 2-(3-fluoro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y1l)phenyl)acetate

>7L 1
O/

To a mixture of methyl 2-(4-bromo-3-fluorophenyl)acetate (5 g, 20.24 mmol) in 1,4-dioxane (10
mL) was added 4,4.4'4'5,5,5' 5"-octamethyl-2,2'-bi(1,3,2-dioxaborolane) (5.65 g, 22.26 mmol),
KOAc (3.97 g, 40.5 mmol) and PdCl,(dppf) (1.481 g, 2.024 mmol). The resulting suspension was
stirred at 110 °C for 16 h under nitrogen. The mixture was then filtered and concentrated. The
crude material was purified by silica column chromatography (PE/EA = 5:1). All fractions found
to contain product by TLC (PE/EA = 5:1, Rs = 0.6) were combined and concentrated to vield a
yellow oil of methyl 2-(3-fluoro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)acetate (6
g, 16.32 mmol, 81% yicld): "H NMR (400 MHz, MeOH-d;) 8 7.66-7.58 (m, 1H), 7.07 (d, J = 7.6
Hz, 1H), 6.98 (d, /= 10.4 Hz, 1H), 3.67 (s, 5H), 1.33 (s, 12H); ES-LCMS m/z 295.1 (M+H).

Step 7: 2-(3-Fluoro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)acetic acid

-B

OH
To a mixture of methyl 2-(3-fluoro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)acetate
(5 g, 17 mmol) in THF (30 mL) and water (30 mL) was added LiOH*H,O (3.57 g, 85 mmol). The
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mixture was stirred at 25 °C for 16 h. Then the reaction residue was concentrated, diluted with EA
(200 mL) and aqueous HCl was added. The organic phase was washed with brine, dried over
MgSO,, filtered and concentrated. The crude material was purified by silica column
chromatography (PE/EA = 2:1). All fractions found to contain product by TLC (PE/EA = 2:1, Ry
= 0.6) were combined and concentrated to vield a light yellow oil of 2-(3-fluoro-4-(4.4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)acetic acid (5 g, 14.28 mmol, 84% yield): 'H NMR
(400 MHz, CD;0D) & 7.66 (t, J= 6.8 Hz, 1H), 7.12 (d, /= 7.6 Hz, 1H), 7.03 (d, /= 10.0 Hz, 1H),
3.66 (s, 2H), 1.37 (s, 12H); ES-LCMS m/z 281.1 (M+H).

Step 8: Ethyl 2,2-dimethyl-3-(2-(trifluoromethyl)phenyl)propanoate
@)

OEt
CF,

To a mixture of diisopropylamine (8.00 mL, 57.1 mmol) in THF (300 mL) cooled to 0 °C, n-BuLi
(24.60 mL, 61.5 mmol) was added dropwise. The mixture was stirred at 0 °C for 1 h. Then the
mixture was cooled to -30 °C and a solution of ethyl isobutyrate (6.12 g, 52.7 mmol) in THF (2
mL) was added. The mixture was stirred at -30 °C for 1 h. To the mixture was added a solution of
1-(bromomethyl)-2-(trifluoromethyl)benzene (10.5 g, 43.9 mmol) in THF (5 mL) at -30 °C. The
whole mixture was stirred at -30 °C for 3 h and then stirred at 25 °C for 12 h. The mixture was
quenched with aqueous NH4CI and extracted with EA. The organic layer was washed with brine,
dried over MgSQ,, filtered and concentrated. The crude material was purified by silica column
chromatography (PE/EA =200:1). All fractions found to contain product by TLC (PE/EA = 10:1,
Rs = 0.6) were combined and concentrated to yield a light yellow solid of ethyl 2 2-dimethyl-3-(2-
(trifluoromethyl)phenyl)propanoate (10 g, 35.3 mmol, 80% yield): 'H NMR (400 MHz, CDCl;) &
7.62(d,J=8.0Hz 1H), 741 (t,J=7.6Hz 1H), 729 (t,J=7.6 Hz, 1H), 7.22 (d, /= 8.0 Hz, 1H),
4.17 (g, J =72 Hz, 2H), 3.14 (s, 3H), 1.25 (t, J = 7.2 Hz, 3H), 1.18 (s, 6H); ES-LCMS mz 275
(M+H).

Step 9: Ethyl 2,2-dimethyl-3-(4-nitro-2-(trifluoromethyl)phenyl)propanoate
0]

OEt
O,N CF,

To a solution of ethyl 2,2-dimethyl-3-(2-(trifluoromethyl)phenyl)propanoate (10 g, 36.5 mmol) in
H,SO, (5 mL, 94 mmol) cooled to 0 °C was added potassium nitroperoxous acid (4.05 g, 40.1
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mmol) in portions. The mixture was stirred at 0 °C for 30 min. The mixture was poured into ice-
water and then extracted with DCM (100 mL x 2). The organic layer was washed with brine, dried
over Na,SO,, filtered, and concentrated to give a yellow solid of ethyl 2,2-dimethyl-3-(4-nitro-2-
(trifluoromethyl)phenyl)propanoate (8.5 g, 24.54 mmol, 67% vield): "H NMR (400 MHz, CDCl;)
5: 8.59(d,J=24Hz 1H), 8.47 (dd, J=2.4, 8.8 Hz, 1H), 7.82 (d, J = 8.4 Hz, 1H), 5.97-5.83 (m,
2H); ES-LCMS m/z 320 (M+H).

Step 10: Ethyl 3-(4-amino-2-(trifluoromethyl)phenyl)-2,2-dimethylpropanoate
@)

OEt

H,N CF

2 3

A reaction mixture of ethyl 2,2-dimethyl-3-(4-nitro-2-(trifluoromethyl)phenyl)propanoate (8.5 g,
26.6 mmol) and Pd/C (0.283 g, 2.66 mmol) in MeOH (50 mL) was hydrogenated using an H-cube
apparatus (settings: 50 °C, 50 psi, 24 h). The mixture was filtered, and the filtrate was
concentrated. The crude material was purified by silica column chromatography (PE/EA = 10:1).
All fractions found to contain product by TLC (PE/EA = 5:1, Ry = 0.4) were combined and
concentrated to yield an off white solid of ethyl 3-(4-amino-2-(trifluoromethyl)phenyl)-2,2-
dimethylpropanoate (7 g, 22.42 mmol, 84% yield): "H NMR (400 MHz, CDCls) 8 6.98 (d, J = 8.4
Hz, 1H), 6.91 (d, J=2.4 Hz, 1H), 6.71 (dd, J=2.4, 8.4 Hz, 1H), 4.15 (q, J = 6.8 Hz, 2H), 3.00 (s,
2H), 1.25 (t,J=17.2 Hz, 3H), 1.14 (s, 6H); ES-LCMS m/z 290 (M+H).

Step 11: 3-(4-Amino-2-(trifluoromethyl)phenyl)-2,2-dimethylpropan-1-ol

OH
H,N CF,

To a mixture of ethyl 3-(4-amino-2-(trifluoromethyl)phenyl)-2,2-dimethylpropanoate (2 g, 6.91
mmol) in THF (200 mL) was added LAH (0.525 g, 13.83 mmol) in portions. The mixture was
stirred at 25°C for 10 h. The mixture was quenched with 15% aqueous NaOH solution (10 mL).
The mixture was dried over Na,SO,, filtered, and the filtrate was concentrated. The residue was
purified by silica column chromatography (PE/EA = 8:1). All fractions found to contain product
by TLC (PE/EA = 2:1, Ry = 0.35) were combined and concentrated to vield a light yellow oil of 3-
(4-amino-2-(trifluoromethyl)phenyl)-2,2-dimethylpropan-1-ol (1.1 g, 4.45 mmol, 64% yicld): 'H
NMR (400 MHz, CD;Cl) 6: 7.17 (d, J = 8.4 Hz, 1H), 6.98 (d, J = 2.4 Hz, 1H), 6.84 (dd, J= 2.4,
8.0 Hz, 1H), 3.31 (s, 2H), 2.67 (d, J= 1.2 Hz, 2H), 0.84 (s, 6H); ES-LCMS m/z 248 (M+H).
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Step 12: 4-(3-((ferf-Butyldimethylsilyl)oxy)-2,2-dimethylpropyl)-3-(trifluoromethyl)aniline

OTBS
H,N CF,

To a mixture of 3-(4-amino-2-(trifluoromethyl)phenyl)-2,2-dimethylpropan-1-ol (300 mg, 1.213
mmol) in DCM (150 mL) was added imidazole (124 mg, 1.820 mmol) and TBSCI (219 mg, 1.456
mmol). Then the mixture was stirred at 25 °C for 5 h. The mixture was filtered and the filtrate
was concentrated. The crude material was purified by preparative TLC (PE/EA =2:1, Ry=0.5) to
vield a light vellow solid of 4-(3-((fert-butyldimethylsilyl)oxy)-2,2-dimethylpropyl)-3-
(trifluoromethyl)aniline (350 mg, 0.930 mmol, 77% yield): '"H NMR (400 MHz, CDCl;) &: 7.14 (d,
J=8.4Hz 1H), 6.86 (d, /=28 Hz, 1H), 6.70 (dd, J=2.8, 8.4 Hz, 1H), 3.20 (s, 2H), 2.62 (d, J =
1.2 Hz, 2H), 0.87 (s, 9H), 0.73 (s, 6H), 0.00 (s, 6H); ES-LCMS mz 362 (M+H).

Step 13: N-(4-(3-((tert-Butyldimethylsilyl)oxy)-2,2-dimethylpropyl)-3-(trifluoromethyl)phenyl)-2-
(3-fluoro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyvl)acetamide

>?L P

-B
N CF
H 3

To a solution of 2-(3-fluoro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)acetic acid (5g,
1785 mmol) in DCM (100 mL) was added 4-(3-((rert-butyldimethylsilyl)oxy)-2,2-
dimethylpropyl)-3-(trifluoromethyl)aniline (7.10 g, 19.64 mmol), DIEA (6.24 mL, 35.7 mmol) and
HATU (8.14 g, 21.42 mmol). The solution was stirred at 25 °C for 16 h. Then the reaction
mixture was concentrated to give the crude product, which was purified by silica column
chromatography (PE/EA = 8:1). All fractions found to contain product by TLC (PE/EA = 8:1, R¢
= 0.6) were combined and concentrated to yield a white solid of N-(4-(3-((tert-
butyldimethylsilyl)oxy)-2,2-dimethylpropyl)-3-(trifluoromethyl)phenyl)-2-(3-fluoro-4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)acetamide (10 g, 12.83 mmol, 72% yield): 'H NMR
(400 MHz, CD50D) 6 7.83 (d, J = 2.0 Hz, 2H), 7.35 (d, J = 8.8 Hz, 2H), 6.99 (dd, J=4.8, 10.0
Hz, 2H), 3.63 (s, 2H), 3.26 (s, 2H), 2.69 (s, 2H), 1.11 (s, 12H), 0.86 (s, 9H), 0.73 (s, 6H), 0.00 (s,
6H); ES-LCMS m/z 624 .2 (M+H).
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Step 14: 2-(4-(6-(Benzyloxy)-4-ethoxypyridin-3-yl)-3-fluorophenyl)-N-(4-(3-((tert-
butyldimethylsilyl)oxy)-2,2-dimethylpropyl)-3-(trifluoromethyl)phenyl)acetamide

BnO.__N
z F

O
o
CF,

i ;

To a mixture of 2-(benzyloxy)-4-ethoxy-5-iodopyridine (3.2 g, 9.01 mmol) in 1,4-dioxane (60 mL)
and water (20 mL) was added N-(4-(3-((rert-butyldimethylsilyl)oxy)-2,2-dimethylpropyl)-3-
(trifluoromethyl)phenyl)-2-(3-fluoro-4-(4,4,5,5-tetramethyl- 1,3 2-dioxaborolan-2-
yl)phenyl)acetamide (6.18 g, 9.91 mmol), Cs,CO; (5.87 g, 18.02 mmol) and PdCl,(dppf) (0.659 g,
0.901 mmol). The mixture was stirred under nitrogen at 110 °C for 16 h. Then the reaction
residue was filtered and the filtrate was concentrated to give the crude product, which was purified
by silica column chromatography (PE/EA = 5:1). All fractions found to contain product by TLC
(PE/EA = 5:1, Rf = 0.6) were combined and concentrated to yield a light yellow oil of 2-(4-(6-
(benzyloxy)-4-cthoxypyridin-3-yl)-3-fluorophenyl)-N-(4-(3-((ferf-butyldimethylsilyl)oxy)-2,2-
dimethylpropyl)-3-(trifluoromethyl)phenyl)acetamide (4.2 g, 5.21 mmol, 58% yield): '"H NMR
(400 MHz, CD;0D) 6 7.96 (d,J=2.0 Hz, 1H), 7.88 (s, 1H), 7.75 (d, /=84 Hz, 1H), 747 (d, J =
6.0 Hz, 3H), 7.42-7.36 (m, 2H), 7.36-7.30 (m, 2H), 7.27-7.17 (m, 2H), 6.50 (s, 1H), 5.38 (s, 2H),
4.16-4.12 (m, 2H), 3.77 (s, 2H), 3.36 (s, 2H), 2.81 (s, 2H), 1.32 (t, J = 6.8 Hz, 3H), 0.97 (s, 9H),
0.85 (s, 6H), 0.12 (s, 6H); ES-LCMS m/z 725.2 (M+H).

Step 15: 2-(4-(6-(Benzyloxy)-4-ethoxypyridin-3-yl)-3-fluorophenyl)-N-(4-(3-hydroxy-2,2-
dimethylpropyl)-3-(trifluoromethyl)phenyl)acetamide

e N
Bn | = F

O
CF,

7 :

To a mixture of 2-(4-(6-(benzyloxy)-4-ethoxypyridin-3-yl)-3-fluorophenyl)-N-(4-(3-((tert-
butyldimethylsilyl)oxy)-2,2-dimethylpropyl)-3-(trifluoromethyl)phenyl)acetamide (4.5 g, 4.83
mmol) in DCM (30 mL) was added TFA (4.46 mL, 57.9 mmol). The mixture was stirred at 25 °C
for 2 h. Then the reaction residue was concentrated, added to MeCN (50 mL), made basic with
NH,OH and concentrated. The crude material was purified by silica column chromatography
(PE/EA = 1:1). All fractions found to contain product by TLC (PE/EA = 1:1, R¢= 0.6) were
combined and concentrated to yield a light yellow solid of 2-(4-(6-(benzyloxy)-4-ethoxypyridin-3-

y1)-3-fluorophenyl)-N-(4-(3-hydroxy-2,2-dimethylpropyl)-3-(trifluoromethyl)phenyl)acetamide
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(4.2 ¢, 4.19 mmol, 87% vield): "H NMR (400 MHz, CD;0D) § 7.97 (s, 1H), 7.88 (s, 1H), 7.76 (d,
J=8.4Hz, 1H), 7.51-7.43 (m, 3H), 7.38 (t, J = 7.2 Hz, 2H), 7.35-7.29 (m, 2H), 7.26-7.16 (m, 2H),
6.50 (s,1H), 5.38 (s, 2H), 4.14-4.11 (m, 2H), 3.77 (s, 2H), 2.80 (s, 2H), 2.03 (s, 2H), 1.32 (1, J =
6.8 Hz, 3H), 0.86 (s, 6H): ES-LCMS m/z 611.2 (M+H).

Step 16: 2-(4-(4-Ethoxy-6-ox0-1,6-dihydropyridin-3-yl)-3-fluorophenyl)-N-(4-(3-hydroxy-2,2-
dimethylpropyl)-3-(trifluoromethyl)phenyl)acetamide

To a mixture of 2-(4-(6-(benzyloxy)-4-cthoxypyridin-3-yl)-3-fluorophenyl)-N-(4-(3-hydroxy-2,2-
dimethylpropyl)-3-(trifluoromethyl)phenyl)acetamide (4.2 g, 6.88 mmol) in MeOH (50 mL) was
added Pd/C (10%, 420 mg). The mixture was stirred under H, at 25 °C for 16 h. Then the reaction
residue was filtered and concentrated. The crude material was purified by preparative HPLC
(MeCN/H,0 as eluants, acidic condition) to yield a white solid of 2-(4-(4-cthoxy-6-ox0-1,6-
dihydropyridin-3-yl)-3-fluorophenyl)-N-(4-(3-hydroxy-2,2-dimethylpropyl)-3-
(trifluoromethyl)phenyl)acetamide (2000.18 mg, 3.84 mmol, 61% yield). TLC (DCM/MeOH =
10:1, Ry = 0.6): '"H NMR (400 MHz, CD;0D) & 7.94 (s, 1H), 7.77-7.68 (m, 2H), 7.42 (d, J= 8.8
Hz, 1H), 7.37-7.29 (m, 1H), 7.27-7.17 (m, 2H), 6.36 (s., 1H), 4.25-4.15 (m, 2H), 3.75 (s, 2H), 2.76
(s, 2H), 1.33 (t, /= 6.8 Hz, 3H), 0.82 (s, 6H); ES-LCMS m/z 521.2 (M+H).

Example 33: 2-(4-(4-Ethoxy-6-0x0-1,6-dihydropyridin-3-vl)-2-fluorophenyl)-N-(3-

(trifluoromethyl)phenyl)acetamide

H
O N
| F
%Q
o
~~ N CF,
H
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Step 1: 2-(4-(4-Ethoxy-6-ox0-1,6-dihydropyridin-3-y1)-2-fluorophenyl)acetic acid

I/ OH

To a solution of 2-(4-(4-ethoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)acetic acid
(0.5 g, 1.215 mmol) in MeOH (10 mL) stirred under nitrogen at 20 °C was added Pd/C (0.013 g,
0.122 mmol) in one charge. The reaction mixture was reacted with a H, balloon at 20 °C for 12 h.
The mixture was filtered, and the filtrate was concentrated in vacuo to give the crude 2-(4-(4-
cthoxy-6-ox0-1,6-dihydropyridin-3-yl)-2-fluorophenvl)acetic acid (0.4 g, 1.373 mmol). TLC
(DCM/MeOH = 10:1, Rg= 0.2): '"HNMR (400 MHz, DMSO-d;) § 7.32-7.15 (m, 4H), 5.78 (s, 1H),
4.01-4.00 (m, 2H), 3.59 (s, 2H), 1.26-1.23 (m, 3H); ES-LCMS m.z 292 (M+H).

Step 2: 2-(4-(4-Ethoxy-6-ox0-1,6-dihydropyridin-3-yl)-2-fluorophenyl)-N-(3-

(trifluoromethyl)phenyl)acetamide

H
O N
| F
%Q
0
~~ N CF,
H

A solution of 2-(4-(4-ethoxy-6-ox0-1,6-dihydropyridin-3-yl)-2-fluorophenyl)acetic acid (80 mg,
0.275 mmol), 3-(trifluoromethyl)aniline (44.3 mg, 0.275 mmol), HATU (125 mg, 0.330 mmol)
and DIEA (0.048 mL, 0.275 mmol) in DMF (10 mL) was stirred at 1t for 5 h. After LCMS
analysis showed the starting material had disappeared, the reaction mixture was concentrated
under reduced pressure. The residue was dissolved in DCM and washed with H,O and brine. The
organic layer was evaporated to dryness to give crude product which was purified by preparative
HPLC to give pure product 2-(4-(4-ethoxy-6-ox0-1,6-dihydropyridin-3-yl)-2-fluorophenyl)-N-(3-
(trifluoromethyl)phenyl)acetamide (14.56 mg, 0.032 mmol, 12% yield) as a yellow solid. "H NMR
(400 MHz, CD;0D): 6 8.03 (br. s., 1H), 7.77 (d, J = 8.2 Hz, 1H), 7.69 (s, IH), 7.51 (t, /= 8.0 Hz,
1H), 7.46-7.36 (m, 2H), 7.31-7.24 (m, 2H), 6.28 (s, 1H), 4.24-4.19 (m, 2H), 3.84 (s, 2H), 1.41 (t,J
= 6.8 Hz, 3H); ES-LCMS: m/z 435.1 (M+H).
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Example 34: 2-(4-(5-ethoxy-6-0x0-1,6-dihydropyridin-3-vl)-2-fluorophenyl)-V-(3-(4-methyl-1H-
pyrazol-1-yl)-5-(trifluoromethyl)phenyl)acetamide hydrochloride

I \§
H N
O N | \N
”nm el
H CF4

Step 1: 4-methyl-1-(3-nitro-5-(trifluoromethyl)phenyl)-1H-pyrazole
" S
N \
N

O,N CF,

To a solution of 1-fluoro-3-nitro-5-(trifluoromethyl)benzene (500 mg, 2.391 mmol) and K,CO;
(496 mg, 3.59 mmol) in DMF (3 mL) was added 4-methyl-1H-pyrazole (196 mg, 2.391 mmol) in
ong portion. Then the mixture stirred under N, was heated to 110 °C and reacted for 15 h. LCMS
analysis showed the starting material disappeared. The solvent was removed in vacuo. The
residue was dissolved in DCM (60 mL) and washed with H,O (20 mL) and brine (20 mL). The
organic layer was dried over Na,S0Oy, filtered and concentrated to give crude material which was
purified by silica column chromatography (PE/EA = 10/1 to 5/1) to afford pure product 4-methyl-
1-(3-nitro-3-(trifluoromethyl)phenyl)-1H-pyrazole (500 mg, 1.678 mmol, 70.2% yield): '"H NMR
(400 MHz, CD;0D): & 8.83 (s, 1H), 8.46 (s, 1H), 8.35 (s, 1H), 8.30 (s, 1H), 7.64 (s, 1H), 2.18 (s,
3H). ES-LCMS: m/z 272.2 (M+H).

Step 2: 3-(4-methyl-1H-pyrazol-1-yl)-5-(trifluoromethyl)aniline
I S
N \
N

H,N CF

2 3

To a solution of 4-methyl-1-(3-nitro-5-(trifluoromethyl)phenyl)-1H-pyrazole (560 mg, 2.065
mmol) in MeOH (10 mL) was added Pd/C (21.98 mg, 0.206 mmol) in one portion. Then the
mixture was stirred under H, for 12 h. LCMS analysis showed the starting material disappeared.
The suspension was filtered through a pad of Celite™ and the filter cake was washed with MeOH (2

mL). The combined filtrates were concentrated to dryness to give crude product, which was
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purified by preparative TLC (PE/EA = 5/1, Rs = 0.25) to afford pure product 3-(4-methyl-1H-
pyrazol-1-yl)-5-(trifluoromethyl)aniline (280 mg, 1.158 mmol, 56.1% yicld). '"H NMR (400 MHz,
CD;0D): 6 7.96 (s, 1H), 7.52 (s, 1H), 7.15 (s, 2H), 6.82 (s, 1H), 2.15 (s, 3H). ES-LCMS: mz
242.1 (M+H).

Step 3:  2-(4-(5-cthoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)-N-(3-(4-methyl-
1H-pyrazol-1-yl)-5-(trifluoromethyl)phenyl)acetamide

fﬁ/ \
PMBO.__N N\N
]
N CF
H 3

To a solution of 3-(4-methyl-1H-pyrazol-1-yl)-5-(trifluoromethyl)aniline (160 mg, 0.663 mmol)
and 2-(4-(5-ethoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)acetic acid (274 mg,
0.663 mmol) in pyridine (8 mL) was added T;P* (2111 mg, 3.32 mmol) in portions. Then the
mixture was stirred at 16 °C for 1 h. LCMS analysis showed the starting material disappeared. 10
mL of water was added dropwise into the reaction solution and then the mixture was filtered. The
filter cake was washed with water (20 mL) and dried in vacuo to afford pure product 2-(4-(5-
cthoxy-6-((4-methoxybenzyl)oxy)pyridin-3-y1)-2-fluorophenyl)-N-(3-(4-methyl-1H-pyrazol-1-yl)-
5-(trifluoromethyl)phenyl)acetamide (200 mg, 0.263 mmol, 39.7% yield). 'H NMR (400 MHz,
CD;0D): & 8.24 (s, 1H), 8.06 (s, 1H), 7.96 (d, J = 2.0 Hz, 1H), 7.87 (s, 1H), 7.74 (s, 1H), 7.57 (s,
1H), 7.48 - 7.42 (m, 3H), 7.40 (d, J=9.0 Hz, 3H), 6.91 (d, J= 8.8 Hz, 2H), 5.37 (s, 2H), 4.18-4.13
(m, 2H), 3.86 (s, 2H), 3.79 (s, 3H), 2.16 (s, 3H), 1.43 (t, J = 7.0 Hz, 3H). ES-LCMS: m/z 635.1
(M+H).

Step  4:  2-(4-(5-cthoxy-6-ox0-1,6-dihydropyridin-3-yl)-2-fluorophenyl)-N-(3-(4-methyl-14-
pyrazol-1-v1)-5-(trifluoromethyl)phenyl)acetamide hydrochloride

/ \§
H N
Os N | N
/\OI\J\CLF)?\ /<j\
N
N CF,

A solution of 2-(4-(5-ethoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)-N-(3-(4-
methyl-1H-pyrazol-1-yl)-5-(trifluoromethyl)phenyl)acetamide (160 mg, 0.252 mmol) in TFA (8
mL, 10.38 mmol) was stirred at 16 °C for 1 h. LCMS analysis showed the starting material
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disappeared. The solvent was removed i# vacuo. Then the crude material was purified by
preparative HPLC (Instrument: DB /Column: ASB C18 150*25mm /Mobile phase A: Water+0.1%
HCl/Mobile phaseB: MeCN / Flowrate: 25 mL/min / Gradient Profile Description: 53-83 (B%) to
afford pure product 2-(4-(5-ethoxy-6-oxo-1,6-dihydropyridin-3-yl)-2-fluorophenyl)-N-(3-(4-
methyl-1H-pyrazol-1-yl)-5-(trifluoromethyl)phenyl)acetamide hydrochloride (15.92 mg, 0.029
mmol, 11.46% yicld). "H NMR (400 MHz, MeOD-d,): & 8.22 (s, 1H), 8.05 (s, 1H), 7.87 (s, 1H),
7.74 (s, 1H), 7.57 (s, 1H), 7.49 - 7.41 (m, 1H), 7.39 - 7.35 (m, 3H), 7.30 (d, /= 2.0 Hz, 1H), 4.16-
4.12 (m, 2H), 3.84 (s, 2H), 2.16 (s, 3H), 1.47 (t, /= 7.0 Hz, 3H). ES-LCMS: m/z 515.2 (M+H).

Example 35: 2-(4-(5-ethoxy-6-oxo0-1,6-dihydropyridin-3-yl)-2-fluorophenyl)-N-(3-(3-methyl-1H-
pyrazol-1-yl)-5-(trifluoromethyl)phenyl)acetamide hydrochloride

) \
H N
O N | N
N
N CF

Step 1: 3-methyl-1-(3-nitro-5-(trifluoromethyl)phenyl)-1H-pyrazole

3

N/\

~

O,N CF,

To a solution of 1-fluoro-3-nitro-5-(trifluoromethyl)benzene (500 mg, 2.391 mmol) and K,CO;
(496 mg, 3.59 mmol) in DMF (10 mL) was added 3-methyl-1H-pyrazole (196 mg, 2.391 mmol) in
ong portion. Then the mixture stirred under N, was heated to 110 °C and reacted for 15 h. LCMS
analysis showed the starting material disappeared. The solvent was removed in vacuo and the
residue obtained was dissolved in DCM (40 mL) and washed with H,O (15 mL) and brine (15
mL). The organic layer was dried over Na,SQ,, filtered and concentrated to give a residue which
was purified by silica column chromatography (PE/EA = 8/1 to 3/1) to afford pure product 3-
methyl-1-(3-nitro-5-(trifluoromethyl)phenyl)- 1 H-pyrazole (300 mg, 1.007 mmol, 42.1% yield). 'H
NMR (400 MHz, CD;0D): 6 8.84 (s, 1H), 8.47 (s, 1H), 8.41 (d,J=2.4 Hz, 1H), 8.35 (s, 1H), 6.42
(d,/=2.4Hz, 1H), 2.36 (s, 3H). ES-LCMS: m/z272.0 (M+H).
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Step 2: 3-(3-methyl-1H-pyrazol-1-y1)-5-(trifluoromethyl)aniline

N

N

H,N CF

2 3

To a solution of 3-methyl-1-(3-nitro-5-(trifluoromethyl)phenyl)-1H-pyrazole (300 mg, 1.106
mmol) in MeOH (10 mL) was added Pd/C (11.77 mg, 0.111 mmol) in one portion. Then the
mixture was stirred under H, for 12 h. LCMS analysis showed the starting material disappeared.
The suspension was filtered through a pad of Celite® and the filter cake was washed with MeOH (2
mL). The combined filtrates were concentrated to dryness to give crude product which was
purified by preparative TLC (PE/EA = 5/1, Ry = 0.35) to afford pure product 3-(3-methyl-1H-
pyrazol-1-yl)-5-(trifluoromethyl)aniline (300 mg, 1.045 mmol, 94% yield). 'H NMR (400 MHz,
CD;0D): 6 8.05 (d, J=2.4 Hz, 1H), 7.18 - 7.12 (m, 2H), 6.82 (s, 1H), 6.30 (d, /= 2.2 Hz, 1H),
2.32 (s, 3H). ES-LCMS: m/z 242.1 (M+H).

Step 3:  2-(4-(5-cthoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)-N-(3-(3-methyl-
1H-pyrazol-1-yl)-5-(trifluoromethyl)phenyl)acetamide

/ \
PMBO.__N N\N)
e |
N
N CF3

To a solution of 3-(3-methyl-1H-pyrazol-1-yl)-5-(trifluoromethyl)aniline (250 mg, 1.036 mmol)
and 2-(4-(5-ethoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)acetic acid (429 mg,
1.036 mmol) in pyridine (5 mL) was added TsP* (3298 mg, 5.18 mmol) in portions. The mixture
was stirred at 16 °C for 1 h. LCMS analysis showed the starting material disappeared. 10 mL of
water was added dropwise into the reaction solution and then the mixture was filtered. The filter
cake was washed with water (20 mL) and dried in vacuo to afford pure product 2-(4-(5-cthoxy-6-
((4-methoxybenzyl)oxy)pyridine-3-yl)-2-fluorophenyl)-N-(3-(3-methyl-1H-pyrazol-1-yl)-5-
(trifluoromethyl)phenyl)acetamide (280 mg, 0.357 mmol, 34.5% vield). 'H NMR (400 MHz,
CD;0OD): 6 8.25 (s, 1H), 8.15 (d, J =2.6 Hz, 1H), 7.96 (d, J = 2.0 Hz, 1H), 7.85 (s, 1H), 7.75 (s,
1H), 7.50 - 7.43 (m, 3H), 7.41 (d, J = 9.0 Hz, 3H), 6.92 (d, J = 8.8 Hz, 2H), 6.36 (d, J = 2.4 Hz,
IH), 5.37 (s, 2H), 4.18-4.13 (m, 2H), 3.86 (s, 2H), 3.79 (s, 3H), 2.34 (s, 3H), 143 (t,J = 7.0 Hz,
3H). ES-LCMS: m/z 635.1 (M+H).
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Step  4:  2-(4-(5-cthoxy-6-ox0-1,6-dihydropyridin-3-yl)-2-fluorophenyl)-N-(3-(3-methyl-14-
pyrazol-1-y1)-5-(trifluoromethyl)phenyl)acetamide hydrochloride

7 \
H N
O N | N
”I\Jm QL
N CF,

A solution of 2-(4-(5-ethoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)-N-(3-(3-
methyl-1H-pyrazol-1-yl)-5-(trifluoromethyl)phenyl)acetamide (220 mg, 0.347 mmol) in TFA (8
mL, 10.38 mmol) was stirred at 16 °C for 1 h. LCMS analysis showed the starting material
disappeared. The solvent was removed in vacuo. Then the crude material was purified by
preparative HPLC (Instrument: DB /Column: ASB C18 150*25mm /Mobile phase A: Water+0.1%
HCl/Mobile phaseB: MeCN / Flowrate: 25 mL/min / Gradient Profile Description: 53-83 (B%) to
afford pure product 2-(4-(5-ethoxy-6-oxo-1,6-dihydropyridin-3-yl)-2-fluorophenyl)-N-(3-(3-
methyl-1H-pyrazol-1-yl)-5-(trifluoromethyl)phenyl)acetamide  hydrochloride (113 mg, 0.197
mmol, 56.8% yield). 'H NMR (400 MHz, MeOD-d,): & 8.24 (s, 1H), 8.15 (d, J = 2.2 Hz, 1H),
7.85 (s, 1H), 7.74 (s, 1H), 7.50 - 7.44 (m, 2H), 7.43 - 7.37 (m, 3H), 6.36 (d,J=2.2 Hz, 1H), 4.21-
4.16 (m, 2H), 3.85 (s, 2H), 2.34 (s, 3H), 1.48 (t, /= 6.8 Hz, 3H). ES-LCMS: m/z 515.2 (M+H).

Example 36: N-(3-(1H-pyrazol-4-y1)-5-(trifluoromethyl)phenyl)-2-(4-(5-cthoxy-6-oxo-1,6-
dihydropyridin-3-yl)-2-fluorophenyl)acetamide hydrochloride

H N—NH
/
0] N y
0 X , F 0
N CF3

H
Step 1: 3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-5-(trifluoromethyl)aniline
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To a mixture of 3-bromo-5-(trifluoromethyl)aniline (1 g, 4.17 mmol) in 1,4-dioxane (12 mL) was
added 4,4,4'4',5,5,5',5'-octamethyl-2,2'-bi(1,3,2-dioxaborolane) (1.164 g, 4.58 mmol), PdCl:(dppf)
(0.305 g, 0.417 mmol) and Cs,CO; (2.71 g, 8.33 mmol). The mixture was stirred at 100 °C for 2 h
under N,. The mixture was filtered and concentrated, which was purified by silica column
chromatography (PE/EA = 5:1). All fractions found to contain product by TLC (PE/EA = 2:1, Ry
= 0.8) were combined and concentrated to vield a light yellow solid of 3-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-y1)-5-(trifluoromethylaniline (800 mg, 2.369 mmol, 56.9% yield): 'H NMR
(400 MHz, CD;0D) & 7.27 (s, 1H), 7.23 (s, 1H), 7.03 (s, 1H), 1.37 (s, 12H). ES-LCMS m/z 287.9
(M+H).

Step 2: fert-butyl 4-bromo-1H-pyrazole-1-carboxylate

BocN
O
N>

To a mixture of 4-bromo-1H-pyrazole (500 mg, 3.40 mmol) in DCM (10 mL) was added Boc,0O
(0.790 mL, 3.40 mmol) and Et;N (0.948 mL, 6.80 mmol). The mixture was stirred at 25 °C for 1
h. The mixture was concentrated to afford ferf-butyl 4-bromo-1H-pyrazole-1-carboxylate (800
mg, 2.91 mmol, 86% yield). TLC (PE/EA = 2:1, Ry= 0.6): '"H NMR (400 MHz, CD;0D) & 8.31
(s, 1H), 7.77 (s, 1H), 1.63 (s, 9H). ES-LCMS m/z 148.0 (M-Boc+H).

Step 3: 3-(1H-pyrazol-4-yl)-5-(trifluoromethyl)aniline

N—N
{ F

H,N CF,
To a mixture of 3-(4.4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)-5-(trifluoromethyl)aniline (500
mg, 1.742 mmol) in 1,4-dioxane (12 mL) and water (3 mL) was added fers-butyl 4-bromo-1H-
pyvrazole-1-carboxylate (473 mg, 1.916 mmol), PdCl,(dppf) (127 mg, 0.174 mmol) and Cs,CO;
(1135 mg, 3.48 mmol). The mixture was stirred at 100 °C for 16 h under N,. The mixture was
filtered and concentrated, which was purified by silica column chromatography (PE/EA = 1:1).
All fractions found to contain product by TLC (PE/EA = 1:1, Rf = 0.2) were combined and
concentrated. Then the residue was purified by preparative TLC (DCM/MeOH = 15:1, R;=0.6) to
vield a yellow solid of 3-(1H-pyrazol-4-yl)-5-(trifluoromethylaniline (8 mg, 0.030 mmol, 1.7%
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yield): 'H NMR (400 MHz, CD;0D) & 7.93 (s., 2H), 7.08 (s, 1H), 7.06 (s, 1H), 6.78 (s, 1H). ES-
LCMS m/z228.1 (M +H).

Step 4: N-(3-(1H-pyrazol-4-yl)-5-(trifluoromethyl)phenyl)-2-(4-(5-ethoxy-6-((4-
methoxybenzyl)oxy )pyridin-3-yl)-2-fluorophenyl)acetamide

l/\l—NH
0
pmE” N | Z
X F
/\O 0
N CF,
H

To a mixture of 2-(4-(5-ethoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)acetic acid
(15 mg, 0036 mmol) in pyridine (3 mL) were added 3-(1H-pyrazol-4-yl)-5-
(trifluoromethyl)aniline (8.28 mg, 0.036 mmol) and T;P* (EA solvate) (0.5 mL, 0.036 mmol). The
mixture was stirred at 25 °C for 1 h. The mixture was added to water and concentrated to afford
N-(3-(1H-pyrazol-4-yl)-5-(trifluoromethyl)phenyl)-2-(4-(5-ethoxy-6-((4-
methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)acetamide (50 mg, 0.024 mmol, 66.3% yield).
TLC (DCM/MeOH = 15:1, Ry = 0.5): '"H NMR (400 MHz, CD;0OD) & 8.02 (s, 1H), 7.82 (s, 1H),
7.58 (s, 1H), 7.37 (s, 2H), 7.32-7.30 (m, 4H), 7.25-7.23 (m, 2H), 6.89-6.86 (m, 3H), 5.36 (s, 2H),
4.15-4.09 (m, 2H), 3.83 (s, 2H), 3.77 (s, 3H), 1.46 (t, J = 6.8 Hz, 3H). ES-LCMS mZz 621.2
(M+H).

Step 5: N-(3-(1H-pyrazol-4-yl)-5-(trifluoromethyl)phenyl)-2-(4-(5-ethoxy-6-0x0-1,6-
dihydropyridin-3-yl)-2-fluorophenyl)acetamide hydrochloride

H l/\l—NH
0] N y
AI\J\@L&
N CF3
H

To a mixture of N-(3-(1H-pyrazol-4-yl)-5-(trifluoromethyl)phenyl)-2-(4-(5-cthoxy-6-((4-
methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)acetamide (50 mg, 0.081 mmol) in DCM (10
mL) was added TFA (1 mL, 12.98 mmol). The mixture was stirred at 25 °C for 2 h. The mixture
was concentrated and NH4OH (0.5 mL) was added. Then the reaction residue was concentrated
and purified by preparative HPLC (Column: ASB C18 150*25mm; Mobile phase A: Water+0.1%
HCI; Mobile phaseB: MeCN; Flowrate: 25 mL/min; Gradient Profile Description: 40-70 (B%)) to
yield an off-white solid of N-(3-(1H-pyrazol-4-yl)-5-(trifluoromethyl)phenyl)-2-(4-(5-cthoxy-6-
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oxo-1,6-dihydropyridin-3-y1)-2-fluorophenyl)acetamide hydrochloride (6.95 mg, 0.013 mmol,
15.9% yield): '"H NMR (400 MHz, CD;0D) & 8.16 (s, 2H), 8.06 (s, 1H), 7.82 (s, 1H), 7.62 (s, 1H),
7.48-7.42 (m, 1H), 7.41-7.34 (m, 3H), 7.33 (s, 1H), 4.15 (q, /=7.2 Hz, 2H), 3.84 (s, 2H), 1.46 (t,J
=7.2Hz, 3H). ES-LCMS m/z501.2 (M+H). TLC (DCM/MeOH =10:1, R;=0.2)

Example 37: 2-(4-(4-cthoxy-6-ox0-1,6-dihydropyridin-3-yl)-2-fluorophenyl)-N-(6-(1,1,1-trifluoro-
2-methylpropan-2-yl)pyridin-3-yl)acetamide hydrochloride

H
O N
| i o,
A o /|
O N
! '
H

Step 1: (1£.,42)-7,7,7-trifluoro-5-hydroxy-1-methoxy-6,6-dimethylhepta-1,4-dien-3-one
OH O

™ /O/

F.C

To a mixture of 3,3,3-trifluoro-2,2-dimethylpropanoic acid (10 g, 64.1 mmol) in CHCI; (100 mL)
cooled to 0 °C was added oxalyl chloride (7.29 mL, 83 mmol) dropwise. The mixture was stirred
at 70 °C for 4 h. Then the mixture was concentrated. To a mixture of (¥£)-4-methoxybut-3-en-2-
one (12.83 g, 128 mmol) in THF (100 mL) cooled to -78 °C was added LiHMDS (128 mL, 128
mmol) dropwise under N,. The mixture was stirred at -78 °C for 1 h. Then to the mixture was
added a solution of 3,3,3-trifluoro-2,2-dimethylpropanoyl chloride in THF (100 mL) at -78 °C.
The whole mixture was allowed to warm to rt over 2 h and quenched by NH,Cl (saturated
aqueous, 30 mL). THF was removed under vacuum. To the mixture was added H,O (80 mL) and
then extracted with EA (100 mL x 3). The organic layer was washed with brine (80 mL), dried
over Na,SQ,, filtered and concentrated. The crude material was purified by silica column
chromatography (PE/EA = 2:1). All fractions found to contain product by TLC (PE/EA =2:1, Re=
0.5) were combined to vield an off-white oil of (1£,42)-7,7,7-trifluoro-5-hydroxy-1-methoxy-6,6-
dimethylhepta-1,4-dien-3-one (1 g, 3.36 mmol, 5.2% yicld): '"H NMR (400 MHz, CDCl5): & 15.90
(s, 1H), 7.65 (d, J = 12.4 Hz, 1H), 5.63 (s, 1H), 533 (d, J = 12.4 Hz, 1H), 3.74 (s, 3H), 1.38 (s,
6H). ES-LCMS m/z 239.1 (M+H).
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Step 2: 2-(1,1,1-trifluoro-2-methylpropan-2-v1)-4H-pyran-4-one
O

o)

CF,

To a mixture of (1£,42)-7,7,7-trifluoro-5-hydroxy-1-methoxy-6,6-dimethylhepta-1,4-dien-3-one (1
g, 4.20 mmol) in toluene (5 mL) was added TFA (0.647 mL, 8.40 mmol). The mixture was stirred
at 25 °C for 16 h. Then the mixture was concentrated to afford 2-(1,1,1-trifluoro-2-methylpropan-
2-y1)-4H-pyran-4-one (800 mg, 3.10 mmol, 73.9% yield). TLC (PE/EA = 1:1, Rs=0.2): 'H NMR
(400 MHz, CD;0D): 6 8.12 (d, J= 6.0 Hz, 1H), 6.53 (d, J= 2.4 Hz, 1H), 6.39 (dd, /=24, 6.0 Hz,
1H), 1.53 (s, 6H). ES-LCMS m/z 207.1 (M+H).

Step 3: 2-(1,1,1-trifluoro-2-methylpropan-2-yl)pyridin-4( 1 H)-one
O

N CF,
A mixture of 2-(1,1,1-trifluoro-2-methylpropan-2-yl)-4H-pyran-4-one (800 mg, 3.88 mmol) in
NH4OH (8 mL, 205 mmol) was stirred at 90 °C for 1 h. Then the mixture was concentrated,
triturated with MeOH (20 mL) and filtered. The filtrate was concentrated and purified by silica
column chromatography (DCM/MeOH = 9:1). All fractions found to contain product by TLC
(DCM/MeOH = 9:1, R¢ = 0.2) were combined and concentrated to yield a yellow oil of 2-(1,1,1-
trifluoro-2-methylpropan-2-yl)pyridin-4(1H)-one (700 mg, 2.90 mmol, 74.7% yicld): 'H NMR
(400 MHz, CD;0D): 6 7.87 (d, J=7.2 Hz, 1H), 6.70 (d, J=2.4 Hz, 1H), 6.54 (dd,J=2.4,7.2 Hz,
1H), 1.60 (s, 6H). ES-LCMS m/z 206.1 (M+H).

Step 4: 5-nitro-2-(1,1,1-trifluoro-2-methylpropan-2-yl)pyridin-4(1H)-one
)

N
H CF,

O,N

To a mixture of 2-(1,1,1-trifluoro-2-methylpropan-2-yl)pyridin-4(1H)-one (300 mg, 1.462 mmol)
in H,SO4 (8 mL, 150 mmol) was added nitric acid (3.27 mL, 73.1 mmol). The mixture was stirred
at 90 °C for 15 h. Then the mixture was added to ice water and basified by aqueous NaOH

solution. The mixture was filtered. The filtrate was concentrated and purified by preparative TLC
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(DCM/MeOH = 9:1, Ry = 0.1) to vield a light vellow solid of 5-nitro-2-(1,1,1-trifluoro-2-
methylpropan-2-yl)pyridin-4(1H)-one (100 mg, 0.380 mmol, 26.0% yield): 'H NMR (400 MHz,
CD;0D): 6 8.82 (s, 1H), 6.95 (s, 1H), 1.64 (s, 6H). ES-LCMS m/z 251.1 (M+H).

Step 3: 4-bromo-5-nitro-2-(1,1,1-trifluoro-2-methylpropan-2-yl)pyridine
Br

To a mixture of 5-nitro-2-(1,1, I -trifluoro-2-methylpropan-2-y)pyridin-4(14)-one (100 mg, 0.400
mmol) in DCE (10 mL) was added phosphoryl tribromide (138 mg, 0.480 mmol). The mixture
was stirred at 85 °C for 1 h. Then the mixture was added to aqueous NaHCOj; solution. The
mixture was extracted with EA (50 mL x 2). The combined organic extracts were washed with
brine, dried over MgSQy, filtered and concentrated to afford 4-bromo-5-nitro-2-(1,1,1-trifluoro-2-
methylpropan-2-yl)pyridine (60 mg, 0.096 mmol, 24.0% yield). TLC (PE/EA =10:1, R;=0.6): 'H
NMR (400 MHz, CD;0D): 6 8.74 (s, 1H), 6.83 (s, 1H), 1.54 (s, 6H). ES-LCMS m/z 312.9 (M+H).

Step 6: 4-bromo-6-(1,1,1-trifluoro-2-methylpropan-2-yl)pyridin-3-amine
Br

To a mixture of 4-bromo-5-nitro-2-(1,1,1-trifluoro-2-methylpropan-2-yl)pyridine (50 mg, 0.160
mmol) in EtOH (10 mL) was added tin(Il) chloride dihydrate (180 mg, 0.799 mmol). The mixture
was stirred at 85 °C for 16 h. Then the mixture was added to an aqueous NaHCOj; solution. The
mixture was extracted with EA (50 mL x 2). The combined organic extracts were washed with
brine, dried over MgSO,, filtered and concentrated. The crude material was purified by
preparative TLC (PE/EA = 2:1, Rf = 0.5) to yield a light yellow solid of 4-bromo-6-(1,1,1-
trifluoro-2-methylpropan-2-yl)pyridin-3-amine (30 mg, 0.090 mmol, 56.4% yield): "H NMR (400
MHz, CD;0D): 6 8.05 (s, 1H), 7.58 (s, 1H), 1.56 (s, 6H). ES-LCMS m/z 283.1 (M+H).
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Step 7. N-(4-bromo-6-(1,1,1-trifluoro-2-methylpropan-2-yl)pyridin-3-y1)-2-(4-(4-ethoxy-6-((4-
methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)acetamide
PMBO

To a mixture of 2-(4-(4-ethoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)acetic acid
(30 mg, 0.073 mmol) in pyridine (5 mL) was added 4-bromo-6-(1,1,1-trifluoro-2-methylpropan-2-
yl)pyridin-3-amine (20.64 mg, 0.073 mmol) and T;P" (EA solvate) (0.5 mL, 0.073 mmol). The
mixture was stirred at 25 °C for 1 h. The mixture was concentrated and purified by preparative
TLC (DCM/MeOH = 15:1, Ry = 0.6) to yield a light yellow solid of N-(4-bromo-6-(1,1, 1-trifluoro-
2-methylpropan-2-yl)pyridin-3-yl)-2-(4-(4-cthoxy-6-((4-methoxybenzyl)oxy)pyridin-3-y1)-2-
fluorophenyl)acetamide (30 mg, 0.038 mmol, 51.7% vield): '"H NMR (400 MHz, CD;0D): & 8.84
(s, 1H), 7.99 (s, 1H), 7.90 (s, 1H), 7.46 (d, J=7.6 Hz, 1H), 740 (d, /= 8.4 Hz, 2H), 733 (d, J =
9.6 Hz, 2H), 6.94 (d, J = 8.4 Hz, 2H), 6.48 (s, 1H), 5.30 (s, 2H), 4.16 (q, /= 6.8 Hz, 2H), 3.93 (s,
2H), 3.82 (s, 3H), 1.63 (s, 6H), 1.40 (t, /= 7.0 Hz, 3H). ES-LCMS m/z 678.0 (M+H+2).

Step  8:  2-(4-(4-ethoxy-6-ox0-1,6-dihvdropyridin-3-yl)-2-fluorophenyl)-N-(6-(1,1,1-trifluoro-2-
methylpropan-2-yl)pyridin-3-yl)acetamide hydrochloride

H
O N
| CF,
A FO /I
o N
g 7
H

To a mixture of N-(4-bromo-6-(1,1,1-trifluoro-2-methylpropan-2-yl)pyridin-3-yl)-2-(4-(4-cthoxy-
6-((4-methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)acetamide (30 mg, 0.044 mmol) in DCM
(10 mL) was added Pd/C (4 mg, 0.038 mmol). The mixture was stirred at 25 °C for 72 h under Hs.
The mixture was filtered and concentrated. The crude material was purified by preparative HPLC
(Column: ASB C18 150*25mm; Mobile phase A: Water+0.1% HCI; Mobile phaseB: MeCN;
Flowrate: 25 mL/min; Gradient Profile Description: 45-75 (B%)) to yield an off-white solid of
2-(4-(4-ethoxy-6-ox0-1,6-dihydropyridin-3-yl)-2-fluorophenyl)-N-(6-(1,1, 1 -trifluoro-2-

methylpropan-2-yl)pyridin-3-yl)acetamide hydrochloride (7.91 mg, 0.015 mmol, 34.6% yield).
TLC (DCM/MeOH = 9:1, Ry = 0.2): 'H NMR (400 MHz, CD;0D): § 9.08 (d, J= 2.0 Hz, 1H), 8.32
(dd, J=2.4,8.8 Hz, 1H), 7.93 (d,J = 8.8 Hz, 1H), 7.81 (s, 1H), 7.44 (t, J= 8.0 Hz, 1H), 7.34-7.27



10

15

20

WO 2014/141187 PCT/IB2014/059817
148

(m, 2H), 6.39 (s, 1H), 4.25 (q. J = 7.2 Hz, 2H), 3.89 (s, 2H), 1.69 (s, 6H), 141 (t, J = 7.2 Hz, 3H).
ES-LCMS m/z 478.1 (M+H).

Example 38: N-(4-cyano-3-(trifluoromethyl)phenyl)-2-(4-(4-ethoxy-6-ox0-1,6-dihydropyridin-3-
vl)-2-fluorophenyl)acetamide

H
O N
| F CN
pﬁi X
o
r N CF,

Stepl: N-(4-cyano-3-(trifluoromethyl)phenyl)-2-(4-(4-cthoxy-6-((4-methoxybenzyl)oxy)-pyridin-
3-yl)-2-fluorophenyl)acetamide
PMBO N

| N
F CN
o]
r N CF;
H

To a solution of 2-(4-(4-ethoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)acetic acid
(1 g, 2.431 mmol) and 4-amino-2-(trifluoromethyl)benzonitrile (0.452 g, 2.431 mmol) in pyridine
(3.93 mL, 48.6 mmol) was added TsP" (4.64 g, 7.29 mmol) slowly. The mixture was stirred at rt
for 0.5 h. The reaction was quenched with H,O (10 mL) and extracted with DCM (20 mL x 5).
The combined organic extracts were dried, filtered, and concentrated. Purification by column
chromatography (PE/EA=5/1, Ry = 0.6) provided N-(4-cyano-3-(trifluoromethyl)phenyl)-2-(4-(4-
cthoxy-6-((4-methoxybenzyl)oxy)pyridin-3-vl)-2-fluorophenyl)acetamide (870 mg, 1.351 mmol,
55.6% yield). 'H NMR (400 MHz, CDCls-d): & 8.02 (s, 1H), 7.98 (s, 1H), 7.77 (d, J = 8.8 Hz,
1H), 7.41 (d, J = 8.4 Hz, 2H), 7.30-7.45 (m, 5H), 6.93 (d, J= 8 Hz, 2H), 6.33 (s, 1H), 5.33 (d, /=8
Hz, 2H), 4.09 (q, J = 6.8 Hz, 2H), 3.83 (s, 5H), 141 (t, J = 6.8 Hz, 3H); LCMS (m/z): 580.0
(M+H).

Step 2: N-(4-cvano-3-(trifluoromethyl)phenyl)-2-(4-(4-ethoxy-6-oxo-1,6-dihydropyridin-3-v1)-2-

H
O N
| F CN
pﬁi X
O
r N CF,

fluorophenyl)acetamide
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To a solution of N-(4-cvano-3-(trifluoromethyl)phenyl)-2-(4-(4-ethoxy-6-((4-
methoxybenzyl)oxy)pyridine-3-yl)-2-fluorophenyl)acetamide (870 mg, 1.501 mmol) in DCM (10
mL) was added TFA (1.157 mL, 15.01 mmol) at 0 °C. The mixture was stirred at rt for 1 h. The
mixture was basified with NH;OH (5 mL, 20%) to pH=8, filtered to give a solid, which was
washed with H,O (5 mL) and dried to afford the product N-(4-cvano-3-(trifluoromethyl)phenyl)-2-
(4-(4-ethoxy-6-ox0-1,6-dihydropyridin-3-yl)-2-fluorophenyl)acetamide (462.91 mg, 0.973 mmol,
64.8% yield): '"H NMR (400 MHz, CD;OD): & 8.24 (s, 1H), 7.96-8.05 (m, 1H), 7.90-7.96 (m, 1H),
7.36-7.40 (m, 2H), 7.20-7.28 (m, 2H), 6.00 (s, 1H), 4.12 (g, J = 7.2 Hz, 2H), 3.85 (s, 2H), 1.38 (t,J
=7.2 Hz, 3H): LCMS (m/z): 459.9 (M+H).

Example 39: 2-(4-(5-ethoxy-6-ox0-1,6-dihydropyridin-3-yl)-2-fluorophenyl)-N-(3-(2-

(\o

H
O N O/\/N
”ncu Q

Step 1: 4-(2-(3-nitro-5-(trifluoromethyl)phenoxy)ethyl)morpholine

morpholinoethoxy)-5-(trifluoromethyl)phenyl)acetamide

O

O/\/N\)

O,N CF,

A mixture of 1-fluoro-3-nitro-5-(trifluoromethyl)benzene (800 mg, 3.83 mmol), 2-
morpholinoethanol (552 mg, 4.21 mmol) and K,CO; (1586 mg, 11.48 mmol) in DMF (20 mL) was
stirred at 90 °C for 10 h. The mixture was concentrated. To the residue was added DCM (150
mL) and the mixture was stirred for 10 min and then filtered. The filtrate was concentrated. The
residue was purified by silica column chromatography (PE/EA = 10:1~5:1). All fractions found to
contain product by TLC (PE/EA = 5:1, Ry = 0.6) were combined and concentrated to yield a
vellow solid of 4-(2-(3-nitro-5-(trifluoromethyl)phenoxy)ethyl)morpholine (600 mg, 1.780 mmol,
46.5% yiceld): "H NMR (400 MHz, CDCL;): & 8.02 (s, 1H), 7.87 (s, 1H), 7.43 (s, 1H), 4.16 (t, J =
5.6 Hz, 2H), 3.72-3.63 (m, 4H), 2.79 (t, J = 5.6 Hz, 2H), 2.58-2.47 (m, 4H). ES-LCMS m/z: 321
(M+H).
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Step 2: 3-(2-morpholinoethoxy)-5-(trifluoromethyl)aniline

NS

H,N CF

3

To a mixture of 4-(2-(3-nitro-3-(trifluoromethyl)phenoxy)ethyl)morpholine (600 mg, 1.873 mmol)
in MeOH (50 mL) was added Pd/C (19.94 mg, 0.187 mmol) under N,. The mixture was stirred
under H; at 25 °C for 5 h. The mixture was filtered, and the filtrate was concentrated to give a
vellow oil of 3-(2-morpholinoethoxy)-5-(trifluoromethyl)aniline (500 mg, 1.490 mmol, 80%
yield): '"H NMR (400 MHz, CDCLy): § 6.52 (d, J = 9.2 Hz, 2H), 6.35 (s, 1H), 4.12-4.02 (m, 2H),
3.82 (s, 2H), 3.76-3.66 (m, 4H), 2.78 (t,J = 5.6 Hz, 2H), 2.57 (d, J = 4.0 Hz, 4H). ES-LCMS m/z:
291 (M+H).

Step 3: 2-(4-(5-ethoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)-NV-(3-(2-

(\o

PMBO% o/\/N

To a mixture of 2-(4-(5-ethoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)acetic acid

morpholino-ethoxy)-5-(trifluoromethyl)phenyl)acetamide

(70.9 mg, 0.172 mmol) and 3-(2-morpholinoethoxy)-5-(trifluoromethyl)aniline (50 mg, 0.172
mmol) in pyridine (5 mL) was added TsP® (50% in EA, 0.3 mL) dropwise and the mixture was
stirred at 25 °C for 1 h. The mixture was quenched with cold water (20 mL), extracted with
DCM/MeOH (10:1, v/v, 20 mL x 3). The organic layer was dried over Na,SO, and concentrated to
give an off white solid of 2-(4-(5-cthoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)-
N-(3-(2-morpholinoethoxy)-5-(trifluoromethyl)phenyl)acetamide (80 mg, 0.111 mmol, 64.5%
yield): "H NMR (400 MHz, CD;OD): §7.94 (d, J= 1.8 Hz, 1H), 7.54 (s, 1H), 7.48 (s, 1H), 7.45-
7.35 (m, 6H), 6.95-6.88 (m, 3H), 5.35 (s, 2H), 4.20-4.10 (m, 4H), 3.80 (s, 2H), 3.78 (s, 3H), 3.73-
3.66 (m, 4H), 2.81 (t, J = 5.4 Hz, 2H), 2.59 (d, J = 4.2 Hz, 4H), 1.41 (t, /= 6.8 Hz, 3H). ES-
LCMS m/z: 684 (M+H).
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Step 4: 2-(4-(5-ethoxy-6-ox0-1,6-dihydropyridin-3-yl)-2-fluorophenyl)-N-(3-(2-

(\o

H
O N O/\/N
”% Q

A mixture of 2-(4-(5-ethoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)-N-(3-(2-

morpholinoethoxy)-5-(trifluoromethyl)phenyl)acetamide

morpholinoethoxy)-5-(trifluoromethyl)phenyl)acetamide (80 mg, 0.117 mmol) and TFA (10 mL,
10% in DCM) was stirred at 25 °C for 2 h. The mixture was concentrated. To the residue was
added NH; (6 mol/L in MeOH, 1 mL) and concentrated. The residue was purified by preparative
TLC (DCM/McOH = 15:1, Ry = 0.4) to give an off white solid of 2-(4-(5-cthoxy-6-0x0-1,6-
dihydropyridin-3-yl)-2-fluorophenyl)-N-(3-(2-morpholinoethoxy)-5-
(trifluoromethyl)phenyl)acetamide (35.72 mg, 0.061 mmol, 51.7% yield): 'H NMR (400 MHz,
CD;0D): & 7.59 (s, 1H), 7.46 (s, 1H), 7.43-7.37 (m, 1H), 7.36-7.30 (m, 2H), 7.29 (d, J = 2.0 Hz,
1H), 7.21 (d, J=2.0 Hz, 1H), 6.96 (s, 1H), 423 (t,J =52 Hz, 2H), 4.11 (q, J = 6.8 Hz, 2H), 3.79
(s, 2H), 3.78-3.69 (m, 4H), 3.02-3.00 (m, 2H), 2.80-2.79 (m, 4H), 1.45 (t, /= 6.8 Hz, 3H). ES-
LCMS m/z: 564 (M+H).

Example 40: 2-(4-(4-cthoxy-6-ox0-1,6-dihydropyridin-3-yl)-2-fluorophenyl)-N-(3-(1,1,1-trifluoro-
2-methylpropan-2-yl)isoxazol-5-yl)acetamide

H
O N
| CF
F
N O A\
N
O N o
f N

Step  1:  2-(4-(4-ethoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)-V-(3-(1,1,1

trifluoro-2-methylpropan-2-yl)isoxazol-5-yl)acetamide

PMBO N
z | CF
™. F
O
I \,N
. N
H

To a mixture of 2-(4-(4-ethoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)acetic acid
(1.060 g, 2.58 mmol) and 3-(1,1,1-trifluoro-2-methylpropan-2-yl)isoxazol-5-amine (0.5 g, 2.58
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mmol) in pyridine (20 mL) was added T5P® (50% in EA, 5 mL, 2.58 mmol) dropwise and stirred at
25 °C for 1 h. The mixture was poured into stirring cold water (100 mL). The mixture was stirred
for 0.5 h and left standing for 10 h. The resulting solid was filtered, washed with H,O (200 mL x
3) and TBME (200 mL x 2) and dried in vacuo to give an off white solid 2-(4-(4-ethoxy-6-((4-
methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)-V-(3-(1,1,1-trifluoro-2-methylpropan-2-
yl)isoxazol-5-yl)acetamide (1.5 g, 2.298 mmol, 89% yicld): 'H NMR (400 MHz, CD;0D): & 7.96
(s, 1H), 7.40-7.32 (m, 3H), 7.28 (d,J = 9.6 Hz, 2H), 6.91 (d, /= 8.8 Hz, 2H), 6.45 (s, 1H), 6.38 (s,
1H), 5.27 (s, 2H), 4.12 (q, J = 7.2 Hz, 2H), 3.83 (s, 2H), 3.79 (s, 3H), 1.53 (s, 6H), 1.37 (t, /=68
Hz, 3H). ES-LCMS m/z: 588 (M+H).

Step  2:  2-(4-(4-ethoxy-6-ox0-1,6-dihydropyridin-3-yl)-2-fluorophenyl)-N-(3-(1,1,1-trifluoro-2-

methylpropan-2-yl)isoxazol-5-yl)acetamide

H
O N
| CF,
F
N O A\
N
O N 0o
f N

To a suspension of 2-(4-(4-ethoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)-N-(3-
(1,1, I-trifluoro-2-methylpropan-2-yl)isoxazol-5-yl)acetamide (1.5 g, 2.55 mmol) in DCM (20 mL)
was added TFA (2 mL, 26.9 mmol) dropwise. The mixture was stirred at 25 °C for 2 h. The
mixture was then concentrated. To the residue was added H,O (50 mL) dropwise and then
neutralized with saturated Na,CO; solution to adjust pH = 7.5. The precipitate was filtered,
washed with H,O (50 mL x 3) and dried in vacuo. To the solid was added PE/EA (3:1, v/v, 30
mL) and stirred for 0.5 h. The solid was filtered, washed with PE/EA (3:1, v/v, 30 mL x 2). The
solid was redissolved in DCM/MeOH (20:1, v/v, 50 mL) and then concentrated in vacio to a
minimal amount of solvent (about 10 mL). The solid was filtered, washed with CH;CN (10 mL x
2) and dried in vacuo. The residue was redissolved in DCM/MeOH (10:1, v/v, 50 mL) and
concentrated in vacuo to give a white solid of 2-(4-(4-ethoxy-6-ox0-1,6-dihydropyridin-3-yl)-2-
fluorophenyl)-N-(3-(1,1,1-trifluoro-2-methylpropan-2-yl)isoxazol-5-yl)acetamide (440 mg, 0.938
mmol, 36.7% yield): "H NMR (400 MHz, CD;0D): § 7.39-7.36 (m, 1H), 7.36-7.30 (m, 1H), 7.25-
7.18 (m, 2H), 6.37 (s, 1H), 5.99 (s, 1H), 4.11 (q,J= 7.2 Hz, 2H), 3.82 (s, 2H), 1.53 (s, 6H), 1.37 (1,
J =638 Hz, 3H). ES-LCMS m=z: 468 (M+H), CHN analytical report: average(%): N: 8.717,C:
55.32; H: 4.672.
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Example 41:  2-(4-(5-ethoxy-6-ox0-1,6-dihydropyridin-3-yl)-2-fluorophenyl)-N-(1-methyl-3-
(1,1, 1-trifluoro-2-methylpropan-2-yl)-1H-pyrazol-5-yl)acetamide hydrochloride

o N
I CF,
o \
[ N
N
N

Step 1: 5,5,5-trifluoro-4,4-dimethyl-3-oxopentanenitrile
O

F30\~)K/CN

To a mixture of acetonitrile (3.22 g, 44.1 mmol) in THF (60 mL) at -78 °C was added »-BuLi
(17.63 mL, 44.1 mmol). The mixture was stirred at -30°C for 0.5 h. Then to the mixture was
added methyl 3,3,3-trifluoro-2,2-dimethylpropanoate (5 g, 29.4 mmol) dropwise. Then the mixture
was stirred for another 1 h. The mixture was quenched with saturated NH4Cl solution (50 mL),
and extracted with EA (100 mL x 2). The organic layer was dried over Na,SQ,, filtered and
concentrated to vield a yellow oil of 5,5,5-trifluoro-4,4-dimethyl-3-oxopentanenitrile (3 g, 16.75
mmol, 57.0% yield): "H NMR (400 MHz, CD;0D): § 3.75 (s, 2H), 1.40 (s, 6H).

Step 2: 1-methyl-3-(1,1, I-trifluoro-2-methylpropan-2-yl)-1H-pyrazol-5-amine

To a mixture of 5,5,5-trifluoro-4,4-dimethyl-3-oxopentanenitrile (1 g, 5.58 mmol) in EtOH (10
mL) was added methylhydrazine (3.33 g, 28.9 mmol) and concentrated HCI (0.5 mL). Then the
mixture was stirred at 100 °C for 18 h. Then the mixture was concentrated to give the residue
which was distributed between DCM (20 mL) and H,O (10 mL) and extracted with DCM (20 mL
x 2). The combined organic extracts were washed with brine (20 mL), dried over Na,SQ,, filtered
and concentrated. The crude product was purified by silica column chromatography (40% EA:
60% PE, 12 g silica column). All fractions found to contain product by TLC (EA : PE = 1:2, Ry=
0.2) were combined and concentrated to yield a white solid of 1-methyl-3-(1,1,1-trifluoro-2-
methylpropan-2-yl)-1H-pyrazol-5-amine (500 mg, 2.293 mmol, 41.1% yield): '"H NMR (400 MHz,
CD;0D): 6 5.48 (s, 1H), 3.56 (s, 3H), 1.42 (s, 6H). ES-LCMS m/z 208 (M+H).
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Step 3:  2-(4-(5-ethoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)-N-(1-methyl-3-
(1,1, 1-trifluoro-2-methylpropan-2-yl)-1H-pyrazol-5-yl)acetamide

PMBO._ _N CF,
]
PR F o {
| N
N~ N
H \

To a mixture of 2-(4-(5-ethoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)acetic acid
(150 mg, 0.365 mmol), 1-methyl-3-(1,1,1-trifluoro-2-methylpropan-2-yl)-1H-pyrazol-5-amine (83
mg, 0.401 mmol) in pyridine (3 mL) was added TsP* (EA solvate) (0.3 mL, 0.365 mmol) at 25 °C.
Then the mixture was stirred for 2 h, the mixture was concentrated to give the residue which was
distributed between DCM (20 mL) and H,O (10 mL) and extracted with DCM (20 mL x 2). The
combined organic extracts were washed with brine (20 mL), dried over Na,SQ,, filtered and
concentrated to yield a white solid of 2-(4-(5-ethoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-2-
fluorophenyl)-N-(1-methyl-3-(1,1,1-trifluoro-2-methylpropan-2-yl)-1H-pyrazol-5-yl)acetamide
(150 mg, 0.225 mmol, 61.7% yield): '"H NMR (400 MHz, CD;0D) & 8.52 (d, J = 4.4 Hz, 1H), 7.94
(d, J=2.0 Hz, 1H), 7.44-7 41 (m, 3H), 7.39 (d, J = 8.8 Hz, 2H), 6.90 (d, J = 8.8 Hz, 2H), 6.27 (s,
1H), 5.35 (s, 2H), 4.13 (q, J = 7.1 Hz, 2H), 3.83 (s, 2H), 3.78 (s, 3H), 3.72-3.67 (m, 3H), 1.47 (s,
6H), 1.41 (t, J=7.0 Hz, 3H). ES-LCMS m/z 601 (M+H).

Step 4. 2-(4-(5-ethoxy-6-ox0-1,6-dihydropyridin-3-yl)-2-fluorophenyl)-N-(1-methyl-3-(1,1,1-
trifluoro-2-methylpropan-2-yl)-1H-pyrazol-5-vl)acetamide hydrochloride

H
O N
| CF,
AN o7 N F
o \
[ N
N N
H o\

A mixture of 2-(4-(5-ethoxy-6-((4-methoxvbenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)-N-(1-
methyl-3-(1,1, I-trifluoro-2-methylpropan-2-vl)-1H-pyrazol-5-vl)acetamide (150 mg, 0.250 mmol)
in TFA=DCM (solvate) (10 mL, 10%) was stirred for 0.5 h at 25 °C. Then the mixture was
concentrated to give the residue which purified by preparative HPLC (column: ASB C138
150*25mm  /Mobile phase A: Water (Water + 0.1% HCIl)/Mobile phaseB:
Acetonitrile/Gradient:37-67(B%) /Flowrate: 25 mL/min/Run time: 15 min) to yield 2-(4-(5-
ethoxy-6-ox0-1,6-dihydropyridin-3-yl)-2-fluorophenyl)-N-(1-methyl-3-(1,1,1-trifluoro-2-

methylpropan-2-yl)-1H-pyrazol-5-yl)acetamide hydrochloride (83.1 mg, 0.160 mmol, 63.9%
vield): '"H NMR (400 MHz, CD;0D) § 7.48-7.41 (m, 1H), 7.39 (s, 1H), 7.37 (d, J = 3.5 Hz, 1H),
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733 (d, J=2.0 Hz, 1H), 7.26 (d, J = 2.0 Hz, 1H), 6.29 (s, 1H), 4.15 (q. J = 7.0 Hz, 2H), 3.86 (s,
2H), 3.73 (s, 3H), 1.51 (s, 6H), 1.50 - 1.45 (m, 3H). ES-LCMS m/z 481 (M+H).

Example 42: 2-(4-(5-cthoxy-6-ox0-1,6-dihydropyridin-3-yl)-2-fluorophenyl)-N-(3-(1,1,1-trifluoro-
2-methylpropan-2-yl)-1H-pyrazol-5-yl)acetamide hydrochloride

o _N
| CF,
N ™ F
0] o \
| N
N N
H H

Step 1: 5,5,5-trifluoro-4,4-dimethyl-3-oxopentanenitrile
0]

F3C\~)k/CN

To a mixture of acetonitrile (3.22 g, 44.1 mmol) in THF (60 mL) at -78 °C was added »-BuLi
(17.63 mL, 44.1 mmol, 2.5 mol/L). The mixture was stirred at -30°C for 0.5 h. Then to the
mixture was added methyl 3,3,3-trifluoro-2,2-dimethylpropanoate (5 g, 29.4 mmol) dropwise.
Then the mixture was stirred for another 1 h. The mixture was quenched with saturated NH,Cl
solution (50 mL), extracted with EA (100 mL x 2). The organic layer was dried over Na,SQOy,
filtered and concentrated to yield a crude product as a yellow oil of 5,5,5-trifluoro-4,4-dimethyl-3-
oxopentanenitrile (3 g, 16.75 mmol, 57.0% yield): 'H NMR (400 MHz, CD;0D) § 3.75 (s, 2H),
1.40 (s., 6H).

Step 2: 3-(1,1,1-trifluoro-2-methylpropan-2-yl)-1H-pyrazol-5-amine

To a mixture of 5,5,5-trifluoro-4,4-dimethyl-3-oxopentanenitrile (2 g, 11.16 mmol) in EtOH (10
mL) was added hydrazine (1.263 g, 33.5 mmol) and concentrated HCI (0.5 mL). Then the mixture
was stirred at 100 °C for 18 h. Then the mixture was concentrated to give the residue which was
distributed between DCM (20 mL) and H,O (10 mL), and extracted with DCM (20 mL x 2). The
combined organic extracts were washed with brine (20 mL), dried over Na,SO,, filtered and
concentrated. The crude product was purified by silica column chromatography (100% EA, 12 g

silica column). All fractions found to contain product by TLC (EA , Rf= 0.3) were combined and
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concentrated to vield an off-white oil of 3-(1,1,1-trifluoro-2-methylpropan-2-y1)-1H-pyrazol-5-
amine (500 mg, 2.459 mmol, 22.03% yield): '"H NMR (400 MHz, CD;0D) & 5.58 (s, 1H), 1.47 (s,
6H). ES-LCMS m/z 194 (M+H).

Step  3: 2-(4-(5-ethoxy-6-((4-methoxybenzyl)oxy)pyridin-3-y1)-2-fluorophenyl)-V-(3-(1,1,1-

trifluoro-2-methylpropan-2-vl)-1H-pyrazol-5-yl)acetamide

PMBO /N
| CF;
F
-0 X 0O \
[ N
N
NN

To a mixture of 2-(4-(5-ethoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)acetic acid
(100 mg, 0.243 mmol) and 3-(1,1,1-trifluoro-2-methylpropan-2-yl)-1H-pyrazol-5-amine (51.6 mg,
0.267 mmol) in pyridine (3 mL) was added TiP® (EA solvate) (0.3 mL, 0.243 mmol) at 25 °C.
Then the mixture was stirred for 2 h, the mixture was concentrated to give a residue which was
distributed between DCM (20 mL) and H,O (10 mL) and extracted with DCM (20 mL x 2). The
combined organic extracts were washed with brine (20 mL), dried over Na,SO,, filtered and
concentrated to yield a white solid of 2-(4-(5-ethoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-2-
fluorophenyl)-N-(3-(1,1,1-trifluoro-2-methylpropan-2-yl)-1H-pyrazol-5-vl)acetamide (100 mg,
0.102 mmol, 42.1% vield): 'H NMR (400 MHz, CD;0D) § 8.52 (d, J=4.2 Hz, 1H), 7.93 (d, J =
2.0 Hz, 1H), 7.48-7.33 (m, 6H), 6.90 (d, J = 8.6 Hz, 2H), 5.35 (s, 2H), 4.19-4.09 (m, 2H), 3.78 (s,
3H), 3.70-3.63 (m, 2H), 1.54-1.36 (m, 9H). ES-LCMS m.z 587 (M+H).

Step 4:  2-(4-(5-ethoxy-6-ox0-1,6-dihydropyridin-3-vl)-2-fluorophenyl)-N-(3-(1,1,1-trifluoro-2-
methylpropan-2-yl)-1H-pyrazol-5-yl)acetamide hydrochloride

H
(@) N
| CF,
e F
o N\
| N
N N
H H

A mixture of 2-(4-(5-cthoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)-N-(3-(1,1,1-
trifluoro-2-methylpropan-2-yl)-1H-pyrazol-5-yl)acetamide (100 mg, 0.170 mmol) in TFA-DCM
(solvate) (10 mL, 10%) was stirred for 0.5 h at 25 °C. Then the mixture was concentrated to give a
residue which purified by preparative HPLC (column: ASB C18 150*25mm /Mobile phase A:
Water(Water + 0.1% HCI)/Mobile phaseB: Acetonitrile/Gradient:33-63 (B%)/Flowrate: 25
mL/min/Run time: 15 min) to yield a white solid of 2-(4-(5-ethoxy-6-ox0-1,6-dihydropyridin-3-
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y1)-2-fluorophenyl)-N-(3-(1, 1, 1 -trifluoro-2-methylpropan-2-yl)-1H-pyrazol-5-yl)acetamide
hydrochloride (43.33 mg, 0.084 mmol, 49.2% vield): "H NMR (400 MHz, DMSO-d6) & 11.81 (s,
1H), 10.68 (s, 1H), 7.46-7.28 (m, 5H), 7.11 (d, J = 2.0 Hz, 1H), 6.41 (s, 1H), 4.03 (q, J = 6.8 Hz,
2H), 3.66 (s, 2H), 1.45 (s, 6H), 1.32 (t, /= 6.9 Hz, 3H). ES-LCMS m/z 467 (M+H).

Example 43: N-(4-(2,2-difluoro-3-hydroxypropyl)-3-(trifluoromethyl)phenyl)-2-(4-(5-ethoxy-6-
oxo0-1,6-dihydropyridin-3-yl)-2-fluorophenyl)acetamide

H
Os N
.
F F
N CF3
H

Step 1: Ethyl 2,2-difluoro-3-(2-(trifluoromethyl)phenyl)propanoate
@)
O/\

F F
CF,

To a mixture of 1-(bromomethyl)-2-(trifluoromethyl)benzene (0.5 g, 2.092 mmol) in DMSO (10
mL) was added ethyl 2 2-difluoro-2-iodoacetate (0.410 mL, 2.000 mmol) and copper (0.439 g,
6.90 mmol) at rt. The mixture was stirred at 20 °C for 10 h. The mixture was extracted with EA,
washed with brine, and the organic layer was concentrated to give ethyl 2,2-difluoro-3-(2-
(trifluoromethyl)phenyl)propanoate (320 mg, 0.981 mmol, 46.9% yield): 'H NMR (400 MHz,
CD;0D-dy) 6 7.72 (d, J = 7.8 Hz, 1H), 7.60-7.45 (m, 3H), 426 (d, J= 7.1 Hz, 2H), 3.63 (t, J =
16.9 Hz, 2H), 1.24 (t,J= 7.2 Hz, 3H).

Step 2: 2,2-Difluoro-3-(4-nitro-2-(trifluoromethyl)phenyl)propanoate
o)
O/\
F F
O,N CF,
A mixture of ethyl 2,2-difluoro-3-(2-(trifluoromethyl)phenyl)propanoate (250 mg, 0.886 mmol) in
H,S0, (5 mL) was added potassium nitroperoxous acid (99 mg, 0.974 mmol) at rt. The mixture
was stirred at 20 °C for 2 h. TLC (PE/EA = 5:1, Ry = 0.6) showed the reaction was finished. The
mixture was poured into ice-water. The mixture was extracted with EA (10 mL x 3) and washed
with water. The organic layer was concentrated to give ethyl 2,2-difluoro-3-(4-nitro-2-

(trifluoromethyl)phenyl)propanoate (230 mg, 0.643 mmol, 72.6% yield): 'H NMR (400 MHz,
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CD;0D-dy) 6 8.56 (d, J = 2.2 Hz, 1H), 8.48 (dd, J = 2.4, 8.6 Hz, 1H), 7.86 (d, J = 8.6 Hz, 1H),
431 (q,J="7.1Hz, 2H), 3.80 (t, J= 17.0 Hz, 2H), 1.29 (t,J = 7.2 Hz, 3H).

Step 3: Ethyl 3-(4-amino-2-(trifluoromethyl)phenyl)-2,2-difluoropropanoate
@)
0"

F F

H,N CF,

To a mixture of ethyl 2,2-difluoro-3-(4-nitro-2-(trifluoromethyl)phenyl)propanoate (220 mg, 0.672
mmol) in MeOH (10mL) was added Pd/C (71.6 mg, 0.672 mmol) under N,. The mixture was then
stirred under a H, atmosphere for 1 h. LCMS and TLC (PE/EA = 5:1, Rf = 0.3) showed the
reaction was finished. The mixture was filtered and the filtrate was concentrated to give ethyl 3-
(4-amino-2-(trifluoromethyl)phenyl)-2,2-difluoropropanoate (190 mg, 0.573 mmol, 85% yield): 'H
NMR (400 MHz, CD;0D-dy) 6 7.15 (s, 1H), 6.97 (d, J = 2.2 Hz, 1H), 6.81 (dd, J = 2.1, 8.4 Hz,
1H), 424 (q.J=7.1 Hz, 2H), 3.42 (t, /= 16.8 Hz, 2H), 1.24 (t, /= 7.1 Hz, 3H). ES-LCMS mz
298 (M+H).

Step 4: Ethyl 3-(4-(2-(4-(5-cthoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-2-
fluorophenyl)acctamido)-2-(trifluoromcthyl)phenyl)-2,2-difluoropropanoatc
PMBO N

F
/\O ™ 0 O/\
F F
N CF,
H

To a mixture of 2-(4-(5-ethoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)acetic acid
(150 mg, 0365 mmol) in pyridine (2 mL) were added ethyl 3-(4-amino-2-
(trifluoromethyl)phenyl)-2.2-difluoropropanoate (108 mg, 0.365 mmol) and TsP* (EA solvate)
(464 mg, 0.729 mmol). The mixture was stirred at 20 °C for 1 h. LCMS and TLC (PE/EA = 1:1,
Rf = 0.5) showed the reaction was finished. The mixture was concentrated and then purified by
TLC (PE/EA = 1:1, R¢= 0.5) to give ethyl 3-(4-(2-(4-(5-cthoxy-6-((4-methoxybenzyl)oxy)pyridin-
3-yl)-2-fluorophenyl)acetamido)-2-(trifluoromethyl)phenyl)-2.2-difluoropropancate (120 mg,
0.150 mmol, 41.2% yield): '"H NMR (400 MHz, CD;0D-d,) & 8.08-8.02 (m, 1H), 7.94 (d, J = 2.0
Hz, 1H), 7.78 (s, 1H), 7.54-7.33 (m, 7H), 6.90 (d, J = 8.8 Hz, 2H), 5.35 (s, 2H), 426 (q. /=173
Hz, 2H), 4.13 (q,J = 7.1 Hz, 2H), 3.81 (s, 2H), 3.78 (s, 3H), 3.63-3.52 (m, 2H), 1.41 (t,/=7.1 Hz,
3H), 1.25 (t, J=7.2 Hz, 3H):ES-LCMS m/z 691 (M+H).
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Step 5: N-(4-(2,2-difluoro-3-hydroxypropyl)-3-(trifluoromethyl)phenyl)-2-(4-(5-ethoxy-6-((4-
methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)acetamide

PMBO
OH
FF
N CF4

H
To a mixture of ethyl 3-(4-(2-(4-(5-ethoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-2-

fluorophenyl)acetamido)-2-(trifluoromethyl)phenyl)-2,2-difluoropropancate (100 mg, 0.145
mmol) in THF (5 mL) was added LAH (5.50 mg, 0.145 mmol) at 0 °C. The mixture was stirred
for 1 h. LCMS and TLC (PE/EA = 1:1, R¢= 0.2) showed the reaction was finished. The reaction
was quenched by water (0.3 mL). The mixture was filtered, and the filtrate was concentrated to
give N-(4-(2,2-difluoro-3-hydroxypropyl)-3-(trifluoromethyl)phenyl)-2-(4-(5-ethoxy-6-((4-
methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)acetamide (80 mg, 0.104 mmol, 71.6% yield):
'H NMR (400 MHz, CD;0D-d,) § 8.01 (s, 1H), 7.94 (d, J= 2.0 Hz, 1H), 7.77 (d, J = 8.6 Hz, 1H),
7.52 (d, J= 8.8 Hz, 1H), 7.47-7.27 (m, 6H), 6.90 (d, J = 8.8 Hz, 2H), 5.35 (s, 2H), 4.22-4.11 (m,
2H), 3.82-3.75 (m, 3H), 3.67 (t, J = 13.0 Hz, 2H), 3.47-3.37 (m, 2H), 3.37-3.34 (m, 2H), 1 .41 (t,J
=7.1 Hz, 3H). ES-LCMS m/z 649 (M+H).

Step 6: N-(4-(2,2-difluoro-3-hydroxypropyl)-3-(trifluoromethyl)phenyl)-2-(4-(5-ethoxy-6-oxo-1,6-
dihydropyridin-3-vl)-2-fluorophenyl)acetamide

H
O« __N
| F
F F
N CF,
H

A mixture of N-(4-(2,2-difluoro-3-hydroxypropyl)-3-(trifluoromethyl)phenyl)-2-(4-(5-ethoxy-6-
((4-methoxybenzyl)oxy)pyridin-3-vl)-2-fluorophenyl)acetamide (50 mg, 0.077 mmol) in DCM
(5mL) was added TFA (0.012 mL, 0.154 mmol). The mixture was stirred at 20 °C for 1 h. LCMS
showed the reaction was finished. The mixture was concentrated to give crude product, which
was purified by preparative HPLC (Column: ASB C18 150*25mm; Mobile phase A: Water+0.1%
HCI; Mobile phaseB: MeCN; Flowrate:25mLI/min; Gradient Profile Description: 26-56 (B%)) to
give  N-(4-(2,2-difluoro-3-hydroxypropyl)-3-(trifluoromethyl)phenyl)-2-(4-(5-ethoxy-6-oxo-1,6-
dihydropyridin-3-yl)-2-fluorophenyl)acetamide (16.72 mg, 0.032 mmol, 41.0% yicld): 'H NMR
(400 MHz, CD;0D-d4) 6 8.01 (s, 1H), 7.76 (d, J=8.4 Hz, 1H), 7.52 (d, J= 8.4 Hz, 1H), 7.40 (d, J
=17.5 Hz, 1H), 7.36-7.26 (m, 3H), 7.23 (s, 1H), 4.12 (d, /= 7.1 Hz, 2H), 3.80 (s, 2H), 3.68 (t, J =
12.8 Hz, 2H), 3.41 (t,J=17.1 Hz, 2H), 1.45 (t, J= 6.9 Hz, 3H). ES-LCMS m.z 529(M+H).
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Example 44 N-(3-(2H-tetrazol-5-yl)-5-(trifluoromethyl)phenyl)-2-(4-(5-cthoxy-6-0x0-1,6-

dihydropyridin-3-yl)-2-fluorophenyl)acetamide

H
N—N
H /i \
O N N /N
P YN F
O O
H CF3

Step 1: 3-nitro-5-(trifluoromethyl)benzoyl chloride
COCI

O,N CF,
A mixture of 3-nitro-5-(trifluoromethyl)benzoic acid (2 g, 8.51 mmol) in DCM (30mL) was added
SOCl, (1.242 mL, 17.01 mmol) at 20 °C. The mixture was stirred at 20 °C for 2 h. TLC (PE/EA
=2:1, R¢= 0.3) showed the reaction was finished. The mixture was concentrated to give 3-nitro-5-

(trifluoromethyl)benzoyl chloride (1.8 g, 6.50 mmol, 76 % vield).

Step 2: 3-Nitro-5-(trifluoromethyl)benzamide
CONH,

O,N CF,

To a mixture of 3-nitro-5-(trifluoromethyl)benzoyl chloride (1.8 g, 7.10 mmol) in THF (20 mL)
was added NH,OH (2.96 mL, 21.30 mmol) at 20 °C. The mixture was stirred at 20 °C for 12 h.
LCMS showed the reaction was finished. The mixture was extracted with EA, washed with water,
and concentrated to give 3-nitro-5-(trifluoromethyl)benzamide (1.5 g, 5.86 mmol, 83% yield): 'H
NMR (400 MHz, DMSO-ds) 6 8.91 (s, 1H), 8.62 (br.s, 2H), 8.53 (s, 1H), 7.93 (s., IH). ES-LCMS
m/z 235 (M+H).

Step 3: 3-Nitro-5-(trifluoromethyl)benzonitrile
CN

O,N CF,

To a mixture of 3-nitro-5-(trifluoromethyl)benzamide (1.5 g, 6.41 mmol) in DCM (20mL) were
added Et;N (1.314 mL, 9.61 mmol) and trifluoroacetic anhydride (1.357 mL, 9.61 mmol) at 20 °C.
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The mixture was stirred at 20 °C for 2 h. TLC (PE/EA = 3:1, Ry = 0.6) showed the reaction was
finished. The reaction was concentrated to give crude product, which was purified by column
chromatography (PE/EA = 3:1, Rs = 0.6) to give 3-nitro-3-(trifluoromethyl)benzonitrile (1.2 g,
5.14 mmol, 80% yield): '"H NMR (400 MHz, CDCls-d) & 8.71 (s, 2H), 8.24 (s, 1H).

Step 4: 5-(3-nitro-5-(trifluoromethyl)phenyl)-2H-tetrazole

H
N—N
17 \
NN
O,N CF,

To a mixture of 3-nitro-5-(trifluoromethyl)benzonitrile (400 mg, 1.851 mmol) in DMF (20mL)
was added sodium azide (361 mg, 5.55 mmol) at rt. The mixture was stirred at 120 °C overnight.
LCMS showed the reaction was finished. The reaction was quenched by water. The mixture was
extracted with EA (20 mL x 3), washed with water, and concentrated to give 5-(3-nitro-5-
(trifluoromethyl)phenyl)-2H-tetrazole (220 mg, 0.743 mmol, 40.1% vield): '"H NMR (400 MHz,
DMSO-d¢) 69.03 (s, 1H), 8.73 (s, 1H), 8.66 (s, 1H), 7.92 (s, 1H). ES-LCMS m/z 260 (M+H).

Step 5: 3-(2H-tetrazol-5-yl)-5-(trifluoromethyl)aniline

H
N—N
/] \
N__N
H,N CF,

A mixture of 5-(3-nitro-5-(trifluoromethyl)phenyl)-2H-tetrazole (220 mg, 0.849 mmol) in MecOH
(10 mL) was added Pd/C (45.2 mg, 0.424 mmol) under N,. The mixture was stirred at 20 °C under
a H, atmosphere for 1 h. LCMS showed the reaction was finished. The mixture was filtrated, and
the filtrate was concentrated to give 3-(2H-tetrazol-5-y1)-5-(trifluoromethyl)aniline (200 mg, 0.781
mmol, 92% yield): '"H NMR (400 MHz, METHANOL-d,) & 7.96 (s, 1H), 7.71 (s, 1H), 7.32 (s,
IH). ES-LCMS (m/z) 230 (M+H).
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Step 6: N-(3-(2H-tetrazol-5-y1)-5-(trifluoromethyl)phenyl)-2-(4-(5-ethoxy-6-((4-methoxybenzyl)
oxy)pyridin-3-yl)-2-fluorophenyl)acetamide

PMBO N

N—NH
N. N
B [
/\O A F o
N CF
H 3

To a mixture of 2-(4-(5-cthoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl) acetic acid
(100 mg, 0243 mmol) in pyridine (10 mL) were added 3-(2H-tetrazol-5-yl)-5-
(trifluoromethyl)aniline (55.7 mg, 0.243 mmol) and TsP* (EA solvate) (220 mg, 0.346 mmol).
The mixture was stirred at 20 °C for 1 h. LCMS showed the reaction was finished. The reaction
was quenched with ice-water. The mixture was concentrated to give crude product, which was
purified by TLC to give N-(3-(2H-tetrazol-5-yl)-5-(trifluoromethyl)phenyl)-2-(4-(5-ethoxy-6-((4-
methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl) acetamide (75 mg, 0.104 mmol, 42.9% vield):
'H NMR (400 MHz, CD;0D-d,) § 8.62 (d, J = 4.4 Hz, 2H), 8.04 (d, J = 1.5 Hz, 1H), 7.94 (s, 1H),
7.61(dd,J=6.1, 7.8 Hz, 2H), 7.38 (d, J = 8.6 Hz, 3H), 6.92-6.85 (m, 3H), 5.35 (s, 2H), 4.15 (d, J
= 6.8 Hz, 2H), 3.77 (s, 2H), 3.38-3.33 (m, 3H), 1.30-1.18 (m, 3H). ES-LCMS m/z 623(M+H).

Step 7 N-(3-(2H-tetrazol-5-y1)-5-(trifluoromethyl)phenvl)-2-(4-(5-cthoxy-6-oxo0-1,6-
dihydropyridin-3-yl)-2-fluorophenyl)acetamide

H
N—N
1

H / \
Os N N__N
F
/\OIJ\@/?J\ /é\
N CF
H 3

To a mixture of N-(3-(2H-tetrazol-5-yl)-5-(trifluoromethyl)phenyl)-2-(4-(5-ethoxy-6-((4-
methoxybenzyl) oxy)pyridin-3-yl)-2-fluorophenyl)acetamide (30 mg, 0.048 mmol) in DCM (5mL)
was added TFA (7.42 pL, 0.096 mmol). The mixture was stirred at 20 °C for 1 h. LCMS showed
the reaction was finished. The mixture was concentrated to give crude product, which was
purified by preparative HPLC (Column: ASB C18 150*25mm; Mobile phase A: Water+0.1% HCI:
Mobile phaseB: MeCN; Flowrate:25mLIl/min; Gradient Profile Description: 30-66 (B%)) to give
N-(3-(2H-tetrazol-5-yl)-5-(trifluoromethyl)phenyl)-2-(4-(5-cthoxy-6-ox0-1,6-dihydropyridin-3-

y1)-2-fluorophenyl)acetamide (5.12 mg, 10.01 pmol, 20.8% yicld): "H NMR (400 MHz, DMSO-
de) 6 11.83 (br. s., 1H), 11.33 (s, 1H), 10.85 (s, 1H), 8.69-8.57 (m, 1H), 8.21 (s, 1H), 8.01 (s, 1H),
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747 (d, J = 11.7 Hz, 1H), 7.42-7.27 (m, 3H), 7.12 (br. s., 1H), 4.03 (d, J = 6.8 Hz, 2H), 3.79 (s,
2H), 1.31 (t, J = 6.8 Hz, 3H). ES-LCMS m/z 503(M+H).

Example 45: 2-(4-(5-ethoxy-6-oxo0-1,6-dihydropyridin-3-yl)-2-fluorophenyl)-N-(3-(1-methyl-1H-
pyrazol-4-y1)-5-(trifluoromethyl)phenyl)acetamide hydrochloride

/
N—N
H i/
o) N Y
A %
O O
N CF,

Step 1: 1-Methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole

A suspension of 4-bromo-1-methyl-1H-pyrazole (2 g, 12.42 mmol), 4,4,4' 4'5,5,5',5"-octamethyl-
2,2'-bi(1,3,2-dioxaborolane) (3.47 g, 13.66 mmol), KOAc (2.438 g, 24.84 mmol), PdCl,(dppf)
(0.909 g, 1.242 mmol) in 1,4-dioxane (20 mL) was heated to 100 °C for 5 h under N, atmosphere.
The mixture was concentrated to give the residue which was extracted with DCM (15 mL x 2).
The organic extract was washed with brine (20 mL ), dried over Na,SO,, filtered and concentrated,
and then the crude product was purified by silica column chromatography (10% EA: 90%
Petroleum ether, 4 g silica column). All fractions found to contain product by TLC (EA :
Petroleum ether = 1:1, Ry = 0.3) were combined and concentrated to vyield a yellow solid of 1-
methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)-1H-pyrazole (700 mg, 3.36 mmol, 27.1%
yield): 'H NMR (400 MHz, CDCl;) § 7.77 (s, 1H), 7.66 (s, 1H), 3.92 (s, 3H), 1.32 (s, 12H). ES-
LCMS m/z 209 (M+H).
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Step 2: 1-methyl-4-(3-nitro-5-(trifluoromethyl)phenyl)-1H-pyrazole
/
N—N

(/

O,N CF,

A suspension of 1-bromo-3-nitro-5-(trifluoromethyl)benzene (1 g, 3.70 mmol) in 1,4-dioxane (12
mL) and water (4 mL) was added to a solution of 1-methyl-4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-1H-pyrazole (0.771 g, 3.70 mmol) in 1,4-dioxane (12 mL) and water (4 mL).
PdClLy(dppf) (0.271 g, 0.370 mmol) and Cs,CO; (2.413 g, 7.41 mmol) were added and the mixture
was heated at 100 °C for 20 min. The mixture was then cooled to rt. Then the solution was
concentrated and distributed between EA and saturated NaHCOj; solution. The combined organic
extracts were washed with brine, dried over MgSQ,, filtered and concentrated. The crude material
was purified by silica column chromatography (PE/EA = 1:1). All fractions found to contain
product by TLC (PE/EA = 5:1, Ry = 0.3) were combined and concentrated to yield a light vellow
solid of 1-methyl-4-(3-nitro-5-(trifluoromethyl)phenyl)-1H-pyrazole (300 mg, 1.106 mmol, 29.9%
yield): "H NMR (400 MHz, CDCl;) & 8.47 (s, 1H), 8.31 (s, 1H), 7.99 (s, 1H), 7.89 (s, 1H), 7.81 (s,
1H), 4.01 (s, 3H). ES-LCMS m/z 272 (M+H).

Step 3: 3-(1-methyl-1H-pyrazol-4-yl)-5-(trifluoromethyl)aniline
/
N—N

(s

H,N CF,

To a suspension of 1-methyl-4-(3-nitro-5-(trifluoromethyl)phenyl)-1H-pyrazole (300 mg, 1.106
mmol) in MeOH (10 mL) was added Pd/C (118 mg, 1.106 mmol). The mixture was hydrogenated
at 40 psi at 28 °C for 12 h under a H, atmosphere. Then the solution was filtered and concentrated
to yield 3-(1-methyl-1H-pyrazol-4-vl)-5-(trifluoromethyl)aniline (240 mg, 0.995 mmol, 90%
yield). TLC (PE/EA = 1:1, Ry = 0.3): '"H NMR (400 MHz, CD;OD) & 7.98 (s, 1H), 7.81 (s, 1H),
7.16 (d,J=7.3 Hz, 2H), 6.88 (s, 1H), 3.92 (s, 3H). ES-LCMS m/z 242 (M+H).
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Step  4: 2-(4-(5-cthoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)-N-(3-(1-methyl-
1H-pyrazol-4-yl)-5-(trifluoromethyl)phenyl)acetamide

/
l/\l—N
PMB/O N | 4
F
A0 0
N CF
H 3

To a solution of 2-(4-(5-ethoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)acetic acid
(100 mg, 0.243 mmol) and 3-(1-methyl-1H-pyrazol-4-yl)-5-(trifluoromethyl)aniline (58.6 mg,
0.243 mmol) in pyridine (2 mL) was added TsP® (0.5 mL, 0.243 mmol) at 27 °C under N,. The
mixture was stirred at 27 °C for 30 min. LCMS showed the reaction was completed. Then the
mixture was put onto ice (5 g). The mixture was concentrated to give the residue. The residue
was purified by preparative TLC (DCM/MeOH = 10:1, R¢= 0.6) to yield a light vellow solid of 2-
(4-(5-cthoxy-6-((4-methoxybenzyl)oxy)pyridin-3-y1)-2-fluorophenyl)-N-(3-(1-methyl-1H-pyrazol-
4-y1)-5-(trifluoromethyl)phenyl)acetamide (138 mg, 0.217 mmol, 89% yield): 'H NMR (400 MHz,
CD;0D) 6 8.09-7.93 (m, 2H), 7.87-7.76 (m, 2H), 7.69-7.52 (m, 2H), 7.49-7.33 (m, 4H), 7.23 (dd, J
=728, 16.4 Hz, 2H), 6.91 (d, /= 7.9 Hz, 1H), 6.72 (d, /= 8.4 Hz, 1H), 5.38-5.15 (m, 2H), 4.15 (d,
J=17.1Hz, 2H), 3.94-3.60 (m, 8H), 1.42 (t,J= 6.8 Hz, 3H). ES-LCMS m/z 635 (M+H).

Step  5:  2-(4-(5-cthoxy-6-ox0-1,6-dihydropyridin-3-yl)-2-fluorophenyl)-NV-(3-(1-methyl-1H-
pyrazol-4-y1)-5-(trifluoromethyl)phenyl)acetamide hydrochloride

/
N—N
H /
O N V7
2 n@u 5
O O
N CF,

A solution of TFA (10% in DCM, 10 mL) was added to a suspension of 2-(4-(5-ethoxy-6-((4-
methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)-N-(3-(1-methyl-1H-pyrazol-4-y1)-5-
(trifluoromethyl)phenyl)acetamide (138 mg, 0217 mmol) in DCM (5 mL). The mixture was
stirred at 26 °C for 3 h. Then the solution was concentrated betwween 40 °C and 45 °C. The
crude material was purified by preparative HPLC (Instrument: DC /Column: ASB C18 150*25mm
/Mobile phase A: Water+0.1% HCl/Mobile phaseB: MeCN / Flowrate: 25 mL/min / Gradient
Profile Description: 18-38 (B%)) to give an off-white solid of 2-(4-(5-cthoxy-6-ox0-1,6-
dihydropyridin-3-yl)-2-fluorophenyl)-N-(3-(1-methyl-1H-pyrazol-4-yl)-5-
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(trifluoromethyl)phenyl)acetamide hydrochloride (31.5 mg, 0.057 mmol, 26.3% vyield). TLC
(DCM/MeOH = 10:1, R = 0.6): 'H NMR (400 MHz, CD;OD) & 8.22 (s, 1H), 8.11-8.02 (m, 2H),
7.84 (s, 1H), 7.73 (d, J = 2.5 Hz, 2H), 7.60 (s, 1H), 7.55-7.43 (m, 3H), 4.30 (q, J = 6.7 Hz, 2H),
4.01 (s, 3H), 3.88 (s, 2H), 1.51 (t, J= 7.0 Hz, 3H). ES-LCMS m/z 515 (M+H).

Example 46: N-(3-(2-(dimethylamino)ethoxy)-5-(trifluoromethyl)phenyl)-2-(4-(5-cthoxy-6-oxo-
1,6-dihydropyridin-3-yl)-2-fluorophenyl)acetamide

H
O N
| CF,
F
/\O X o /@\ |
N

Step 1: N,N-dimethyl-2-(3-nitro-5-(trifluoromethyl)phenoxy)ethanamine

N
02N O/\/ ~N

A suspension of 2-(dimethylamino)ethanol (128 mg, 1.435 mmol) in DMF (5 mL) was added to a
solution of 1-fluoro-3-nitro-3-(trifluoromethyl)benzene (200 mg, 0.956 mmol) in DMF (5 mL).
K,;COs5 (264 mg, 1.913 mmol) was added and the mixture was stirred at 80 °C for 8 h. The mixture
was cooled to rt. Then the solution was concentrated and distributed between ethyl acetate and
saturated NaHCO; solution. The combined organic extracts were washed with brine, dried over
MgSQ,, filtered and concentrated. The crude material was purified by preparative TLC (PE/EA =
51, Ry = 06) to wvield a light yellow solid of N N-dimethyl-2-(3-nitro-5-
(trifluoromethyl)phenoxy)ethanamine (75 mg, 0.270 mmol, 28.2% vield): 'H NMR (400 MHz,
CD;0D) & 8.22-8.02 (m, 2H), 7.72 (s, 1H), 4.43 (t, /= 5.1 Hz, 2H), 3.26 (t, /= 4.9 Hz, 2H), 2.78-
2.60 (m, 6H). ES-LCMS m/z 279 (M+H).

Step 2: 3-(2-(dimethylamino)ethoxy)-5-(trifluoromethyl)aniline

N
H,N 07NN

A suspension of N,N-dimethyl-2-(3-nitro-5-(trifluoromethyl)phenoxy)ethanamine (75 mg, 0.270
mmol) in MeOH (5 mL) was added to a solution of Pd/C (57.4 mg, 0.539 mmol) in MeOH (5 mL).

The mixture was hydrogenated at 26 °C for 3 h under a H, atmosphere. Then the solution was
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filtered and concentrated to afford 3-(2-(dimethylamino)ethoxy)-5-(trifluoromethyl)aniline (60.3
mg, 0.243 mmol, 90% yield). TLC (PE/EA = 1:1, R¢= 0.5): '"H NMR (400 MHz, CD;0D) & 6.56
(s, 1H), 6.48 (s, 2H), 4.24-4.17 (m, 2H), 3.18 (t,.J =5.1 Hz, 2H), 2.67 (s, 6H). ES-LCMS m/z 249
(M+H).

Step 3: N-(3-(2-(dimethylamino)ethoxy)-5-(trifluoromethyl)phenyl)-2-(4-(5-ethoxy-6-((4-
methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)acetamide

_O__N
PMB | = CF;
F
/\O = o /@\ |
N O/\/N\
H

To a solution of 2-(4-(5-ethoxy-6-((4-methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)acetic acid
(100 mg, 0243 mmol) and 3-(2-(dimethylamino)ethoxy)-5-(trifluoromethyl)aniline (60.3 mg,
0.243 mmol) in pyridine (2 mL) was added TsP* (0.5 mL, 0.243 mmol) at 27 °C under N,. The
mixture was stirred at 27 °C for 30 min. LCMS showed the reaction was completed. Then the
mixture was put onto ice (10 mg). The precipitate was filtered and redissolved in DCM (5 mL).
The solution was washed with water (5 mL x 2), and the combined organic extracts were dried
over Na,SQ,, filtered and concentrated. The residue was suspended in PE/EA (2:1, v/v, 8 mL) and
stirred for 10 min. The solid was filtered, and washed with PE/EA (2:1, v/v, 10 mL) and dried in
vacuo to give an off-white solid of N-(3-(2-(dimethylamino)ethoxy)-5-(trifluoromethyl)phenyl)-2-
(4-(5-ethoxy-6-((4-methoxybenzyl)oxy)pyridin-3-vl)-2-fluorophenyl)acetamide (100 mg, 0.156
mmol, 64.1% yield). TLC (PE/EA = 1:1, R¢= 0.3): '"H NMR (400 MHz, CD;0D) § 7.97-7.92 (m,
1H), 7.76 (br. s., 1H), 7.48-7.37 (m, 7H), 7.04 (s, 1H), 6.91 (d, J = 8.6 Hz, 2H), 5.36 (s, 2H), 4.14
(g, J=17.1 Hz, 4H), 3.86-3.78 (m, 5H), 2.97 (br. s., 8H), 1.42 (t, /= 6.9 Hz, 4H). ES-LCMS m/z
642 (M+H).

Step  4:  N-(3-(2-(dimethylamino)ethoxy)-5-(trifluoromethyl)phenyl)-2-(4-(5-ethoxy-6-oxo0-1,6-
dihydropyridin-3-yl)-2-fluorophenyl)acetamide

H
O N
| CF,
F
/\O x o /@\ |
N

To a suspension of N-(3-(2-(dimethylamino)ethoxy)-5-(trifluoromethyl)phenyl)-2-(4-(5-ethoxy-6-
((4-methoxybenzyl)oxy)pyridin-3-yl)-2-fluorophenyl)acetamide (100 mg, 0.156 mmol) in MeOH
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(10 mL) was added Pd/C (16.59 mg, 0.156 mmol). The mixture was hydrogenated at 26 °C for 3 h
under a H; atmosphere. Then the solution was filtered and concentrated to give the residue. The
crude material was purified by preparative HPLC (Instrument: Gilson GX281 /Column: Gemini
150*25mm*5um /Mobile phase A: Water (0.05% ammonia solution)/Mobile phaseB:
Acetonitrile/Gradient: 52-82(B%)/Flowrate: 25 mL/min/Run time: 10 min) to vield a white solid of
N-(3-(2-(dimethylamino)ethoxy)-5-(trifluoromethyl)phenyl)-2-(4-(5-ethoxy-6-ox0-1,6-
dihydropyridin-3-yl)-2-fluorophenyl)acetamide (41.16 mg, 0.079 mmol, 50.6% vield). TLC
(DCM/MeOH = 10:1, Ry = 0.4): '"H NMR (400 MHz, CD;0D) § 7.56-7.47 (m, 2H), 7.46-7.39 (m,
1H), 7.38-7.29 (m, 3H), 7.24 (d, J = 2.2 Hz, 1H), 6.96 (s, 1H), 4.19-4.09 (m, 4H), 3.80 (s, 2H),
2.81 (t,J=5.3Hz, 2H), 2.36 (s, 6H), 1.47 (t,J = 6.9 Hz, 3H). ES-LCMS m/z 522 (M+H).

Biological Assays
The compound of the present invention was tested for RET kinase inhibitory activity in a

RET kinase enzyme assay, a cell-based mechanistic assay and a cell-based proliferation assay.

RET Kinase Enzymatic Assay

Human RET kinase cytoplasmic domain (amino acids 658-1114 of accession number
NP _000314.1) was expressed as an N-terminal GST-fusion protein using a baculovirus expression
system. GST-RET was purified using glutathione sepharose chromatography. The RET kinase
enzymatic assay was performed in a total volume of 10 ulL with increasing concentrations of RET
kinase inhibitor as a singlet in a 384 well format as follows: RET inhibitor compound plates are
prepared by adding 100 nL of RET inhibitor at different concentrations to a 384-well plate. 5
pL/well of a 2X enzyme mix (50 mM HEPES (4-(2-hydroxyethyl)-1-piperazineethanesulfonic
acid); 1 mM CHAPS (3-[(3-cholamidopropyl)dimethylammonio]-1-propanesulfonate); 0.1 mg/mL
BSA (bovine serum albumin); 1 mM DTT (dithiothreitol); 0.2 nM RET kinase) was added to the
384-well plate and incubated for 30 minutes at 23°C. 5 uL/well of a 2X substrate mix (50 mM
HEPES; 1 mM CHAPS; 0.1 mg/mL BSA; 20 uM adenosine triphosphate; 20 mM MgCl, and 1
uM biotinylated peptide substrate) was added and incubated for 1 hour at 23°C. 10 uL/well of 2X
stop/detection mix (50 mM HEPES; 0.1 % BSA; 800 mM Potassium Fluoride; 50 mM EDTA
(Ethylenediaminetetraacetic acid); 200 X dilution of Europium Cryptate labeled anti-
phosphotyrosine antibody; 62.5 nM Streptavidin-XL665) incubated for 1 hour at 23°C and read on
a Homogenous Time-Resolved Fluorescence reader. ICsos were fitted using GraphPad Prism to a

sigmoidal dose response.
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RET Kinase Cell-Based Mechanistic Assay

The potency of the compound of the invention was tested for its ability to inhibit
constitutive RET kinase phosphorylation in cell-based assay. TT cells (ATCC CRL-1803), a
medullary thyroid cancer cell line with constitutively activated RET kinase, were maintained in
150 cm” dishes in F12 Kaighn’'s medium, 10% fetal bovine serum, 1X Glutamax, 1X non-essential
amino acids, 1X Pen/Strep antibiotics at 37 °C in 5 % carbon dioxide. 1.0E5 TT cells/well were
plated in a 96-well cell culture plate and allowed to adhere overnight. TT cells were treated with
different concentrations of RET inhibitor compounds for 2 h at 37 °C in 5 % carbon dioxide,
washed with ice cold PBS (phosphate buffered saline) and lysed by adding 200 pL of 25 mM Tris
HCl pH 7.5; 2 mM EDTA; 150 mM NaCl; 1 % sodium deoxycholate; 1 % Triton X-100; 50 mM
sodium beta glycerophosphate; 1 mM sodium orthovanadate; 1X phosphatase inhibitor cocktail #2
(Sigma #P5726); 1X phosphatase inhibitor cocktail #3 (Sigma #P0044) and 1X complete mini
EDTA free protease inhibitor cocktail (Roche #4693159001), incubation at -80 °C for 10 minutes
and thawed on ice. 100 pL of TT cell lysate was added to a 96-well plate overnight at 4 °C that
had been coated overnight at 4 °C with 1:1,000 dilution of a rabbit anti-RET antibody (Cell
Signaling #7032) blocked with 1X PBS: 0.05 % Tween-20; 1 % bovine serum albumin. Plates
were washed 4X with 200 uL of 1X PBS; 0.05 % Tween-20 and then 100 pL of a 1:1,000 dilution
of an anti-phosphotyrosine detection antibody (Cell Signaling #7034) was added and incubated for
1 hour at 37 °C. Plates were washed 4X with 200 pL of 1X PBS; 0.05 % Tween-20 and then 100
pL of a 1:1,000 dilution of an anti-mouse immunoglobulin horse radish peroxidase conjugate
antibody (Cell Signaling #7034) was added and incubated for 30 minutes at 37 °C. Plates were
washed 4X with 200 pL of 1X PBS; 0.05 % Tween-20, 100 pul. of TMB (3,3', 5,5"-
tetramethylbenzidine) substrate (Cell Signaling #7004) was added, incubated for 10 minutes at 37
°C, 100 pL of Stop solution (Cell Signaling #7002) was added and absorbance read on a
spectrophotometer at 450 nm. ICses were fitted using GraphPad Prism to a sigmoidal dose

responsc.

RET Kinase Cell-Based Proliferation Assay

The potency of the compound of the invention was tested for its ability to inhibit cell
proliferation and cell viability. TT cells (ATCC CRL-1803), a medullary thyroid cancer cell line
with constitutively activated RET kinase, were maintained in 150 cm® dishes in F12 Kaighn's
medium, 10% fetal bovine serum, 1X Glutamax, 1X non-essential amino acids, 1X Pen/Strep
antibiotics at 37 °C in 5 % carbon dioxide. 6.0E3 TT cells/well in 50 pL of media were added to a
96-well cell culture plate and allowed to adhere overnight. 50 pL of serially diluted RET inhibitor

compounds were added to 96-well plate containing cultured TT cells and incubated at at 37 °C in 5
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% carbon dioxide for eight days. 50 pL of CellTiter-Glo (Promega #G-7573) was added, contents
mixed for 1 minute on shaker followed by 10 minutes in the dark at 23 °C and the luminescence
read by EnVision (PerkinElmer). ICsos were fitted using GraphPad Prism to a sigmoidal dose

responsc.

Biological Data

Exemplified compounds of the present invention were tested in one or more RET assays
described above and were found to be inhibitors of RET with ICs, < 10 uM. Data for specific
examples tested in the human RET kinase enzymatic assays are listed below in Table 2 as follows:
+ =10 uM > ICso > 500 nM; ++ = 500 nM > ICso > 100 nM; +++ = IC5p < 100 nM. Data for
specific examples tested in the human RET kinase cell-based mechanistic assay are listed below in
Table 3 as follows: += 10 uM > ICs > 500 nM; ++ = 500 nM > ICsy > 100 nM; +++=1C50 < 100
nM; ND = Not Determined. Data for specific examples tested in the human RET kinase cell-based
proliferation assay are listed below in Table 4 as follows: += 10 uM > ICsy > 500 nM; ++ = 500
nM > ICsy > 100 nM;, +++ =1C5, < 100 nM; ND = Not Determined.

Table 2

Example # | RETICs | Example # | RETICsy | Example # | RET ICs
1 -+ 17 4+ 33 4+
2 +++ 18 ++ 34 +++
3 +++ 19 +++ 35 +++
4 +++ 20 +++ 36 +++
5 +++ 21 +++ 37 +++
6 +++ 22 + 38 +++
7 +++ 23 ++ 39 +++
8 +++ 24 +++ 40 +++
9 +++ 25 +++ 41 +++
10 ++ 26 +++ 42 +++
11 +++ 27 +++ 43 +++
12 +++ 28 +++ 44 +++
13 +++ 29 +++ 45 +++
14 + 30 +++ 46 +++
15 +++ 31 +++
16 +++ 32 +++
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Table 3

Example # | RETICsy | Example # | RETICs, | Example # | RET 1Cs
1 ++ 17 +++ 33 ++
2 +++ 18 + 34 ++
3 +++ 19 +++ 35 +++
4 ++ 20 +++ 36 +++
5 +++ 21 +++ 37 ++
6 +++ 22 ND 38 ++
7 ++ 23 + 39 +++
8 ++ 24 ++ 40 +++
9 ++ 25 ++ 41 +++
10 + 26 ++ 42 +++
11 +++ 27 +++ 43 +++
12 +++ 28 +++ 44 ND
13 ++ 29 +++ 45 +++
14 ND 30 +++ 46 +++
15 + 31 +++
16 ++ 32 ot

Table 4

Example # | RETICsy | Example # | RETICs, | Example # | RET 1Cs
1 ++ 17 ++ 33 ++
2 ++ 18 + 34 ++
3 +++ 19 +++ 35 ++
4 ++ 20 ++ 36 ++
5 +++ 21 +++ 37 +
6 +++ 22 ND 38 ++
7 ++ 23 + 39 ++
8 + 24 + 40 +++
9 ++ 25 + 41 ++
10 + 26 + 42 +++
11 ++ 27 +++ 43 +++
12 ++ 28 +++ 44 ND
13 ++ 29 +++ 45 ++
14 ND 30 +++ 46 +++
15 + 31 +++
16 +++ 32 +++

In vivo Colonic Hypersensitivity Model
The efficacy of RET kinase inhibitor compounds can be evaluated in an in vivo model of

5  colonic hypersensitivity (Hoffman, J. M, et al., Gastroenterology, 2012, 142:844-854).
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CLAIMS

1. A compound according to Formula (I):

wherein:

R' is hvdrogen, halogen. (C,-C,)alky1. halo(C)-Cy)alkyl, (Cs-Cy)eveloalkyl, hvdroxyl.
(C-Cyalkoxy, halo(C-Celalkoxy. (Cs-Celeveloalkoxy, amino, ((C,-Cyalkvl)amino-, or
((C,-CyalkyD((Cy-Ce)alkyDanmino-;

cach R? is independently selected from the group consisting of halogen. (C 1-Colalkvl.
halo(C,-Cg)alkyl, (Cs-Ceeveloalkyl. cyvano, hvdroxyl. (C;-Cs)atkoxy. halo(Cy-Cs)alkoxy,
(Cs-Ce)eyeloalkoxy, amino, ((C,-Cslalkyh)amino-. and ((C,-Cesalkvl)((C,-Ci)alkvl)amino-:

R is phenyl or 3- or 6-membered heteroary], each of which is optionally substituted with
one to three substituents independently selected from halogen, (C,-C,)alkyl, halo(C,-Cy)alkyl.
(C+-Coeveloalkyl, cvano, 5- or 6-membered heteroaryl, -OR’, and -CONR'R®; wherein said
(C)-Cg)alkyl is optionally substituted by cyano, hvdroxyl, (C,-C,)alkoxy. halo(C,-Cy)alkoxy,
or -NR'R"; and wherein said 3- or 6-membered heteroaryl substituent is optionally substituted by
halogen, (C,-C,)alkyl, or halo(C,-C,)alkyl;

R*is hydrogen, (C,-Cy)alkyl, halo(C,-Cy)alkyl, (Cs-C)eveloalkyl, or 4- to 6-membered
heterocveloalkyl: wherein said (C,-C,)alkyl is optionally substituted by cvano, hvdroxyl,
(C,-C.)alkoxy, halo(C-Cy)alkoxy, or -NR'R" and wherein said (C;-Cy)eveloalkyl is optionally
substituted with onc or two substituents independently selected from (C,-Coalkyl,
halo(C)-Cy)alkyl, hydroxyl, hydroxy(C,-Cy)alkyl, (C;-C.)alkoxy, and halo(C,-Cy)alkoxy; and
wherein said 4- to 6-membered heterocveloalkyl is optionally substituted with one or two
substituents independently selected from (C,-Cy)alkyl and halo(C,-Cy)alkyl;

R’ and R° are cach independently selected from the group consisting of hydrogen,

(C)-Cy)alkyl, and halo(C,-C.)alkyl:
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or R” and R® taken together with the nitrogen to which they are attached represent a 5- or 6-

membered saturated ring, optionally containing an additional heteroatom selected from oxvgen,
nitrogen, and sulfur, wherein said ring is optionally substituted by halogen, (C,-C,alkyl, or
halo(C,-C,)alkyl; and

nis0, 1, or 2;

or a pharmaceutically acceptable salt thereof.

2. The compound or pharmaceutically acceptable salt according to claim 1 represented
by Formula (II):

an

wherein:

X is N or CR*:

R' is hvdrogen, halogen, (C;-Cg)alkyl, halo(C,-Ce)alkyl, (Cs-Co)eveloalkyl, hydroxyl,
(C1-Coyalkoxy, halo(C,-Celalkoxy, (C5-Ce)eycloalkoxy, amino, ((C,-Ce)alkyl)amino-, or
((C1-CoalkyD){(C,-Cs)alkyl)amino-;

each R? is independently selected from the group consisting of halogen, (C,-Cg)alkyl,
halo(C,-Cyalkyl, (Cs-Celeyeloalkyl, cyano, hydroxyl, (Ci-Ce)alkoxy, halo{C;-Ce)alkoxy,
{Cs-Co)eycloalkoxy, amino, ((C,-Cgalkylamino-, and ((C;-Celalkyl)((C-Co)alkyl)amino-;

R* is hydrogen, (C;-Cs)alkyl, halo(C,-Ce)alkyl, (C5-Ce)cycloalkyl, or 4- to 6-membered
heterocycloalkyl; wherein said (C-Cg)alkyl is optionally substituted by cyano, hydroxyl,
(C,-Calkoxy, halo(C,-C,)alkoxy, or -N R°R®; and wherein said (C3-Cy)evcloalkyl is optionally
substituted with one or two substituents independently selected from (C,-C,)alkyl,
halo(C,-C,)alkyl, hydroxyl, hydroxy(C,-Cj)alkyl, (C,-C,)alkoxy, and halo(C,-C,)alkoxy; and
wherein said 4- to 6-membered heterocycloalkyl is optionally substituted with one or two

substituents independently selected from (C;-C,)alkyl and halo(C-C,)alkyl;
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R’ and R® are cach independently selected from the group consisting of hvdrogen,
(C-Cy)alkyl, and halo(C,-Cy)alkyl;

or R* and R® taken together with the nitrogen to which they arc attached represent a 5-or 6-
membered saturated ring, optionally containing an additional heteroatom selected from oxygen,
nitrogen, and sulfur, wherein said ring is optionally substituted by halogen, (C,-C,)alkyl, or
halo(C,-Cy)alkyl;

R is hydrogen, halogen, or (C,-C,)alkoxy:

R* is hydrogen, halogen, (C,-Ce)alkvl, halo(C,-Cgalkyl, (Cs-Ce)oycloalkyl, cyano, 5- or
6-membered heteroaryl, -OR”, or -CONR’R®; wherein said (C,-C)alkyl is optionally substituted by
cyano, hvdroxyl, (C;-Cy)alkoxy, halo(C-C,)alkoxy, or -NR’R®: and wherein said 5- or 6-
membered heteroaryl is optionally substituted by halogen, (C,-Cy)alkyl, or halo(C,-C,)alkyl;

R’is hydrogen, halogen, or halo{C;-C)alkyl;

R is hydrogen, halogen, halo(C,-Cy)alkyl, or 5- or 6-membered heteroaryl, wherein said
3- or 6-membered heteroaryl is optionally substituted by halogen, (C;-C.)alkyl, or
halo(C;-C,)alkvl; and

nis0, 1,or2;

provided that when X is CR'® at least one of R”, R¥, R’, and R'* is Iiydrogen.

3. The compound or pharmaccutically acceptable salt according to claim 2, wherein R is

hydrogen or fluorine.

4. The compound or pharmaceutically acceptable salt according to claim 2 or claim 3,
wherein R® is hydrogen, fluorine, chlorine, (C;-Cgalkyl, halo(C,-Cy)alkyl, cyano,
(C\-Cy)alkoxy, hydroxy(C,-C,)alkoxy-, (C,-Cyalkoxy(C,-Cylalkoxy-, amino(C,-Cylalkoxy-,
((C,-Cy)alkylyamino(C,-Cyalkoxy-, ((C-CalkyD((C,-Cyalkyl)amino(Cy-C;)alkoxy-,
or -CONH,; wherein said (C,-C¢alkyl is optionally substituted by cvano, hydroxyl,
(C-Cy)alkoxy, amino, ((C,-Cj)alkylamino-, or ((C,-C,)alkyD((C,-Cyyalkyl)amino-.

5. The compound or pharmaceutically acceptable salt according to claim 4, whercin R%is
hydrogen or (C;-Celalkyl; wherein said (C;-Cglalkyl is optionally substituted by cyano,

hydroxyl, (C;-Cy)alkoxy, amino, ((C,-Cy)alkyl)amino-, or (C;-Cy)alkyl)((C,-Cyalkyl)amino-,
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6. The compound or pharmaceutically acceptable salt according to any one of claims 2-3,

wherein R’ is halo(C,-C)alkyl.

7. The compound or pharmaceutically acceptable salt according to claim 6, wherein R’ is

trifluoromethyl.

8. The compound or pharmaceutically acceptable salt according to any one of claims 2-7,

wherein X is CH.

9. The compound or pharmaccutically acceptable salt according to any one of claims 2-7,

wherein X 1s N.

10. The compound or pharmaceutically acceptable salt according to any one of claims 1-9,
wherein R' is (C;-Cyalkoxy.

11. The compound or pharmaceutically acceptable salt according to claim 10, wherein R*

is ethoxy.

12. The compound or pharmaceutically acceptable salt according to anv one of claims

1-11, wherein n is 1 or 2 and each R? is independently halogen.

13. The compound or pharmaceutically acceptable salt according to claim 12, wherein

2. .
cach R” is fluorine.

14. The compound according to claim [ which is:
2-(4~(5-ethoxy-6-0x0-1,6-dilydropyridin-3-v1)-2-fluorophenyl)-N~(6-(2-
hydroxypropan-2-yl)-3-(trifluoromethyl)pyridin-3-vl)acetamide;
N~(6-ethoxy-5-(trifluoromethyl)pyridin-3-yl)-2-(4-(5-ethoxy-6-ox0-1,6-
dihydropynidin-3-yl)-2-fluorophenyl)acetamide:
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2-(4-(4-ethoxy-6-oxo-1,6-dihvdropyridin-3-yl)-2-fluoropheny1)-N~(4-(3-hydroxy-2,2-
dimethylpropyl)-3-(trifluoromethyl)phenyl)acetamide:
2-(4~(5-cthoxy-6-ox0-1,6-dithydropyridin-3-v1)-2,3-difluorophenyl)-N-(4-(2-
hvdroxyethoxy)-3~(trifluoromethyl)phenyl)acetamide:
2-(4-(5-ethoxy-6-ox0-1,6-dihydropyridin-3-yl)-2-fluorophenyl)-N-(4~(3-hvdroxy-2,2-
dimethvlpropyl)-3-(trifluoromethyl)phenyl)acetamide;
2-(4-(5-ethoxy-6-ox0-1,6-dihvdropyridin-3-v1)-3-flucrophenyl}-N-{(4-(3-hydroxy-2,2-
dimethylpropyl)-3-(trifluoromethyljphenvl)acetamide;
N-(4-cyano-3-(trifluoromethyl)phenyl)-2-(4-(4-ethoxy-6-0x0-1,6-dihydropyridin-3-
y1)-3-fluorophenyl)acetamide:;
2-(4-(5-cthoxy-6-ox0-1,6-dithydropyridin-3-y1)-2_6-difluorophenyl)-N-(4-(2~
hydroxyethoxy)-3-(trifluoromethyl)phenylacctamide;
N-(4-cvano-3-(trifluoromethylphenyl)-2 -(4-(5cthoxy-6-ox0-1,6dihydropyridin-3-
yl)-2-fluorophenyl)acetamide:;
N-(6-(2-(dimethylamino)ethoxy)-3-(trifluoromethyl)pyridin-3-y1)-2~(4-(4-ethoxv-6-
oxo-1,6-dihydropyridin-3-y1)-2-fluorophenylacetamide:
2-(4-(5-ethoxy-6-ox0-1,6-dihydropyridin-3-y1)-2-fluorophenyl)-N-(3-(4-methyl-1H~
imidazol-1-y1)-5-(triflucromethyl)phenylacetamide;
N-(6-(2-cyanopropan-2-y1)-3-(trifluoromethyl)pyridin-3-y1)-2(4-(5cthoxy-6-ox0-1,6~
dihydropyridin-3-yl)-2-fluorophenyl)acetamide;
2-(4~(5-ethoxy-6-ox0-1,6-dihydropyridin-3-y1)-2-flucrophenyl)-N-(4-(2-
hvdroxyethoxy)-3-(trifluoromethyl)phenyl)acetamide;
N-(6-(cyanomethyl)-5-(trifluoromethyl)pyrdin-3-y1)-2-(4-(5-ethoxy-6-ox0-1,6-
dibvdropyridin-3-y1)-2-fluorophenyl)acetamide;
N-(6-(1-cyanoethyl)-5-(trifluoromethyl)pyridin-3-v1)-2-(4~(S-<ethoxy-6-0x0-1,6-
dihydropyridin-3-y1)-2-fluorophenyl)acetamide;
N-(4-chloro-3-(trifluoromethyl)phenyl)-2-(4-(5-ethoxy-6-oxo-1,6-dihydropyridin-3-
vl)-2-fluorophenyl)acetamide;
N-(4-((dimethylamino)methyl)-3-(trifluoromethyl)phenyl)-2-(4-(5-ethoxy-6-oxo-1,6-
dihydropyridin-3-y1)-2-fluorophenyl)acetamide;
N-(3.4-dichlorophenyl)-2-(4-(5-ethoxy-6-oxo-1,6-dihydropyridin-3-yl)-2-

fluorophenyl)acetamide;
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2-(4-(3-cthoxy-6-0x0-| 6-dihvdropyridin-3-vi)-2-fluorophenyl)}-N-(3-(1, 1, H-rifluoro-
2-methylpropan-2-vi)isoxazol-3-vil)acetamide:

2-(4-(4-cthoxy-6-ox0-1,6-dihvdropyridin-3-v1)-2-fluorophenyl)-N-(4-(2-
hvdroxyethoxy)-3-(trifluoromethvi)phenyljacctamide:

2-(4-(5-cthoxy-6-0x0-1,6-dihvdropyridin-3-y1)-2-fluorophenyl}-N-(<4-((4 -
ethvlpiperazin-1-v)methyvl)-3-(trifluoromethy])phenylacetamide:

N-(2.5-difluoropheny1)-2-(4-(3 -cthoxy-6-ox0-1,6-dihvdropyridin-3-v])-2-
fluorophenyl)acetamide;

4-(2-(4~(5-ethoxy-6-ox0-1,6-dihvdropyridin-3-yl)-2-fluorophenyl jacetamido)-2-
(trifluoromethyl)benzamide:

N-(2 d-difluore-3-(triflucromethy Dipheny)-2-(4-(S-cthoxv-6-oxo- 1 6-dihvdropyridin-
3-vl)-2-fluorophenyhacctamide:

N-(3.3-his(trifluoromethyvl)phenyl)-2-(4-(5-ethoxy-6-oxo-1 .6-dihvdropyridin-3-v1)-2-
fluorophenyDacctamide:

2-(4-(5-cthoxy-6-ox0-1.6-dihvdropyndin-3-v1)-2-flucrophenvl)-N-(2-fluoro-3-
(trifluoromethyl)phenyl)acetamide:

2-(4-(4-cthoxy-6-ox0-1,6-dihvdropyridin-3-vl)-2-fluorophenyl }-M-(3-(1.1, 1 trifluoro-
2-methylpropan-2-yh)isoxazol-5-vlacctamide:

2-(4-(3cthoxy-6-ox0-1.6-dihvdropyridin-3-v1)-2-flucropheny!)-N-(3-(1,1, [ -trifluoro-
2-methvlpropan-2-vl)isoxazol-3-yl)acetamide:

2-(4-(4-cthoxy-6-ox0-1 6-dihvdropyridin-3-v1)-2-fluoropheny])-N-(3-(3-methyl-1 3 4~
oxadiazol-2-v1)-3-(trifluoromethyl)phenylacetamide:

2-(4-(4-cthoxy-6-ox0-1,6-dihvdropyridin-3-v1)-2-fluorophenyl)-N-(5-(1,1, 1 trifluoro-
2-methylpropan-2-vl)isoxazoi-3-vhacetamide:

2-(4-(4-cthoxy-6-ox0-1.6-dihydropyndin-3-v1)-2-fluorophenyl)-V-(6-(1-hvdroxy-2-
methvlpropan-2-yl)-3-(trifluoromethylipyridin-3-vljacetamide;

2-(4-(d-cthoxy-6-0x0-1.6-dihvdropyridin-3-yI)-3-fluoropheny1)-N-(4-(3-hvdroxy-2.2-
dimethylpropyvly-3-(trifluoromethvi)phenyl)acetamide:

2-(4-(4-cthoxy-6-ox0-1.6-dihvdropyridin-3-v1)-2-fluorophenyvl)-N-(3 -

(trifluoromethyl)phenyhacetamide:
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2-(4-(5-ethoxy-6-ox0-1,6-dihydropyridin-3-v)-2-fluorophenyl)-N-(3-(4-methvi-14-
pyrazol-1-yl)-3-(trifluoromethyl)phenyljacetamide:
2-(4-(5-cthoxy-6-0x0-1,6-dihydropyridin-3-v])-2-fluorophenyl)-N~(3-(3-mcthyl-1H-
pvrazol-1-yl)-3-(trifluoromethyl)phenvl)acetamide;
N-(3-{ LH-pyrazol-d-yl)-5-(triflucromethyl)phenyl)-2 -(4-(3-ethoxy-6-oxo0-1,6-
dihydropyridin-3-yl)-2-fluorophenylyacetamide;
2-(4-(4-ethoxy-6-ox0-1,6-dihvdropyridin-3-y1)-2-flucrophenyl)-N-(6-(1,1. I -trifluoro-
2-methylpropan-2-yl)pyridin-3-vl)acetamde:
N-(4-cvano-3-(trifluoromethvl)phenyl)-2-(4-(4d-ethoxy-6-oxo-1,6-dihvdropyridin-3-
vl)-2-fluorophenyl)acetamide:
2-(4-(5-cthoxy-6-ox0-1,6-dihydropyridin-3-y1)-2-fluorophenyl)-N-(3-(2-
morpholinoethoxy)-3-(trifluoromethyl)phenyllacetamide:
2-(4-(4-ethoxy-6-0x0-1,6-dihydropyridin-3-yl)-2-fluorophenyl)-N-(3-(1, 1, I -trifluoro-
2-methylpropan-2-yl)isoxazol-3-yl)acetamide;
2-(4~(5-cthoxy-6-0x0-1,6-dihvdropynidin-3-y1)-2-fluorophenyl)-N-(1-methyl-3-(1,1,1-
trifluoro-2-methylpropan-2-y1)- L H-pyrazol-3-vl)acetamide;
2-(4-(5-ethoxy-6-ox0-1,6-dihydropyrdin-3-yl)-2-fluorophenyl)-N-(3-(1,1, I -trifluoro-
2-methylpropan-2-yl)-1H-pyrazol-5-vl)acetamide;
N-(4-(2,2-difluoro-3-hydroxypropy!)-3-(trifluoromethyl)pheny!)-2-(4-(3-cthoxy-6-
oxo-1,6-dihydropyridin-3-yl)-2-fluorophenyl)acetamide;
N-(3-(2H-tetrazol-5-y1)-5-(trifluoromethyl)phenyl}-2-(4-(5-ethoxy-6-ox0-1,6-
dihydropyridin-3-yl)-2-fluorophenyl)acetamide;
2-(4-(5-ethoxy-6-0x0-1,6-dihydropyridin-3-y1)-2-fluorophenyl)-N-(3-(1-methyl-14-
pyrazol-4-yl)-5-(trifluoromethyl)phenyl)acetamide; or
N-(3-(2-«(dimethylamino)ethoxy)-3-(triflucromethyi)phenyl)-2-(4~(5-ethoxy-6-oxo-
1,6-dihydropvridin-3-yl)-2-fluorophenyl)acetamide;

or pharmaceutically acceptable salts thereof.
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15. The compound according to claim 1 which is:

H
Os N CF,
o
O N \N
H .

or a pharmaceutically acceptable salt thereof.
16. The compound according to claim 135 wherein the compound is a free base.

17. A pharmaccutical composition comprising thc compound or pharmaccutically

acceptable salt according to any one of claims 1-16 and a pharmaceutically acceptable
excipient.

18. Use of the compound or pharmaceutically acceptable salt according to any one of

claims 1-16, in the manufacture of a medicament for the treatment of irritable bowel

syndrome.

19. Use of the compound or pharmaceutically acceptable salt according to any one of

claims 1-16. in the manufacture of a medicament for the treatment of cancer.



