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URACIL DERIVATIVES AS MER-AXL INHIBITORS

CROSS-REFERENCE TO RELATED APPLICATIONS
'This application claims the benefit of U.S. Provisional Application No.
62/666159, filed May 3, 2018, the disclosure of which is incorporated herein by reference

in its entirety,

FIELD OF THE INVENTION
The mmvention relates generally to compounds that inhibit the activity of Mer and
AXL Kinases, pharmaceutical coropositions containing said compounds, which are useful

for the treatment of disorders such as cancer.

BACKGROUND OF THE INVENTION

Receptor tvrosine kinases are cell surface proteins that transmit signals from the
extracellular environment to the cell cytoplasm and nucleus to regulate cellular events
such ag growth, survival, differentiation, adhesion, migration aand proliferation.

The temor-associated macrophage (TAM) subfamily are an emerging class of
innate immune checkpoints that way be active in key steps of anti-tumor tmrmunity. They
have a pivotal role in the homeostatic regulation of the immume svstem. Cancer
immotherapy using T-cell checkpoint inhibitors, such as Opdivo® has been very
successful in a subset of patients. However, unresponsive patients tend to have non T-cell
inflamed tumors that lack markers associated with those that have shown to be effective
with the checkpoint inhibitors. Thus, identifying targets that regulate innate immune cell
functions is hikely 1o lead {0 the development of improved cancer therapies.

The TAM subfamily consists of three RTKs inclading Tyro3, AXL and Mer,

They are characterized by an extracellular ligand binding domain consisting of 2 Ig-hike
domains and 2 fibronectin type HI domains. Two ligands, growth arrest specifc 6 (GASG)
and protein § (PROS1), have been identified as cognate ligands that bind and activate the
TAM receptors.

AXLE, also known as ARK, UFQ, JTK11 and TYRO7, has been linked to
epithelial-mesenchyvmal transition (EMT) and promoting cell survival, anoikis resistance

and metastasis i several cancers. The role of AXL in EMT has been documented in
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literature for breast, ovarian, non-small cell lung and pancreatic cancers and for
glioblastoma among others.

MerTK (c-Mer Tyrosine Kinase; proto-oncogene tyrosine-protein kinase MER)
is a member of the TAM (Tyro3/Axl/Mer) family of protein receptor tyrosine kinases
{(RTKs}, which exhibit a similar overall structure comprising from the N-termini two
ig- like C2-type domains, two fibronectin {(Fn) type-lH domains, followed by a
hydrophobic transmembrane domain and an mtracellular tyrosine kinase domain. The
two Ig-like domains serve as the ligand-binding regions of the TAMs.

TAM RTKs are ectopically expressed or overexpressed in a wide vartety of
human cancers, especially hematological and epithelial malignancies. Rather than
fumctioning as oncogenic drivers, their induction in tumor cells predominantly
promotes survival, chemoresistance and motility {Linger ef a/., 2008; Graham ef af .,
2014). Although MERTK knockdown only modestly promotes apoptosis and slows
proliferation n cell cultures, the effect is more pronounced under stressful conditions
such as when combined with serum starvation or growth in soft agar or xenografts
(Lee-Sherick ef al., 2013; Linger e a/., 2013). This suggests that TAM survival
signals may be particularly important in the tumor microenvironment, in which limited
oxygen and nutrient supplies exacerbate the proteotoxic and genotoxic conditions.

Activation of TAMs on tumor cells edrive tumor growth and metastasis via
downstream effector signaling leading to tumor cell survival, proliferation,
chemoresistance and EMT phenotypes. However, activation of TAMs on the
professional phagocytes such as dendritic cells (DCs), leads to engulfment of apptotic
cells which m tirn drives immune evasion by inhibiting T-cell priming and activation as

el as via inhibition of NF-xB and inflammatory cytokine production. Hence, TAMs
may act as dual tumorigenic gene products, first by actting as drivers of tumor growth,
and then by acting as ihibitory immune receptors in the tumor microenviromment
(Davra et ol , Cancers 2016, 8, 107).
Thus, the TAM receptor tyrosine kinases are an emerging target of innate immune

checkpoint blockade for many different types of cancers
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SUMMARY OF THE INVENTION

In a first aspect of the present invention, there is provided a compound of formula
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wherein:

Arlis C3-Cy arvl or C3-Cy heteroary! containing 1-4 heteroatoms selected from ~
N-, (3= or —S-;

Ar?is Cs-Cs heteroaryl containing 1-4 heteroatooms selected from —N-, -0O- or —S;

Q' is -NHCO-, -CONH-, -NHSO:-, -SO:NH-, -NHSO:NH-, -NHCONH- of]
-OCONH-;

Q% is —0- or -NH-;

R! and R? are independently hydrogen, C1-Cs alkyl, -(CHz) C5-Cs cycloatkyl, -
{(CHa2)r C3-Cy aryi or -{CH2)r C5-Cs heteroaryl containing 1-4 heteroatoms selected from —
N-, -0- or -8~ said alkyvl, cvcloalkyl, aryl and heteroaryl groups substituied with 0-4 R*?
groups;

R is hvdrogen, halogen, CFs, Ci-Cs alkyl, C1-Cs alkoxy or ~COC1-Cs alkyl;

R? and R* are mdependently hydrogen, halogen, CF3, CN, C;1-Cs alkyl, C1-Ce
alkoxy, (3-Cs heterocvelyl contamning 1-4 heteroatoms selected from -N-, -0- or —S§-, -
CONRCR®, -NRICOR®, -NRISO:R?, -SOR7, -SO:NRR®, -NRR® or -NCOOR’, said
alkyl, heterocycly! and alkoxy groups substituted with 0-4 R groups;

R* is hydrogen, halogen, CHF2, CFs, C1-Cs alkyl, Ci-Cs atkoxy, ~(CHz:COOR?,
OR’, -SOzRY, -SO2NRIR®, -NRR®, NR*COOR® or -COC1-Cs alkyl;
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R’ and R® are mdependently hydrogen, C1-Cs alkyl or C3-Ce arvl, said arvl and
alkyl groups sunbstituted with 0-4 R or R® and R together with the nitrogen atoms to
which they are atiached form a heterocyclic ring containing 0-2 additional heteroatoms

selected from ~N-, -0~ or —S$- and are substituted with 0-2 R™ groups;

3 R is hydrogen, halogen, OH or Ci-Cs alkyl;

X and Y are independently are independently hydrogen, halogen, C1-Cs alkyl, Ci-
Cs alkoxy, ON, -CONRR®, -NRCOR® -NRSOR®, -SO:R°, -SO2NRRS, -NRR® or
NCOOR?, said alky! and alkoxy groups substituted with 0-4 R*? groups;

ris0, 1 or2;

10 or a pharmaceutically acceptable salt, tautomer or stereoisorner thereof.

In another aspect, there is provided a pharmaceutical composition comprising a
compound of the invention or a pharmaceutically acceptable salt thereof and one or more
pharmaceutically acceptable carriers, diluents or excipients.

15 In another aspect, there is provided a compound of the invention or a
pharmaceutically acceptable salt thereof for use in therapy. In particular, for use in the
treatment of a disease or condition for which a Mer-Axl inhibitor 15 indicated.

DETAILED DESCRIPTION OF THE INVENTION

20 In a first aspect of the present invention, there i1s provided a compound of formula
D

25



WO 2019/213340 PCT/US2019/030310

(¥4}

10

15

20

30

O
wherein:

Artis C3-Cy aryl or C3-Cs heteroary] containing [-4 heteroatorns selected from —
N-, -~ or -8-;

Ar? is C3-Ce heteroary] containing 1-4 heteroatooms selected from ~N-, -0- or -§;

Q' is -NHCOQ-, -CONH-, -NHSO2-, -8OoNH-, -NHSO:NH-, -NHCONH- of]
-OCONH-;

Q7 is —0- or ~NH-;

R! and R? are independently hydrogen, C1-Cs alkyl, -(CHz) C3-Cs cycloalkyl, -
{CHa)r C5-Cs arvi or -{CHz)r C35-Cs heteroary! containing 1-4 heteroatoms selected from —
N-, -(3- or -8~ said alky!, cycloalkyl, arvl and heteroary] groups substituted with 0-4 R
groups;

R is hydrogen, halogen, CFs, C1-Cs alkyl, C1-Cs alkoxy or ~COC1-Cs alkyl;

R*and R* are independently hydrogen, halogen, CF3, CN, Ci-Cs alkyl, C1-Cs
alkoxy, (C3-Cs heterocvclyl containing 1-4 heteroatoms selected from -N-, -0O- or 8-, -
CONR'R®, -NRICOR®, -NR SRS, -SO:2R3, -SO2NRR®, -NRR® or -NCOOR’, said
atkyl, heterocyclyl and alkoxy groups substituted with 0-4 R* groups;

R3?is hydrogen, halogen, CHF», CFs, C1-Cs alkvi, C1-Cz alkoxy, -{(CH23COO0OR?,
OR? -SO2R5, -SO:NRRS, -NRR®, NRCOORS or ~-COC1-Cs alkyl;

R’ and R are independently hydrogen, Ci-Cs alkyl or C3-Cs aryl, said aryl and
alkyl groups sunbstituted with 0-4 R, or R® and R® together with the nitrogen atoms to
which they are attached form a heterocvclic ring containing 0-2 additional heteroatoms
selected from —N-, -O- or —S- and are substituted with 0-2 R groups;

R is hydrogen, halogen, OH or C1-Cz alkyl;

X and Y are independently are independently hvdrogen, halogen, Ci-Co alkyl, Cy-
Cs altkoxy, CN, -CONRR®, -NR3COR®, -NRSO2R®, -S0:R° -SO:NRR®, -NRR® or
NCOORS, said alky] and alkoxy groups substituted with 0-4 R¥ groups:

ris 0, 1 or 2;

or a pharmaceutically accepiable salt, tautomer or sterecisomer thergof,

In a second aspect within the scope of the first aspect of the invention, there is

provided a compound of formula (I}

'
n
5



WO 2019/213340 PCT/US2019/030310

10

15

20

(I
whergin:

Arlis C5-Cs arvl

Ar? is C3-Cy heteroary] containing 1-4 heteroatoms selected from -N-, -0- or -8;

Qlis ~-NHCO-, -CONH-, -NHSO:2-, -S80:NH-, -NHSO:NH-, -NHCONH- of]
-OCONH-;

Q? is —0- or -NH-;

R! and R? are independently hydrogen, C1-Ce alkyl, «(CHz) C3-Cs cycloalkyl, -
(CHaz) C5-Cs aryi or -(CHz)r C5-Cs heteroaryl containing 1-4 heteroatoms selected from —
N-, -0- or -8-, said alkyl, cycloalkyl, arvl and heteroary! groups substituted with 0-4 R
groups;

R!%is hydrogen, halogen, CFs, C1-Cs alkyl, Ci-Cs alkoxy or ~-COC1-Cs alkyl;

R*and R* are independently hydrogen, halogen, CF3, ON, C1-Cs alkyl, C1-Cs
alkoxy, (3-Cs heterocycelyl contaiming 1-4 heteroatoms selected from -N-, -(- or -§-, -
CONR'R®, -NRPCORS, -NR*SO:R®, -S02R5, -SOaNRRE, -NRR® or -NCOOR?, said
alkyl, heterocyclyl and alkoxy groups substituted with 0-4 R* groups;

R3%is hydrogen, halogen, CHF2, CF3, C1-Ce alkyl, C1-Cx alkoxy, -{CHLCOOR?,
OR’, -SO:R5, -SO:NRRE, -NRRE, NRCOORS or ~-COC1-Cs alkyl;

RS and R are independently hvdrogen, C1-Ce alkyl or C5-Cs aryl, said ary} and
alkyl groups sunbstituled with 0-4 R™, or R® and R® together with the nitrogen atoms to
which they are attached form a heterocyclic ring containing 0-2 additional heteroatoms
selected from ~N-, -0- or -S- and are substituted with 0-2 R* groups:

R is hydrogen, halogen, OH or Ci-Cs alkyl;

-6 -
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X and Y are independently are independently hvdrogen, halogen, C1-Cs alkvl, Ci-
Ce alkoxy, CN, -CONRIRY, -NRSCORC, -NRISO:R®, -80:R", -SOaNRRE, -NRR® or —
NCOOR?, said alkvl and alkoxy groups substituted with 0-4 R* groups;

ris0, 1 or2;

5 or a pharmaceutically acceptable salt, tautomer or sterevisomer thereof,
In a third aspect within the scope of the prior aspects of the invention, there is
provided a compound of formula (1)
R'ﬁ
i
O\\Q?/N E
RZ'N = Q1 Xm Y
© Ar'
A 2
RE
R4
S~ /7
i Qrz
P
N M .
H
10
(B

whergin:
Arlis C5-Cs aryl
Ar?is C3-Cs heteroary! containing 1-4 heteroatoms selected from —N-, -O- or -S;
15 Q' is -NHCO- or -CONH;
Q% is ~O- or -NH-;
R’ and R? are independently hydrogen, C1-Ce alkyl, -(CH2)r C3-Cr cycloalkyl, -
(CH2)r C3-Cs aryl or «(CH2)r C3-Cs heteroarvl containing 1-4 heteroatoms selected from —
N-, -0- or -5-, said alkyl, cvcloalkyl, ary! and hetercaryl groups substituted with 0-4 R
20 groups:
R'*is hydrogen, halogen, CFs, C1-Cs alkyl, Ci-Cs alkoxy or —<COC1-Cs alkyl;
R’ and R* are independently hydrogen, halogen, CFs, CN, C1-Cs alkyvl, C1-Cs
alkoxy, C5-Cs heterocycelyl containing 1-4 heteroatoms selected from —N-, -0- or —-8-, -
CONRIRS, -NR3CORS, -NRISO:RE, -802R5, -SO:NRIRE, -NRR® or ~-NCOORS, said

25 alkvl, heterocyclyl and alkoxy groups substituted with 0-4 R groups;

-3
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R3%is hydrogen, halogen, CHF2, CFs, C1-Cs alkyl, C1-Cs alkoxy, -(CH2){COOR3,
OR’, -802R7, -SO2NRIRE, -NRIRE, NR3COOR® or -COC1-Cs alkyl,
R° and R® are independently hydrogen, C1-Ce alkyl or Cs-Cs arvl, said arvl and

alky! groups sunbstituted with 0-4 R*; or R and R® together with the nitrogen atoms to

(¥4}

which they are attached form a heterocvclic ring contaming 0-2 additional heteroatoms
selected from —N-, -O- or —S- and are substituled with 0-2 R groups;

R is hvdrogen, halogen, OH or Ci-Cs alkyl;

X and Y are independently are independently hvdrogen, halogen, C1-Cs alkvl, Ci-
Cs alkoxy, CN, -CONRR®, -NRCOR®, -NRSO2R®, -802R°, -SO2NR RS, -NRR° or —
10 NCOOR’ said alkyvl and alkoxy groups substituted with 0-4 R*? groups;
ris0, 1 or2;

or a pharmaceutically acceptable salt, tautomer or sterevisomer thereof,

I a fourth aspect within the scope of the prior aspects of the invention, there is

15 provided a compound of formula (11}

Y
20 wherein
Arlis C5-Cs arvl
Ar? is C3-Cy heteroary] containing 1-4 heteroatoms selected from -N-, -0- or -8;
Q' is ~NHCO- or -CONH;
Q% is —O-;
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R! and R? are independently hydrogen, C1-Ce alkyl, «(CHz) C3-Cs cycloalkyl, -
(CHaz) C5-Cs aryi or -(CHz)r C5-Cs heteroaryl containing 1-4 heteroatoms selected from —
N-, -0- or -8-, said alkyl, cycloalkyl, arvl and heteroary! groups substituted with 0-4 R
groups;

R!%is hydrogen, halogen, CFs, C1-Cs alkyl, Ci-Cs alkoxy or ~-COC1-Cs alkyl;

R*and R* are independently hydrogen, halogen, CF3, ON, C1-Cs alkyl, C1-Cs
alkoxy, (3-Cs heterocycelyl contaiming 1-4 heteroatoms selected from -N-, -(- or -§-, -
CONR'R®, -NRPCORS, -NR*SO:R®, -S02R5, -SOaNRRE, -NRR® or -NCOOR?, said
alkyl, heterocyclyl and alkoxy groups substituted with 0-4 R* groups;

R3%is hydrogen, halogen, CHF2, CF3, C1-Ce alkyl, C1-Cx alkoxy, -{CHLCOOR?,
OR’, -SO:R5, -SO:NRRE, -NRRE, NRCOORS or ~-COC1-Cs alkyl;

RS and R are independently hvdrogen, C1-Ce alkyl or C5-Cs aryl, said ary} and
alkyl groups sunbstituted with 0-4 R%, or R® and R® {ogether with the nitrogen atoms {0
which they are attached form a heterocvclic ring containing 0-2 additional heteroatoms
selected from ~N-, -0O- or —S- and are substituted with 0-2 R groups;

R is hydrogen, halogen, OH or Ci-Cs alkyl;

X and Y are independently are independently hvdrogen, halogen, Ci-Ce alkyl, Ci-
C's alkoxy, CN, -CONRRS, -NRSCOR®, -NRSO:RS, -80:R5, -SONR RS, -NRRE or ~
NCOORS, said alkyl and alkoxy groups substituted with 0-4 R groups;

ris 0, 1or2;

or a pharmaceutically acceptable salt, tautomer or stereoisomer thereof,

In a fifth aspect within the scope of the prior aspects of the invention, there is

provided a compound of formula (i1}

-9
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wherein:

Arl is C3-Cs aryl

Ar?is C3-Cy heteroary] containing 1-4 heteroatoms selected from —N-, -0~ or -8;

Q! is -NHCO- or -CONH;

Q% is -0-;

R' and R? are independently hydrogen, C1-Cs alkyl, -(CH2}: C3-Cs cycloalkyl, -
(CH2)r C3-Cs aryl or «(CH2)r C3-Cs heteroarvl containing 1-4 heteroatoms selected from —
N-, -0- or -8-, said alkyl, cvcloalkyl, aryl and heteroaryl groups substituted with 0-4 R'2
groups;

R s hydrogen, halogen, CFs, C1-Cs alkyl, C1-Cs alkoxy or -COC1-Cs alkyl;

R? and R* are independently hydrogen, halogen, CFs, UN, C1-Cs alkvi, C1-Cs
alkoxy, Cs-Cs heterocyclyl containing 1-4 heteroatoms selected from ~N-, -O- or -8-, -
CONRRE, -NRPCORS, -NRSOzRS, -SOoR5, -SOHONRRE, -NRR® or -NCOOR’, said
alkyl, heterocyclyl and alkoxy groups substituted with 0-4 R* groups;

R is hydrogen, halogen, CHF2, CFs3, C1-Cs alkyl, C1-Cs alkoxy, -(CH2)COOR?,
OR’, -802R7, -SO2NRIRE, -NRIRE, NR3COOR® or -COC1-Cs alkyl,

R° and R® are independently hydrogen, C1-Ce alkyl or Cs-Cs arvl, said arvl and
alky! groups sunbstituted with 0-4 R*; or R and R® together with the nitrogen atoms to
which they are attached form a heterocvclic ring contaming 0-2 additional heteroatoms
selected from —N-, -0- or —S- and are substituied with 0-2 R groups;

R is hydrogen. halogen, OH or Ci-Cs alkyl:

X and Y are independently hvdrogen, halogen or Ci-Cs alkvl;

ris0, 1 or2;

or a pharmaceutically acceptable salt, tautomer or stereoisorner thereof.

-10 -
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In a sixth aspect within the scope of some of the prior aspects of the invention,

there is provided a compound of formula (1)

wherein:

Ar? is Cs-Cs heteroary] containing 1-4 heteroatoms selected from ~N-, -0- or -S;

R! and R? are independently hydrogen, C1-Cs alkyl, -(CHz) C3-Cs cycloalkyl, -
{CHa)r C5-Cs arvi or -{CHz)r C35-Cs heteroary! containing 1-4 heteroatoms selected from —
N-, -0~ or -8-, said alkyl, cycloalkyl, arvl and heteroary! groups substituted with 0-4 R12
Sroups:

R js hydrogen. halogen, CF3. C1~-Cs alkyl, C1-Cs alkoxy or -COC1-Cs alkyl;

R*and R* are independently hydrogen, halogen, CF3, CN, C;-Cs alkyl, C1-Cs
alkoxy, (C3-Cs heterocvclyl containing 1-4 heteroatoms selected from -N-, -0O- or 8-, -
CONR'R®, -NRICOR®, -NR SRS, -SO:2R3, -SO2NRR®, -NRR® or -NCOOR’, said
alkyl, heterocyclyl and alkoxy groups substituted with 0-4 R* groups;

R’2is hydrogen, halogen, CHF2, CFs, Ci-Cs alkyl, Ci-Cs atkoxy, -(CH2.COOR?,
OR’, -SO2R5, -SONRR®, -NRR®, NRYCOOR® or ~COC1-Cs alkyl;

R’ and R® are mdependently hydrogen, C1-Cs alkyl or C3-Cs arvl, said arvl and
alkyl groups sunbstituted with 0-4 R*; or R® and R® together with the nitrogen atoms to
which they are attached form a heterocyclic ring containing 0-2 additional heteroatoms
selected from —N-, -O- or —S- and are substituted with 0-2 R groups;

R32is hydrogen, halogen, OH or (1-Ca alkyi;

X and Y are independently hvdrogen, halogen or Ci-Ce atkyk;

ris0, 1or2;

or a pharmaceutically acceptable salt, tautomer or stereoisomer thereof,

-11 -~
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In a seventh aspect within the scope of the prior aspect of the invention, there is
provided a compound of formula (I
R1
O N
Y0 ow
Ee 0!
o 0O Y/ L 0 o
€ 1, ()
N ﬁ/\\“ /‘L R#
(i
5 wherein:

Ar? is C3-Cs heteroarvi containing 1-4 heteroatooms sefected from ~N-, -0O- or -§;

R! and R? are independently hydrogen, C1-Ce alkyl, «(CHz) C3-Cs cycloalkyl, -
(CHaz) C5-Cs aryi or -(CHz)r C5-Cs heteroaryl containing 1-4 heteroatoms selected from —
N-, -0~ or —8-, said alkyl, cycloalkyl, arvl and heteroary! groups substituted with 0-4 R12

10 groups;

R'2ig hydrogen, halogen, CFs, C1-Ca alkyl, Ci-Cs alkoxy or —-COC1-Cs alkyl;

R7is hydrogen, halogen, CF3, CN. Ci-Cs alkyl. Ci-Cs alkoxy, (3-Cs heterocyelyl
containing 1-4 heteroatoms selected from —N-, -0- or -5-, -CONRR®, -NRCOR?, -
NR3SO2R®, -SO2R° -SONRRE, -NRR® or ~-NCOOR”, said alkyl, heterocyclyl and

15 alkoxy groups substituted with 0-4 R™ groups;

R*is hydrogen, halogen, CN, C1-Cs alkvi, (5-Cs heterocyclyl containing 1-4
heteroatoms selected from ~N-, -0O- or -8~ or -NRR®, said alkyl, heterocyvelyl and alkoxy
groups substitated with 0-4 R¥ groups;

R js hydrogen. halogen, CHF, CFz, C1-Cs alkyl. Ci-Cs alkoxy, -(CH2LCOOR?,

20 OR’, -SO2R%, -SOHNRORS, -NRRS, NRSCOOR® or ~COC-Cs alkyl;

R’ and R® are mdependently hydrogen, C1-Cs alkyl or C3-Ce arvl, said arvl and
alkyl groups sunbstituted with 0-4 R or R® and R together with the nitrogen atoms to
which they are atiached form a heterocyclic ring containing 0-2 additional heteroatoms

selected from ~N-, -0- or -8~ and are substituted with 0-2 R groups;

N2
9]

R is hydrogen, halogen, OH or C1-Cs alkyl;
X and Y are independently hvdrogen, halogen or Ci1~-Cs alkyl;

1150, 1 or2;



WO 2019/213340 PCT/US2019/030310

or a pharmaceutically accepiable salt, tautomer or sterecisomer thergof,

In another aspect, there is provided a compound selected from the exemplified

examples within the scope of the first aspect, or a pharmaceutically accepiable salt,

(¥4}

tautomer or stereoisomer thereof.

In another aspect, there is provided a compound selected from any subset Hist of
compounds within the scope of any of the above aspects.

In another aspect, there is provided a compound selected from the following list

N-{4-({2-[{5-cvanopyridin-2-yDamino]py ridin-4-y1} oxy)-3-fluorophenyij-3-(4-
10 fluorophenyvl)-2,4~dioxo-I-(propan-2-vi}-1,2,3 4-tetrahy dropyrinudine-5~carboxamde,

N-{4-1(2-{{5-(diftuoromethy Dypynidin-2-vilamine } pyridin-4-vloxy]-3-
fluorophenyl}-3-(4-fluorophenyl}-2.4-dioxo-1-{propan-2-y13-1.2.3 4~
ietrahy dropyrinidine-~5-carboxamide,

WN-{3-fluoro-4-( {2-{{5-methanesulfonylpyridin-2-vDaminoipyridin-4-

15 vyijoxy)phenyl}-3-(4-fluorophenyi}-2, 4-dioxo-1-(propan-2-vi)-1,2.3,4-
tetrahy dropyrimidine-S-carboxanude,

N-{4-{(2-{{ 5~(dimethylsulfamovDpyridin-2-yijamino }pyridin-4-y yoxv }-3-
fluorophenyl}-3-(4-fluorophenvl}-2,4-dioxo-1-(propan-2-vi}-1,2.3 4-
tetrahy dropyrimidine-3-carboxamide,

20 N-{4-](2-{[5-(dimethyisulfamoyDpyridin-2-yljammo } pyridin-d-yDoxy }-3-
fuorophenyl}-3-(4-fluoropheny!}-2.4-dioxo-~1-[{(38)-oxolan-3-y1]-1,2,3 4~
tetrahy dropyrimidine-5-carboxamide,

N-{4-{(2-{]5-(dimethylsulfamoy Dpyridin-2-y1]amino } pyridin-4-y Doxy -3~

fluorophenvyl}-3~(5-fluoropyridin-2-y1}-2.4-dioxo-~1 -{propan-2-y1)-1.2,3.4-
25 tetrahydropyrinidine-5-carboxamide,

MN-{4-1(2- {{ 5-(dimethyisulfamoypyridin-2-yljamino }pyridin-d-y1joxy |-3-
fuorophenyl}-3-(4-fluorophenyl3-1-{(28)-1-hydroxypropan-2-y1}-2 4-dioxo-1,2,3 4~
tetrahy dropyrimidine-3-carboxarmde,

W=-{4-[(2-{|S-(dimethylsulfamovDpyridin-2-y1jamino } pyridin-4-y Hoxy |-3-

30 fluorophenyl}-3-(3-fluorophenyl}-2,4-dioxo-1-{(propan-2-v1)-1,2.3 4~

tetrahy dropyrimidine-S-carboxanude,

- 13-
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W=-{4-{(2-{|S-(dimethylsulfamovDpyridin-2-y1jamino } pyridin-4-y Doxy jphenvi}-
2 4-dioxo-3-phenyi-1-(propan-2-v1}-1,2,3 4-tetrabydropyrimidine-S-carboxamide,

N-{3-fluoro-4-[ (2~ {| 5~-(methvisulfamovhpvndin-2-vljamimo} pyndin-4-
vioxv|phenyl}-3-{4-flucrophenyl)-2,4-dioxo-1-(propan-2-vi3-1,2,3 4~
{etrahy dropyrimidine-5-carboxamide,

N-{4-](2-{[5-(aretidine-1 ~sulfony Dpyridin-2-ylammo dpyridin-d-vDoxy }-3-
fluorophenyl} -3-(4-fluorophenyl}-2.4-dioxo-1-{propan-2-vi}-1,2.3 4~
tetrahy dropyrimidine-S-carboxamide,

N-{4-[(2~{] 5-(dimethylsulfamoy-4-methyipyridin-2-yljamine } pyridin-4-
vhoxv]-3-fluorophenvl}-3-(4-fluorophenyl)-2,4-dioxo- 1 -(propan-2-yi)-1.2,3 4~
tetrahy dropyrimidine-3-carboxamide,

or a pharmaceutically acceptable salt thereof.

i OTHER EMBODIMENTS OF THE INVENTION

In another embodiment, the invention provides a pharmaceutical composition,
comprising a pharmaceutically acceptable carrier and a therapeutically effective amount
of at least one of the compounds of the invention or a sterecisomer, a tautomer, a
pharmaceutically acceptable salt, or a solvate thereof

In another embodiment, the invention provides a process for making a compound
of the mvention or a sterecisomer, a tautomer, a pharmaceutically acceptable salt, or a
solvate thereof.

In another embodiment, the invention provides a method for the tfreatment and/or
prophyvlaxis of various types of cancer, compnsing admunisiering to a patient in need of
such treatment and/or prophylaxis a therapeutically effective amount of one or more
compounds of the invention, alone, or, optionally, in combination with another compound
of the invention and/or at least one other type of therapeutic agent.

In another embodiment, the invention provides a method for the treatment and/or
prophylaxis of various types of cancer, including without limitation, small cell lung
cancer, non-small cell lung cancer, colorectal cancer, multiple mveloma, acute myeloid
feukemia (AML}, acute lymphoblastic leukema (ALL), pancreatic cancer, liver cancer,

hepatocellular cancer, neuroblastoma, other solid tumors or other hematological cancers.

- 14 -
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I another embodiment, the invention provides a method for the treatment and/or
prophylaxis of various types of cancer, including without hmitation, small cell fung
cancer, non-small cell lung cancer, tnple-negative breast cancer, colorectal cancer,

prostate cancer, melanoma, pancreatic cancer, muttiple myeloma, T-acute lymphoblastic

(¥4}

feukemia or AML.

In another embodiment, the invention provides a method for the treatment and/or
prophylaxis of fibrosis such as hepatic or pulmonary fibrosis.

In another embodiment, the invention provides a compound of the present
invention for use m therapy.
16 In another embodiment, the invention provides a combined preparation of a
compound of the present invention and additional therapeutic ageni(s) for simultaneous,

separate or sequential use in therapy.

HL THERAPEUTIC APPLICATIONS

The compounds of formula (1) of the invention are Mer-Axl inhibitors and have

-
[

potential ulility in the treatment of diseases and conditions for which a Mer-Ax] inhibtior
is indicated.
In one embodiment there is provided a method for the treatment of a disease or
condition, for which a Mer-Axl inhubitor is indicated, 10 a subject in need thereot which
20 comprises administering a therapeutically effective amount of compound of formula (1) or
a pharmaceutically acceptable salt thereof
In another embodiment there is provided a method for treatment of a chronic
autotmmune and/or inflammatory condition, in a subject in need thereof which comprises
administering a therapeutically effective amount of one or more compounds of formula
25 (1) or a pharmaceutically acceptable salf thereof.
In a further embodiment there 1s provided a method for treatment of cancerin a
subject in need thereof which comprises adnunistering a therapeutically effective amount
of one or more compounds of formula (I} or a pharmaceutically acceptable salt thereof

In one embodiment the subject in need thereof s a mammal, particularly a human

[73]
foun

Mer-Ax! inhibitors may be useful in the treatment of cancer, including
hernatological, epithelial including lung, breast and colon carcinomas, midline

carcinomas, mesenchymal, hepatic, renal and neurological tumours.

-15-
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The term "diseases or conditions for which a Mer-Axl! inhibitor is indicated” is
intended to include any of or all of the above disease states.

While it is possible that for use in therapv, a compound of formula (1) as well as
pharmaceutically acceptable salts thereof may be adnunistered as the compound itself, it
1s more commonly presented as a pharmaceutical composition.

Pharmaceutical compositions may be presenied m unit dose forms containing a
predetermuined amount of active ingredient pep unit dose. Preferred unit dosage
compositions are those containing a daily dose or sub-dose, or an appropriate fraction
thereof, of an active ingredient. Such unit doses may therefore be administered more than
once a day. Preferred unit dosage compositions are those containing a daily dose or sub-
dose (for administration more than once a day), as herein above recited, or an appropriate
fraction thereof, of an active ingredient.

Types of cancers that may be treated with the compounds of this invention
include, but are not limited to, brain cancers, skin cancers, bladder cancers, ovarian
cancers, breast cancers, gasiric cancers, pancreatic cancers, prostate cancers, colon
cancers, blood cancers, lung cancers and bone cancers. Examples of such cancer types
include neuroblastoma, intestine carcinoma such as rectum carcinoma, colon carcinoma,
familiar adenomatous polyposis carcinoma and hereditary non-polyposis colorectal
cancer, esophageal carcinoma, fabial carcinoma, larvnx carcinoma, hypopharynx
carcinoma, tong carcinoma, salivary gland carcinoma, gastric carcinoma,
adenocarcinoma, reedullary thvroid carcinoma, papillary thyroid carcinoma, renal
carcinoma, kidneyv parenchymal carcinoma, ovarian carcinoma, cervix carcinoma, uterine
corpus carcinoma, endometrium carcinoma, chorion carcinoma, pancreatic carcinoma,
prostate carcinoma, festis carcinoma, breast carcinoma, urinary carcinoma, melanoma,
brain tumors such as ghioblastoma, astrocytoma, meningioma, medulloblastoma and
penipheral neuroectodermal tumors, Hodgkin lvmphoma, non-Hodgkin lyvmphoma,
Burkitt lymphoma, acute lymphatic leukemia (ALL), chronic Iymphatic Teokemia (CLL),
acute myeloid leukerma (AML), chronic myeloid leukemia (CML), aduilt T-cell leukemia
fvmphoma, diffuse farge B-cell lymphoma (DBLBCL). hepatocellular carcinoma, gall
bladder carcinoma, bronchial carcinoma, small cell tung carcinoma, non-small cell ung

carcinoma, multiple myeloma, basalioma, teratoma, retinoblastoma, choroid melanoma,
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seminoma, thabdomyvosarcoma, craniopharyngioma, osteosarcoma, chondrosarcoma,
myosarcoma, liposarcoma, fibrosarcoma, Ewing sarcoma and plasmocytoma.

In addition to apoptosis defects found m tumors, defects in the ability to elinunate
self-reactive cells of the immune system due to apoptosis resistance are considerad to
play a key role in the pathogenesis of autoimmune diseases. Autoimmune diseases are
characterized in that the cells of the immune systern produce antibodies against its own
organs and molecules or directly attack tissues resulting in the destruction of the latter. A
failure of those seff-reactive cells to undergo apopiosis leads to the manifestation of the
disease. Defects in apoptosis regulation have been identified in astotmmune diseases such
as systemic fupus erythematosus or theumatoid arthritis,

Compounds of the invention are useful for the treatment of certain types of cancer
by themselves or in combination or co-adminisiration with other therapeutic agents or
radiation therapy. Thus, in one embodiment, the compounds of the invention are co-
administered with radiation therapy or a second therapeutic agent with cytostatic or
antineoplastic activity. Suitable cytostatic chemotherapy compounds include, but are not
himited to (1) antimetabolites; (1) DNA-fragmenting agents, (i1} DNA-crosshinking
agents, (1v) intercalating agents (v} protein svnthesis inhibitors, (vi) topoisomerase |
poisons, such as camptothecin or topotecan; (vii) topoisomerase I poisons, (viii}
microtubule-directed agents, (ix} kinase inhibitors (x} miscellaneous investigational
agents (xi) hormones and (xi1) hormone antagonists. It is contemplated that compounds
of the invention may be useful in combination with any known agents falling into the
above 12 classes as well as any future agents that are currently in development. In
particalar, it is contemplated that compounds of the invention may be usefid in
combination with current Standards of Care as well as any that evolve over the
foresesable future. Specific dosages and dosing regimens would be based on physicians’
evolving knowledge and the general skill in the art.

Further provided herein are methods of treatment wherein compounds of the
mvention are adnunistered with one or more immuno-oncology agents. The immuno-
oncology agents used herein, also known as cancer immunotherapies, are effective to
enhance, stimulate, and/or up-regulate immuone responses in a subject. In one aspect, the
adnunistration of a compound of the invention with an inwnuno-~oncology agent has a

synergic effect in inhibiting tumor growth.

- 17 -



WO 2019/213340 PCT/US2019/030310

(¥4}

10

15

20

30

In one aspect, the compound(s} of the invention are sequentially adminisieraed
prior to admunistration of the immuno-oncology agent. In another aspect, compound(s) of
the invention are adnunistered concurrently with the immunology-oncology agent. Invet
another aspect, compound(s) of the invention are sequentially administered after
admunistration of the immuno-oncology agent.

In another aspect, compounds of the invention may be co-formulated with an
immuno-oncology agent.

Immuno-oncology agents include, for example, a small molecule drug, antibody,
or other biologic or small molecule. Examples of biclogic immuno-oncology agents
mclude, but are not limited to, cancer vaccines, antibodies, and cytokines. In one aspect,
the antibody is a monocional antibody. In another aspect, the monoclonal antibody is
humanized or human.

In one aspect, the inmmuno-oncology agent is (1) an agonist of a stimulatory
(including a co-stimulatory) receptor or (i1} an antagonist of an inhibitory (including a co-
whibitory} signal on T cells, both of which result in amplifying antigen-specific T cell
responses {often referred to as immune checkpoint regulators).

Certain of the stiraulatory and inhibitory molecules are members of the
mmmunoglobulin super family (Ig8F). One important family of membrane-bound ligands
that bind to co-stimulatory or co-inhibitory receptors is the B7 famuly, which includes B7-
1, B7-2, B7-HI (PD-L1), B7-DC (PD-L2), B7-H2 (ICOS-L), B7-H3, B7-H4, B7-HS
(VISTA), and B7-H6. Another fanuly of rmeembrane bound higands that bind to co-~
stimulatory or co-inhibitory receptors is the TNF family of molecules that bind to cognate
TNF receptor family members, which inclades CD40 and CD40L, OX-40, OX-40L,
CD70, CD27L, CD30, CD30L, 4-1BBL, CD137 (4-1BB), TRAIL/Apo2-1,
TRAILR1/DR4, TRAILRZ/DRS, TRAILR3, TRAILR4, OPG, RANK, RANKL,
TWEAKR/Fn14, TWEAK, BAFFR, EDAR, XEDAR, TACL APRIL. BCMA, LTPR,
LIGHT, BeR3 HVEM, VEGITL1A TRAMP/DR3, EDAR, EDAL, XEDAR, EDAZ,
TNFR1, Lymphotoxin o/ TNF, TNFR2, TNFe. LTBR. Lymphotoxin o 152, FAS, FASL,
RELT, DR6, TROY, NGFR.

In another aspect, the immuno-oncology agent 15 a cytokine that inhibits T cell
activation {e.g., {L~6, IL-10, TGF-B, VEGF, and other immunosuppressive cyvtokines) or a

cvtokine that siimulates T cell activation, for stiimulating an immune response.
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In one aspect, T cell responses can be stinilated by a combination of a compound
of the invention and one or more of (1) an antagonist of a protein that inhubits T cell
activation {e.g., immmune checkpoint inhibitors) such as CTLA-4, PD-1, PD-L1, PD-1.2,
LAG-3, TIM-3. Galectin 9, CEACAM-1, BTLA, CD69, Galectin-1, TIGIT, CD113,
GPRS6, VISTA, 2B4, CD48, GARP, PDIH, LAIR], TIM-1, and TIM-4. and (ii} an

(¥4}

agomst of a protein that stimulates T cell activation such as B7-1, B7-2, CD28, 4-1BB
(CD137), 4-1BBL. ICOS, ICOS-L, 0X40, OX40L, GITR. GITRL, CD70, CD27, CD40,
DR3 and CD28H.
Other agents that can be combined with compounds of the invention for the
10 treatment of cancer include antagonists of inhibitory receptors on NK cells or agomists of
activating receptors on NK cells. For example, compounds of the invention can be
combined with antagonists of KIR, such as lirifumab.
Yet other agents for combination therapies nclude agents that inhubit or deplete
macrophages or monocytes, including but not limited to CSF-1R antagonists such as
15 CSF-1R antagonist antibodies including RG7155 (WO11/70024, WO11/107553,
WOL1/131407, WO13/87699, WOI13/119716, W(O13/132044) or FPA-008
(WO11/140249, WO 13169264, WO14/036357).
In another aspect, compounds of the invention can be used with one or more of
agomistic agents that ligate positive costimulatory receptors, blocking agents that
20 attenuaie signaling through mhibitory receplors, antagonists, and one or more agents that
merease systernically the frequency of anti-tumor T cells, agents that overcome distinet
immmine suppressive pathways within the tumor microenvironment {e.g., block inhibitory
receptor engagement {e.g., PD-L1/PD-1 interactions), deplete or inhibit Tregs {e.g., using
an anti-CD25 monoclonal antibody (e.g., daclizumab) or by ex vivo anti-CD2S bead
25 depletion), inhibit metabolic enzymes such as IDO, or reverse/prevent T cell anergy or
exhaustion} and agents that trigger innate immune activation and/or inflammation at
tumor sites.
I one aspect, the inwnuno-~-oncology agent is a CTLA-4 antagonist, such as an
antagonistic CTLA-4 antibody. Suiiable CTLA-4 antibodies include, for example,
30 YERVOY (pilumumab) or tremelimumab.
In another aspect, the immuno-oncology agent is a PD-~1 antagonist, such as an

antagonistic PD-1 antibody. Suitable PD-1 antibodies include, for example, OPDIVQ
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(mivolumab}, KEYTRUDA (pembrolizumab), or MEDT-0680 (AMP-514;
WO2012/145493). The vmmuno-oncology agent may also inclade pidilizamab (CT-011},
though its specificity for PD-~1 binding has been questioned. Another approach to target
the P13-1 receptor is the recombinant protein composed of the extracellular domain of
PD-L2 (B7-DC) fused to the Fe portion of Ig(G1, called AMP-224

In another aspect, the immuno-oncology agent is a PD-L1 antagonist, such as an
antagonistic PD-L1 anubody. Suitable PD-L1 antibodies include, for example,
MPDL3280A (RG7446, W2010/077634), durvalumab (MEDI4736), BMS-936559
(WO2007/005874), and MSBOO107I8C (WQ2013/79174),

In another aspect, the iramuno-oncology agent 15 a LAG-3 antagorust, such as an
antagonistic LAG-3 antibodyv. Suitable 1. AG3 antibodies include, for example, BMS-
986016 (WO10/19570, W(O14/08218), or IMP-731 or IMP-321 {W(08/132601,
WO09/44273),

In another aspect, the immuno-oncology agent is a CI3137 {(4-1BB) agonist, such
as an agonistic CD137 antibody. Suitable CD137 antibodies include, for example,
urelumab and PF-05082566 (W(12/324333.

In another aspect, the immuno-oncology agent is a GITR agonist, such as an
agonistic GITR antibody. Suitable GITR antibodies include, for example, BMS-986153,
BMS-986156, TRX-518 {(W(06/105021, W(09/009116) and MK-4166 (W(11/028683).

In another aspect, the immuno-oncology agent is an IDO antagonist. Suitable
DO antagorusts include, for example, INCB-(24360 (W02006/122150, WO07/75598,
WOOR/36653. WON8/36642), indoximod, or NLG-919 (WO09/73620. WO09/1156652,
WOL1/56652, W(O12/142237).

In another aspect, the immuno-oncology agent 13 an OX40 agonist, such as an
agonistic OX40 antibody. Suitable OX40 antibodies include, for example, MEDI-6343 or
MEDI-6469.

In another aspect, the immuno-oncology agent 1s an OX40L antagonist, such as an
antagonistic OX40 antibody. Suitable OX40L antagonists include, for example, RG-7888
(WO06/0298793,

In another aspect, the tmmuno-oncology agent is a CD40 agomst, such as an

agonistic CD40 antibody. In vet another embodiment, the immuno-oncology agent is a
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CD40 antagonist, such as an antagonistic CD40 antibody. Suitable D40 antibodies
include, for example, hucatumumab or dacetuzumab.

In another aspect, the imomuno-oncology agent is a CD27 agomst, such as an
agonistic CD27 antibody. Suitable CD27 antibodies include, for example, vartitumab.

In another aspect, the immuno-oncology agent is MGA271 {to B7TH3)
{WQO11/109400).

The combination therapy is intended to embrace administration of these
therapeutic agents in a sequential manner, that is, wherein gach therapeutic agent is
adnunistered at a different time, as well as administration of these therapeutic agents, or
at least two of the therapeutic agents, in a substantially simultaneous manner.
Substantially simultaneous administration can be accomplished, for example, by
admunistering to the subject a single dosage form having a fixed ratio of each therapeutic
agent or in multiple, single dosage forms for each of the therapeutic agents. Sequential or
substantially simultaneous administration of each therapeutic agent can be effected by
any appropriate route including, but not limited to, oral routes, intravenous routes,
iniramuscular routes, and direct absorpiion through mucous membrane tissues. The
therapeutic agents can be adnunistered by the same route or by different routes. For
example, a first therapeutic agent of the combination selected may be administered by
intravenous injection while the other therapeutic agents of the combination may be
administered orally. Allernatively, for example, all therapeutic agents may be
adroinistered orally or all therapeutic agents may be adnunistered by intravenous
mjection. Combination therapy also can embrace the administration of the therapeutic
agents as described above in further combination with other biologically active
ingredients and non-~drug therapies {e.g., surgery or radiation treatroent.} Where the
combination therapy further comprises a non-drug treatment, the non-drug treatment may
be conducted at any suitable time so long as a beneficial effect from the co-action of the
combination of the therapeutic agents and non-drug treatruent 1s achieved. For example,
in appropriate cases, the beneficial effect is still achieved when the non-drug treatment 1s
temporally removed from the administration of the therapeutic agents, perhaps by days or
even weeks.

The present invention may be embodied m other specific forms without departing

from the spirit or essential atiributes thereof. This invention encompasses all
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combinations of preferred aspecis of the invention noted herein. [t is undersiood that any
and all emsbodiments of the present invention may be taken in conjunction with any other
embodiment or emabodiments to describe additional embodiments. 1t is also understood
that each individual element of the embodiments is its own independent embodiment.
Furthermore, any element of an embodiment is meant to be combined with any and all

other elernents from any embodiment to describe an additional embodiment.

v, PHARMACEUTICAL COMPOSITIONS AND DOSING

The invention also provides pharmaceutically acceptable compositions which
comprise a therapeutically effective amount of one or more of the compounds of Formula
1, formulated together with one or more pharmaceutically acceptable carriers {additives)
and/or diluents, and optionally, one or more additional therapeutic agents described
above. As described in detail below, the pharmaceutical compositions of the present
mvention may be specially formulated for adnunistration in solid or liquid form,
including those adapted for the following: (1) oral admunistration, for example, drenches
{aquecus or non-aqueous soluiions or suspensions), tablets, e.g., those targeted for buccal,
sublingual, and svstemic absorption, boluses, powders, granules, pastes for application to
the tongue; (2} parenteral administration, for example, by subcutaneous, intramuscular,
intravenous or epidural injection as, for example, a sterile solution or suspension, or
sustained release formulation; (3) topical application, for example, as a cream, ointment,
or a conirolled release patch or spray apphed to the skin; (4) intravaginally or
intraractally, for example, as a pessary, cream or foam; (5} sublingually; (6} oculatly; (7}
transdermally; or (8) nasally.

The phrase "pharmaceutically acceptable” is employed herein to refer to those
compounds, materials, compositions, and/or dosage forms which are, within the scope of
sound medical judgment, suitable for use in contact with the tissues of human beings and
animals without excessive toxicity, irritation, allergic response, or other problem or
coraplication, commensurate with a reasonable benefit/risk ratio.

The phrase “"pharmaceutically acceptable carrier” as used herein means a
pharmaceutically acceptable material, composition or vehicle, such as a liquid or solid
filler, diluent, excipient, manufacturing aid {e.g., lubricant, talc magnesium, calcium or

zinc stearate, or steric acid), or solvent encapsulating material, involved in carrving or
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transporting the subject compound from one organ, or portion of the body, to another
organ, or poriion of the body. Each carrier must be "acceptable” in the sense of being
compatible with the other ingredients of the formulation and not injurious to the patient.
Some examples of materials which can serve as pharmaceutically-acceptable carriers
include: {1} sugars, such as lactose, glucose and sucrose; (2) starches, such as com starch
and potato starch: (3) cellulose, and is derivatives, such as sodium carboxymethyl
cellulose, ethvi cellulose and cellulose acetate; (4} powdered tragacanth; (5) malt; (6)
gedating (73 talc; (8) excipients, such as cocoa butler and suppository waxes; (9) oils, such
as peanut otl, cottonseed oil, safflower o1l, sesame o1}, olive otl, corn o1l and soybean oil;
(10} glveols, such as propylene glveol: (11} polyols, such as glycerin, sorbitol, mannitol
and polvethyvlene glvcol; (12} esters, such as ethy! oleate and ethyl laurate; (13) agar; (14}
buffering agents, such as magnesium hydroxide and aluminum hydroxide; (15) alginic
acid; (16) pyrogen-free water; (17) isotonic saline; (18) Ringer's solution; (19} ethyl
alcohol; (20} pH buffered solutions; (21} polyesters, polycarbonates and/or
polyanhvdrides; and {22} other non-toxic compatible substances emploved in
pharmaceutical formulations.

Wetting agents, emulsifiers and lubricants, such as sodium lawry! sulfate and
magnesium stearate, as well as coloring agents, release agents, coating agents,
sweetening, flavoring and perfuming agents, preservatives and antioxidants can also be
present in the compostions.

Examples of pharmaceutically-acceptable antioxidants include: (1) water soluble
antioxidants, such as ascorbic acid, cysteine hydrochloride, sodium bisulfate, sodium
metabisulfite, sodium sulfite and the hike; (2) otl-scluble antioxidants, such as ascorbyl
palmatate, butylated hydroxvanisole (BHA), butylated hydroxytoluene (BHT), lecithin,
propyl gallate, alpha-tocopherol, and the like; and (3} metal chelating agents, such as
citric acid, ethvienediamine tetraacetic acid (EDTA), sorbitol, tartaric acid, phosphoric
acid, and the like.

Formulations of the present invention include those suitable for oval, nasal, topical
(including buccal and sublingual}, rectal, vaginal and/or parenteral administration. The
formulations may conveniently be presented in wt dosage {orm and may be prepared by
any roethods well known in the art of pharmacy. The armount of active ingredient which

can be combinad with a carrier material to produce a single dosage form will vary
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depending upon the patient being treated and the particular mode of adminisiration. The
amount of active ingredient which can be combined with a carrier material to produce a
single dosage form will generally be that amount of the compound which produces a
therapeutic effect. Generally, out of one hundred percent, this amount will range from
about 0.1 percent to about ninety-nine percent of active ingredient, preferably from abowt
3 percent to about 70 percent, most preferably {rom about 10 percent to about 30 percent.

In certain embodiments, a formulation of the present invention comprises an
excipient selected from the group consisting of cyclodexiring, celluloses, liposomes,
micelle forming agents, e.g.. bile acids, and polymeric carriers, e.g., polyvesters and
polvanhydrides; and a compound of the present invention. In certain embodiments, an
aforementionad formulation renders orally bioavailable a compound of the present
mveniion.

Methods of preparing these formulations or compositions include the step of
bringing into association a compound of the present invention with the carrier and,
optionally, one or more accessory ingredients. In general, the formulations are prepared
by uniformly and mtimately bringing into association a cormpound of the present
mvention with liquid carners, or finely divided solid carniers, or both, and then, if
necessary, shaping the product.

Formmilations of the invention suitable for oral administration may be in the form
of capsules, cachets, pills, tablets, lozenges {using a lavored basis, usually sucrose and
acacia or fragacanth), powders, granules, or as a solution or a suspension in an aquenus or
non-aqueocus liguid, or as an oil-in-water or water-in-oil liquid emulsion, or as an elixir or
syrup, or as pastilles (using an inert base, such as gelatin and glvcerin, or sucrose and
acacia) and/or as mouth washes and the like, each containing a predetermined amount of
a compound of the present invention as an active ingredient. A compound of the present
mvention may also be adiminisiered as a bolus, electuary or paste.

In solid dosage forms of the mvention for oral administration {(capsules, tablets,
pills, dragees, powders, granules, troches and the like), the active ingredient 1s mixed with
one or more pharmacewtically acceptable carriers, such as sodium citrate or dicalcium
phosphate, and/or any of the following: (1) fillers or extenders, such as starches, lactose,
sucrose, glucose, mannitol, and/or silicic acid; (2) binders, such as, for example,

carboxvmethyiceliulose, alginates, gelatin, polyvinyl pyrrolidone, sucrose and/or acacia;
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(3y humectants, such as glycerol, (4} disintegrating agents, such as agar-agar, calcium
carbonate, potato or tapioca starch, alginic acid, certain silicates, and sodium carbonate;
(8) solution retarding agents, such as paraffin; (6} absorption accelerators, such as
guaternary ammonium compounds and surfactants, such as poloxamer and sodium laurvl
sulfate; {7} wetting agents, such as, for example, cetyl alcohol, givcerol monosiearate, and
non-ionic surfactants; (8} absorbents, such as kaolin and bentonite clay; (9) lubricants,
such as talc, calcium stearate, magnesium stearate, solid polvethylene glvceols, sodium
iauryl sulfate, zinc stearate, sodium stearate, stearic acid, and mixtures thereof, (10)
colonng agents; and (11} controlled release agents such as crospovidone or ethyl
cellulose. In the case of capsules, tablets and pills, the pharmaceutical compositions may
also comprise buffering agents. Solid compositions of a similar type may also be
employed as fillers in soft and hard shelled gelatin capsules using such excipients as
factose or milk sugars, as well as high molecular weight polyethylene glveols and the like.

A tablet may be made by compression or molding, optionally with one or more
accessory ingredienis. Compressed tablets may be prepared using binder (for example,
gelatin or hyvdroxy propylmethyl cellulose), lubricant, mert difuent, preservative,
disintegrant (for example, sodium starch glycolate or cross-linked sodiurn carbosyrmethyl
cellulose), surface active or dispersing agent. Molded tablets may be made by molding in
a suitable machine a mixture of the powdered compound moistened with an inert iquid
diluent.

The tablets, and other solid dosage forms of the pharmaceutical compositions of
the present invention, such as dragees, capsules, pills and granules, may optionally be
scored or prepared with coatings and shells, such as enteric coatings and other coatings
well known 1n the pharmaceutical forroulating art. They may also be formulated so as to
provide slow or controlied release of the active ingredient therein using, for example,
hydroxypropylmethyi celiulose in varying proportions to provide the desired release
profite, other polymer matrices, liposomes and/or mucrospheres. They may be formulated
for rapid release, e.g., freeze~-dried. Theyv mav be sterilized bv, for example, filtration
through a bacteria retaining filter, or by incorporating sterilizing agents in the form of
sterile solid compositions which can be dissolved in sterile waler, or some other stertle
mjectable mediurn immediately before use. These compositions may also optionally

contain opacifying agents and may be of a composition that they release the active
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ingredient(s} only, or preferentially, in a certain portion of the gastrointestinal tract,
optionally, in a delayved manner. Examples of embedding cormpositions which can be
used include polvmeric substances and waxes. The active ingredient can also be in
micro-encapsulated form, if appropriate, with one or more of the above described
excipients.

Liquid dosage forms for oral administration of the compounds of the ivention
include pharmaceutically acceptable emulsions, microemulisions, solutions, suspensions,
syrups and elixirs. In addition to the active ingredient, the liquid dosage forms may
coniain inert diluents commonly used in the art, such as, for example, water or other
solvents, solubilizing agents and emulsifiers, such as ethyl alcohol, isopropyl alcohol,
ethy! carbonate, ethy! acetate, benzy! alcohol, benzyl benzoate, propylene glvcol,
1,3-butylene glveol, oils (in particular, cottonseed, groundnut, corn, germ, olive, castor
and sesame oils), glycerol, tetraby drofuryl alcohol, polyethylene glycols and fatty acid
asters of sorbitan, and mixtures thereof.

Besides inert diluents, the oral compostiions can also inciude adjuvants such as
wetting agents, emulsifying and suspending agents, sweetening, flavoring, coloring,
perfuming and preservative agents.

Suspensions, in addition to the active compounds, may contain suspending agenis
as, for example, ethoxylated isostearyl aicohols, polyoxyethylene sorbitol and sorbitan
esters, microcrystalline cellulose, aluminum metahydroxide, bentonite, agar-agar and
iragacanth, and mixtures thereof.

Formulations of the pharmaceutical compositions of the invention for rectal or
vaginal adminisiration may be presenied as a suppository, which may be prepared by
mixing one or more compounds of the invention with one or more suitable nonuritating
excipients or carriers comprising, for example, cocoa butter, polyethylene glveol, a
suppostiory wax or a salicviate, and which is solid at room temperature, but liquid at body
iemperature and, therefore, will melt in the rectum or vaginal cavily and release the active
cornpound.

Formulations of the present invention which are suitable for vaginal
adminisiration also include pessarnies, tampons, creams, gels, pastes, foams or spray

formulations containing such carriers as are known in the art to be appropriate.
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Dosage forms for the topical or transdermal administration of a compound of this
invention include powders, sprays, omtments, pastes, creams, lotions, gels, solutions,
patches and inhalants. The active compound may be mixed under sterile conditions with
a pharmaceutically acceptable carrier, and with any preservatives, buffers, or propeliants
which may be required.

The ointments, pastes, creams and gels may contain, in addition to an active
compound of this invention, excipients, such as animal and vegetable fats, oils, waxes,
paraffins, starch, tragacanth, celiulose denivatives, polvethviene glvcols, silicones,
beniomites, silicic acid, tale and zinc oxide, or mixiures thereof.

Powders and sprays can contain, in addition to a compound of this invention,
excipients such as lactose, talc, silicic acid, aluminum hydroxide, calcium sificates and
polvamide powder, or mixtures of these substances. Sprays can additionally contain
customary propellanis, such as chlorofluorohydrocarbons and volatile unsubsiituted
hydrocarbons, such as butane and propane.

Transdermal patches have the added advantage of providing controlled delivery of
a compound of the present invention 1o the body. Such dosage forms can be made by
dissolving or dispersing the coropound in the proper medium. Absorption enhancers can
also be used to increase the flux of the compound across the skin. The rate of such flux
can be controlled by either providing a rate controlling membrane or dispersing the
compound in a polymer matrix or gel.

Ophthalmic formulations, eve omntments, powders, solutions and the hike, are also
contemplated as being within the scope of this invention,

Pharmaceutical compositions of this invention suitable for parenteral
adnuunistration coraprise one or more compounds of the invention in combination with
one or more pharmaceutically acceptable sterile isotonic aqueous or nhon-agqueous
solutions, dispersions, suspensions or emulsions, or sterile powders which may be
reconstituted into stertle injectable solutions or dispersions just prior to use, which may
contain sugars, alcohols, antioxidants, buffers, bacteriostats, solutes which render the
formulation isotonic with the blood of the intended recipient or suspending or thickening
agenis.

Examples of suttable agueous and non-agueous carriers which may be emploved

in the pharmaceutical composttions of the invention include water, ethanol, polyols (such
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as glveerol, propylene glycol, polyethylene glveol, and the like), and suitable mixtures
thereof, vegetable oils, such as olive oil, and injectable organic esters, such as ethyl
oleate. Proper fluidity can be maintained, for example, by the use of coating matenials,
such as lecithin, by the maintenance of the required particle size in the case of
dispersions, and by the use of surfactants.

These compostiions may also contain adjuvanis such as preservatives, wetting
agents, emulsifying agents and dispersing agents. Prevention of the action of
microorganisms upon the subject compounds may be ensured by the inclusion of various
antibacterial and antifungal agents, for example, paraben, chiorobutanol, phenol sorbic
acid, and the like. 1t may also be desirable to include isotonic agents, such as sugars,
sodium chloride, and the like into the compositions. In addition, prolonged absorption of
the injectable pharmaceutical form mav be brought about by the inclusion of agents
which delay absorption such as alumimum monosiearate and gelatin,

In some cases, in order to prolong the effect of a drug, it is desirable to slow the
absorption of the drug from subcutaneous or intramuscular injection. This may be
accomphished by the use of a liquid suspension of crystalline or amorphous matenial
having poor water solubility. The rate of absorption of the drug then depends upon its
rate of dissolution which, in turn, may depend upon crystal size and crystalline form,
Alternatively, delayed absorption of a parenterally admunistered drug form is
accomplished by dissolving or suspending the drug in an oif vehicle.

Injectable depot forms are made by forming microencapsuled matrices of the
subject compounds in biodegradable polvmers such as polviactide-polyglycolide.
Depending on the ratio of drug to polymer, and the nature of the particular polymer
emploved, the rate of drug release can be controlled. Examples of other biodegradable
polymers include poly{orthoesters) and poly{anhvdrides). Depot injectable formulations
are also prepared by entrapping the drug in liposomes or microemulsions which are
compatible with body tissue,

When the compounds of the present invention are admunistered as
pharmaceticals, to humans and animals, they can be given per se or as a pharmaceutical
composition containing, for example, 0.1 to 99% (more preferably, 10 {0 30%) of active

ingredient in combination with a pharmaceutically acceptable carrier.
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Regardless of the route of adminisiration selected, the compounds of the present
invention, which may be used in a suitable hydrated form, and/or the pharmaceutical
compositions of the present invention, are formulated into pharmaceutically acceptable
dosage forms by conventional methods known to those of skill in the art.

Actual dosage levels of the active ingredients in the pharmaceutical compositions
of this invention may be varied so as to obtain an amount of the active ingredient which is
effective 1o achieve the desired therapeutic response for a particular patient, composition,
and mode of administration, without being toxic to the patient.

The selected dosage level will depend upon a varietly of factors mcluding the
activity of the particular compound of the present invention emploved, or the ester, salt or
amide thereof, the route of administration, the time of adnunistration, the rate of excretion
or metabolism of the particular compound being employed, the rate and extent of
absorption, the duration of the treatment, other drugs, compounds and/or materials used in
combination with the particular compound emploved, the age, sex, weight, condition,
general health and prior medical history of the patient being treated, and like factors well
known in the medical arts.

A physician or veterinarian having ordinary skill in the art can readily deternine
and prescribe the effective amount of the pharmaceutical composition required. For
example, the physician or veterinarian could start doses of the compounds of the
invention emploved n the pharmaceutical composition at levels lower than that required
in order to achieve the desired therapeutic effect and graduallv increase the dosage untid
the desired effect 1s achieved.

In general, a suitable daily dose of a compound of the invention will be that
amount of the compound which is the lowest dose effective to produce a therapeutic
effect. Such an effective dose will generally depend upon the factors described above.
Generally, oral, infravenous, intracerebroventricular and subcntaneous doses of the
compounds of this invention for a patient will range from about 0.01 to about 50 mg per
kilogram of body weight per day.

I desired, the effective daily dose of the active compound may be administered as
two, three, four, five, six or more sub~-doses admimistered separately at appropriate
mtervals throughout the day, optionally, in unit dosage forms. In certain aspects of the

mvention, dosing is one administration per day.
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While it 1s possible for a compound of the present invention to be administered
alone, it is preferable to admunister the compound as a pharmaceutical formulation

{composition}.

DEFINITIONS

Unless specifically stated otherwise herein, references made in the singular may
also include the plural. For example, “a” and “an” may refer to either one, or one or
more.

Unless otherwise indicated, any heteroatom with unsatisfied valences 15 assumed
1o have hydrogen atoms sufficient to satisfy the valences.

Throughout the specification and the appended claims, a given chemical formula
or name shall encompass all stereo and optical isomers and racemates thereof where such
isomers exist. Unless otherwise indicated, all chiral {enantiomeric and diastereomeric)
and racemic forms are within the scope of the invention. Many geometric isomers of
C=( double bonds, C=N double bonds, ring systems, and the like can also be present in
the compounds, and all such stable isomers are contemplated in the present invention.
Cis- and trans- (or £- and Z-) geometric 1somers of the compounds of the present
mvention are described and may be isolated as a mixture of isomers or as separated
isomeric forms. The present compounds can be isolated i optically active or racemic
forms. Optically active forms may be prepared by resolution of racemic forms or by
svothesis from optically active starting materials.  All processes used to prepare
compounds of the present invention and intermediates made therein are considered to be
part of the present invenfion. When enantiomeric or diastereomeric products are
prepared, they may be separated by conventional methods, for exarmple, by
chromatography or fractional crystallization. Depending on the process conditions the end
products of the present invention are obtained either in free {newuiral) or salt form. Both
the free form and the salts of these end products are within the scope of the invention. If
so desired, one form of a compound may be converted into another form. A free base or
acid may be converted into a salt; a salt may be converted into the free compound or
another salt; a mixture of isomeric compounds of the present mvention may be separated
mio the individual 1somers. Compounds of the present invention, free form and salts

thereof, may exist in multiple tautomeric forms, in which hvdrogen atoms are transposed
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1o other parts of the molecules and the chemical bonds between the atoms of the
molecules are consequently rearranged. It should be understood that all tautomeric forms,
msofar as they may exist, are included within the mvention,

For purposes of clarity and in accordance with standard convention in the art, the

symbol % is used in formulas and tables to show the bond that is the point of
attachment of the motety or substituent 10 the core/nucleus of the structure.

Addutonally, for purposes of clarity, where a substituent has a dash (-) that is not
between two letters or symbols; this is used to indicate a point of attachment for a
substituent. For example, -CONH2 is attached through the carbon atom.

Additionally, for purposes of claritv, when there 13 no substituent shown at the end
of a solid line, thus indicates that there is a methyvl (CH3) group connected to the bond.

As used herein, the term “alkyl” or “alkviene” is intended to include both
branched and straight-chain saturated aliphatic hydrocarbon groups having the specified
nurnber of carbon atoms. For example, “Cy-Cg alkyl” denotes alkyvl having 1 to 6 carbon
atorms. Example alkyi groups include, but are not limited to, methyl (Me), ethyl (E1),
propyl {e.g., n-propvl and isopropyl), butvl {e.g., n-butyl, isobutyl, t-butvl), and pentyl
{e.g, n-pentyl, isopentyl, neopentyl}.

The term “alkenyl” denotes a straight- or branch-chained hydrocarbon radical
containing one or more double bonds and typically from 2 to 20 carbon ators in length.
For example, “C2-Cs alkenyl” contains from two to eight carbon atoms. Alkeny! groups
include, but are not limited to, for example, ethenyl, propenyl, butenvl, 1-methvi-2-buten-
t-vl, heptenyvl, octeny! and the like.

The term “alkynyl” denotes a straight- or branch-chained hvdrocarbon radical
containing one or more triple bonds and typically from 2 to 20 carbon atoms in length.
For example, “(2-Cs alkenyl” contains from two to eight carbon atoms. Representative
alkyny! groups include, but are not imited to, for example, ethyvoyvl, T-propyvavi, 1-
butynvl, heptynvi, octyny] and the like.

The term “alkoxy™ or “alkyloxy™ refers to an ~O-alkyi group. (4 alkoxy™ {or
alkvloxy), is ntended to include Cy, Uy, Ca, C4, Cs. and Cq alkoxy groups. Example
alkoxy groups include, but are not hinited to, methoxy, ethoxy, propoxy {(e.g., n-propoxy

and isopropoxy), and r-butoxy. Similarly, “alkylthio™ or “thicalkoxy™ represents an atkyl

-3% -
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group as defined above with the indicated number of carbon atoms attached through a
sulphur bridge; for example methyl-S- and ethyl-S-.

The term “arvl”, either alone or as part of a larger moiety such as “aralkyl”,

7
-

>

“aralkoxy”, or arvioxvalkyl”, refers to monocyclic, bicyclic and tricvclic ring systems
having a total of five to 15 ring members, wherein at least one ring in the svstem 18
aromatic and wherein each ring in the system contains three to seven ring members. In
certain embodiments of the invention, “aryl” refers to an aromatic ring system which
includes, but not limited {o phenvl, biphenvl, indanyl, 1-naphthyl, Z-naphthvl and
terahydronaphthvl. The term “aralkyl” or “arvialkyl” refers to an alkyl residue attached
to an arvl ring. Non-limiting examples include benzyl, phenethy! and the like. The fused
arvis may be connected to another group either at a suitable position on the cycloalkyl

ring or the aromatic ring. For example:

Arrowed lines drawn from the ring system indicate that the bond mav be attached
to any of the suitable ring atoms,

The term "benzvh" as used herein, refers to a methyl group on which one of the
hvdrogen atorns is replaced by a phenyl group.

The term “cycloalky!” refers to cyclized alkyl groups. Cs.g cycloalkyl is intended

g

1o include Cs, C4, Cs, and Cg cycloalkyl groups. Example cycloalkyl groups include, but
are not imited to, cvclopropyl, evdobutyl, cyclopentyl, eyclohexyl, and norbornyl.
Branched cvcloalkyl groups such as 1-methvicyclopropyl and 2-methvicyclopropyl are
mcluded in the definition of “cycloalky!”. The term “cycloalkeny!” refers to cyclized
alkenyl groups. C4.6 cvcloaikenyl is intended to include Ty, Cs, and Cg cycloalkenyl
groups. Example cvcloalkenvi groups include, but are not limited to, cyclobutenyi,

cvclopentenvi, and cvclohexenyl
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The term “cycloalkyiatkvi refers to a cycloalkyl or substituted cveloalkyl bonded
to an alky! group connected to the core of the compound.

“Halo™ or “halogen” includes fluoro, chloro, brome, and 1odo. “Haloalky!” 1s
mtended to include both branched and straight-chain saturated aliphatic hydrocarbon
groups having the specified number of carbon atoms, substituted with 1 or more halogens.
Examples of haloalkyl include, but are not imited to, flucromethyl, diflucromethyl,
trifluoromethyl, trichloromethyl, pentafiuoroethyl, pentachloroethyl, 2,2, 2-trifluorcethyl,
heptafluoropropyl, and heptachloropropvl. Examples of haloalkyl also include
“fluoroalky]” that is intended to include both branched and straight-chain saturated
aliphatic hydrocarbon groups having the specified number of carbon atoms, substituted
with 1 or more fluorine atoms.

“Haloalkoxy™ or “haloalkvloxy™ represents a haloalkyl group as defined above
with the indicated number of carbon atoms attached through an oxygen bridge. For
example, “Cy.¢ haloalkoxy”, is mtended to include Cy, C, Cs, C4, Cs, and Cg haloalkoxy
groups. Examples of haloalkoxy include, but are not imited to, tnflucromethoxy, 2,2,2-
trifluoroethoxy, and pentafluorothoxy. Simtlarly, “haloalkvithio” or “thichaloalkoxy™
represents a haloalkyl group as defined above with the indicated number of carbon atoms
attached through a sulphur bnidge; for example trifluoromethyl-S-, and pentafluoroethyl-
S-.

As used herein, the term "heterocyele,” "heterocyclyl,” or "heterocyelic group” is
mtended to mean a stable 3-, 4-, 5-, 6-, or 7-membered monocyclic or bicyclic or 7-, 8-,
9-, 10-, 11-, 12-, 13-, or 14~-membered polvcyclic heterocyclic ring that is saturated,
partially unsaturated, or fully unsaturated, and that contains carbon atoms and 1, 2, 3 or 4
hetercatoms independently selected from the group consisting of N, O and S; and
including any polycyelic group in which any of the above-defined heterocyclic rings is
fused to a benzene ring. The mitrogen and sulfur heteroatoms may optionally be oxidized
(i.e., N—O and S(0),, wherein p is 0, 1 or 2). The nitrogen atom may be substituted or
unsubstituted (i e., N or NE wherein R is H or another subsiituent, if defined). The
heterocyclic ring may be attached to its pendant group at any heteroatom or carbon atom
that results in a stable stracture. The heterocyclic rings described hergin may be
substituted on carbon or on a nitrogen atom if the resulting compound is stable. A

nitrogen in the heterocycle may optionally be quaternized. It is preferred that when the
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total mumber of S and O atoms in the heterocycle exceeds 1, then these heteroatoms are
not adjacent to one another. H is preferred that the total number of § and O atoms in the
heterocycle is not roore than 1. When the term "heterocyele” 1s used, it 1s mtended fo
mclude heteroaryl.

Examples of heterocycles include, but are not Himited to, acridinvi, azetidinvi,
azocinyl, benzimidazolyl, benzofuranvl, benzothiofuranyl, benzothiophenyl,
benzoxazolyl, benzoxazolinyl, benzthiazolyl, benziriazolyl, benztetrazolyl,
benzisoxazolyl, benzisothiazolyl, benzimidazolinvi, carbazolyl, 4af-carbazolyi,
carbolinyl, chromanyl, chromenyl, cinnolinyl, decahydroguinolinyl,
2H 6H-1.52-dithazinyl, dihydrofuro[2,3-bltetrahy drofuran, furanyl, furazanvl,
immdazolidinyl, imidazolinyl, imidazoline-2-one, imidazolvl, 1 H-indazolvi,
imidazolopyridinyl, indolenyl, indolinyl, indolizinyl, indolyl, 3H-indolvl, isatinoyl,
isobenzofuranyl, isochromanyl, 1soindazolyl, isomndohnyl, isoindolvl, isoquinolinyvi,
1sothiazolyl, isothiazolopyridinyl, 1soxazolyl, isoxazolopyridinyl, methylenedioxyphenyl,
morpholinyl, naphthyridinvi, octahydroisoquinolinyl, oxadiazolvl, 1,2, 3-oxadiazolyl,
1.2, 4-oxadiazolvl, 1,2, 5-oxadiazolvl, 1,3 4-oxadiazolvl, oxazohdinyl, oxazolyl,
oxazolopyridinyl, oxazolidinvipenimidinyl, oxandolvl, pvrimidinyl, phenanthndinyvl,
phenanthrolinyl, phenazinv, phencthiazinyl, phenoxathiinyl, phenoxazinyl, phthalazinyl,
piperazinyi, piperidinyl, piperidonyl, 4-piperidonyl, piperonvl, pteridinyl, purinyl,
pyranvl, pyrazinyvl, pyrazolidinyl, pyrazolinyl, pyrazolopyridinyl, pyrazolyl, pyridazinyi,
pvridooxazolvl, pyridoirmidazolvi, pyridothiazolvl, pyridinyl, pyvrinmudingl, pyrrohidinyl,
pvrrolinvl, Z-pyrrolidonyl, ZH-pyrrolyl, pyirolvl, quinazolinyl, quinolinyl,
4H-quinolizinyl, quinoxalinyl, quinuchdinyvi, tetrazolyl, tetrahy drofuranyl,
tetrahy droisoquinohinyl, tetrahvdroquinolinyl, 64-1.2 5~thiadiazinvl, 1,2,3-thiadiazolvl,
1,2.4-thiadiazolvl, 1,2, 5-thiadiazolyl, 1,3 4-thiadiazolyl, thianthrenyi, thiazolyl, thienvi,
thiazolopyridinyl, thienothiazolyl, thienooxazolvl, thiencimidazolyl, thiophenyl, triazinvl,
1,2.3-trtazolyl, 1,2, 4-iriazolvl, 1,2,5-triazolyl, 1,3, 4-triazolyvl, and xanthenyl. Also
meluded are lactaros containing from 3-7 ring atoms. Also included are fused ring and
spiro compounds containing

o0

for example, the above heterocycles.
As used herein, the term "bicyclic heterocycle” or "bicycelic heterocyclic group” is
miended to mean a stable 9- or 10-membered heterocyclic ring svstem which contains

two fused rings and consists of carbon atoms and 1, 2, 3, or 4 heteroatoms independently
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selected from the group consisting of N, O and S, {f the two fused rings, one ring is a
5- or 6-membered monocyclic aromatic ring comprising a S-membered helerocaryl ring, a
6-mernbered heteroaryl ring or a benzo ring, each fused to a second ring. The second ring
15 a 5- or f-membered monocychic ring which is saturated, partially unsaturated, or
unsaturated, and comprises a S-membered heterocycie, a 6-membered heterocycle or a
carbocycle {provided the first ring is not benzo when the second ring ts a carbocvcle).

The bicyclic heterocyclic group may be attached o its pendant group at any
hetercatom or carbon atom which results in a stable structore. The bicyelic heterocyclic
group described herein may be substituted on carbon or on a nitrogen atom i the resulting
compound is stable. It is preferred that when the total number of 8§ and O atoms in the
heterocycle exceads 1. then these heteroatoms are not adjacent to one another. His
preferred that the total number of S and O atoms in the heterocyvcle 15 not more than 1.

Examples of a bicyclic heterocyclic group are, but not himited to, quinolinyl,
isoquinolinyl, phthalazinyl, quinazolinyl, indslyl, isoindolyl, indolinvi, 1H-indazolyl,
benzimidazolyl, 1,2,3 4-tetrahydroquinolinyl, 1,2.3 4-tetrahvdroisoquinolinyl,
5,6,7 8~tetrahy dro~quinolinyt, 2,3-dihydro-benzofuranyl, chromanyl,
1,2,3 4-tetrahydro~quinoxalinyvl and 1,2.3 4-tetrahy dro-quinazolinyl.

As used herein, the term “aromatic heterocyclic group” or “heteroaryl” is intended
{o mean stable monocyclic and polycvclic aromatic hvdrocarbons that include at least one
heteroatom ring member such as sulfur, oxygen, or nifrogen. Heteroaryl groups include,
without limitation, pyndyl, pyrimidinyl, pyrazinyl, pyndazioyl, tnazinyl, furyl, quinolyl,
isoquinolyl, thienvi, imidazolyl, thiazolyl, indolvl, pvrroyl, oxazolyl, benzofuryl,
benzothienyl, benzthiazolyl, isoxazolvl, pyrazolyvl, tnazolyl, tetrazolyl, indazolyl, 1.2,4-
thiadiazolyl, 1sothiazolyl, purinyl, carbazolvl, benzimidazolyl, indolinyl, benzodioxolanyl
and benzodioxane. Heteroaryl groups are substitiied or unsubstituted. The nitrogen atom
15 substituted or unsubstituted ((.e., N or NR wherein R is H or another substituent, if
defined). The nitrogen and sulfur heteroatoms may optionally be oxidized (i.e., N—O
and S(O)p. whereinpis 0, 1 or 2},

Bridged rings are also included in the definition of heterocycle. A bridged ring
occurs when one or more, preferably one to three, atoms (j.e., C, O, N, or 8} link two
non-adjacent carbon or nitrogen atoms. Examples of bridged rings include, but are not

himited to, one carbon atom, two carbon atoms, one nifrogen atom, two nitrogen atoms,
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and a carbon-niirogen group. It is noied that a bridge always converts a monocyclic ring
inio atricychic ring. When a ring 1s bridged, the substituents recited for the ring may also
be present on the bridge.

The term “heterocyclvialkvi refers to a heterocyclyl or substituted heterocyclyl
bonded to an alkvi group connecied to the core of the compound.

The term “counter ion” 18 used to represent a negatively charged species such as
chionde, bromide, hydroxide, acetate, and sulfate or a positively charged species such as
sodium {Na+), potassium (K+)}, ammonium {R,NH,,+ where n=0-4 and m=0-4) and the
like.

The term “electron withdrawing group” (EWG) refers to a substituent which
polarizes a bond, drawing electron density towards itsel{ and away from other bonded
atoms. Examples of EWGs include, but are not limited to, CF4, CF,CF5, CN, halogen,
haloalkyl, NO,, sulfone, sulfoxide, ester, sulfonamide, carboxanude, alkoxy, alkoxyether,
alkenyl, alkvovl, OH, C{Ohalkyl, CO:H, phenyl, heteroaryl, ~O-phenyl, and ~0O-
heteroaryl. Preferred examples of EWG include, but are not imited to, CFs, CF,CF5, CN,
halogen, SO (Cy 4 alkyly, CONH(C_4 alkyl), CON(C 4 alkv),, and heteroarvt. More
preferred examples of EWG include, but are not himited to, CFz and TN.

As used herein, the term "amine protecting group” means any group known in the
art of organic synthesis for the protection of amine groups which is stable to an ester
reducing agent, a disubstituied hydrazine, R4-M and R7-M, a nucleophile, a hydrazine
reducing agent, an activator, a strong base, a hindered amine base and a cyclizing agent.
Such amine protecting groups fitting these criteria include those listed in Wuts, P. G. ML
and Greene, T.W. Protecting Groups in Organic Synthesis, 4th Edition, Wiley (2007) and
The Peptides: Analysis, Svnthesis, Biology, Vol. 3, Academic Press, New York (1981),
the disclosure of which is hereby incorporated by reference. Examples of amine
protecting groups include, but are not linited to, the following: (1) acyl types such as
formyl, triffuoroacetvl, phihalyl, and p-toluenesulfonyi; (2) aromatic carbamate types
such as benrzyloxycarbonyl {(Chz) and substituted benzyloxycarbonyls,
{-(p-biphenyl}-l-methylethoxycarbonyl, and 9-fluorenylimethyloxycarbonyvl (Fmoc); (3)
aliphatic carbamate tvpes such as rerf-butvioxycarbonvl (Boc), ethoxycarbonyl,
diisopropyimethoxycarbonyvl, and allyloxycarbonyi; {4) cyclic alkyl carbamate types such

as cyclopentyloxycarbony! and adamantyloxycarbonyl; (5) alkyl types such as
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triphenyimethvl and benzyl; (6) trialkyisiane such as tnmethvlsilane; {7} thiol containing
types such as phenvithiocarbonyl and dithiasuccimovl: and (8) alky! types such as
triphenvimethyl, methyl, and benzyl; and substituted alkyi types such as

2,2, 2-trichloroethyl, 2-phenylethyl, and #-butyl; and trialkylsilane types such as

U

trimethylsilane.

As referred to herein, the term “substituted” means that at least one hydrogen
atom 18 replaced with a non-hydrogen group, provided that normal valencies are
maintained and that the substitution results in a stable compound. Ring double bonds, as
used herein, are double bounds that are formed between two adjacent ring atoms (e.g.,

10 C=C, C=N. or N=N},

In cases wherein there are nitrogen atoms {e.g., amines) on compounds of the
present tnvention, these may be converted to N-oxides by treatment with an oxidizing
agent {e.g., mCPBA and/or hydrogen peroxides) to afford other compounds of this
mnvention. Thus, shown and claimed nitrogen atoms are considered to cover both the

15 shown nitrogen and its N-oxide (N-—Q) derivative,

When any variable occurs more than one time n any constituent or formula for a
compound, its definition at each occurrence is independent of its definition at every other
occurrence. Thus, for exampie, if a group is shown 10 be substituted with 0-3 R, then said
group may optionally be substituied with up o three R groups, and at each occurrence R

20 s selected independently from the definition of R, Also, combinations of substituents
and/or variables are permissible only if such combinations result in stable compounds.

When a bond to a substituent is shown 1o cross a bond connecting two atoms in a
ring, then such substituent may be bonded to any atom on the ring. When a substituent 15
fisted without indicating the atom in which such substituent is bonded to the rest of the

25 compound of a given fornmula, then such substituent may be bonded via any atom in such
substituent. Combinations of substituents and/or vanables are pernussible only if such
combinations result in stable compounds,

As used herein, “pharmaceutically acceptable salts™ refer to derivatives of the

disclosed compounds wherein the parent compound 1s modified by making acid or base

(5]
)

salts thereof. Examples of pharmaceutically acceptable salts include, but are not limited
to, mineral or organic acid salts of basic groups such as amines; and alkali or organic salis

of acidic groups such as carboxvlic acids. The pharmaceutically accepiable salts include
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the conventional non-toxic salts or the quaternary ammonium salts of the parent
compound formed, for example, from non-toxic inorganic or organic acids. For example,
such conventional non-toxic salts include those derived from inorganic acids such as
hvdrochloric, hyvdrobromic, sulfuric, sulfamic, phosphoric. and nitrie; and the salis
prepared from organic acids such as acetic, propionic, succinie, giycolic, stearic, lactic,
malic, tartaric, ciirie, ascorbic, pamoic, maleic, hydroxymaleic, phenylacetic, glutamic,
benzoic, salicylic, sulfanilic, 2-acetoxybenzoic, fumaric, toluenesuifonic,
methanesulfonic, ethane disulfonic, oxalic, and isethionic, and the like.

The pharmaceutically acceptable salts of the present invention can be synthesized
from the parent compound that contains a basic or acidic moiety by conventional
chemical methods. Generally, such salis can be prepared by reacting the free acid or base
forms of these compounds with a stoichiometric amount of the appropriate base or acid in
water or in an organic solvent, or in a mixture of the two; generally, nonagueous media
like ether, ethyl acetate, ethanol, isopropanol, or acetonitrile are preferred. Lists of
suitable salts are found in Remingion: The Science and Practice of Pharmacy, 22
Edition, Allen, L. V. Jr., Ed.; Pharmaceutical Press, London, UK (2012}, the disclosure of
which s hereby incorporated by reference.

In addition, compounds of formula I may have prodrug forms. Any compound
that will be converted in vive to provide the bioactive agent (i.e., a compound of formula
I} ts a prodrug within the scope and spirit of the invention. Various forms of prodrugs are
well known in the art. For examples of such prodrug derivatives, see:

a) Bundgaard. H., ed., Design of Prodrugs. Elsevier (1985), and Widder, K.
et al., eds., Methods in Enzymology, 112:309-396, Academic Press {1985},

b} Bundgaard, H., Chapter 5, "Design and Application of Prodrugs," 4
Textbook of Drug Design and Development, pp. 113-191, Krosgaard-Larsen, P. et al.,
eds.. Harwood Academic Publishers (1991);

c Bundgaard, H., Adv. Drug Deliv. Rev., 8:1-38 (1992);

d) Bundgaard, H. et al., J Pharm. Sci., 77:285 (1988);

e} Kakeya, N. et al., Chem. Pharm. Buil, 32:692 (1984}, and

3 Rautio, J (Editor). Prodrugs and Targeted Delivery (Methods and

Principles in Medicinal Chemistry), Vol 47, Wilev-VCH, 2011,
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Compounds containing a carboxy group can form physiologically hydrolvzable
asters that serve as prodrugs by being hvdrolyvzed in the body 1o vield formulal
compounds per se. Such prodrugs are preferably admanistered orally since hydrolvsis
many instances occurs principally under the nfluence of the digestive enzymes.
Parenteral administration may be used where the ester per se is active, or in those
instances where hydrolysis occurs 1n the blood. Examples of physiologically
hydrolyzable esters of compounds of formula I include C galkyl, C; galkvibenzyl, 4-
methoxybenzyl, indanyl, phthalvl, methoxymethyl, Cj.¢ alkanoyloxy~-Cy galkyl {e.g..
acetoxymethyvl, pivaloyloxymethyl or propionvioxymethvl), C_galkoxycarbonvioxy-Cy.
calkvl {e g., methoxycarbonyl-oxvmethvl or ethoxycarbonyloxymethyl, glyevioxymethyl,
phenyviglyeyloxymethyl, (5-methyi-2-oxo-1,3-dioxolen-4-y1}-methvl), and other well
known physiclogically hvdrolvzable esters used, for example, in the penicillin and
cephalosporin arts. Such esters may be prepared by conventional technigques known in
the art.

Preparation of prodrugs is well known in the art and deseribed in, for example,
King, F.D., ed., Medicinal Chemistry: Principles and Practice, The Royal Society of
Chemistry, Cambridge, UK (2™ edition, reproduced, 2006); Testa, B. et al., Hydrolysis in
Drug and Prodrug Metabolism. Chemistry, Biochemistry and Enzymology, VUHA and
Wiley-VCH, Zurich, Switzerland (2003}, Wermuth, C.G., ed., The Practice of Medicinal
Chemistry, 3" edition, Academic Press, San Diego, CA (2008).

The present invention 1s intended to include all isotopes of atoms occurring in the
present compounds. Isotopes include those atoms having the same atomic number but
different mass numbers. By way of general example and without limitation, 1sotopes of
hvdrogen include deuterium and tritium. The isotopes of hvdrogen can be denoted as 'H
(hvdrogen), “H (deuterium) and “H (trittum). They are also commonly denoted as D for
deuterium and T for trittum.  In the application, CDs denotes a methyl group wherein all
of the hvdrogen atoms are deuterium. Isotopes of carbon include 13C and MC.
{sotopically-labeled compounds of the invention can generally be prepared by
conventional techniques known 1o those skilled in the art or by processes analogous to
those described herein, using an appropriate isotopically-labeled reagent in place of the

non-labeled reagent otherwise emploved.
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The term “solvate” means a physical association of a compound of this invention
with one or more solvent molecules, whether organic or tnorganic. This physical
association includes hydrogen bonding. In certain instances the solvate will be capable of
solation, for example when one or more solvent molecules are incorporated in the crystal
lattice of the crystalline solid. The solvent molecules in the solvate may be presentina
regular arrangement and/or a non-ordered arrangernent. The solvate mav comprise either
a stoichiometsic or nonstoichiometric amount of the solvent molecules. “Solvate”
encompasses both sohution-phase and isolable solvates. Exemplary solvates include, but
are not limited to, hydrates, ethanolates, methanolates, and isopropanolates. Methods of
solvation are generally known in the art.

As used herein, the term “patient” refers to organisms {0 be treated by the methods
of the present invention. Such organisms preferably include, but are not limited to,
mammals {e.g., murines, simians, equines, bovines, porcines, caninegs, {elines, and the
like}, and most preferably refers to humans.

As used herein, the term "effective amount” means that amount of a drug or
pharmaceutical agent, 1.e., a compound of the invention, that will ehlicit the biological or
medical response of a tissue, system, animal or human that is being sought, for instance,
by a researcher or clinician. Furthermore, the term "therapeutically effective amount”
means any amount which, as compared (o 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 decrsase in the rate of advancement of a disease or
disorder. An effective amount can be administered in one or more adminustrations,
applications or dosages and is not intended 1o be limited to a particular formulation or
administration route. The term also includes within its scope amounts effective to
enhance normal physiological function

As used herein, the term “ireating” includes any effect, e.g.. lessening, reducing,
modulating, ameliorating or eliminating, that results in the iroprovernent of the condition,
disease, disorder, and the like, or ameliorating a symptom thereof.

As used herein, the term “pharmaceutical composition™ refers to the combination
of an active agent with a carrier, inert or active, making the composition especially

suitable for diagnostic or therapeutic use in vive or ex vivo.
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Examples of bases include, but are not limited to, alkali metals (e 2., sodiumy)
hydroxides, alkaline earth metals {e.g., magnesium), hydroxides, ammonia, and
compounds of formula NW4', wherein W is Ci4 alkyl, and the like.

For therapeutic use, salts of the compounds of the present invention are
contemplated as being pharmaceutically acceptable. However, salts of acids and bases
that are non-pharmaceutically acceplable may also find use, for example, i the

preparation or purtfication of a pharmaceutically acceptable compound.

METHODS OF PREPARATION

The compounds of the present invention can be prepared in a number of wavs well
known to one skilled in the art of organic synthesis. The compounds of the present
imvention can be synthesized using the methods described below, together with synthetic
methods known in the art of synthetic organic chemistry, or vanations thereon as
appreciated by those skilled in the art. Preferred methods include, but are not hnmted to,
those described below. All references cited herein are hereby incorporated in their
entively by reference.

The compounds of this invention may be prepared using the reactions and
technigques described in this section. The reactions are performed in solvents appropriate
o the reagents and materials emploved and are suitable for the transformations being
affected. Also, in the description of the synthetic methods described below, it s to be
understood that all proposed reaction conditions, including choice of solvent, reaction
atmosphere, reaction temperature, duration of the experiment and work up procedures, are
chosen to be the conditions standard for that reaction, which should be readily recognized
by one skilled in the art. ¥t 1s understood by one skilled in the art of organic synthesis that
the functionality present on various portions of the molecule must be compatible with the
reagents and reactions proposed. Such restrictions to the substituenis that are compatible
with the reaction conditions will be readily apparent to one skilled in the art and alternate
methods must then be used. This will sometimoes require a judgment to modity the order
of the synthetic steps or to select one particular process scheme over another in order to
obtain a desired compound of the invention. T will also be recognized that another major
constderation in the planning of any synthetic route in this field is the judicious choice of

the protecting group used for protection of the reactive functional groups present in the
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compounds described in this invention. An authoritative account describing the many

alternatives to the trained practitioner 1s Greene and Wuts {Protecitive Groups In Organic

Synthesis, Third Edition, Wiley and Sons, 1999).

Compounds of Formula (1) may be preparad by reference to the methods

(¥4}

ilfusirated in the following Schemes. As shown therein the end product is a compound

having the same structural formula as Formula (I). Tt will be understood that any

compound of Formula (I} may be produced by the schemes by the suntable selection of

reagents with appropriate substitution. Solvents, temperatures, pressures, and other

reaction conditions may readily be selected by one of ovdinary skill i the art. Starting

10 materials are commercially available or readily prepared by one of ordinary skill in the

art. Constituents of compounds are as defined herein or elsewhere in the specification.

Scheme 1

-
(¥4}

$1
R? Os N
DY;\E T | X
N . R® Ql, Y
R Q @] { Ai.']
o 2 g2
~€).
RE-i
NT L
3
Fit".
OYN
o X
r2N Q! &/‘{'
y A
° \G?/}\QZ

RB
el ) (e
N/ ﬁ/j\‘./’/\ RA

(General routes 1o compounds described in the invention are illustrated in Schemes 1-6,

text or a functional group that can be converted to the desired final substituent. L is a

leaving group such as a halide or OH that can be easily converted {0 a leaving group such

20 as atnflate. As shown in Scheme 1, a general procedure for the preparation of

compounds of the invention involves starting with a substituted pyridine 1. Coupling of 1
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with a substituted uracil (2, where Q° and Q" are suitable coupling partners, such as ~NH»
or —CO2H) using a suitable reagent can vield functionalized pyridines 3. For example, 3
could arise frorn an amide bond forming reaction between a carboxylic acid such as 1,3~

dimethyl-2 4-dioxo-1,2,3 4-tetrahydropyrimidine-S-carboxvlic acid and a suitably

(¥4}

subsituted antline such as 4-((2-chloropyridin-4-y1joxy yaniline using one of many
available coupling reagents, such as HATU and EDCI. Subsequent couphing of 3 with a
suitably substituted heterparylamine 4 to provide hiary! amine 5 can be achieved using
standard conditions known in the literature. For example, halopyridine 3 can wndergo a
Buchwald N-arvlation reaction with heteroarylamine 4 using a suitable Pd catalyst o

10 provide biarvlamine 8.

Scheme 2
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Biaryl amine 8 can be synthesized in many different ways such as that shown in
Schemes 2 and 3. Suitably substituted halo- or hydroxypyridine 3 could be converted to
aminopyridine &, which can be reacted with a suitably substituted bromo-, chloro or tosyl-
heteroarene 7 to provide biarviamine 8 using standard conditions such as Pd catalysis.
20 Alternately as shown in Scheme 3, substituted pyridine 1 can first be coupled with

suitably substituted heteroarylamine 4 using standard N-arylation chemistry to afford
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birarviamines 8. If necessary, after functional group manipulation or deprotection,
biarylamine 8 can be coupled with substituted uracils 2 to provide the desived

arylanunes 8.

5 Scheme 3
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Subtituted uracils 15 can be prepared in moany differents ways such as described in
Schemes 4-6. For example, as shown in Scheme 4, aminomethylene malonates such as 9
10 can be treaied with suitably substituied isocyanates 18 to afford ureidosmethylene
malonates 11, Cyclization to the uracil 12 can be accomplished in a variety of means,
such as treating 13 with base. Further functionalization of 12 can be accomplished
through treatment with an appropriate alkylating agent, 13, where L is a suitable leaving
group such as —-Cl, -Br or —OTs, using standard conditions such as base and DMF.
15 Deprotection of 14, if necessary, provides the suitably subsituted uracils 15 for use in the
preparation of biaryl amines 5.
An alternate synthesis of subsituted wracils 18 1s shown in Scheme 5. In this
Hlustration, alkoxymethylene malonates 16 are first reacied with a suitably substituted
amines 17 to provide substituted anunomethylene malonates 18, Treatment with
20 appropriately substituted isocyanates 10 utilizing standard conditions to effect ring

closure provides the functionalized uracils 4. Like in the previous scheme, deprotection
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of 14, if necessary io liberate the carboxylic acid provides substiiuted uracils 15 for use in

the preparation of biarylamines 5 as shown in Schemes 1-3.

Scheme 4
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Another possible means of preparing uracil carboxylic acid 1s illusirated in
Scheme 6. Appropriately substituted carbomylacrylates can be {reaied with primary
amines 17 under standard conditions o affect ring closure, such as base and heat to
provide substitited uracils 20. Installation of the R* group can be accomplished in a
variety of means available {0 one skilled in the art, such as treatment with substituted
boronic acids 21 sltilizing an appropriate copper catalyst, or {reatment with a suilably
substituted alkylating reagent 22 where L is a suttable leaving group such as —Cl, -Br or —
('Fs, using standard conditions such as hase and DMF. Like in the previous schemes,
deprotection of 14, if necessary to liberate the carboxvlic acid provides substituted uracils
15 for use in the preparation of brarvliamines 8 as shown in Schemes 1-3.

Scheme 6
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EXAMPLES
The invention is further defined in the following Examples. It should be
understood that the Examples are given by way of illustration only. From the above

discussion and the Examples, one skilled in the art can ascertain the essential

(¥4}

characteristics of the invention, and without departing from the spirit and scope thereof,
can make varous changes and modifications to adapt the invention to various uses and
conditions. As a result, the invention is not limited by the iHustrative examples set forth

herein below, but rather is defined by the claims appended hereto.

ABBREVIATIONS
MeCN Acetonitrile
AcOH acetic acid
AlMes trimethy! aluminum
ag Agueous
Bn Benzyl
Bog tert-butoxycarbonyl
Boo( di~tert-butyl dicarbonate
BOP (Benzotriazol-1-
vloxy jiris(dimethylamino)phosphonium
hexafluorophosphate
Cbz benzyloxycarbony!
Cs2C03 Cesium carbonate
DCC I.3-dicyclohexvicarbodiimide
DCE dichloroethane
DCM dichloromethane
DDQ 2.3-dichloro-5,6-dicyano-1,4-benzoquinone
DIAD diisopropyl azodicarboxvlate
DIEA diisopropvlethvlamine
DMAP 4-dimethylaminopyridine
DMA dimethviacetamide
DME dimethoxyethane
DMF dimethylformanude
DMSO dimethyl sulfoxide
EDC 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride
EnAIC] diethy] aluminum chiornde
Et:N triethyl amine
EnG diethy] ether
EtOH Ethanol
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EtOAc ethyl acetate

equiv equivalent(s)

g gram(s)

horhr hour{s}

HATU I~ Bis{dimethvlammo)methylene}-1H~1,23-
triazoio{4,5-bipvridinium 3-oxid hexafluorophosphate,
WN-[(Dimethvlamine)-1H-1,2 3-triazolo-{4,5-bjpyridin-
t-vimethylene]-N-methyimethanaminiom
hexafluorophosphate N-oxide

HOBt hydroxybenzotriazole

HPLC high pressure liguid chromatography

iPrOH isopropyl alcohol

KOtBu potassium feri-buioxide

LC/MS Liquid Chromatography-Mass Specirometry

LDA lithium diisopropviamide

LiHMDE lithium bis{inmethylsilviamide

Me Methyi

Mel methyl iodide

MeQGH Methanol

rn mnutels)

mik. ralilier(s)

mmnol Millimolar

MTRE methyi t-buty! ether

MNaHMDS sodium bis(trimethyisilvDamide

n-Bula n-butyl lithium

NH4OAc ammonium acetate

NMP N-maethylpyrrolidinone

PAOAc) palladium acetate

Pdx(dba)s Tris{dibenzylideneacetonejdipalladium(0)

Pd{dppHCh {1,1°-
bis{diphenviphosphino)erroceneldichloropattadium{il}

RTor Rt refention time

sat Saturated

SFC Supercritical fluid chromatography

~Bu tertiary butyl

~Buli t-butyl Iithium

-BuOH tertiary buty! alcohol

~BuQOMe tert-butyl methvl ether

TBTU O-{1H-benzotrazol-1-vI)-NN N N’-
tetramethyluronium tetrafluoroborate

- 48 -




WO 2019/213340 PCT/US2019/030310

16

15

20

TCTU O-{1H-6-chlorobenzotriazol-1-yD-N NN N~
tetramethviuronium tetrafluorcborate

TEA Triethylamine

TFA trifluoroacetic acid

THO triffuoromethyvisuifonic anhydride
THF Tetrahvdrofuran

Xantphos (9,9-dimethyl-9H-xanthene-4,5-

divhbis{diphenylphosphane)

The following HPLC conditions may be used where indicated:

Analytical HPLC Method 1 Column: Waters Acquity UPLC BEH C18, 2.1 x 50
mom, 1.7 pro particles; Mobile Phase A: water with 0.05% TFA; Mobile Phase B:
acetonitrile 0.05% TFA; Gradient: 2—98% B over 1 min, then a 0.5-min hold at 98% B;

Flow: (.8 mL/min; Detection: UV at 254 nm.

Analytical HPLC Method 2: Colunm: Waters Acquity UPLC BEH C18, 2.1 x 50
nun, 1.7 um particles; Mobile Phase A: 5:95 acetonitrile:water with 10 mM amimonium
acetate; Mobile Phase B: 95:5 acetonitrile: water with 10 mM ammonium acetate;
Gradient: 0—100% B over 3 min, then a 0.7-min hold at 100% B; Flow: 1.11 md./min;

Detection: UV at 254 nm.

LC/MS Method 1 Coluron: Phenomenex-Luna 2.0 X 30 mun, 3 um particles;
Mobile Phase A: 10/90 methanol:water, 0.1% TFA; Mobile Phase B: 90/10
methanol:water, 0.1% TFA; Temperature 40 °C; Gradient 0% —100% B over 2 min; Flow

I mL/min; Detection: UV at 220 nm,
LC/MS Method 2: Column: Waters Acquity SDS; Mobile Phase A 100% Water,
0.1% TFA; Mobile Phase B: 100% acetonitrile, 0.1% TFA; Temperature 50 °C; Gradient

2% —98 % B over 2.2 min; Flow 0.8 mL/mun; Detection: UV at 220 nnm.

LC/MS Method 3. Waters BEH C18, 2.0 x 50 mm, 1.7-um particles; Mobile

Phase A: 5:95 acetonitrile: water with 10 mM ammoniurm acetate; Mobiie Phase B: 95:3
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acetonitrile:water with 10 mM ammonium acetaie; Temperature: 5O °C; Gradient: 0%B,
0-100% B over 3 mun, then a 0.5-mun hold at 100% B: Flow: 1 mL/man; Detection: UV

at 220 nm.

LL/MS Method 4. Waters BEH C18, 2.0 x 50 mm, 1.7-um particles; Mobile
Phase A: 5:93 methanol: water with 10 mM ammonium acetate;, Mobile Phase B: 95.5
methanol: water with 10 mM ammonium acetate; Temperature: 30 °C; Gradient;
0%—100% B over 3 min, then a 0.5-min hold at 100% B; Flow: 0.5 mL/min; Betection:

UV at 220 nm.

Preparative HPLC Method 11 Columm: XBridge C18, 19 x 200 mm, 5-pum
particles; Mobile Phase A: 5:95 acetoniirile: water with 10-mM ammonium acetate;
Mobile Phase B: 95:5 acetoniirile: water with 10-mM armmonium acetate; Gradient:

30-70% B over 20 nun, then a 5-nun hold at 100% B; Flow: 20 mL/min.

Preparative HPLC Method 2. Column: XBridge C18, 19 x 200 mm, 5-pm
particles; Mobile Phase A: 5:93 methanol: water with 10-mM ammonium acetate; Mobile
Phase B: 95:5 methanol: water with 10-mM ammonium acetate; Gradient: 35-75% B

over 20 min, then a 5-min hold at 100% B; Flow: 20 mL/min.

Preparative HPLC Method 30 Colunw: XBridge C18, 19 x 200 mm, 5-um
particles; Mobile Phase A: 5:95 acetonitrile: water with 0.1% trifluoroacetic acid; Mobile
Phase B: 95:5 acetoniinile: water with 0.1% trifluoroaceiic acid; Gradient: 15-55% B

over 20 nun, then a S-min hold at 100% B; Flow: 20 mi/min.

Example 1
N-[4-({2-[{S-cyanopyridin-2-yhaminol pyridin-4-yl oxy)-3-fluereophenyi}]-3-(4-
fluerophenyl)-2.4-dioxo-1-(propan-2-vi)-1,2,3 4-tetrahydropyrimidine-5-

carboxamide
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Step 1: Diethyl 2-{(3-{4-fluorephenyhureido)methylene)malonate

Diethy! 2-{(aminomethyleneymalonate (1.5 g, 8.01 mmol, CombiBlocks) and 1-
Huoro-4-isocyanatobenzene (0.937 ml, 8.41 mmol) were suspended in DCE (2.67 mi) at
room temperature. DIPEA (1.539 mi, 8.81 mmol) was added followed by the dropwise
addition of 1-fluoro-4-isocyanatobenzene {0.957 ml, 8.41 mmol). The reaction mixture
was heated 10 100 °C and stirred for 16 hr. The partially solidified reaction mixiure was
cooled to room temperature and diluted with 10 mbL of 50% EO-CH:Ch. The remaining
precipitate was filtered to afford diethyl 2-{{3-{(4-fluorophenvhureido)
methyleneymalonate as a cream sohid (1.01 g). 1H NMR (400 MHz, DMS(O-d6) 5 10.72 -
10.32 {m, 2H), 8.47 (br d, J=5.7 Hz, 1H), 7.61 - 7.43 (., 2H), 7.26 - 6.99 (m, 2H), 4.24
(q, J=7.1 Hz, 2H), 4.15 (g, J=7.1 Hz, 2H), 1.26 (dt, }=12.0, 7.1 Hz, 6H); LC/MS (M+H)
3252, LC RT =0.92 min (Column: BEH C18 2.1 x 50mm; Mobile Phase A: water with
0.05% TF A Mobile Phase B: acetontirile with 0.05% TFA; Temperature: 50 °C;

Gradient: 2-98% B over 1.7 min; Flow: 0.8 mL/min)

Step 2: Ethyl 3-(4-fluorophenyl}-2.4-dioxo-1.2,3 4-tetrabhydropyrimidine-5-
carboxylate

To asuspension of diethyl 2-((3-(4-fluorophenyliureidoymethylene)malonate
(1.01 g, 3.11 mmol} in FtOH (6.23 mL} at room temperature was added sodium ethoxide
solution {21% in EtOH) (1.860 mi, 4.98 munol) dropwise. By the end of the addition, the
reaction mixture was homogeneous. Afier stirring overnight, the reaction mixture was
partiioned between FtOAc (20 mL} and 5% agq citric acid solution (20 mL}. The aqueocus
laver was extracted with 2 additional portions of EtQGAc (15 mL). The combined organic
laver was washed with water and brine, dried over MgS0O4 and concentrated to afford
ethyl 3-(4-fluorophenyi)-2 4-dioxo-1,2.3 4-tetrahvdropyrimidine-3-carboxylate as a

cream solid (667.6 mg). 1H NMR {400 MHz, DMS0-d6) 6 12.02 (br d, J=1.6 Hz, 1H),
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8.25 (s, 1H), 7.37 - 7.25 (m, 4H), 4.18 (q, J=7.1 Hz, 2H), 1.24 (1. J=7.1 Hz, 3H), LO/MS
(MA+H) 2791, LC RT = 0.62 min {(Column: BEH C18 2.1 1 50mm; Mobile Phase A:
water with 0.05% TFA; Mobile Phase B: acetonitrile with 0.05% TFA; Temperature: 50

°C; Gradient: 2-98% B over 1.7 nun; Flow: 0.8 mbi/nun)

Step 3 Ethyl 3-{4-fluorophenyl)-1-isepropyl-2,4-dioxo-1,2.3.4-
tetrabydropyrimidine-S-carbexylate

2-lodopropane (239 ul, 2.390 mmol) was added dropwise to a reaction vessel
containing ethyl 3-{4-flucrophenyl}-2.4-dioxe-1,2,3 4-tetrabydropyrimidine-5-
carboxviate (665 mg, 2.390 nunol) and potassium carbonate (661 mg, 4.78 munol} in
DMF (2.4 mb) and the reaction mixture was stirred at room temperature. After 16 h, the
reaction mixture was partitioned between EtOAc and H23. The aqueous phase was
extracted with 2 additional portions of EtOAc. The combined organics were washed with
10% ag LiCl solution, dried over Na:SO4 and concentrated to a amber glass which was
friturated with a 50:50 EkG-hexane mixture to afford the named product as a cream solid
(616 mg). TH NMR (400 MHz, DMSO-d6) 6 8.45 (5, 1H), 7.44 - 7.22 {m, 4H3, 4.71 (spt,
J=6.6 Hz, 1H), 4.22 (g, I=7.1 Hz, 2H), 1.37 (d, J=6.7 Hz, 6HD), 1.26 (t. }=7.1 Hz, 3H),
LC/MS (M+H) 321 .4; LC RT =0.79 min (Column: BEH C18 2.1 x 30mm; Mobile Phase
A water with 6.05% TFA; Mobile Phase B acetonitrile with (.05% TFA; Temperature:

50 °C; Gradient: 2-98% B over 1.7 mun; Flow: 0.8 mL/mn}

Siep 4: 3-{4-Fluorophenvl)-i-isopropyl-2,4-dioxe-1,2,3.4-
tetrahydropyrimidine-S-carboxylic acid (Example 1, Intermediate A)

To a reaction vial containing ethyl 3-(4-fluorophenvl)-1-isopropyl-2 4-dioxo-
1,2.3 . 4-tetrahvdropyrimidine-3-carboxylate {616 mg, 1.923 mmol) was added 4N HCI
{2212 wl, 8.85 mmol) and Ha( {600 ul). The reaction to 70 °C for 16 h. The reaction
was cooled to room temperature and HzO (1 ml) was added. The resulting white solid
was collected by filtration to afford 3-(4-fluorophenyl}-1-isopropvl-2,4~dioxo-1,2,3 .4~
tetrahy dropyrimidine-3-carboxylic acid (467 mg). 'H NMR (400 MHz, DMSO-de) 8
12.68 (brs, 1H), 859 (5, 1H), 7.47 - 7.27 {m, 4H), 4.73 (quin, J=6.8 Hz, 1H), 1.394(d,
J=6.8 Hz, 6H), LC/MS (M+H) 2931, LC RT = 0.48 yun (Colunwm: BEH C18 2.1 x 50

mmy, Mobile Phase A: 5:95 acetonitrife;water with 10 mM ammonium acetate; Mobile
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Phase B: 95.5 acetonitrile:water with 10 mM ammonium acetate; Temperature: 50 °C,

Gradient: 5-953% B over in 1 min; Flow: 0.8 ml/min).

Step S: 2-chiore-4-(2-fluore-4-nitrophenoxy)pyridine (Example 1,
Intermediate B)

To a 100 mL roundbotiomed {Task containing 2-chloropyridin-4-ol {6.11 g, 46.3
mmol) and K2COs (EMD, 12.8 g, 93.0 mmol) in DMF (46 mL} was added 1,2-difluoro-4-
nitrobenzene (5.17 mi, 46.3 mmol}. The reaction mixture was stirred af RT overnight. The
reaction muxiure was added slowly {0 a stirred solution of HzO (500 mL} and stirred for
30 mun resulting in a tan precipitate. The solution was filtered and the precipitate was
washed with H2O and hexanes and allowed to air dry for 30 min. The solid was then
{ransferred o a flask with DCM and concentrated in vacuo to give the title compound
{11.8 g, 95%) as a tan solid. '"H NMR {400 MHz, CHLOROFORM-d} § 3.39 - 8.31 (m,
1H), 8.22 - 8.13 (m, 2H), 7.43 - 7.32 (m, 1H), 6.91 (d. /=2.3 Hz, 1H), 6.86 (4d, J=5.7. 2.2
Hz, 1FD. LOMS (M+H) = 2691,

Step 6: 4-((Z-chloropyridin-4-vhoxy)-3-flusreaniline (Example 1,
Intermediate )

To a 250 mb flask containing 2-chloro-4-(2-fluoro-4-nitrophenoxy ypyridine (5.00
g, 18.6 mmol, Intemediate B}, ammonium chloride (6,97 g, 130 mimol) and FIOH (53
mb) was added zinc (R.52 g, 130 mumol). The reaction mixture was stirred under Nz at 80
°C. After 90 min the reaction nuxture was cooled to RT and filtered through a 0.45 uM
filter. The filtered solution was concentrated giving a tan oil. To the ol was added water
and the solution was basicified with NaHCOs, the crude product was sonicated uniil a
cream powder formed. The solid was collected by filtration and air dried overnight to
give the title compound (4.25 g, 96%) as a cream solid. 'H NMR (400 MHz, DMSO-de) 8
827 (d, J=5.7 Hz, 1H), 7.02 (1, J=9.0 He, 1H). 6.94 {d, J=2.1 Hz, 1D, 6.91 (dd, =57,
2.2 Hz, 1H), 6.52 (dd. /=132, 2.4 Hz. 1H). 6.43 (dd, J=8.7, 1.8 Hz, 1H), 5.52 (s, 2H).
LOMS (M+H) = 239 1

Step 7: N-(4-{(2-chleropyridin-4-yvoxy)-3-fluerophenyl}-3-(4-flusrophenyi}-1-

isopropyl-2.4-diexe-1,2,3 4-tetrabydropyrimidine-S-carboxamide
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To asolution of 4-{{2-chloropyridin-4-vyoxv)-3-flucrcaniline (1.143 g, 4.79
mmol, Example 1, Intermediate C) and 3-{4-fluorophenyi)-1-isopropyi-2,4-dioxo-1,2,3 4~
tetrahydropynimidine-S-carboxylic acid (1.4 g, 4.79 romol, Example 1, Intermediate A) in
NMP (15.97 mL) at room temperature, TEA {0.801 mi, 575 mmol) and HATU (2.186
g, 5.75 mmol} were added. The reaction was stirred at room temperature for 16 h. Water
was added dropwise and the slicky solid was collected by {iliration. Trituration with ER(
afforded the titled product (1.67 g, 68% vyieid) as a fine white powder. The filirate was
purified by column chromatography (24 g, 8102, 0 to 15% EtOAc-CH:Ch gradient
elution) to provide additional material (0.37 g, 129%). 'H NMR (400 MHz, DMSO-ds) 8
11.04 (s, 1H), 8.68 (s, 1H), 8.31 (d. /=57 Hz, 1H), 8.00 (dd. J=13.0, 2.3 Hz, 1H), 752
{dd, /=8.9, 1.3 Hz 1H), 748 - 7.25(m, 5H), 7.09(d, /=23 Hz, 1H). 699 (dd, /=57, 2.2
Hz, 1H), 491 - 4.69 (m, 1H), 1.43 (d, J=6.7 Hz, 6H): LC/MS (M+H) 513.4; HPLC RT =
0.81 mun (Columm: BEH C18 2.1 < 50mm; Mobile Phase A: water with 0.05% TFA;
Mobile Phase B: acetonitrile with 0.05% TFA; Temperature: 30 °C; Gradient: 2-98% B

over 1.7 min; Flow: 0.8 mL/min}.

Step 8: N-{4-(12-1(S-cyanopyridin-2-vhamine| pyridin-4-yiloxy)-3-
fluorophenyl]-3-(4-fluorophenyl)-2,4-dioxs-1-(propan-2-yi}-1,2,3.4-
tetrabydropyrimidine-S-carboxamide

In a microwave reaction vial, N-{4~((Z-chloropynidin-4-yHoxy }-3-fluorophenyl}-3-
(4-fluorophenyl}-I~-isopropyl-2.4-dioxo-1,2.3,4~tetrahy dropyrimidine-~5~carboxamide (30
mg, 0.058 mmol), 6-aminonicotinonitrile (6 .97 mg, 0.058 mmol), potassium carbonate
(24.25 mg, 0.175 mumol) and BrettPhos Precatalyst Gl (4.67 mg, 5.85 pmol) were
suspended in -BuOH/DMA (6:1) (688 ul). The reaction was degassed with a stream of
Ny for 5 nunutes, sealed and heated to 120 °C in the microwave reactor for 45 min. Upon
cooling {o room temperature, the reaction mixture was diluted with EtGAc, filtered
through a PTFE fiit and concentrated.  The crude material was dissolved in DMF and
purified by preparative LC/MS with the following conditions: Coluron: XBridge C18, 19
x 200 mm, 5-um particles; Mobile Phase A: 5:95 acetonitrile: water with 10-mM
ammonium acetate; Mobile Phase B: 95:5 acetonitrile: water with 10-mM ammonium
acetate; Gradient: 45-90% B over 22 minutes, then a S-minute hold at 100% B; Flow: 20

mb/min. Fractions containing the desired product were combined and dried via
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centrifugal evaporation to afford N-{4-({2-](5-cvanopyridin-2-yamino|pyridin-4-
vi}oxy)-3-fluorophenyl-3-(4-fluorophenvi)-2,4-dioxo-1-(propan-2-yi}-1,2,.3 4~

tetrahy dropyrimidine-3-carboxamide (11.3 mg, 32% vield), "H NMR (500 MHz, DMSO-
de) 6 11.01 (5. 1H). 10.31 (s, 1H). 8.65 (5. 1H). 8.56 (d,./=1.5 Hz. 1H), 8.19 (4, J=5.8 Hz,
1H), 8.02 (dd, J=9.0, 2.0 Hz, 1H), 7.97 (dd, /=12.8, 1.8 Hz, 1H), 7.84 (br d, /8.9 Hz,
1H). 7.53 - 7.40 ¢m, 3H), 7.39 - 7.30 (m, 4H). 6.67 - 6.53 (m, 1H), 4.86 - 4.70 (m, 1H),
1.42 (br d. J=6.7 Hz, 6H); LC/MS (M+H) = 596.16: HPLC RT = 2.30 min (Column:
Waters XBridge C18, 2.1 mmx 50 mm, 1.7 pm particles; Mobile Phase A: 5:95
acetonitrile water with 10 mM ammonium acetate; Mobile Phase B: 95:5
acetonitrile:water with 10 oM ammonium acetate; Temperature: 50 °C; Gradient: 0 to
100 % B over 3 nun, then a 0.75 min hold at 100 % B; Flow: I mi/nun, UV Detection at

220 nm)

Examples 2-34

HaCo_CHa

Nk

O N
i
. 0 0 N
)
I/ LA

N™ N
H

The compounds in Table 1 were prepared according to the procedures described

for Example 1.

Table 1
Fx. No, AL HPLC RT | LO/MS HPLC
{min} (M+H) Method
3 A /
P 177 605.3 A
3 A
L 2.36 623.07 A
F
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Ex. No. Ar? HPLCRT | LO/MS HPLC
{min) (M+H) Method
4 N \ CH3
, s~
! P 141 5852 B
5 N N CH,
L 1.84 599.4 B
| 1.87 5993 B
ZCH,
7 ci
faCHs
N; R ; 1.90 619.2 B
P
L 189 6392 B
5
9 CF,
NT™S 1.90 639.3 B
N
» 1.82 621.2 B
i NSy OCFs
| 2.03 6553 B
o 1.90 6573 B
F
i3 N CHO
i 1 QL
L 181 5852 B
14 NSy COZMe
r')f\’lf a2 Y6 “3 i
! P 2.2 629.13 A
15 OHCHS
Na ST “CHg 2.00 62934 A
S
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Ex. No. A HPLC RT | LO/MS HPLC
{min) (M+H) Method
16 s)
Ni YT UNH; 1.51 614.3 B
o
17 o
A, LCH:
NEWL NTTE L 2 642.07 A
I8 G, 0
S/
NS e, 2.03 649.22 A
N
19 Q‘\s g
NE/\\\“" NH, 1.96 650.34 A
/I
0 X o
?\g/‘\‘\*\”’ NP s 678.35 A
=~  CHs
21 (\Q
N i
NS ~ 1.86 656.2 B
L
22 N
e
T 192 656.1 B
o
23 f‘*f”\
> 1.80 654.3 B
24
i35 637.2 B
25
1.87 610.4 B
26 e
\(“\/N 172 5972 B
o
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Ex. No. Ar HPLCRT LC/MS HPLC
{min) (M+H) Method
27 CHs
N ™
/\/ 1.60 586.0 B

\gi\”N ‘ 1.74 600.3 B

\(JE\/N 1.81 616.3 B
A
30 CF,

N7

/Y 1.96 640.0 B

31 N7 CHs
\(H\ . 178 586.2 B
N

4J
[V
&Z
R /i
(@)

=X

Py

183 599.0 B
N
33 QCH;
N 0 1.85 6493 B
s
34 -

5
\\);\N:}—ocrsa 172 608.3 B

HPLC Conditions for Table 1.

Method A: Coluron: Waters XBridge C18, 2.1 rom x 50 nun, 1.7 um particles; Mobile
Phase A: 5:95 acetonitrilerwater with 10 mM ammonium acetate; Mobile Phase B: 95:5
acetoniinle water with 10 mM ammonium acetate, Temperature: 50 °C; Gradient: 0 % B
10 100 % B over 3 min, then 2 0.75 pun hold at 100 % B; Flow: 1 ml/min; Detection: UV
{220 nm).

Method B: Column: Waters XBridge C18, 2.1 mm x 50 mm, 1.7 um particies; Mobile
Phase A 5:95 acetonmirtle water with 0.1 % mfuorcacetic acid; Mobile Phase B: 95:5
acetonitrile:water with 0.1 % trifluorcacetic acid; Temperature: 30 °C; Gradient: 0 %B 1o
100 %8B over 3 min, then a 0.75 nun hold at 100 % B; Flow: 1 mL/min; Detection: MS
and UV (220 nmy).
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Example 35
N-{4-1(2-{1-(Difluoromethyl)- /1 H-pyrazol-3-yllamino pyridin-4-yhoxy|-3-
fluorophenyl}-3-(4-fluorephenyi)-2.4-dioxo-1-(propan-2-yi)-1,2,3.4-

tetrahydropyrimidine-S-carboxamide

5
HaC_CHy
O N o
i ; ! i
. 25 o 0 & o F
F
i ! N—N
N N
H
Step 1: N-(1-{(Bifluoromethyl)- 7 H-pyrazol-3-yi)-4-(2-fluorce-4-
nitrophenoxy )pyridin-Z-amine
16 2-Chloro-4-(2-flucro-4-nitrophenoxypyridine (881 mge, 3.28 mmol, Example 1,

Intermediate B), 1-(diflvoromethy}-1 H-pyrazol-3-amine, HCL (667 mg, 3.93 mmol},
Cs2C05 (3738 mg, 11.47 mmol), and BrettPhos (264 mg, 0.492 nunol) were suspended in
dioxane (3.00 mL}. The reaction mixture was purged with as stream of nitrogen for 1 min
and Pdz{dba)s (450 mg, 0.492 mmol) was added. The mixture was purged with nifrogen

15 again and then heated to 105 °C for 3 b before cooling to room teraperature. The reaction
mixture was partitioned between brine (30 mL} and EtOAc (60 mL). The biphasic
solution was filtered through celite, separated and then the aqueous phase was exitracted
with 2 additional portions of E10Ac¢ (50 mL). The combined organics layers were
washed with brine, dried over NazSOus and concentrated. Column chromatography (40 g

20 8i02. 0to 10% MeOH-CH:Cly, gradient elution) afforded N-(1-(diflucromethyl}-1H-
pyvrazol-3-v13-4-(2-flaoro-4-nitrophenoxy ypyridin-2-amine (791 mg). THNMR
(400MHz, DMSO-d6) § 9.81 (s, 1H), 8.42 (dd, J=10.5, 2.7 Hz, 1H), 8.22 - 8.17 {m, 1H),
816 (d. J=5.6 Hz, 1H), 8.01 (d. J=2.7 Hz, 1H), 7.62 (d. J=8.3 Hz, 1H), 7.59 - 7.53 (m,
TH), 7.16 (d, J=2.1 Hz, 1H), 6.57 (dd, J=5.7, 2.3 Hz, 1H), 6.49 (d, J=2.7 Hz, 1H);

25 LC/MS: M+H =366.1; HPLC RT = 0.70 min (Column: BEH C18 2.1 x S0mm, 1.7 i,
Mobile Phase A: water with 0.05% TFA; Mobile Phase B: acetontinle with 0.05% TFA;

Temperature: 50 °C; Gradient: 2-98% B over 1.7 nun; Flow: 0.8 mbL/min}.
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Step 2: 4-{4-Amine-2-fluorephenoxy)-N-(1-{diflueromethyl}- 1 H-pyrazsl-3-
yDpyridin-2-amine

N-(1~-(Difluoromethy)- L H-pvrazol-3-vH-4-(2-fluoro-4-nitrophenoxy ypyridin-2-
amine {342 mg, 0.936 mmol) was suspended in a mixture of MeOH (10 mL) and DUCM (3
ml}. Ammonium chloride (601 mg, 11.24 mmol} was added followed by zinc (612 mg,
9.36 mmol). The reaction mixture was stirred for 16 b, diluted with 15 mL of EtQAc and
filtered. Concentration of the filtrate afforded 4-(4-amuno-2-tfluorophenoxy }-N-{1-
(difluoromethyl}-1H-pyrazol-3-vDpyridin-2-amine (265 mg). LC/MS (M+H) 336.1;
HPLC RT = 0.62 min (Colurmn: BEH CI8 2.1 x 50mm, 1.7 u; Mobile Phase A: waler
with 0.03% TFA; Mobile Phase B: acetonitrile with 0.05% TFA; Temperature: 50 °C;

Gradient: 2-98% B over 1.7 min; Flow: 0.8 mL/min}.

Step 3: N-{4-[(2- {1 1-(Difluoromethyl}- L -pyrazol-3-viamine  pyridin-4-
vhexvy|-3-fluorophenyl}-3-(4-fluerophenyl)-2 4-dioxs- 1 -{propan-2-yi}-1,2,3.4-
tetrahydropyrimidine-S-carboxamide

4-(4-Amino-2-fluorophenoxy }-N-(1-(difluoromethvi}- IH-pyrazol-3-ypyridin-2-
amine (14 mg, 0.042 munol) and 3-(4-fluorophenvl)-1-isopropyil-2.4-dioxo-1,2.3,4-
tetrahy dropyrinidine-5-carboxylic acid {12.20 mg, 0.042 mmol) were dissolved in DMF
(418 ply at rt. HATU (23.82 mg, 0.063 mmol} was added followed by DIPEA {21.88 p,
0.125 mmol). The reaction muxiure ws stirred at 1t for 4 h. The crude reaction mixture
was diluted with DMF (0.5 mL) and directly purified by preparative LC/MS with the
following conditions: Column: XBridge C18, 19 x 200 mm, 5-um particles; Mobile Phase
A 5:95 acetonitrile; water with 10-mM ammonium acetate; Mobile Phase B: 95:5
acetonitrile: water with 10-mM ammonium acetate; Gradient: 40-80% B over 20 munutes,
then a 4-nminute hold at 100% B; Flow: 20 mL/min. Fractions containing the
desiredproduct were combined and dried via centrifugal evaporation to afford N-{4-{{2-
{}1-(difluoromethyv)~1 H-pyrazol-3-vHamino} pyvrdin-4-vhoxy |-3-fluorophenyl } -3-(4-
Huoropheny!)-2.4-dioxo-1-{propan-2-vi)-1,2.3 4-tetrahvdropyrimidine-S-carboxamide
(5.3 mg). 1H NMR (500 MHz, DMS0-d6) § 10.99 (s, 1H), 9.60 (s, 1H}, 8.63 (s, 1H},
8.06 (d, J=5.8 Hz, 1H}, 7.99 - 785 (m, ZH), 7.66 - 7.26 {m, TH}, 7.03 (s, 1H}, 6.48 (d,
=24 Hz 1H), 6.41 (dd, J=3.5. 1 8 Hz, 1H), 476 {dt. J=13.5, 6.8 Hz, 1H), 1.41 (br d,
J=6.7 Hz, 6H): LOC/MS (M+H) = 610.25; HPLC RT = 2.05 min (Column: Waters
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XBridge C18, 2.1 mm x 50 mm, 1.7 pym particles: Mobile Phase A: 5:95

acetonitrile water with 10 mM ammonium acetate; Mobile Phase A: 5.95

acetonitriis: water with 0.1 % trifluorocacetic acid; Mobile Phase B: 95:5 acetonitniis: water
with 0.1 % trifluoroacetic acid; Temperature: 50 °C; Gradient: 0 1o 100 % B over 3 nun,

then a ¢.75 min hold at 100 % B; Flow: 1 mL/min, UV Detection at 220 nmy}

Example 36
N-[4-({2-](S5~chlorapyridin-2-yDamine|pyridin-4-yi}oxy)-3-fluorophenyi]-1-
cyclopropyi-3-{4-fiuorophenyl}-2.4-dioxo-1,2,3.4-tetrahydropyrimidine-5-

carboxamide

> Ci

} o
LT
Step 1: Biethyl 2-((cysﬁﬁpmpyimin@)metbyien;mamnate

To a 40 mL vial containing cvclopropanamine (Matrix, 1.0 g, 17.7 mmol} cooled
in an ice/water bath was added dropwise diethyl 2-{ethoxymethyleneymalonate (3.5 mL,
17.7 mmol) over an 11 munute period. The reaction was stirred at room terperature for
30min and then concentrated under vacuum to give the title compound (4.0 g, 100%) as a
pale vellow oil. TH NMR (400 MHz, DMSO-de) § 9.07 (br d, J=13.7 Hz, 1H), 7.99 (d,
J=14.3 Hz, 1H), 4.13 - 4.07 (. 2H). 4.07 - 4.00 (o, 2H), 3.00 (tq, /=7.1. 3.7 Hz, 1),
1.194d, /=7.1,2.1 Hz 6H), 0.78 - 0.67 (m, 4H); LCMS (M+H)= 228 HPLC RT=1.60
min {Column: Chromolith ODS 85 4.6 x 50 mm; Mobile Phase A: 10:90 MeOH water
with 0.1% TFA; Mobile Phase B: 90:10 MeOH:water with 0.1% TFA; Temperature; 40

°C; Gradient: 0-100% B over 4 min; Flow: 4 mL/nun).

Step 2: Ethyl 1-cyclopropyi-3-(4-fluorephenyi)}-2,4-dioxo-1,2,3.4-
tetrahydropyrimidine-S-carbexylate
To a 20 mb vial containing diethyl 2-({cvclopropviamino ymethvieneymalonate

(1.0 g, 4.4 mmol} and 1-fluors-4-isocyanatobenrzene { Aldrich, 0.52 mL, 4.6 mmol} in
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dioxane (SmL} was added KOiIBu (0.5 g, 4.4 mmol). The reaction was stirred at room
temperature 18 hours and acidified with 1M aqueous citric acid solution, diluted with
water and extracted with Et20. The organic layer was concentrated under vacuum and
the crude material purified by silica gel chromatography (80 g 5102, 0 to 30% EtQAc-
CHLClz gradient elution). The product was collected and concentrated to give the title
compound (0.591 g, 41%) as a white solid. "TH NMR (400 MHz, DMS0O-ds) 8 8.29 (s,
1H}, 736 - 724 (m, 4H), 420 (q, /=71 Hz, 2H), 324 -3 15 (m, 1H), 1.24 (¢, /=71 Hz,
3H), 1.01 - 0.92 (m, 4H): LCMS (M+H) = 319.0; HPLC RT = 1.23 min (Column:
Chromolith QDS 85 4.6 x 50 mm; Mobile Phase A: 10:90 MeOH: water with 0.1% TFA;
Mobile Phase B: 90:10 MeOH:water with 0.1% TFA; Temperature: 40 °C; Gradient; 0-
100% B over 4 min; Flow: 4 mL/nun).

Step 3: -Cyclopropyi-3-(4-fluerophenyl)-2.4-dioxe-1.2,3.4-
tetrahydropyrimidine-S-carboxylic acid

To a 40 mL vial containing ethyl t-cvclopropyi-3-{4-fluorophenyi)-2 4-dioxo-
1,23 4-tetrahydropyrimidme-S-carboxylate (0.591 g, 1.85 mmol) in THF (3 mL) was
added NaOH (1M aq. 2.79 mi., 2.79 mamol). The reaction was stirred at room temperature
1 how and acidified with 1M aqueous H{C solution, diluted with water and extracted with
CHCla. The organic layer was concentrated under vacuum and the crude material
pusified by silica gel chromatography (24g $102, 0 to 100% EtQAc-CH2Cl2). The
product was collected and concentrated to give the title compound (0.24 g, 44%) as a
white solid. '"H NMR (400 MHz, DMSO-de) 6 12.76 - 12.44 (m, 1H), 8.40 (s, 1H), 7.33
(d, J=6.8 Hz, 4H), 3.26 - 3.19 {m, 1H), 1.01 - 0.96 (m, 4H): LCMS (M+H) = 291 .0;
HPLC RT =0.842 min {(Column: Chromolith ODS 85 4.6 x 50 mm; Mobile Phase A:
10:90 MeOH:water with 0.1% TFA; Mobile Phase B: 20:10 MeOH:water with 0.1%
TFA; Temperature: 40 °C; Gradient: 0-100% B over 4 min; Flow: 4 mL/min}.

Step 4: N-{4-{{2-chlorepyridin-4-ylioxy)-3-Hlusrephenyl)-1-cyclopropyi-3-{4-
flusrophenyl)-2,4-dioxo-1,2,3 4-tetrahydropyrimidine-S-carboxamide

To a4 mk vial contaning 1-cyclopropyl-3-(4-fluorophenyt)-2,4-dioxo-1,2,3 4-
tetrahy dropyrimidine-S-carboxvlic acid {0.02 g, 0.069 mmol}, 4~((2-chloropyridin-4-

viioxy}-3-fluoroaniline {0.016 g, 0.06% mmol, Example 1, Intermediate C) and EtsN
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(0.012 mL, 0.083 mmol} in NMP (0.5mL} was added HATU (0.031 g, 0.083 munol). The
reaction was siirred at room temperature for 4 hours and diluted with water and saturated
aqueous NaHCOs solution. The white precipitate that formed was collected by filiration,
rinsed with water and dried under vacuum to give the title compound (0.03 g, 85%) as a
white solid. 'H NMR (500 MHz, DMSO-de) § 10.98 (s, 1H). 8.51 (s, 1H). 8.30 (d, J=5.8
He, 1H), 7.98 (dd, J=12.9, 2.4 Hz, 1H). 7.52 (dd, J=8.9, 1.4 Hz, 1H), 7.43 - 7.34 (m. 5H),
7.08 (d, /=2.1 Hz, 1H), 6.98 (dd, J=5.7. 2.2 Hz, 1H), 3.31 - 3.25 (m, 1H). 1.06 - 0.99 (m,
4Hy, LCMS (M+H) = 511 HPLC RT = 2.775 nun {(Column: Chromolith ODS §34.6x
30 mm; Mobile Phase A: 10:90 MeOH; water with 0.1% TFA; Mobile Phase B: 90:10
MeOH: water with 0.1% TFA; Temperature: 40 °C; Gradient: 0-100% B over 4 min;

Flow: 4 mbL/nun).

Step 5. N-{4-({2-{(5-chiorepyridin-Z-yhamine]pyridin-4-yiloxy}-3-
flucrophenyll-i-cyclopropyl-3-{4-flucrophenyl}-2 4-dioxs-1,2,3,4-
tetrabydropyrimidine-S-carbexamide

In a4 mL vial, N-(4-((2~-chloropyridin-4-yHoxy}-3-fluorophenyy-1-cyclopropy1-
3-(4-fluorophenyi}-2,4-dioxo-1,2,3, 4-tetrahy dropyrinudine-S-carboxanude (15 mg, 0.029
mmol}, S-chloropyridin-2-amine (5.66 mg, 0.044 mmol), Xantphos (2.04 mg, 3.52 ymol)},
Pdodbas (2.69 mg, 2.94 umol} and Cs2COs (28.7 mg, 0.088 mmol} were suspended in
dioxane (0.5ml) and flushed with N2, The reaction was heated to 110 °C for 2 hours, then
cooled to rt, diluied with THF and filtered through a 0.45 uro membrane. The reaction
mixture was concentrated and the crude material was purified via preparative LL/MS
with the following conditions: Colurnn: XBridge C18, 19 x 200 mum, S-um particles;
Mobile Phase A: 5:95 acstonitrile: water with 0.1% trifluorcacetic acid; Mobile Phase B:
93:5 acetonitrile: water with 0.1% triflucroacetic acid; Gradient: 20-60% B over 19
mines, then a 3-minute hold at 100% B; Fiow: 20 mL/min. Fractions containing the
desired product were combined and dried via centrifugal evaporation to give the title
compound (7.4 mg, 36.5%). 'H NMR (300 MHz, DMSO-ds) 8 10.96 (s, 1H), 8.51 (s,
TH}, 8.19 (s, 1H), 8.15 (br d, J=5.8 Hz, 1H), 7.97 {br d, /=134 Hz, 1H), 7.78 (br d, /=73
Hz, 1H), 7.70 (br d, /=85 He, 1H), 7.51 (brd, /=8 S Hy, 1H)}, 743 - 7.33 (m, 5H), 7.14
(brs, 1H). 6.59 (br d. /=3.7 Hz, 1H), 1.07 - 0.96 {m. 4H), LCMS (M+H) = 603.2; HPLC

RT =227 min (Column: Waters XBridge C18, 2.1 num x 50 mm, 1.7 pum particles;
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Mobile Phase A: 5:95 acetonitrile:water with 10 mM ammonium acetate; Mobile Phase
B: 95:5 acetonitrile water with 10 mM ammonium acetate; Temperature: 50 °C; Gradient:
0 %B to 100 %B over 3 min, then a 0.75 nun hold at 100 %B; Flow: 1 nd./min; Detection

UV 220 nm).

Example 37
N-{3-Fhluore-4-(2-[{S-methanesulfonyipyridin-2-yDaminepyridin-4-yi joxy)phenyi]-
3-(&-fluorepyridin-2-y1}-2.4-dioxo-1-(propan-2-yi}-1,2,3 4-tetrahydropyrimidine-5-
carboxamide

HaCo L CHa

ot
T
Y
F g | O O\\S LOHs
YA

Step 1: Biethyl 2-((isopropylaminomethyienejmalonate

To a 40 ml vial containing propan-2-amine (Matrix, 4 mL, 24.4 nwool) cooled in
an ice/water bath was added dropwise diethyl 2-(ethoxymethylene)malonate {(4.94 mi,
24.4 mmol) over a 5 minute period. The reaction was stirred at room temperature for |
hour and then concentrated under vacuum to give the title compound (8.5 g, 100%) as a
pale vellow oil. 'H NMR (400 MHz, DMSO-ds) 8 9.09 (br dd. /=14.2, 7.6 Hz, 1H), 8.03
(d, J=14.4 Hz, 1H), 4.10 (q, J=7.1 Hz, 2H), 4.04 (q, J=7.0 Hz, 2H), 3.80 - 3.65 (m, 1H),
1.25 - 1.16 (m, 12H); LCMS (M+H) = 230; HPLC RT = 1.638 mun (Columm: Chromohith
ODS 85 4.6 x 50 nun; Mobile Phase A: 10:90 MeOH:water with 0.1% TFA; Mobile
Phase B: 90:10 MaOH water with 0.1% TFA; Temperature: 40 °C; Gradient: 0-100% B

over 4 min; Flow. 4 mL/min).

Step 2: Ethyl 3-{5-flueropyridin-2-vi)-1-isoprepyl-2.4-dicxe-1,2,3,4-
tetrahydropyrimidine-S-carboxylate

To a 20 ml vial containing diethyl 2-(Gsopropylamino)methylenemalonate (388
mg, 1.69 mmol) and 5-fluoro-2-1socyvanatopyridine (257 mg, 1.86 mmol) in dioxane (6

mb ) was added KOtBu (190 mg, 1.69 mmol). The reaction was stirred at room

- 64 -



WO 2019/213340 PCT/US2019/030310

(¥4}

10

15

20

30

temperature 1 howr, then acidified with 1M aqueous citric acid solution to pH 4, diluted
with water and extracted with CHClz (2x). The combined organic laver was concentrated
under vacuurm and the crude material purified by silica gel chromatography (40g 85102, 0
to 100% EtOAc-CH2Ch gradient elution). The product was collected and concentrated to
give the title compound (190.9 mg, 35.1%) as a white solid. 1H NMR (500 MHz,
DMS(C-d6) 6 8.60 (d. J=3.1 Hz, 1H), 8.49 (s, 1H), 7.96 (1d, J=8.5, 3.1 Hz, 1H), 7.56 (dd,
J=8.7 4.1 Hz 1H), 4.69 {spt, J=6.8Hz, 1H), 4.22 (q. J=7.2 Hz, 2H), 1 38 (d, J=6.7 Hz,
6H}, 1.25 (1, J=7.1 Hz, 3H), LCMS (MtH) = 322.0; HPLC RT = 1.085 mun {(Column:
Chromolith QDS 85 4.6 x 50 mm; Mobile Phase A: 10:90 MeOH: water with 0.1% TFA;
Mobile Phase B: 90:10 MeOH: water with 0.1% TFA; Temperature: 40 °C; Gradient: 0-
100% B over 4 min; Flow: 4 mL/nun).

Step 3: 3-(5-Fluorepyridin-2-yi)-i-isepropyl-2,4-dioxo-1,2,3.4-
tetrahydropyrimidine-S-carbexylic acid, H{CY

To a8 mb vial containing ethyl 3-(5-flusropyridin-2-y1}-1<isopropyi-2,4-dioxo-
1,23 4-tetrahydropyrimidine-S-carboxyiate (190.9 mg, 0.59 mmol) was added HC! (4M
m dioxane, 891 ul) and water (150 ul.). The reaction mixture was heated to 70 °C for 18
hours, then cooled to room temperature. The reaction was concentrated and dried under
vacuum o give the title compound (185.6 mg, 95%) as an off-white solid. HPLC RT =
0.678 man (Columm: Chromolith ODS 85 4.6 < 50 mm; Mobile Phase A: 10:90
MeOH: water with 0.1% TFA; Mobile Phase B: 90:10 MeOH water with 0.1% TFA;

Temperature: 40 °C; Gradient: 0-100% B over 4 min; Flow: 4 mL/min}.

Step 4: 4-(2-Auoro-4-nitrephenoxy - N-(S-(methyisuifonylpyridin-2-amine

In a 8ml vial containing 2-chloro-4-(2-fluoro-4-nitrophenoxy Jpyridine {60 mg,
0.223 mmol, Example 1, Intermediate B), S-(methyisulfonyDpyridin-2-amine {50.0 mg,
0.290 mmol), Xantphos (15.51 mg, 0.027 mmol}, Pdadbas (2045 mg, 0.022 mmol) and
CsC0Os (218 mg, 0.670 mmol) was added dioxane (2ml). The reaction nuxture was
flushed with N2, sealed and heated to 110 °C for 3 h. Afler cooling to 11, the reaction
mixture was diluted with CHC, filtered and concentraled. Column chromatography (12
¢ 8102, 0 to 100% EtOAc-CH2Cl) afforded the desired material (83.2 mg 92% vield).
LC/MS (M+H) 405.0; HPLC RT 0.533 min; Column: Waters XBridge C18, 2.1 mm x 50
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mm, 1.7 um particles; Mobile Phase A: 5:95 acetonitrile:water with 0.1 % wrifluoroacetic
acid; Mobile Phase B: 95:5 acetomiriewater with 0.1 % influorcacstic acid;
Temperature: 50 °C; Gradient: 0 %B to 100 %B over 3 mun, then a 0.75 min hold at 100

% B; Flow: 1 mL/min; Detection: MS and UV {220 nm).

Step 5: 4-(4-Amine-2-fluorsphenoxy }-N-(5-(methyisulfonylipyridin-2-
vhpyridin-2-amine

To a 8mL vial containing 4-(2-fluoro-4-nitrophenoxy }-N-{5-
(methylsulfonyDpyridin-2-yDpyridin-2-amine {83 mg, 0.205 mmol}, zine (107 mg, 1.642
mmol), and ammonium chloride (88 mg, 1.642 mmol), Ethanol (2 ml) was addedd 1o
give a grey suspension. The reaction was heated to 80 °C for 90 minutes before cooling
{o 1t and filtering through a .45 um membrane. Afier concentrated, the crude material
was diluted with HzO and treated with sat. aq. NaHCGOs untit pH 9. The resulting whiie
precipitate was coliected by filtration and dried under vacuum (36 .4 mg, 47% yield).
LO/MS (M+H) 375.0; HPLC RT .39 min; Column: Waters XBrnidge €18, 2.1 mm x 50
mm, 1.7 pm particles; Mobile Phase A: 5:95 acetonitrile:water with 0.1 % trifluorcacetic
acid; Mobile Phase B: 95:3 acetomtrile:water with 0.1 % inifluoroacstic acid;
Temperature: 50 °C; Gradient: 0 %B to 100 %B over 3 min, then a 0.75 mun hold at 100

% B; Flow: I mL/min; Detection: MS and UV {220 nm).

Step 6: N-{13-fluore-4-({2-{(5-methanesuifonylpyridin-2-vljamine|pyridin-4-
vitoxy)phenyl]-3-(5-fluorepyridin-2-yi)-2 4-dioxo- I -(propan-2-vi}-1,2,3.4-
tetrahydropyrimidine-S-carboxamide

To a4 mk vial containing 3-(5-fluoropyridin-2-y1)-1-1sopropyl-2.4-dioxo-~1,2.3 4~
tetrahy dropyrinudine-3-carboxvlic acid, HCI (12.59 mg, 0.038 nunol}, 4-{4-amino-2-
fluorophenoxy }-N-(S-(methylsulfony}py ridin-2-y Dpyndin-2-amine {13 mg, 0.035 mmol)
and BN {15 ub, 0.104 munol) in NMP (0.3 mL) was added HATU (17.16 mg, 0.045
mimol). The reaction was stirred at room temperature for 4 hours, then purified via
preparative LC/MS with the following conditions: Column: XBridge C18, 19 x 200 mm,
S-urma particles; Mobile Phase A: 5:95 acetonitrile: water with 10-mM ammontum acetate;
Mohile Phase B: 95:5 acetominile: water with 10~-mM amumonium acetate; Gradient: 28-

68% B over 20 minutes, then a 4-minute hold at 100% B; Flow: 20 mL/min. Fractions
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containing the desired product were combined and dried via centrifugal evaporation to
give the title compound (10.0 mg, 44.3%). "HNMR (500 MHz, DMSO-ds) 8 10.79 (s,
1H), 10.24 (brs, 1H), 8.68 (s, 1H), 8.63 (brs, 1H), 8.58 (brs, 1H), 8.19 (d, J=5.7 Hz,
1H}, 8.07 (brd, /=9.0 Hz, 1H), 8.02 - 7.87 (m, 3H), 7.65 {br dd, /=83, 4.0 Hz, 1H), 7.47
{brd,./=81Hz iH), 7.38 - 7.30 {m, 2H), 6.60 (dd, /=5.6, 1.THz, 1H), 4.80-4.73 {m,
TH) 3.25 - 3,15 {(m, 3H), 1.44 (br d, =6.6 Hz, 6H); LOMS(M+H)+ = 650.09; HPLC RT

(¥4}

= 1.80 min {(Column: Waters XBridge C18, 2.1 mm x 50 mm, 1.7 um particles; Mobile

Phase A: 5:95 acetonitrile:water with 10 mM ammonium acetate; Mobile Phase B: 95:5

acetoniirile water with 10 oM ammonium acetale;, Temperature: 50 °C; Gradient: 0 %B
10 1o 100 %B over 3 min, then a 0.75 nun hold at 100 %8; Flow: 1 mL/nun; Detection UV

220 nmy).
Examples 38-39

The compounds in Table 2 were prepared according to the procedures desecribed

15 for Example 37.

E,,:z‘:
O N
Y| H
o O
o OQS,}O
/ X

N N
H
Table 2
Ex. No, R R HPLC | LO/MS | HPLC
RT (M+H) | Method
{min)
ik 1.44 621.0 A
F
39
o /@A 187 | 6653 A
o F

20 HPLC Conditions for Table 2:
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Method A: Column: Waters XBridge €18, 2.1 mm x 50 mm, 1.7 um particies; Mobile
Phase A: 5:95 acetonitrile:water with 10 mM ammoniurm acetate; Mobiie Phase B: 95:3
acetonitrile:water with 10 oM ammonium acetate; Temperature: 50 °C; Gradient: 0% B
10 100 % B over 3 nun, then a 0.75 min hold at 100 % B; Flow: 1 mL/mun; Detection: UV

{220 nm}.

Example 40
-Cyelopropyl-N-{4-|(2-{{5-(dimethybal{amoypyridin-2-ylamine pyridin-4-
yvhoxy]-3-flusrophenyi}-3-(4-fluorophenyl)-2,4-dioxe-1,2.3,4-tetrahydropyrimidine-

S-carboxamide

G N
M{H
¥ \

2

o O oy
F O o ;;Hg
\‘\ e e
./ > N‘//’\\/S;‘\ CH3
A A
N N
H
Step 1: I-Cyclopropyl-V-{4-{(2-{|5-(dimethylsulfamoylipyridin-2-

yilamins  pyridin-4-yljoxy|-3-fluorophenyl}-3-{4-fiuorophenyl)-2,4-dioxo-1,2,3.4-
tetrabydropyrimidine-S-carboxamide

To a4 mL vial contaiming N-(4-((2~chloropyridin-4-yHoxy}-3-fluorophenyly-1-
cyclopropyl-3-(4-fluoropheny1)-2.4-dioxo-1,2.3 4-tetrahy dropyrirmdine-5-~carboxamide
30 mg, 0.059 mmol, Example 36 — Step 4). 6-amino-N, N-dimethylpyridine-3-
sulfonamide (17.7 mg, ¢.088 mmol}, Xantphos (4.1 mg, 7.1 umol}, Pdzdbas (5.4 mg, 5.8
umol} and Cs2C0s {(57.4 mg, 0.176 mmol) i dioxane (0.5 mL). The reaction was heated
10 110 °C for 2 hours, cooled to rt, diluted with CH2Ch and filtered through a (.45 pym
membrane. The reaction mixture was concentrated and the crude material was purified
via preparative LC/MS with the following condifions: Column: XBrdge C18, 19 x 200
mim, S-um particles; Mobile Phase A: 5:95 acetomitrile: water with 10~-mM amumnonium

acetate; Mobile Phase B: 95:5 acetonitrile: water with 10-mM ammonium acetate;
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Gradient: 35-75% B over 20 minutes, then a 6-minute hold at 100% B; Flow: 20 mL/min.
Fractions containing the desired product were combined and dried via centrifugal
evaporation o give the title compound (10.7 mg, 26.4%). 'H NMR (500 MHz, DMSO-ds)
§ 10.95 (brs. 1H). 8.50 (s, 1H). 8.44 (brs, 1H), 8.18 (brs, 1H), 7.94 {br , J=9.9 Hz. 3H),
7.47 (brd, J=7.9 Hz, 1H), 7.41 - 7.30 (m, 6H), 6.58 (brs, 1), 3.33 - 3.23 (m, 1H), 2.60
{s, 6H), 1.06 - 0.98 {m, 4H); LCMS(M+H+ = 676.3; HPLC RT = 1.78 mun (Column;
Waters XBridge C18, 2.1 mmx 50 mum, 1.7 um particles; Mobile Phase A: 5:95
acetonitrile:water with 0.1 % trifluoroacetic acid; Mobile Phase B: 95:5 acetonitrile:water
with 0.1 % triflucroacetic acid; Temperature: 50 °C; Gradient: 0 %B 1o 100 %B over 3

min, then a 0.75 mun hold at 100 % B; Flow: 1 mi/min; Defection UV 220 nm).

Example 41
N-{4-[(2-{|S~(dimethysulfamoyDpyridin-2-yijamine | pyridin-4-yhoxy}-3-
fluorophenyl}-2.4-dioxo-1-(propan-2-yi)-3-{| 2-(rifluoromethyDphenyijmethyi}-

1,2,3.4-tetrabydrepyrimidine-5-carboxamide

O O 0 ? HaC

W N\
RO
o N/ ) k
O\ )J ?
N

N

Step 1: Ethyl 2,4-dicxe-3-2-(triflusromethyhbenzyl)-1,2,3,4-
tetrahydropyrimidine-S-carboxylate

An oven dried two neck flask was charged with 2-(2-
(trifluoromethyDphenybhacetic acid (0.5 g, 2.449 mmol) under mitrogen. The starting
material was suspended i dioxane (5 mL}. Dusopropylethylamine (0.856 mi, 4.90 mmol)
was added and a homogeneous solution was obtained. Reaction was initialed with the
addition of diphenylphosphorvi azide (0.582 ml, 2.69 mmol). After stirring for 0.5 hour,
the reaction was warmed 1o 100 °C behind a blast shield. A controlled evolution of gas
began around 65 °C and was complete in abowt 45 minutes. The reaction was cooled and
diethy! 2-(aminomethyvleneymalonate (0.458 g, 2.449 mmol) was added. The reaction was

then warmed to 100 °C and stirred overnight. The cooled reaction was applied to an 80 g
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Isco silica gel column and eluted with 0-5% methanol in methviene chloride. This
treatment provided a mixture of the desired product and starting material (498 mg). This
material was taken into cychization step without additional purification. The partially

purified material was dissolved in ethanol {5 mL} under nitrogen. A solution of sodium

(¥4}

ethoxide i ethanol (760 pl, 2.052 mmol) was added and stirring continued for an hour.
The reaction was then quenched with 5% agueous citric acid solution. The resultant
precipitate was filtered and sequentially rinsed with water and hexanes. Air drying
provided ethyi 2,4-dioxo-3-(2-(triflucromethylibenrzv-1,2.3 4-tetrahy dropyrimidine-5-
carboxvlate (44.3 mg, 0.129 mmol, 10 % yield). '"H NMR (400 MHz, DMSQ-ds) 8 12.13
10 (brs, TH). 830 (s, 1H). 7.77 (d, J=7.9 Hz. 1H), 7.59 (+, J=8.3 Hz. 1H). 7.48 (1, J=7.7 Hz.
1H), 7.12 (d. J=7.6 Hz, 1H), 5.14 (s, 2H), 4.19(q, J=7.1 Hz, 2H), 1.25 (1, J/=7.1 Hz, 4H);
LCMS (M+H) = 343.0. HPLC RT = 0.81 mun (Waters Acquity SDS using the following
method: Linear Gradient of 2% to 98% solvent B over 1.7 mun; UV visualization at 220
nmy; Colunmi: BEH C18 2.1 mm x 30 mun; 1.7 um particle (Heated to Temp. 50 °C);
15 Flow rate: 0.8 mb/min; Mobile phase A: 100% Waier, 0.05% TFA; Mobile phase B:

100% Acetonitrile, 0.05% TFA)

Step 2: Ethyl I-isopropyl-2.4-dioxe-3-2-(triflucromethylbenzyl}-1.2,3 .4~
tetrabydropyrimidine-S-carboxylate

20 Ethyl 2,4-dioxo-3-2-(trifluoromethybbenzy1)-1,2,3 4-tetraby dropyrimidine-5-
carboxvlate (44 mg, 0.129 mmol) was dissolved in DMF (1 mL) under nitrogen.
Potassium carbonate (35.5 mg, 0.257 munol) and 2-iodopropane (25.7 ul, 0.257 mmol}
were added and the reaction warmed to 70 °C. After 3 hours, the reaction was cooled and
stirred over the weekend. Water was added and after a few nunutes of stirring, anice

25 solid formed. The solid was filterad and rinsed sequentially with water then hexanes. Air
drying gave ethyl 1-isopropyl-2,4-dioxo-3-(2-(trifluoromethyvi}benzyi}-1,2,3 4~
tetrahy dropy rimidine-5-carboxylate (19.2 mg, 0.050 mmol, 38 .9 % vield). 'H NMR (400
MHz, DMSO-de) § 8.48 (s, 1H), 7.77 (d. J=7.9 Hz, 1H), 7.59 (1. J=7.8 Hz, 1H), 7.48 (L,
J=7.3 Hz, 1H), 7.13 (d, J=7.9 Hz, 1H), 5.18 (s, 2HD, 4.72 (dt, J=13.6, 6.6 Hz, 1H), 4.23

30 (g, /=7.0Hz 2H), 1.38(d, J=6.7 Hz, 6H), 1.26 (&, J=7.1 Hz, 3H); LCMS (M+H) = 385 .4,
HPLC RT = 0.96 min (Waters Acquity SDS using the following method: Linear Gradient

of 29 10 98% solvent B over 1.7 min; UV visualization at 220 nm; Column: BEH C18
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2.1 mmx 50 mm; 1.7 um particle (Heated to Temp. 50 °C); Flow rate: 0.8 ml/min;
Mobile phase A: 100% Water, 0.05% TFA; Mobile phase B: 100% Acetonitrile, 0.05%
TFA).

Step 3: j-isopropyi-2.4-dioxe-3-(2-(triftusromethyl}benzyl}-1,2,3.4-
tetrahydropyrimidine-S-carbexylic acid

Ethyl 1-isopropyi-2.4-dioxo-3-2-(trifluoromethyitbenzy1}-1,2.3 4~
tetrahy dropyrimidine-S-carboxylate (19.2 mg, 0.050 mmol) was dissolved in HCI {200 i,
0.800 mmwol) (4 M in dioxane). Water {40 uL) was added and the reaction was warmed {o
70 °C for 2 hours. The cooled reaction was diluted with water and stirred to give a
precipitate. The solid was filtered and rinsed sequentially with water and hexanes. Air
drying provide i-isopropyl-2.4-dioxo-3-(2-{trifluoromethyi}benzyi)-1,2.3,4-
tetrahy dropyrimidine-5-carboxylic acid (7.2 mg, 0.020 mmol, 40.5 % yield). 'H NMR
(400 MHz, DMSO-de) § 12.80 - 12.55 (m. 1H), 8.58 (s, 1H), 7.78 (d, J=7.9 Hz, 1H), 7.68
-7.53 (m, 1H). 7.54 - 7.40 (m, 1H), 7.20 (4. J=7.8 Hz, 1H), 5.21 (s, 2H), 4.74 (spt, J=6.9
Hz, 1H)y, 1,39 (d, /=67 Hz, 6H); LCMS (M+H) =357 3 HPLC RT = 0.96 mim (Waters
Acquity SDS using the following method: Linear Gradient of 2% to 98% solvent B over
1.7 min; UV visualization at 220 nm; Column: BEHC18 21 mm x 50 mm; 1.7 um
particle (Heated to Temp. 50 °C}; Flow rate: 0.8 mi/min; Mobile phase A: 100% Water,

0.05% TFA; Mobile phase B: 100% Acetoniinle, 0.05% TFA).

Step 4: 6-({4-2-Fluoro-4-pitrophenoxy)pyridin-2-yhaming -V, V-
dimethylpyridine-3-sulfonamide

6~ Amino-N, N-dimethylpyridine-3-sulfonamide (200 mg, 0.994 nuool), 2-chloro-
4-2-fluoro-4-nitrophenoxy jpyridine (222 mg, 0.828 mmol, Intermediate B}, Cs:00;3
{944 mg, 2.90 mimol), and BrettPhos (66.7 mg, 0.124 mmol} were combined in dioxans
(7.50 mL). The reaction mixture was purged with mitrogen for 1 min and Pde(dba)s (114
mg, 0.124 mimol) was added. After heating to 105 °C for 2 hours, the reaction was cooled
to rt and partitioned between brine (30 mL} and EtOAc (50 mL). The organic layver was
separated and the aqueous phase was extracted with 2 additional portions of EtQAc (2 x
50 mL). The combined organic phases were combined, dried over NaxSO4 and

concentrated. Column chromatography (40 g S102, 0 to 100% EtQAc-CH:Cly) afforded
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the expected product (125 mg, 35% vield). LCMS (M+H)=434.1. HPLC RT =1.523
min {Chromolith SpeedROD column 4.6 x 50 mim, 10-90% agueous methanol over 4

minutes containing 0.1% TFA, 4 mbL/nun, monttormg at 220 nim).

Step 8: &-{{4-(4-amine-2-fluorephensxypyridin-2-yhamino}-N,K-
dimethylpyridine-3-sulfonamide

6-{{4-(2-flucro-4-nitrophenoxy jpyridin-2-yyamino}-N, N-dimethy Ipyridine-3-
sulfonamide (120 mg, 0.277 mmol) was suspended in MeOH (5 mL) then DCM {3 mL)
was added uniil the nuxture became homogeneous. Ammoniom chloride (474 mg, 8.86
mmol) waas added, followed by the addition of zinc (380 mg, 5.81 mmol). The reaction
was stirred at rt overnight. The reaction was diluted with MeOH and filtered through
celite. Concentration afforded the expected product (43 mg, 39% yield) which was
carried forward without further purification. LCMS (M+H)=404.2 HPLC RT = 1.142
min (Chromolith SpeedROD column 4.6 x 50 mm. 10-90% agueous methanol over 4

minutes containing 0.1% TFA, 4 mL/min, monitonng at 220 nmy).

Step 6: N-{4-1(2-1{5-(dimethyisulfameyl)pyridin-2-yl amine pyridin-4-yioxy|-
3-fluorophenyi}-2.4-dioxo-1-(propan-2-yi)-3-{|2-(trilluoremethyl)phenyljmethyi}-
1,2,3 4-tetrahydropyrimidine-S-carboxamide

A veaction vial was charged with 6-((4-(4-amino-2-flucrophenoxy)pyrdin-2-
vhamino}-N N-dimethylpyvridine-3-sulfonamide (8.15 mg, 0.020 mmol) and 1-1sopropyl-
2.4-dioxo-3-(2-(trfluoromethy Ybenzyl}-1,2.3 d-tetrahy dropyrimidine-5-carboxylic acid
(7.2 mg, 0.020 momol} in DMF {0.25 mL}. The reaction was intiated with the addition of
triethylamine (5.63 ul, 0.040 mmol) and BOP (10.73 mg, 0.024 mmol). After stirning
overnight, the reaction was diluted with DMF (1 mL)} and purified by RP-HPLC using the
foliowing conditions: Column: XBridge C18, 200 mim x 19 mm, 5-um particles; Mobile
Phase A: 5:95 acetonitrile: water with 10-mM ammonium acetate; Mobile Phase B: 95:5
acetomtnile: water with 10-mM ammonium acetate; Gradient: a O-minuie hold at 47% B,
47-87% B over 20 minutes, then a 4-muinute hold at 100% B; Flow Rate: 20mL/min;
Column Temperature: 25 C. Fractions containing the desired product were combined and
dried via centrifugal evaporation to give N-{4-{(2-{{5~{(dimethylsulfamovlpyridin-2-

yvHaminos} pyridin-4-yljoxy|-3-fluorophenyl}-2,4-dioxo-1-(propan-2-y13-3-{{2-
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(trifluoromethylphenyljmethyl}-1,2,3 4-tetrahy dropy rimidine-S-carboxamide (9.6 mg,
0.0129 mmol). 'H NMR (500 MHz, DMSO-de) 8 10.97 (s, 1H), 10.36 (s, 1H), 8.70 (5,
1H), 8.46 (d, /=1 .8 Hz, 1H), 8.20 (d, /=5.8 Hz, 1H)}. 8.02 - 7.94 (m, 2H), 7.93 - 7.88 (1,
1H), 7.80 {d. /=79 Hz 1H}, 7.64 - 7.57 (my, 1H), 7.55 - 7.47 {m, 2H}, 7.40 - 7.35 (m, 2H),
7.26 {brd, /=7.9 Hz, 1H}, 6.60 (d4d, /=5.6, 2.0 Hz, 1H), 5.30 (s, 2H), 4.80 {dt, /=13.5, 6.8
Hz, 1H), 1.43 {d, J=6.7 Hz, 6H); LCMS (M+H) = 742.1. HPLC RT = 2.385 mun Colummn:

U

Waters XBridge C18, 2.1 mmx 50 mum, 1.7 um particles; Mobile Phase A: 5:95
acetonitrile:water with 0.1 % trifluoroacetic acid; Mobile Phase B: 95:5 acetonitrile:water
with 0.1 % tniflucroacetic acid; Temperature: 56 °C; Gradient: 0 %B o 100 %B over 3

10 min, then a 0.75 mun hold at 100 %B; Flow: 1 mbL/nun; Detection: MS and UV (220 nm}.

Examples 42-61
The compounds in Table 3 were prepared according to the procedures described

for Examples 40 and 41,

0, 0
i Xy NP | Sy Cfts
{
NP CHs
15 H
Table 3
Ex. R RZ HPLC | LOMS | HPLC
No. RT (M+H) | Method
{pin)
42 HyGo CHs
Y T 212 660.1 A
X O 163 | 6583 B
4 //\/}\
GHs T 199 | 6503 A
presbenne F/\\;‘///
45 HsC ~CHs /A\»/E’\ ,
I\o M) 231 | 7080 A
i.,/\v/f/
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Ex. R R HPLC | LOMS | HPLC
No, RT | (M+H) | Method
{min}
46 o
& M 219 | 7062 A
FM
7 o
! /%)\ , :
| 2.02 706.2 A
FM
48
HaC_.CH
TN T | o1es | 6701 A
P - F,/\V,(;N
+ ol AT 1.88 6743 C
50 HyC_CH,
Y %\ 1945 | 6503 C
31 HsCuCH: HoC
i g ’ 1881 | 6264 C
b CHs
52 H3C._-CHs CHj
SN d < “ Ay t
a 1911 | 6403 C
53
. HaCwCH
i O)\ 2013 | 6662 C
54 HyC_CH
YR A\)\ 1717 | 6381 C
55
o HaC /\\)'3
" 0H 7T 1896 | 6941 A
56
- H:C, /\)\
e 0H ) 1891 | 6941 A
PO - F/\ff/
57
HaC
TN o I 1879 | 6952 A
o - 2N
F
58 5 J
o @\/\ 1982 | 6754 A
b ~F
> Hebny OFs v/\)\ 2438 | 6523 A
G0 B
HaC._CH |
YT RN 2372 | 7044 A
- OCH;
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6l HC._.CH: F
e dh \©\)\ 2418 | 6924 A

HPLC Conditions for Table 3:

Method A: Coluron: Waters XBridge C18, 2.1 rom x 50 nun, 1.7 um particles; Mobile
Phase A: 5:95 acetonitrilerwater with 10 mM ammonium acetate; Mobile Phase B: 95:5
acetoniinle water with 10 mM ammonium acetate, Temperature: 50 °C; Gradient: 0 % B
10 100 % B over 3 min, then 2 0.75 pun hold at 100 % B; Flow: 1 ml/min; Detection: UV
(220 nm).

Method B: Column: Waters XBridge €18, 2.1 mm x 50 mm, 1.7 um particles; Mobile
Phase A 5:95 acetonmirtle water with 0.1 % mfuorcacetic acid; Mobile Phase B: 95:5
acetonitrile:water with 0.1 % trifluorcacetic acid; Temperature: 30 °C; Gradient: 0 %B 1o
100 %B over 3 min, then a 0.75 nun hold at 100 %B; Flow: 1 mL/min; Detection: MS
and UV (220 nm}

Method C: Column: Waters BEH C18, 2.1 x 50 ram, 1.7-pm particles; Mobile Phase A:
5:95 acetonitrile:water with 0.1% trifluoroacetic acid; Mobile Phase B: 95:5
acetonitrile:water with 0.1% trifluoroacetic acid; Temperature: 50 °C; Gradient: 0% B, 0-
100% B over 3 minutes, then a 0.75-manute hold at 100% B; Flow: 1.0 mb/min;

Detection: UV at 220 nm.

Example 62
N-{4-1(2-{{5-(Dimethylsulfamoypyridin-2-yljamine} pyridin-4-yloxy}-3-
fluorophenyl}-3-(4-methyiphenyi}-2,4-dioxo-1-(propan-2-vi}-1,2,3.4-

tetrabydropyrimidine-3-carboxamide

- 75«
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Step 1, Ethyl 1-isopropyi-2,4-dioxe-1,2,3.4-tetrahydropyrimidine-5-

carboxyiate

To a 40 mL vial containing ethyl 3-ethoxy-2-((ethoxycarbonylcarbamovijacrylate
{759.1 mg, 2.93 mwnol} [Casack, N. J. et al. J Chem. Soc. Perkiv Trans. 1 1973, 16,
1720-1731] in ethanol (14.6 ml.) was added isopropylanune (276 ul, 3.22 mmol} to give
an off-white suspension that quickly became a yellow homogeneous soiution. The
resulting reaction mixture was stirred for 1 h at room temperature. Potassium fer/-
butoxide (329 mg, 2.93 mumol) was added. The reaction mixture was stirred for 2 h,
diluted with water, and extracted with EtOAc. The organic layers were combined, washed
with brine, dried over MgS0, filtered, concentrated, and purified by silica gel
chromatography (24 g column, gradient from 0% to 100% E1O Ac/hexanes). The fractions
were concenirated in vacuo to give the title corpound (537.7 mg. 84%) as a white sohd.
'H NMR (400 MHz, methanol-ds) 6 8.41 (s, 1H), 4.79 (spt, J=6.8 Hz, 1H), 4.30 (q, J=7.2
Hz, 2H), 1,40 (d, /=6.8 Hz, oH), 1.33 (t, /=6.8 Hz, 3H); LCMS (M+H) =227.1, HPLC
RT = 0.62 nun {Column: BEH Ci8 2.1 x 50mm; Mobile Phase A: water with 0.05%
TFA; Mobile Phase B: acetonitriie with 0.05% TFA; Temperature: 50 °C; Gradient: 2-

98% B over 1.7 nun; Flow: 0.8 mL/min}.

Step 2. Ethyl -isopropyi-2.4-dicxe-3-{p-tolyl)-1,2,3,4-tetrahvdropyrimidine-
S-carboxyiate

To a | dram vial containing ethyl 1-isopropvi-2,4-dioxe-1,2,3,4-
tetrahy dropyrimidine-S-carboxvlate (75 g, 0.332 mmol), p-tolviboronic acid {90 mg,
0.663 mmol), and copper (I} acetate {(60.2 mg, 0.332 mmol} in DMSQO (663 ul} was
added triethylamine (92 gL, 0.663 mmol). The vial was capped and heated at 60 °C for 17

h. The reaction mixture was cooled to room temperature, p-tolviboronic acid (90 mg,

- T6 -
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0.663 mmol) was added, and the reaction mixture was heated at 60 °C for 3 days. The
reaction muxture was purified by silica gel chromatography (24 ¢ Si0», gradient from 0%
10 5% MeOH-DCM). The fractions were concenirated in vacuo and then redissolved in
FtOAc, washed with 10% agqueous LiCl, washed with brine, dried over MgS0Oq, filtered,
and concentrated to give a vellow solid, which was further purified by silica gel
chromatography (12 g Si0g, gradient from 0% to 5% MeOH-DCM). The fractions were
concenirated i vacuo to give the title compound (16.6 mg, 16%) as a white film. 'H
NMR (400 MHz, methanol-ds) 8 8.51 (s, 1H), 7.30 (d, J=8.1 Hz, 2H), 7.10 (d, /=8.3 Hz,
2H), 4.83 (spt. J=7.0 Hz, 1H), 4.31 (q. J=7.1 Hz, 2H), 2.40 (5, 3H), 1.44 (d, J=6.8 Hz,
oH}, 1.34 (t, /=71 Hz, 3H); LCMS (M+H)=317.1; HPLC RT = 0.83 min (Column: BEH
{18 2.1 x 50nun; Mobile Phase A: water with 0.05% TFA; Mobile Phase B: acetorutrile
with 0.05% TFA; Temperature: 30 °C; Gradient: 2-98% B over 1.7 min; Flow: 0.8

mb/min).

Step 3. i-Isopropyl-2.4-dioxo-3-(p-tolyl)-1,2,3,4-tetrahydropyrimidine-3-
carboxylic acid

To a 2 dram vial containing ethyl 1-isopropyl-2,4-dioxo-3-{(p-toly1)-1,2.3,4-
tetrahy dropyrimidine-S-carboxylate (16.6 mg, 0.052 mmol) in water {23 uL) was added a
4 M solution of HCl in 1 4-dioxane (420 pL, 1.679 mumol}. The headspace was flushed
with Nz and the vial was capped and heated at 70 °C for 18 h. The reaction nuxture was
cooled to room temperature, concentrated, and purified by silica gel chromatography {4 g
$i10n, gradient from 0% to 3% MeOH-DCM). The fractions were concentrated in vacuo to
give the title compound (11.6 mg, 77%} as a white film. 'H NMR (400 MHz, CDCl3) 8
12.56 - 12.43 (brs, 1H), 8.58 (s, 1H), 7.36 (d. J=8.0 Hz, ZH), 7.13 (d, /=8.3 Hz, 2H). 4.96
(spt. J=6.8 Hz, 1H), 2.44 (s, 3H), 1.48 (d, J=6.8 Hz, 6H): LCMS (M+H) = 289.0; HPLC
RT = (.81 min (Colunm: BEH C18 2.1 x 50mm; Mobile Phase A: water with 0.05%
TFA; Mobile Phase B: acetonitrile with 0.05% TFA; Temperature: 50 °C; Gradient: 2-

98% B over 1.7 mun; Flow: 0.8 mbL/nun}.
Step 4. N-{4-1(2-{|5-(dimethyisulfamoyipyridin-2-yi amine i pyridin-4-yhoxy]-

3-flucrophenyi}-3-{4-methyviphenyl)-2,4-dioxo-1-(propan-2-y13-1,2,3,4-

tetrahydropyrimidine-S-carboxamide
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To a 10 mL recovery flask containing 6-({(4-(4-amino-2-fluorophenoxy Jpyridin-2-
vhamino}-N N-dimethylpyridine-3-sulfonamide (16.23 mg, 0.040 mmol, Example 41 -
Step 6), 1-isopropyl-2.4-dioxo-3-(p-tolvl)-1,2,3.4-tetrahvdropyrnimidine-S-carboxylic acid
{(11.6 mg, 0.040 mmol}. and HATU (18.4 mg, 0.048 mmol) in DMF (0.40 mL) was added
{nethvliamine (6.7 gL, 0.048 mumol). The reaction mixture turned pale vellow and was
stirred al room {emperature for 6 b, The reaction mixture was diluted with 0.6 mL DMF,
filtered through a syringe filter, and purified by preparative LC/MS (Column: XBridge
C18, 200 x 19 mm; Mobile Phase A: 5:95 acetonitrile: water with 10-mM ammonium
acetate; Mobile Phase B: 95:5 acetoniirile; water with 10-mM ammonium acetate;
Gradient: a O-munute hold at 40% B, 40-80% B over 20 minutes, then a 4~-minute hold at
100% B; Flow Rate: 20 mL/min). Fractions containing the desired product were
combined and dried via centrifugal evaporation o give the title compound (19.6 mg,
72%). 'H NMR (500 MHz, DMSO-ds) 8 11.06 (s, 1HD), 10.33 (s, 1H), 8.65 (s, 1H), 8.44
(s. 1H), 8.18 (br d, /=55 Hz, 1H), 8.02 - 7.88 (m, 3H), 7.46 (br d, /=8.5 Hz, 1H). 7.40 -
7.26 (m, 4H), 7.21 (br d, J=7.9 Hz, 2H), 6.63 - 6.54 (m, 1H), 4.85 - 4.69 (m, 1H), 2.60 (s,
6H), 2.37 (s, 3H), 1.41 (d. J=6.4 Hz, 6H); LCMS (M+H) = 674.4; HPLC RT = 2.25 min
{Columu: Waters XBridge Ci8 2.1 x 30 mam; Mobile Phase A: 5:93 acetonitrile: water
with 10 mM ammonium acetate; Mobile Phase B: 95:5 acetonitrile:water with 10 mM
ammonium acetate; Temperature: 50 °C; Gradient: (-100% B over 3 min, then a 0.75 min

hoid at 100% B; Flow: 1 mL/min}.

Exampies 63-73
The compounds in Table 4 were prepared according to the procedures described

for Example 62,

HaC
1
QUNe,
S K/Hg
o l N’f(’\!(‘/ \\b
S
NN
H
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Table 4
Ex. No. R R> HPLC | LO/MS | HPLC
RT (M+H) | Method
{min}
63
HyCo _CH , ,
I 2.08 690.1 A
64
HaC o CHs
I 2.07 702.4 A
65 _
HiC o CHy
I 229 728.1 A
66 HsC_CHy
I 2.25 694.0 A
67
HaC_-CHg .
I 2.69 694.1 A
68
HaC o CH,
I 218 678.3 A
69
HaC o CHs
I 223 696.3 A
70
HsCo _CHy )
:[ 2.61 674.1 A
7
HsCo _CHy ,
:[ 2.17 690.4 A
72
HsCol CHy
:[ 2.72 7282 A
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Ex. No. R R HPLC | LO/MS | HPLC
RT {(M+H) | Method
{min)
73
HiCo _CH.
”I s 2.42 7021 A
Ha G S0

HPLC Conditions for Table 4:

Method A:Column: Waters XBridge C18 2.1 x 50 mum; Mobile Phase A: 5:95
acetonitrile water with 10 mM ammonivm acetate; Mobile Phase B: 95:5

acetontinle water with 10 mM amunonium acetate;, Temperature: 30 °C; Gradient: 0-
100% B over 3 nun, then a 0.75 min hold at 100% B; Flow: | mi/min; Detection: UV at

220 nm.

Fxample 74
N-{4-](2~{|5-(dimethyisulfamoypyridin-2-yvijamine |pyridin-4-yljoxy iphenyl }-3-(4-
fluorophenyl}-2.4-disxe-1-(propan-2-y1}-1,2,3,4-tetrahydropyrimidine-8-
carboxamide

HyCo CHs

h

Ox N
YU o
IORARE!
) { ~ 0 0 O HaC
: O !

1 YN
LYY
SN N
H
Step 1. 2-Chisro-4-{4-pitrophenoxy)pyridine

To a 40 mL vial containing 2-chloropyridin-4~-ol (300 mg, 2.32 mmeol) and -
fluoro-4-nitrobenzene (327 mg, 2.32 mmol) in NMP (3ml} was added Cs:CO35 (830 mg,
2.55 mmol). The reaction was heated on a heating block at 110 °C for 30 minutes then
cooled to room temperature. The reaction was diluted with water and the resuliing
precipitate collected by filtration, rinsed with water and dried under vacuum to give the

title compound (449 5 mg, 86%) as an off-white solid. LCMS (M+H)= 251; HPLC RT

- R0 -~
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= 1.863 min (Column: Chromolith ODS 85 4.6 x 50 mm; Mobile Phase A:; 10:90
MeOH: water with 0.19% TFA; Mobile Phase B: 90:10 MeOH:water with 0.1% TFA;

Temperature: 40 °C; Gradient: 0-100% B over 4 nun; Flow: 4 mL/min).

Step 2. 4-{(2-Chlorspyridin-4-yhoxyjaniline

To a 40 mL vial containing 2~-chloro-4-(4-nitrophenoxypyridine (499.5 mg, 1.99
mmol), zinc powder (1042 mg, 15.94 mmol} in EtOH (5 mbL) was added ammonium
chionde (853 mg, 15.94 mmol}. The reaction was heated to 80°C for 1 hour then cooled
o room terperature. The reaction was filtered through a 0.45 pm membrane with EtOH
rinses and then concenirated. The residue was diluted with water and basified with sat.
aqueous NaHCOs; solution, stirring at room temperature. The resulting precipitate was
collected by filiration, ninsed with water and dried under vacuum to give the title
compound (396.7 mg, 90%}) as an off-white solid. TH NMR (400 MHz, DMSO-ds) § 8.23
(d,J=5.6 Hz, 1H), 6.90 - 6.82 (m, 4H). 6.67 - 6.59 (m, 2H), 5.18 (s, 2H). LCMS (M+H)
= 221, HPLC RT = 0.718 min {Columm; Chromolith ODS 85 4.6 x 50 mm; Mobile
Phase A: 10:90 MeOH: water with (.1% TFA; Mobile Phase B: 96:10 MeOH water with

0.1% TFA; Temperature: 40 °C; Gradient: 0-100% B over 4 mun; Flow: 4 mL/min).

Step 3: N-(4-{(2-chloropyridin-d-yhoxy)phenyl)-3-(4-fhuorophenyl)-1-
isepropyl-2.4-dioxo-1,2,3 4-tetrabhydropyrimidine-S-carboxamide

To a4 mL vial contaiming 3-(4-fluorophenyl)-1-isopropyi-2 4-dioxo-1,2,3,4-
tetrahy dropyrimidine-3-carboxylic acid {50 mg, 0.171 mmol), 4-({(2-chloropyridin-4-
vhoxy)antline (37.7 mg, 0.171 mmol} and EGN (29 ul, 0.205 mwmol) in NMP (0.5 mL)
was added HATU (78 mg, 0.203 nmunol}. The reaction was stirred at room temperature 4
hours and diluted with water and saturated aqueous NaHCO: solution. The white
precipitate that formed was collected by filiration, rinsed with water and dried under
vacuum {o give the title compound (80.6 mg, 95%) as a white solid. LCMS (M+H) =
495, HPLC RT = 2791 win (Column: Chromolith ODS 85 4.6 % 50 mym; Mobile Phase
A 10:90 MeOH: water with 0.1% TFA; Mobile Phase B: 90:1¢ MeQOH:water with 0.1%

TFA; Temperature: 40 °C,; Gradient: (-100% B over 4 min: Flow: 4 mL/mun).

- 81 -
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Step 4: N-$14-1(2-{{5-(dimethylsulfamoyhpyridin-2-yl]amine } pyridin-4-
vijoxy]phenyi}-3-(4-flvorophenyl)-2,4-dioxo-1-(propan-2-yi}-1,2,3.4-
tetrahydropyrimidine-S-carboxamide

To a4 mL vial containing N-{(4-{{2-chloropyridin-4-yljoxy jphenyi}-3-(4-
fluorophenyl)-i-isopropyl-2.4-dioxo-1,2,3,4-tetrahvdropvrimdine-5-carboxamide {24.6
me, 0.050 mmol), 6-amino-N, N-dimethylpynidine-3-sulfonamide (15 mg, 0.07S mmol),
Kantphos (3.45 mg, 596 umol}, Pdadbas (4.55 mg, 4 97 umol} and CsoCOs (48.6 mg,
0.149 mmol) in dioxane (0.5 mL). The reaction was heated to 110 °C for 2 howss, then
diluted with THF and filiered through a 0.45 pum mewbrane. The reaction mixhure was
concentrated and the crude material was punified via preparative LC/MS with the
following conditions: Colunm: XBridge C18, 19 x 200 nun, S-um particles; Mobile Phase
A 5:95 acetonitrile: water with 10-mM ammonium acetate; Mobile Phase B: 95.5
acetonirile: water with 10-mM ammnonium acetate; Gradient: 43-83% B over 20 minutes,
then a 4-minute hold at 100% B; Flow: 20 mL/min. Fractions containing the desired
product were combined and dried via centrifugal evaporation to give the title compound
(18.8 mg). 'H NMR (300 MHz, DMSO-ds} 8 10.90 (s, 1H}, 10.31 (s, 1H), 8.65 (s, 1H),
845 (s, 1H), 817 (d. /=58 Hz, 1H), 7.98 - 7.89 (m. 2H). 7.77 (d. /=89 Hz, 2H), 7.45 -
7.40 (m, 2H), 7.38 - 7.32 (m, 3H), 7.18 (d, J=8.9 Hz, 2H), 6.55 (dd, J=5.6, 2.0 Hz, 1H).
4.77 {dt, /=13.4, 6.9 Hz 1H), 2.60 (s, 6H), 1.42 {d, /=67 Hz, 6H); LCMS(M+H)+ =
660.2; HPLC RT = 1.77 min (Cohuwmm: Waters XBridge C18, 2.1 mm x S0 mm, 1.7 um
particles; Mobile Phase A: 5:95 acetomitrile: water with 0.1 % trifluorcacetic acid; Mobile
Phase B: 955 acetonitrile:water with 0.1 % trifluoroacetic acid; Temperature: 50 °C;
Gradient: 0 %B 10 100 %B over 3 nmun, then a4 0.75 min hold at 100 % B; Flow: 1

mi./min; Detection UV 220 nmy)

Example 73
N-14-1(2-115-(dimethylsulfamoyl)pyridin-2-yljamine } pyridin-4-yhoxy | phenyi}-2,4-

dioxg-3-phenyl-1-{propan-2-vi}-1,2,3.4-tetrabydropyrimidine-S-carbexamide
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Step 1, Diethyl Zn((Swphenyiureida)methyieie)maianate
To a 40 mL vial containing diethyl 2-(aminomethyleneymalonate (400 mg, 2.14
mmol), BIPEA (411 ul, 2.35 nunol) in dioxane (0.6 mL) was added isocvanatobenzene
5 (244 uL, 2.24 momol}. The reaction was heated to 100°C for 18 hours then cooled to room
temperature. The precipitate that formed was collected by filiration with small dioxane
and hexane rinses and dried under vacuum to give the title compound (294 myg, 44 5%) as
a white solid. 'H NMR (500 MHz, DMSO-ds} & 10.76 - 10.50 (m, 1H}, 10.48 - 10.25 (m.
1H), 8.48 (brs, 1H), 7.59 - 7.45 (m, 2H), 7.39 - 7.25 (m, 2H), 7.16 - 7.02 (m, 1H), 4.25
10 {q,J=7.0Hz 2H), 4.16 (q, J=7.0 Hz, 2H), 1.31 - 1.22 (m. 6H), LCMS (M+H) = 307,
HPLC RT = 2.298 nun (Colunmm: Chromolith ODS 85 4.6 x 50 mm; Mobile Phase A:
10:90 MeOH: water with 0.1% TFA; Mobile Phase B: 90:10 MeOH water with 0.1%

TFA; Temperature: 40 °C, Gradient: (-100% B over 4 min; Flow: 4 mL/min).

15 Step 2. Ethyl 2,4-dioxs-3-phenyi-1,2.3 4-tetrahydropyrimidine-S-carboxylate
To a 8 mL vial containing diethyl 2-({3-phenviureido}methvieneymalonate (290

mg, 0.94 mmoel) in EIOH (1.2 mL) was added sodium ethoxide (21% w/w in EtOH, 566
ul.). The reaction was stirred at room temperature for 3 hours then curic acid (1M
aqueous, 0.947 mi} was added and the reaction mixture added to water (30 mL). The

20 precipitate that formed was collected by filtration with water rinses and dried under
vacuum 1o give the title compound {228.3 mg, 93%) as a pale orange solid. 'HNMR
(500 MHz, DMSO-de) 8 11.99 (brs, 1H), 8.25 (s, 1H), 7.51 - 7.43 (m. 2H), 7.43 - 7.37
{m, 1H}, 7.24 (br d, /=73 Hz, 2H), 4 18 {q, /=7.0 Hz, 2H), 1.23 (1, /~=7.1 Hz, 3H).
LCMS (MAHD) = 261; HPLC RT = 0.742 mun (Column: Chromoelith QD8 §54.6 x 50

25 mun; Mobile Phase A: 10:90 MeOH:water with 0.1% TFA; Mobile Phase B: 90:10
MeOH: water with 0.1% TFA; Temperature: 40 °C; Gradient: 0-100% B over 4 min;

Flow: 4 mL/min}.
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Step 3. Eihyl I-isopropyi-2.4-dioxo-3-phenyl-1.2,3,4-tetrahydropyrimidine-5-
carboxylate

To a 8 mL vial containing ethyl 1-isopropyl-2.4-dioxo-3-phenyl-1,2.3,4-
{etrahv dropyrimidine-5-carboxylate (208.7 mg, 0.802 mmol} and K2C G5 (222 mg, 1.604
mmol} in BMF (0.5 mL) was added 2-iodopropane (160 oL, 1.604 mmol). The reaction
mixture was heated to 70 °C for 4 hours then cooled to room temperature and diluted with
water. The precipiiate that formed was collected by filtration with water and hexane
rinses and dried under vacuum to give the title compound (177 mg, 73%;) as an off-white
solid. 'H NMR (400 MHz, DMSO-de) § 8.44 (s, 1H), 7.51 - 7.44 (m, 2H), 7.44 - 7.37 (m,
1H), 7.28 - 7.21 (m, 2H), 4.70 (spt, J=6.7 Hz, 1H), 421 (q, J=7.1 Hz, 2H), 1.37 (d, /=6.8
Hz 6H), 1.25 (¢, J=7.1 Hz, 3H); LCMS (M+H) = 303; HPLC RT = 1.373 min (Column:
Chromolith ODS 85 4.6 x 50 mm; Mobtile Phase A: 10:90 MeOH: water with 0.1% TFA;
Mobile Phase B: 90:10 MeOH water with 0.1% TFA; Temperature: 40 °C; Gradient:; O-

100% B over 4 min; Flow: 4 mL/min).

Step 4, i-isopropyl-2,4-dioxe-3-phenyi-1,2,3, 4-tetrahvdropyrimidine-5-
carboxylic acid

To a4 mL vial containing ethyl 1-isopropyl-2,4-dioxo-3-phenyl-1,2,3,4-
{etrahy dropyrimadine-5-carboxylate (177 mg, 0.58 mmol) was added HCl (dM in
dioxane, 580 ul) and water (150 ul). The reaction nmuxiure was heaied to 70°C for 1R
howurs then cooled to room temperature. The reaction was concenirated and diluted with
water. The precipitate that formed was collected by filtration with water rinses and dried
under vacuum to give the title compound (118 mg, 73%) as an off-white solid. H NMR
(400 MHz, DMSO-de) 5 12.69 (br s, 1H), 8.58 (s, 1H), 7.57 - 7.39 (m. 3H), 7.34 - 7.24
(m, 2H), 4.73 (spt, J=6.8 Hz, 1H), 1.39 (d. J=6.8 Hz, 6H); LCMS (M+H) = 275; HPLC
RT = 0.982 min {Column: Chromolith ODS 85 4.6 x 50 mm; Mobile Phase A: 10:90
MeOH: water with 0.1% TFA; Mobile Phase B: 90:10 MeOH water with 0.1% TFA;

Temperature: 40 °C; Gradient: 0-100%: B over 4 min; Flow: 4 mL/min}.

Step S: N-(4-{(2-chleropyridin-4-vhoxy)phenyl)-1-isopropyl-2,4-dioxe-3-

phenyl-1,2,3.4-tetrahydropyrimidine-S-carboxamide
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To a 4 mb vial containing 1-isopropyl-2,4-dioxo-3-phenyl-1,2,3,4-
tetrahy dropyrimidine-S-carboxylic acid (50 mg, 0.182 mamol), 4-({2-chloropyridin-4-
yvhoxyjanlioe (40.2 mg, 0.182 mmol, Example 74-Step 2) and EtsN (30 ul., 0.219 mmol)
m NMP (0.5ml.} was added HATU (83 mg, 0.219 mimol}). The reaction was stirrad at
room temperatire 4 hours and diluted with water and saturated aqueous NaHC O3
solution. The white precipitate that formed was collected by filtration, rinsed with water
and dried under vacuum to give the title compound (82.4 mg, 95%) as a white solid.
LOMS (M+H) = 477, HPLC RT = 2.758 min {Column: Chromolith ODS §5 4.6 x 50
mny;, Mobile Phase A: 10:90 MeOH: water with 0.1% TFA; Mobile Phase B: 90:10
MeOH: water with 0.1% TFA; Temperature: 40 °C; Gradient: 0-100% B over 4 min;

Flow: 4 mbL/nun).

Step 6: N-{4-[(2-{|5-(dimethyisulfamovipyridin-2-yi]amine | pyridin-4-
vhoxy]phenyl}-2,4-dioxe-3-phenyi-1-(propan-2-yi)-1,2,.3 4-tetrahydropyrimidine-S-
carboxamide

To a4 mk vial contaning N-(4-((Z2-chloropyridin-4-vhoxyyphenvi)-1-isopropyi-
2 4-dioxo-3-phenvi~1.2,3 4-tetrahy dropyrinudine-S~-carboxarnide (23.7 mg, 0.050 mmol),
6-amino~-N, N-dimethylpyridine-3-sulfonamide (15 mg, 0.075 mmol), Xantphos {3.45 mg,
5.96 umol), Pdadbas {4.55 mg, 4.97 umol) and Cs2C 05 (48.6 mg, 0.149 mmol} in dioxane
{0.5 mL.). The reaction was heated to 110°C for 2 hours, diluted with THFE and filtered
through a 0.45 uro membrane. The reaction muxture was concentrated and the crude
material was purified via preparative LL/MS with the following conditions: Columi:
XBridge C18, 19 x 200 mm, 5~pm particles; Mobile Phase A: 5:95 acetomitrile: water
with 0.1% trifluorcaceiic acid; Mobile Phase B: 95:5 acetonitrile: water with 0.1%
influoroacetic acid; Gradient: 18-58% B over 20 minutes, then a 4-munute hold at 100%
B; Flow: 20 mL/min. Fractions containing the desired product were combined and dried
via centrifugal evaporation 1o give the title compound (16.8 mg, 51.8%). 'H NMR (500
MHz, DMSO-ds) § 10.96 (s, 1H), 8.65 (s, 1H), 8.53 (d. J=1.8 Hz, 1H), 8.24 (d, /=6 4 Hz,
1HD), 8.05 (dd, J=8.9, 2.1 Hz, 1H), 7.80 (br d, /=8.9 Hz, 2H), 7.64 (br d, J=8.5 Hz, 1H).
7.56 - 7.49 (m, 2H), 7.48 - 7.43 (m, 1HD), 7.35 (br d, /=7.3 Hz, 2H), 7.24 (br d. /=8.2 Hz,
2H), 7.06 (brs, 1H), 6.79 (br d, J=4.6 Hz, 1H), 4.77 (dt, J=13.4. 6.7 Hz, 1H), 2.63 (s,
6H), 1.42 (d. J=6.7 Hz, 6H): LOMS(M+H)+ = 642.2; HPLC RT = 1.57 min (Column:

-85 -
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Waters XBridge C18, 2.1 mmx 50 mm, 1.7 pm particles; Mobile Phase A: 5:95
acetonitrile: water with 0.1 % trifluoroacetic acid; Mobile Phase B: 95:5 acetonitrile: water
with 0.1 % trifluoroacetic acid; Temperature: 30 °C; Gradient: 0 %R 1o 100 %B over 3

min, then a 0.75 min hold at 100 %B; Flow: 1 mL/min; Detection UV 220 nm)

5
Example 76
N -{3-Flvero-4-{(2-{|5-(piperidine-1-sulfonylipyridin-2-yllamins }pyridin-4-
vhoxyiphenyi}-3-(4-fluorophenyi)-2.4-dioxo-1-(propan-2-yi}-1,2.3.4-
10 tetrahydropyrimidine-S-carboxamide

HsCo_.CHy

\{/
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N-(4-{(2-chloropyridin-4-yDoxy)-3-fluoropheny)-3-(4-fluorophenyi)-1-isopropyl-

Siep 1

15 24-dioxo-1.2.3 4-tetrahydropyrinudine-5S-carboxamide (30 mg, 0.058 mmol, Example 1,-
Step 8), S-{piperidin-1-yisulfonylipyridin-Z-amine (14.11 mg, 0.058 mmol), potassium
carbonate (24.25 mg, 0.175 mmol) and BrettPhos Precatalyst G1 (4.67 mg, 5.85 pmol)
were suspended in i-BuOH/DMA (6:1) (688 ul). The reaction mixture was degassed with
a stream of N3 for two nunutes, sealed and heated to 120 °C in the microwave reactor for

20 45 min. After cooling to rt, the reaction muxtiwe was diluted with EtOQAg, filtered

through a PTFE i, and concentrated. The crude material was purified via preparative

LC/MS with the following conditions: Column: XBridge C18, 19 x 200 mm, 5-um

particles; Mobile Phase A: 5:95 acetonitrile: water with 10-mM ammonium acetate;

Mobile Phase B: 95:5 acetonitrile: waler with 10-mM ammontum acetate, Gradient; 45-

Q]
93]

90% B over 25 nunutes, then a 3~-nmunute hold at 100% B; Flow: 20 ml/nun. Fractions
containing the desired product were combined and dried via centrifugal evaporation to

afford the titled product (5.0 mg). 1H NMR (500 MHz, DMSO-d6) 6 11.01 (5, 1H),

- RG ~
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1031 (s, 1H), 8.66 (s, 1H), 8.41 (d, J=1.8 Hz, 1), 8.19(d, J=5.8 Hz, 1H), 8.06 - 7.82 (m,
3H), 7.53 - 727 {m, TH), 6.59 {(dd, =358, 2.1 Hz, 1H), 477 {di, J=13.4, 6.6 Hz, 1H), 2.38
(brs, 4H), 1.53 (brs, 4H), 1.42 (br d, J=6.7 Hz, 6H), 1.36 (br s, 2H); LCMS(M+H)}+ =
718.2; HPLC RT =234 min; (Column: Waters XBridge C18, 2.1 mm x 50 mum, 1.7 pm
particies; Mobile Phase A: 5:95 acetonitrile: water with 10 mM ammonium acetate;
Mobile Phase B: 95:5 acetonitrilewater with 10 mM ammonium acetale, Temperature:
30 °C; Gradient: 0 %B to 100 %B over 3 min, then a 0.75 min hold at 100 %B; Flow: 1
mb/min; Detection: MS§ and UV (220 nmy).

Where the 6-amunopyridine-3-sulfonamides are not commercially available, they can be
prepared by using the following methodology:

A suspension of of (E)-6-({{dimethylamino ymethylenelaminojpyridine-3-sulfonyl
chioride (150 mg, 0.606 mmol} in THF {5 mL} at rt was treated with azetidin-3-0l, HCI
{80 mg, 0.727 ramol), followed by Hunig's Base (0.264 mL, 1.514 munol). After 1 hy, 1
N ag NaOH solution (1mL} was added and the reaction mixture was heated to 75 °C for
16 h. Column chromatography {(24g Si02, 0 to 8% MeOH-CH2Cl2} afforded 1-((6-
aminopyridin-3-vhsulfonyhazetidin-3-0l (117.2 mg, 84 % vield). 1H NMR (400 MHz,
CHLOROFORM-dY 5 11,42 - 11.20 (m, TH). 8.55(d, J=23 He, 1H), 784 (dd, J=8.7, 2.4
Hz, 1H), 6.59(d. J=8.8 Hz. 1H), 5.03 (br d, J=1.1 Hz, 2H), 3.64 - 3.57 (m. 2H). 3.12 (dd,
375, 4.3 Hz, 3H)

Examples 77 to 85
The compounds in Table 5 were prepared according to the procedures desecribed

for Example 76.

0y 0
YT
N/ ﬁ /l\v



WO 2019/213340 PCT/US2019/030310

10

15

Table S
Ex. No. R HPLC RT LO/MS HPLC
{mun) {(M+H) Method
77 E-NHCH, 1.67 664.3 A
78 ji‘is
Ay - 212 692.16 B
79 A
f\N 2.12 690.15 B
H
80 CHa
éH, y
;’\ﬁkma 1.84 706.3 A

81 0> 211 690.09 B

82 F-n—or 1.92 706.27 B

83 CHy } o
<! 1.96 2036 B

~3

84 7
E—N b 2.09 719.86 B
./
85 VRN
N N-CH; 2.04 732.88 B
\__/

HPLC Conditions for Table 5:

Method A: Colomn: Waters XBridge 18, 2.1 mim x 50 mm, 1.7 um particles; Mobile
Phase A: 5:93 acetonitrile:water with 0.1 % trifluoroacetic acid; Mobile Phase B: 953
acetontinle water with 0.1 % tnfluorcacetic acid; Temperature: 50 °C; Gradient: 0 %B to
100 %B over 3 nun, then a (.75 min hold at 100 % B; Flow: 1 mi/nuin; Detection: MS
and UV (220 nmy.

Method B: Column: Waters XBridge €18, 2.1 mim x 50 mym, 1.7 um particles: Mobile
Phase A: 5:95 acetonitrilerwater with 10 mM ammonium acetate; Mobile Phase B: 95:3
acetonitrile: water with 10 mM ammonium acetate; Temperature: 50 °C; Gradient: § % B
10 100 % B over 3 min, then 2 0.75 nun hold at 100 % B; Flow: 1 ml/min; Detection: UV

{220 nm).

Example 86
N-{4-[(2-1{5-(dimethyisulfamoyi)-4-methyipyridin-Z-yljamine } pyridin-4-yhoxy|-3-
fluorophenyl}-3-{4-flucrephenyi)-2.4-dioxo-1-(propan-2-vi}-1,2.3.4-
tetrabydropyrimidine-S-carboxamide

- 88 -
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Step 1: t-chlore-N, N A-trimethylpyridine-3-sulfonamide

3 A maixture of 6-chloro-4-methylpyridine-3-sulfonyl chioride (0.25 ¢, 1.106 mmol)
in THF (5 mb} was treated with Hunig's Base (0.290 mL, 1.659 mmol)}, followed by
dimethylamine (2.0 M 1o THF, 0.829 mi., 1.659 mimol) at room temperature. After 1
hour, the reaction was concenirated and the crude was purified by column
chromatography (24¢ 5102, 0 1o 100% EtOAx-hexanes, gradient elution) to afford 6-

10 chioro-N.N 4-trimethyipyridine-3-sulfonamide (213 mg, 0.908 mmol, 82 % yield).

LOCMS(M-+H) =234.9; LCMS RT = 0.79 min; (Coluron: BEH C18 2.1 x 50mm; Mobile
Phase A: water with 0.05% TFA; Mobile Phase B: acetoniirile with 6.05% TFA;

Temperature: 50 °C, Gradient: 2-98% B over 1.7 min; Flow: 0.8 mbL/min}.

15 Step 2:6-Amine-N, N 4-trimmethyipyridine-3-sulfonamide
A muxture of 6-chloro-N. N 4-trimethyipvridine-3-sulfonanude (213 mg, 0.908

mmol} in 2.0 N in NH:-1PrOH (4. 538 mi., 9.08 mmol} was stirred at 80 °C for 16 b No
reaction occurred. The nuxture was transfered to a sieel bomb, and MeOH (10 mL) was
added. The reaction mixture was cooled to -78 °C, and ammonia gas was bubbled

20 through the mixture for 3 mins. The reaction vessel was sealed and heated 150 °C for 16
h. After cooling to room temperature, the reaction mixture was concentrated and the
crude product was purified by colummn chromatography (12 g Si02, 0 to 100% EtOAc-
hexane, gradient elution} to vield 6-amino-N N 4-trimethyipyridine-3-sulfonamide (145.4
mg, 74.4 % yield), 1H NMR (400 MHz, CHLOROFORM-d3 5 853 (s, 1H), 6.37 (s, 1H).

25 488 {brs, 2H), 2.81 (s, 6H), 2.51 (s, 3H); LOMS(M+H)+ = 216.1: LCMS RT = 0.48 min;

{Column: BEH C18 2.1 x 50mm; Mobile Phase A: water with 0.05% TFA; Mobile Phase

-G .
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B! acetonitrile with .05% TFA; Temperature: 50 °C; Gradient: 2-98% B over 1.7 min;

Flow: 0.8 ml/oun.

Step 3: N-{4-](2-{|5-{dimethyisulfamoyl)-4-methyipyridin-2-yl]amine } pyridin-
4-yhoxy-3-fluorsphenyl}-3-{(4-Huorophenyl}-2,4-dioxe-1-{propan-2-yi)}-1,2,3,4-
tetrahydropyrimidine-S-carbexamide

N-{4-{(2-chloropyridin-4-ylyoxy)-3-fluoropheny )-3-{(4-fluorophenvi)-1-isopropyl-
2.4-dioxo-1,2,3,4-tetrahy dropyvrimidine-5-carboxamide {30 mg, 0.058 mmol, Example 1.-
Step 7), 6-amino-N, N 4-trimnethylpynidine-3-sulfonamide (13.85 mg, 0.064 mmol)},
potassium carbonate (175 og, 0.175 ramol) and BrettPhos Precatalvst G (5.85 mg, 5.85
umol} were suspended in -BuOH/DMA (6:1) (688 ul}. The reaction mixture was
degassed with a stream of Nz over 2 min, sealed and heated to 120 °C in the microwave
reactor for 45 min.  After cooling to room temperature, the reaction mixiure was diluted
with EtOAc and filtered through a PTFE frit. The crude material was purified via
preparative LC/MS with the following conditions: Column: XBridge C18, 19 x 200 mm,
S-ura particles; Mobile Phase A: 5:95 acetonitrile: water with 10-mM ammonium acetate;
Mohile Phase B: 95:5 acetominile: water with 10~-mM amumonium acetate; Gradient: 40-
0% B over 20 minutes, then a 4-minute hold at 100% B: Flow: 20 mL/min. Fractions
containing the desired product were combined and dried via centrifugal evaporation to
afford the titled compound (6.1 mg, 14% vield). TH NMR (500 MHz, BDMS0-d6) &
11.00 (s, 1H), 10.16 (s, 1H), 8.65 (5, 1H), 8.40 (s, 1H), 8.19 {d, 1=5.8 Hz, 1H), 7.97 (br 4,
J=13.1 Hz, 1H), 7.68 (s, 1H), 7.52 - 7.28 (m, TH). 6.57 (br d, J=4.0 Hz. 1H). 4.77 (dt,
J=13.4, 6.7 He, 1H), 2.69 (s, 5H), 2.48 (s, 3H). 1.42 (br d, J=6.7 Hz, 6H); LCMS(M+H)+
=692.1; HPLC RT =2.40 min; Colunmn: Waters XBridge C18, 2.1 o x 30 mam, 1.7 um
particles; Mobhile Phase A: 5:95 acetonitrile: water with 10 mM ammonium acetate;
Mobile Phase B: 95.5 acetoniirile:water with 10 mM ammonium acetate; Temperature: 50
°C: Gradient: 0 %B to 100 %B over 3 man, then a2 0.75 min hold at 100 %B; Flow: 1

mb/min; Detection: MS and UV {220 nm).
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Example 87
N-{3-Buore-4-({2-[{(5-methanesulfonamidopyridin-2-yDamine]pyridin-4-
viioxy)phenyll-3-(4-fluorophenyi)-2.4-dioxo-1-(propan-2-yH-1,2,3,4-

tetrahydropyrimidine-S-carboxamide

HaC o CHa

O i\\
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Step 1: N-(4-methoxybenzyl-S-nitropyridin-2-amine

A mixture of 2-chloro-3-nitropyridine {200 mg, 1.26 mumnol}, 4-
methoxybenzylamine (173 mg, 1.26 mmol) and triethylamine (352 pl, 2.52 mmol} in
DMF (3 mL) was stirred at 100 °C for 4 h. The solvent was evaporated and the residue
was purified by column chromatography (24 g 8102, 0 to 70% EtOAc-hexanes, gradient
elution) to afford the title compound (271 mg, 83 %). 'H NMR (499 MHz, DMSO-de) &
9.14 - 8.81 {m, 1H}, 8.46 - 8.46 (m, 1H)}, 849 {(brs, 1H}, 8.12(dd, /=9.3, 2.4 Hz, 1H),
7.274(d, J=8.7 Hz 2H), 6.98 - 6.84 (m, ZH), 6.62 {(br d, J=8.1 Hz, 1H), 4.56 (br s, 2H),
374 (s, 3H) LOMS (M+H)Y = 2604 HPLC RT = 1.09 min (Column: Waters Acquity
BEH C18 2.0 x 30 mum; Mobile Phase A: 10:90 ACN water with .1% TFA; Mobile
Phase B: 90:10 ACN:water with 0.1% TFA; Temperature: 40 °C; Gradient: 0-100% B

over 1.5 min; Flow: I mb/nun).

Step 2: N-(4-methoxybenzyl)pyridine-2,5-diamine

To a solution of N-{(4-methoxybenzyl}-S-nitropyridin-2Z-amine (271 mg, 1.05
mmol) in a mixture of methanol and tetrahvdrofuran (v/v, 1:1, 5.2 mL) at room
temperature was added ammonium chloride (359 mg, 10.45 mmol} and zine (683 mg,
10.45 wmmwol). The mixture was stirred at room temperature for 14 h. The reaction mixture
wag filtered though celite and ninsed with methanol. The combined filtrates were

concentrated, and the residue was diluted with brine (20 mL} and extracted with ethyl

-G1 -
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acetate (15 mL x 3}. The organic laver was separated, dried over sodium sulfate, and
concentrated to afford the crude product, which was purified by colunmn chromatography
(24 g 5102, 6 to 5% MeOH-DCM, gradient elution) to afford the title compound (81 mg,
34 %) LCMS (M+H)y= 230.2; HPLC RT = (.52 min (Column: Waters Acquity SDS C8
2.1 x 50 mm; Mobile Phase A: Water with 0.05% TFA; Mobile Phase B: Acetonitrile
with 0.05% TFA,; Temperature: 40 °C; Gradient: 2-98% B over 1.5 mun; Flow: 1

mi/min}.

Step 3: N-(6~{{4-methoxybenzyl)amino)pyridin-3-yDmethanesulfonamide
To a solution of N-(4-methoxybenzyDpyridine-2,5-diamine (81 mg, 0.35 mmol)

and pyridine {143 pl, 1.77 mmol} in dichloromethane (2 mi} at 0 °C, methanesulfonyt!
chioride (22.02 ul, (.28 mmol) was added. The reaction was stirred at 0 °C for 1.5 h. The
solvent was evaporated and the residue was purified by column chromatography (24 g
5102, 0 1o 5% MeOH-DCM, gradient elution) to afford the title compound (85 mg. 78 %).
LOMS (M+H) = 308.2; HPLC RT = .55 min (Column: Waters Acquity BEH C18 2.1 x
30 mim; Mobile Phase A Water with 0.05% TFA; Mobile Phase B: Acetontinle with

0.05% TFA; Temperature: 40 °C; Gradient: 2-98% B over 1.5 min; Flow: I mbL/nun).

Step 4: N-(S-aminopyridin-3-yDmethanesulfenamide

A muxture of N-(6-((4-methoxybenzy Damino)pyridin-3-yDmethanesutfonamide
{85 mg, 0.28 mmol) and TFA (2.1 mL, 27.7 mumol) in dichloromethane (1 mb) was
stirred at rt for 12 h. The reaction was diluied with saturated sodium bicarbonate (5 mb)
and extracted with BCM (3x) to afford the title compound (46 mg, 89 %) which was
carried on to the subsequent step without further purification. LCMS (M+H) = 188.1.
HPLC RT =0.25 min (Column: Waters Acquity BEH C18 2.1 x 50 nun; Mobile Phase A:
Water with 0.05% TFA; Mobile Phase B: Acetoniiriie with 0.05% TFA; Temperature: 40

°C; Gradient: 2-98% B over 1.5 min; Flow: 1 ml./oun).

Step 5: N-3-fluero-4-({2-|(5-methanesulfonamidopyridin-2-ylamins | pyridin-
4-yitoxy)phenyl}-3-(4-fluorophenyl)-2,4-dioxo-1-{propan-2-yi)-1,2,3.4-

tetrahydropyrimidine-S-carboxamide
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A mixture of N-{(4-((2-chloropyridin-4-vhoxy}-3-fluoropheny)-3-{4-
fluorophenyl)-1-isopropyl-2,4-dioxo-1,2,3 4-tetrahy dropy rimidine-S-carboxamide (25
mg, 0.05 mmol, Exarople 1,-Step 7), V~(6-aminopyridin-3~ymethanesulfonanude (9.13
mg. 0.05 mmol), K2C03 (20.21 mg, 0.15 mmol} and chloro]{2-(dicyclohexylphosphino)-
3,6-dimethoxy-2' 4", 6 -triisopropyl-1, F'-biphenvl}] 2-(Z-aminoethy Dphenylipalladium(il}
(3.89 mg, 4.87 pmol) in -Butanol/BMA 6/1 (975 ul) was degassed with N2 gas and
heated to 120 °C for 3 h. The reaction was diluted with DMF, filtered and purified by
preparative LC/MS (Column: XBridge C18, 19 x 200 mm, 5-um particies: Mobile Phase
A 5:95 acetonitrile; water with 10-mM ammonium acetate; Mobile Phase B: 95:5
acetonitrile: water with 10-mM ammonium acetate; Gradient: 31-71% B over 19 munutes,
then a S-nmnute hold at 100% B; Flow: 20 mbL/min ) to afford the title compound {7 mg,
21.6 %) 'H NMR (500 MHz, DMSO-de) 6 11.01 (5, 1H), 9.68 (5, 1H), 8.66 (5, 1H), 8.10
(d, =58 Hz, 1HD), 7.99 (brs, 1H), 7.96 (s, 1H), 7.70 (d, J=8.9 Hz, 1H). 7.52 (dd, J=8.9,
2.1 Hz, 1H), 7.47 (br d, J=8.5 Hz, 1H), 7.45 - 7.39 (m, 2H), 7.39 - 7.32 {m. 3H), 7.30 -
7.18 (m, 1H), 6.50 - 6.40 (m. 1H), 477 (dt, J=13.6, 6.9 Hz, 1H), 2.92 (s, 3H), 1.42 (4,
J=6.7 Hz, 6H). 1.00 (d, /6.1 Hz, 1H), LOMS (M+H) = 664.1; HPLC RT = 1.78 min
{(Columun: Waters XBridge CI8 2.1 x 30 mm; Mobile Phase A: 5:95 ACN:water with
0.1% TFA; Mobile Phase B: 95:5 ACN:water with 0.1% TFA; Temperature; 40 °C;

Gradient: 0-100% B over 3 min; Flow: 1 mi/min}.

Example 88
N-{3-Hluore-4-[(2-{{5-(2-oxopyrrolidin-1-yhpyridin-2-yl amine i pyridin-4-
vhoxyiphenyi}-3-(4-fluorophenyi)-2.4-dioxo-1-(propan-2-yi}-1,2.3.4-
tetrahydropyrimidine-S-carboxamide

HaCu CHj
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Step 1: i-(G-aminopyridin-3-yhpyrrolidin-Z-one
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To a 20 mL vial containing 5-bromopyridin-2-amine (Aldrich, 488 mg, 2.82
mmol), copper(l) 1odide (Aldrich, 90 mg, 0.47 mmol) and K2COz (EMD, 650 mg, 4.70
mmol) in dioxane (4.7 L) was added pyrrolidin-2-one (Aldrich, 200 mg, 2.35 mmol},
and N’ N-dimethylethane-1,2-diamine {Aldrich, 100 uL, 0.940 mmol). N2 was bubbled
through the reaction mixture for 4 min. The vial was capped and heated at 105 °C for 14
hours. The reaction mixture was dituied with MeQOH (10 mlL), the resulting precipitale
was collected and washed with warm MeQOH (3x10 mbL). The mother liquor was
concentrated and purified using column chromatography (40 g 5102, 0% to 10% MeOH-
EtOAc) to give the title compound (305 mg, 73%) as a brown solhid. LCMS (M+H) =
178.0; HPLC RT = 0.857 min (Column: YMC CombiScreen ODS-A 4.6 x 30 mny
Mobile Phase A: 10:90 MeOH: water with 0.2% HsPO4, Mobile Phase B: 90:10

MeOH: water with 0.2% HzPQOy; Gradient: 0-100% B over 4 min; Flow: 4 mL/min}.

Step 2: N-{3-fluore-4-{(2-{{5-(Z-oxepyrrolidin-1-ylpyridin-2-
vllamine}pyridin-4-yhoxylphenyl}-3-(4-fluorophenyl)-2 4-dioxo-1-{propan-2-yi}-
1,2,3 4-tetrahydropyrimidine-S-carboxamide

To a4 mkb val containing N-(4-({(2-chloropynidin~4-yhoxy)-3-fluoropheny1)-3-(4-
fluorophenyl}-1-isopropyl-2.4-dioxo-1,2,.3 4-tetrahvdropyrimidine-5-carboxamide (27
mg, 0.052 mmol), T-(6-aminopyridin-3-yhpyrrolidin-2-one {14 mg, 0.079 mmol),
Kantphos (3.6 mg, 6.3 umol}, C2COs (51 mg, 0.16 mmol} and Pdx(dba): (4.8 mg, 5.2
umol) was added degassed Diosane (524 pl.). The resulting reaction mixture was stirred
under a Nz atmosphere at 100 °C for 2 hours and then concentrated. The residue was
purified using preparative LC/MS {(Column: Xbridge C18, 19200 mm, § uM; Mohbile
Phase A: 5:95 acetonutrile; water with 10 mM ammonium acetate; Mobile Phase B: 95:5
acetonitrile: water with 10 mM amumonium acetate; Gradient: 32-72% B over 20 minutes,
then a 4-minute hold at 100% B: Flow: 20 mL/min} to give the titled compound (9.5 mg,
27%;) upon cenirifugal evaporation. 1H NMR (500 MHz, DMS0O-d6}) 6 11.03 -~ 10.95 (m,
1H), 9.65 (s, 1H), 8.65 (s, 1H), 8.37 {d, J=2.1 Hz, 1H), 8.09 (d, J=5.8 Hz, 1H), 7.99 - 7.90
(m, 2H), 7.74 {d, /=92 Hz, 1H), 746 (brd, J=8.2 Hz, 1H), 7.44 - 7.38 {m, 2H), 7.38 -
7.30 (m, 3H), 7.25 (s, 1H), 6.47 - 6.41 {m, 11D, 4.77 (44, J=13.4, 6.7 Hz, 1), 3.79 (1,
J=7.0 Hz, 2H), 2.45 (1, J=8.1 Hz, 2H). 2.06 {quin, J=7.6 Hz, 2H), 1.42 (s, 3H), 1.41 (s,
3H) LCMS (M+H) = 6543, HPLC RT = 1.73 min (Column: Waters XBridge C18, 2.1
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mm x 30 mm, 1.7 um particles; Mobile Phase A: 5:95 acetonitrile: water with 0.1 %
trifluoroacetic acid; Mobile Phase B: 95:5 acetonitrile: water with 0.1 % trifluoroacstic
acid; Temperature: 50 °C; Gradient: 0 %B 1o 100 %B over 3 min, then a 0.75 min hold at

100 % B; Flow: 1 mL/min; Detection: MS and UV (220 nm).

Examples 89 to 91
The compounds in Table 6 were prepared according 1o the procedures described

for Example 88.

Table 6

Ex. No. R HPLC LC/MS HPLC
RT (miny | (M+H) Method

O
89 ;\N&NTO\KE:E? 775 769.5 A
! 3

CH;

o)
}LN%»NHZ 5.74 669 4 A
S
1 A
3LN5LN K
\ S

90

91

)
2

711.2 B

HPLC Conditions for Table 6:

Method A: Column: Sunfire C18, 3.0 mm x 150 mm, 3.5 um particles; Mobile Phase A:
595 acetonitrile water with €.05 % trifluoroacetic acid; Mobile Phase B: 95:5
acetonitrile: water with €.05 9 triftuorcacetic acid; Gradient: 10 %B to 100 %B over 12

min, then a 3 nun hold at 100 % B; Flow: 0.5 mL/min; Detection: UV (220 nm)

- g5 .
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Method B: Column: Waters XBridge C18, 2.1 mm x 50 mm, 1.7 pm particles; Mobile
Phase A: 5:95 acetonitrilerwater with 0.1 % trifluorcacetic acid; Mobile Phase B: 95:5
acetonitrie:water with 0.1 % trifluorcacetic acid; Temperature: 50 °C; Gradient: 0 %B
1o 100 %B over 3 min, then a 0.75 mun hold at 100 % B; Flow: 1 mL/min; Detection:

MS and UV (220 nny)

Example 92
N-3-Fluore-4-{|2-({5-](3-bydroxy-Z-methylpropyhearbamoyl] pyridin-2-
yvilamino pyridin-4-yijoxyphenyi)-3-(4-fluorophenyl)-2 4-dioxo-1-(propan-2-

vi}-1,2,3,4-tetrahydropyrimidine-S-carboxamide

oY

O
OH
= NT ™= N
Lo H
N N
Step 1, G-({4-(2-Fluoro-4-(3-(4-Huorephenyl)-1-isopropyl-2.4-dioxe-1,2,3.4-

tetrahydropyrimidine-S-carboxamido)phenoxy)pyridin-2-vhaminenicotinic acid
Methyl 6-({(4-(2-fluoro-4-(3-(4-fluorophenyl}-1-isopropyl-2.4-dioxo-1,2.3 4-

{etrahy dropyrimadine-S-carboxamido)phenoxy ypyridin-2-vDaminonicotinate (115 mg,
0.183 mmol, Example 14) was dissolved in 4N HCl-dioxane (1000 ul. 4 00 mmol). HxO
(200 ul) was added and the reaction mixture was heated to 70 °C for 16 h. Fresh of 4N
HC-Dnoxane (500 ul) was added and the reaction was stirred at 70 °C for an additional 4
h before cooling to 1t The expected product was precipitated from the reaction mixture
by the addition of H:O to provide the titled product (59.5 mg, 53% vield). LC/MS
(M+H) 6155 ; LC RT =092 mun (Column: BEH C18 2.1 x 50mm; Mobile Phase A:
water with 0.05% TFA: Mobile Phase B acetonitrile with 0.05% TFA; Temperature: 50

°C; Gradient: 2-98% B over 1.7 ram; Flow: 0.8 mL/min).
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Siep 2. N-(3-Fluore-4-{|2-{{5-}(2-hydroxy-2-methylpropylicarbameyl|pyridin-
Z-yilamine)pyridin-4-ylloxy}phenyl}-3-(4-fluorophenyl)-2,4-dioxo-1-{(propan-2-yl)-
1,2,3 4-tetrahydropyrimidine-S-carboxamide
6-{{4-(2-Fluorp-4-(3-{4-flucrophenyl}-1-isopropyl-2 4-dioxo-1,2,3 4-

tetrahy dropyvrimidine-5-carboxamidophenoxy ypyridin-Z-yDaminonicotinic acid (10 mg,
0.016 mmol) in NMP (163 ul) was treated with 1-amino-2-methylpropan-2-01 {1.450 mg,
0.016 mmol) and TEA (3.40 pl, 0.024 mmol). HATU (7.42 mg, 0.020 mmol) was added
and the reaction muixture was stirred at 11 for 90 min. After diluting with DMF, the
reaction muxture was directly purified via preparative LC/MS with the following
conditions: Coluron: XBridge C18, 200 nwo x 19 ram, S-uro particles; Mobile Phase A:
5:95 acetonitrile: water with 10-mM ammonium acetate; Mobile Phase B: 95:5
acetoniirile: water with 10-mM ammonium acetate; Gradient: a O-minute hold at 30% B,
30-70% B over 20 munutes, then a 4-munuie hold at 100% B; Flow Rate: 20 ml/min;
Column Temperature: 25 C. Fraction collection was triggerad by MS signals. Fractions
containing the desired product were combined and dried via centrifugal evaporation to
afford the titled product (4.5 mg, 39% vield). IHNMR (500 MHz, DMSO-d6) 6 11.03
(s, 1H), 10.02 (s, 1H), 8.67 (s, 1H), 8.63 (s, 1H), 8.25 - 8 14 (m. 2H). 8.11 - 8.04 (m, 1H),
8.03 - 7.94 (m, 1H). 7.75 (d, J=8.5 Hz, 1H), 7.57 - 7.31 (m, 7H), 6.59 - 6.49 (m, 1H). 4.78
{quin, J=6.7 Hz, 1H)}, 324 (br d, J=6.1 Hz, 1H), 1.43 (br d, }=6.7 Hz, 6H), 1.10 (s, 6H}.
LC/MS (M+H) 686.42; HPLC RT = 1.92 min; Column: Walers XBridge C18, 2.1 mmx
50 ram, 1.7 pro particles; Mobile Phase A: 3:95 acetonitrile:water with 10 mM
ammonium acetate; Mobile Phase B: 95:5 acetonitrile:water with 10 mM ammonium
acetate; Temperature: 30 °C; Gradient: 0 %B to 100 %B over 3 min, then a 0.75 min hold

at 100 %B; Flow: 1 mL/min; Detection: MS and UV (220 nm).
Examples 93 io 96

The compounds in Table 7 were prepared according to the procedures described

for Exarople 92.

- Q7 -
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Table 7
Ex. No. R! HPLCRT | LC/MS HPLC
{1in} {(M+H) Method
a3 0
F‘C/ 1.919 727.36 A

\(’\/

04
2.207 656.33 A

95 F
Y 2.065 67837 A
F
96 Q, O

“\(«ST/ 1.749 720.2 A

HPL{C Conditions for Table 7:

Columm: Waters XBndge C18, 2.1 mm x 50 mym, 1.7 um particles; Mobile Phase A: 595
acetonttrile: water with 10 mM ammonium acetate; Mobile Phase B: 95:5
acetonitrile:water with 10 mM ammonium acetaie; Temperature: 5O °C; Gradient:  %B
10 100 %B over 3 mun, then a 0.75 mun hold at 100 %8B; Flow: T mL/mun; Detection: MS

and UV (220 nm).

Example 97
N-14-1(2-115-(Dimethylcarbamoyl}-6-(4-methanesulfonyipiperazin-1-
yhpyridin-2-yijamino} pyridin-4-yhoxy-3-flusrephenyi}-3-{4-flusrophenyl}-

2.4-disxe-1-(propan-2-y1}-1,2,3,4-tetrahydropyrimidine-S-carboxamide

- 98 -
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Step 1. 2,.6-Bichloro-N, N-dimethyinicotinamide
2,6-Dichloronicotinoyl] chioride (500 mg, 2.376 mmol} was dissolved in THF and
cooled to O °C. TEA (0.662 mL, 4.75 mmol) was added followed by the dropwise
5 addition of dimethylamine (2M in THF) (1.188 mL. 2.375 muvol). The reaction was
stirred at ¢ °C for 1 hour, then poured into a separatory funne! containing CH2Cl and
H»0O. The reaction product was extracted ito CH2Ch (3x). The combined organic
phases were washed with brine, dried over MgS04 and concentrated to afford 2,6-
dichloro-N, N-dimethyilnicotinamide (404.2 mg 78% yield)
10
Step 2. 6~-Chiore-N,N-dimethyi-2-{4-(methylsulfonyl)piperazin-1-
yhnicotinamide
2.6-Dichloro-N, N-dimethyincotinamide (100 mg, 0.456 mimol}, 1-
{methylsulfonylipiperazine (75.0 mg, 0.456 mmol) and potassium carbonate (63.1 mg,
15 0.456 mmol) were suspended in DMA (2.3 mL) at rt. The reaction mixture was heeated
to 105 °C and stirred overmight.  After cooling to 1t, the reaction mixture was partitioned
between EtOA¢ and H2ZO, extracting with EtOAc (3x). The combined organic phases
were washed with 10% ageucus LiCl solution, dried over NazS04 and concentrated.
Colunm chromatography (12g $102, 0 to 100% EtQAc-hexane gradient elution) afforded
20 the expected product (62.8 mg, 40% vield) 1H NMR (500 MHz, DMSQO-d6) 5 7.55 (d,
3=7.8 He, 1H), 6.94 (d, I=7.7 Hz, 1H). 3.46 - 3.37 (m, 4H), 3.24 - 3.14 (m, 4H), 3.00 (s,
3H), 2.93 (s, 3H). 2.85 (s, 3H).

Step 3. M-{4-{(Z-aminopyridin-4-yhoxy}-3-flucrophenyl)-3-(4-fluorophenyl}-1-
25 isopropyl-2,4-dioxe-1,2.34-teirahydropyrimidine-S-carboxamide

To a solution of N-(4-((2~chloropyridin-4-yloxy}-3-fluoropheny!}-3-(4-fluorophenyl)-1-

1sopropyl-2.4-dioxo-1,2,3 4-tetrahvdropyrimidine-3-carboxamide (375 mg, 0.731 mmol,

-GG .
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Example 1, Step 7) in DMA (1mL) was added a suspension of tert-butyl carbamate (171
mg, 1.462 mimol) and potassium carbonate (303 mg, 2. 193 munol) in iBuOH (6 mL). The
reaction nuxture was purged with a stream of Nz for several minutes before the addition
of BrettPhos Precatalyst - G1 (73.1 mg, 0.073 mummol). The reaction vial was then sealed
and heated to 120 °C. After 90 munutes, the reaction was cooled to room temperature and
diluted with H20. Collecied the resulting solid was collecied by {iltration and air dried.
The crude intermediate was dissolved i 50% TFA-CH2CL2 (6 mL) and stirred at 1t for 90
minutes. Concentration and purification by column chromatograhy {(40g S102, 0 to 15%
CH:OH-CH2Cl gradient elution) afforded an amber oil which was tnturated with ERO 1o
afford the tithed product as a tan solid (193.2 mg 54% vield). 1H NMR (400 MHz,
DMSO-d6Yy 6 11.07 (s, 1H). 8.68 (s, 1H), 8.05 (dd, }=12.9, 23 Hz, 1H), 797 (d, =72 Hz,
1H), 782 - 7.7  (m, 1H), 7.64 - 755 (my, 1H), 7.51 - 7.31 {m, SH), 6.72 (dd, }=7.2,2.5
He, 1H), 6.16 (4, J=2.4 Hz, 1H), 491 - 4.68 (m. 1H), 1.43 (d, J=6.8 Hz. 6H).

Siep 4. M- {4-[(2-{[5-(Dimethylcarbamoyl}-6-{4-methanesulfonyipiperazin-1-
yhpyridin-2-yllamine}pyridin-4-yhoxy]-3-flusrophenyl}-3-(4-fluorophenyl}-2 ,4-
dioxo-1-(propan-2-vi}-1,2.34-tetrahydropyrimidine-S-carboxamide
N-{4-{(2-Aminopyridin-4-yloxy }-3-fluorophenyl}-3-(4-fluorophenyl)-1-isopropyl-2.4-
dioxo-1,2,3 4-tetrahydropyrimidine-5-carboxamide (30 mg, 0.061 mmol), 6-chloro-N N-
dimethyl-2-{4-{methyisulfonyDpiperazin-1-yDmicotinamide (21.09 mg, 0.061 mmol), and
potassium carbonate (25.2 mg, 0.182 romol) were suspended m tBuQH/DMA (6:1) (608
uly at rt. The reaction mixture was purged with a stream of N» for 2 munutes before the
addition of Brettphos precatalyst {(4.86 mg, 6.08 umol). The reaction mixture was purged
for another 60 s then sealed and heated to 110 °C using nucrowave trradiation for 45
minutes. After cooling to rt, the reaction nuxture was diluted with EtOAc and filtered
through at 0.45 um PTFE cartridge. The crude material was purtfied via preparative
LC/MS with the following conditions: Column: XBridge C18, 200 mm x 19 mm, 5-pm
particles; Mobile Phase A: 5:95 acetonitrile: water with 10-mM ammonium acetate;
Mobile Phase B: 95:5 acetonitrile: water with 10-mM ammonium acetate; Gradient: a 0-
minute hold at 34% B, 34-74% B over 20 minuies, then a 4-minuie hold at 100% B; Flow
Rate: 20 mi./roin; Column Teroperature: 25 C. Fraction collection was triggered by MS

signals. Fractions contamning the desired product were combined and dried via centrifugal
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evaporation 1o afford the expected product (2.8 mg, 6% vield). 1H NMR (500 MHz,
DMSO-d6) 6 10.95 (s, 1H), 9.67 (s, 1H), 8.68 - 8.54 {(m, 1H}, 8.14 (4, }=5.8 Hz, 1H}, 7.93
(brd, }=13.4Hz, 1H), 746 - 7.27 {m, 8H), 7.05 {(br d, J=8.2 Hz, 1H), 6.61 - 6.51 {(m. 1H).
490 -4.67 (m, 1H). 3.16 -3.04 (m, 7TH), 3.00- 2.92 (m, 3H}. 2.87 (5. 3H), 2.82 (5. 3H).
1.42 {brd, J=6.4 Hz, 6H). LC/MS (M+H} 804.53; HPLC RT 1.97 min. Column: Waters
XBridge C18, 2.1 mum x 50 mum, 1.7 wm particles; Mobile Phase A: 5:95
acetonttrile: water with 10 mM ammonium acetate; Mobile Phase B: 95:5
acetonitrile:water with 10 mM ammonium acetaie; Temperature: 5O °C; Gradient:  %B
10 100 %B over 3 mun, then a 0.75 mun hold at 100 %8B; Flow: T mL/mun; Detection: MS
and UV (220 nm).
Example 98
N-{4-](2-{|6-(dimethylamino)-S(dimethybulfamoyhpyridin-2-yljamine} pyridin-4-
vhoxy]-3-fluorophenyl}-3-(4-fluorophenyl}-2.4-dioxe-1-(propan-2-yi)-1,2,.3.4-

tetrahydropyrimidine-S-carboxamide

ch

\\{Tgﬁf
L, e,
d N)“fsfs“*
Sy O
H

Step 1: &-Chisro-2-{dimethylamine)-N, N-dimethylpyridine-3-sulfonamide

A 25 ml flask containing 2,6-dichloropyridine-3-sulfony] chloride (Enamine, 213
mg, 0.865 mmol}), BN (Chem-Impex, 145 pl, 1.04 mmol)) and THF (8.7 mL) was
cooled to -20 °C and a 2 M solution of dimethylamineg in THF (Aldrich, 454 ul, 0.908
mmol) was added. The reaction mixture was stirred at -20 °C for 2 hours and then at room
temperature for 3 hours. The reaction nuxture was concentrated and purified by column
chromatography (12g 810, 0 to 20% EtOAc-hexanes, gradient elution)} to isolate the
minor product - 6-Chloro-2-(dimethylamino)-N N-dimethvipyidine-3-sulfonamide (34
mg, 15%]) as a white solid. 'H NMR (400 MHz, CHLOROFORM-d3 8 793 - 7.82 (m,
TH), 6.79 (d, J=8.1 Hz. 1H), 3.11 (s. 6H), 2.83 (s. 6H); LOMS (M+H) = 264.2: LC RT
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0.90 min {Column: BEH €18 2.1 x 50mm; Mobile Phase A water with 0.05% TFA;
Mobile Phase B: acetonitrile with 0.05% TFA; Temperature: 50 °C; Gradient: 2-98% B

over 1.7 min; Flow: (.8 mi./min).

Step 2: N-{4-{(2-((6-{dimethylamine}-5-(N,N-dimethvisulfameyl)pyridin-2-
yhaminepyridin-4-yhoxy)-3-flucrophenyl)-3-(4-fluorophenyl)- 1-isopropvi-2,4-
dioxs-1,2.3,4-tetrahydropyrimidine-S-carboxamide.

To a 4 mb vial containing N-(4-{({2-aminopyridin-4-yHoxy}-3-fluoropheny}-3-(4-
fluorophenyl}-1-isopropyl-2,4-dioxo-1,2,3 4-tetrahy dropy rimidine-S~carboxamide (22
mg, 0.045 mmol, Example 97 — Step 3}, 6-chloro-2-(dimethylanuno)-MN,N-
dimethylpyridine-3-sulfonamide (18 mg, 0.067 mumol), Xantphos (3.1 mg, 5.4 umol},
UsaCOs {44 mg, 0.14 mmol) and Pda(dba)s (4.1 mg, 4.5 pmol) was added degassed
Dioxane (446 ul}. The resulting reaction muxture was stirred under a Nz atmosphere at
110 °C for 2 hours and then concenirated. The residue was purified using preparative
LO/MS (Column: Xbridge C18, 193200 mm, 5 uM; Mobile Phase A: 5:95 acetonitrile:
water with 0.1% TFA; Mobile Phase B: 95:5 acetonitrile: water with 0.1% TFA;
Gradient: 29-69% B over 20 nunutes, then a 4-nunute hold at 100% B; Flow: 20 mi/min)
to give the product (1.9 mg, 6%) upon centrifugal evaporation. "H NMR (500 MHz,
DMS0-ds) 6 11.03 - 10.96 (m, 1H), 8.64 (s, 1H), 819 (d, /=58 Hz, 1H), 7.94 {brd,

J=13.1 Hy, 1H), 7.76 (4. J=8.5 Hz, 1H), 7.57 (5, 1H), 7.47 - 7.43 (m, 1F), 7.40 (br 4.
J=4.9 Hz, 2H), 7.37 - 7.31 (ro, 3H), 7.27 (s. 1H). 6.82 (d, J=8.9 Hz, 1H), 6.74 (dd, J=5.6,

2.0 Hz, 1H), 4.80 - 4.66 (m, 1H), 2.63 (s. 6H), 2.60 (s, 6H), 1.41 (s, 3H), 1.40 (s, 3H),
LOMS (M+H}y = 7211, HPLC RT = 1.87 min {Column: Waters XBridge C18, 2.1 mm
50 mun, 1.7 pm particles; Mobile Phase A: 5:95 acetonuintle: water with 0.1 %
trifluoroacetic acid; Mobile Phase B: 95:5 acetonitrile:water with 0.1 % tnifluoroacstic
acid; Temperature: 50 °C; Gradient: 0 %B to 100 %B over 3 min, then a 0.75 min hold at

100 % B; Flow: 1 mL/min; Detection: M8 and UV (220 nm).

Example 99
N-14-1(2-} 15-(dimethylsuifamoyl)-6-(4-methanesulfonylpiperazin-1-ylpyridin-2-
yvilamino }pyridin-4-yijoxy|-3-flusrophenyil-3-(4-fluorophenyl}-2 4-dioxeo- I-(propan-

2-y1}-1.2,3 4-tetrahydropyrimidine-S-carboxamide
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Step 1: 2. 6-dichlore-N N-dimethylpyridine-3-sulfonamide
A 25 ml flask containing 2,6-dichloropyridine-3-sulfonyi chloride (Enamine, 213
5 mg, 0.865 mmol}, BN (Chem-Impex, 145 ul, 1.04 mmol}) and THF (8.7 mL} was

cooled to -20 °C and a 2 M solution of dirnethylamine in THF (Aldrich, 454 ul, 0.908
mmol} was added. The reaction mixture was stirred at -20 °C for 2 hours and then at room
temperature for 3 hours. The reaction mixture was concentrated and purified by column
chromatography (12g 510z, § to 20% EtOAc-hexanes, gradient elution) to 1solate the

10 major product - 2,6-dichloro-V. N-dimethvipyridine-3-sulfonanude (124 mg, 56%). 1H
NMR (400 MHz, CHLORQOFORM-d) d 8.42 - 8.27 (m, 1H), 742 (d, /=81 Hz, 1H), 2.95
(s, 6H). LCMS (M+H) = 255.1.

Step 2: &-Chiore-MN,N-dimethyi-2-{4-(methyisulfonylpiperazin-1-yDpyridine-

-
(¥4}

3-sulfonamide

To a7 mL vial containing a mixture of 2,6-dichloro-N, N-dimethvipyndine-3-
sulfonamide (31 mg. 0.12 nuvol), I-(methyisulfonyDpiperazine (20 mg, 0.12 mmol) and
THF (1227 ul) was added EtsN (20.52 pl, 0.147 mmol). The reaction mixture was stirred
overnight at 60 °C. After cooling to 22 °C, the reaction muxiure was concentrated and the
20 residue purified using ISCO silica gel chromatography (12 g coluron, gradient from 0% to
70% EtOAc/Hexanes) to give the title compound (34 mg, 73%) as a white solid. 'H
NMR {400 MHz, CHLOROFORM-d) § 8.08 - 7.97 (m, 1H), 7.08 {d, /=8.2 Hz, 1H), 3.58
~3.49 (m, 4H), 3.43 - 3.38 (m, 4H), 2.84 (s, 3H), 2.79 (s, 6H), 2.83 (s, 6H). LCMS
(M+H) = 3833,
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Step 3: NAG-{(2-{(5-(N N-dimethylulfamoyl}-6-(4-(methylsulfonylpiperazin-
I-yDpyridin-2-yhamino)pyridin-4-yhoxy -3-fluerophenyl)-3-(4-fluorophenyi}-i-
isopropyl-2,4-dioxe-1,2,3 4-tetrahvdropyrimidine-S-carboxamide

To a | dram vial was added N-(4~({Z-aminopyridin-4-vyoxy)-3-fluorophenyi)-3-
(4-flucrophenyl)-1-isopropyl-2.4-dioxo-1,2,3 4-tetrahv dropyrimidine-5-carboxamide (32
me, 0.065 mmol), 6-chlore-N, N-dimethyl-2-(4-(methylsulfonyDpiperazin- 1 -vDpyridine-
3-sulfonamide (29 8 mg, 0.078 mmol), Xantphos (4.50 mg. 7.78 pmol), Cs2C03 (63.4
mg, 0.195 mmol}, Pd2(dba)3 (5.94 mg, 6.48 umol}} and Dioxane (648 ul). The reaction
mixiure was xdegassed with a stream of N2, then heated to 100 °C for 2 hours. The
reaction nuxiure was cooled to 1t and concentrated. The residue taken up in DMF, filtered
purified by preparative LC/MS (Column: Xbridge €18, 19x200 mm, 5 uM: Mobile Phase
A 595 acetonirile: water with 0.1% TFA; Mobile Phase B: 95:5 acetonitrile: water with
0.1% TFA; Gradient: 27-67% B over 20 minutes, then a 4-minute hold at 100% B; Flow:
20 mL/min} to give N-{4-{{2-{{5-(N N-dimethyisuifamoy!)-6-(4-
(methyisulfonvhpiperazin-1-yhpyridin-2-vammojpyridin-4-ylyoxy 3-3-fluorophenyli}-3-
{(4-fluorophenyl}-T-1sopropyl-2,4-dioxo-1,2,3,4-tetrahy dropynmidine-S-carboxamide
(15.5 mg, 29%) upon centrifugal evaporation. 'H NMR (500 MHz, DMSO-de) 5 10.93 (s,
1H), 8.60 (s, 1TH), 8.22 (d, J=5.8 Hz, 1H), 7.98 - 7.85 (m, 2H), 7.44 - 7.31 (m, 7H), 7.27 -
7.23 (m, 1), 6.74 - 6.66 (m, 1H), 4.75 (dt, J=13.6, 6.6 Hz, 1H), 3.62 (brs, 1), 3.16 (br
s, 41, 3.10 (br s, 4H), 2.86 (s, 3H), 2.59 (s, 6H), 1.40 (s, 3H), 1.39 (s, 3H). LCMS
(M+H)= 8405 HPLC RT = 1.83 nun (Column: Waters XBridge C18, 2.1 mm x 50
nun, 1.7 um particles; Mobile Phase A: 5:95 acetonitrile:water with 0.1 % trifluoroacetic
acid; Mobile Phase B: 95:5 acetomiriewater with 0.1 % influorcacstic acid;
Temperature: 50 °C; Gradient: 0 %B to 100 %B over 3 mun, then a 0.75 min hold at 100

% B; Flow: 1 mL/min; Detection: MS and UV {220 nm).

Examples 100 {0 101

The compounds in Table 8§ were prepared according to the procedures described

for Example 99.

- 104 -



WO 2019/213340 PCT/US2019/030310

(¥4}

10

13

HaCo_CHy

R
Os N
Y | y
F o © 0 R®
\ N \ SO'AN(CH\QZ
Py

N N
H
Table 8
Ex. No. R’ HPLCRT LC/MS HPLC
{mnin} (M+H) Method
COMe
100 N
[ ] 2.26 82004 A
N
101 SO;Me
/j 2.13 83948 A
N

HPLC Conditions for Table 4:

Method A Column: Waters XBridge C18, 2.1 mm x 50 mm, 1.7 pum particles; Mobile
Phase A: 5:93 acetonitrile: water with 10 mM ammonium acetate; Mobile Phase B: 95:5
acetonitnle water with 10 mM amunonium acetate; Temperature: 50 °C; Gradient: 0 %B
1o 100 %B over 3 nun, then a 0.75 min hold at 100 %B: Flow: I mL/min; Detection: MS

and UV (220 nmy.

Example 102
N-{3-fluore-4-1(2-{[2-(4-methanesulfonylpiperazin-1-yDpyrimidin-4-
yljaminoe}pyridin-4-yhjoxy|phenyi}-3-(4-flusrophenyl)}-2.4-dioxo-1-(propan-2-yi)-

1,2,.3.4-tetrahydrepyrimidine-S-carboxamide
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Step 1. N-{4-(2-fhuoro-4-nitrophenoxy pyridin-2-yh-2-{4-

(methyisulfonylpiperazin-1-yhpyrimidin-4-amine

5 2-Chloro-4-(2-fluoro-4-nitrophenoxy ypyridine (156 mg, 0.581 mmol), 2-(4-

{methyisulfonvhpiperazin-1-yhpvrimidin-4-anine (197 mg, 0.766 mmol), Cs:C0;5 (782

mg, 2.400 mmol), and BrettPhos (74.1 mg, 0.138 mmol) were suspended in dioxane (3.0

mb.) atrt. The reaction mixture was purged with Nz for 1 nun before the addition of

Pdx{dba) (152 mg, 0.166 mmol}. The reaction mixture was heated to 105 °C for 90 mun.

10 After cooling to rt, the reaction was partitioned between EtOAc¢ and brine, and extracted

with two additional portions of EtOAc. The combined organic phases were dried over

Nax804 and concentrated.  Column chromatography (24 g $102, 0 to 10% MeOH-
CHLClo gradient elution) afforded the expected product {91 mg, 32% vield). 1H NMR
(400MHz, CHLOROFORM-d) § 8.22 (d, J=5.6 Hz, 1H), 8.09 (d, }=5.6 Hz, 1H}, 7.76 (br
15 4, J=23Hz IH). 7.62(dd, J=6.7, 2.9 Hz, 1H), 7.58 (4, J=2.1 Hz. 1H). 7.41 (d, J=2.6 Hz.
TH). 7.38 - 7.31 (m, 1H), 6.55 (dd. J=5.7. 2.2 Hz, 1H). 6.42 (d, J=5.6 Hz, 1H), 3.86 - 3.79
(m, 4H), 3.25 - 3.16 {m, 4H), 2.78 (s, 3H};, LCMS (M+H) 459.8; LC RT 0.60 min
{(Colunmm: BEH C18 2.1 x 50mm; Mobile Phase A: water with 0.05% TFA; Mobile Phase

B: acetonitrile with 0.05% TFA; Temperature: 50 °C; Gradient: 2-98% B over 1.7 mun;

20 Flow: 0.8 mL/min).

Step 2.

(methyisulfonylipiperazin-i-vDpyrimidin-4-amine

N-{4-{4-amino-2-fluorophenoxy jpyridin-2-vi)-2-(4-

N-(4-(2-fluoro-d-nitrophenoxy ypvridin-2-vi)-2-{4-(methyisulfonyipiperazin-1-

25 yDhpyrimidin-4-amine {650 mg, 1.328 mmol) was suspended in MeOH (25 mL) at vt

DCM (15 ml) was added until it became homogeneous. Ammonium chlonde (2273 mg,

2.5 mmol) was added followed by the addition of zinc (1823 mg, 27.9 mmol). The
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reaction was stirred at rt for 2 h then diluted with MeOH (120 mL), filtered throguh celite
and concentrated. The crude material was partitioned between EiGAc and a 50/50
mixture of sat. agq. NaCl/ sat. aq. NaHCOs3. The product was extracted into EtOAc (3 x 60
mb}). The combined organic phases were dried over Na:SO4 and concentrated to afford
N-{4-{4-amino-2-fluorophenoxy ypyridin-2-y1}-2-(4-{methvisutfonyipiperazin-i-
vhpvrninidin-4-amine as a hight vellow sohd (883 mg, 96%). LCMS (M+H) = 459.8; LC
RT 0.60 muin (Columm: BEH (€18 2.1 x 50mm; Mobile Phase A: water with 0.05% TFA;
Mobile Phase B acetonitrite with (.05% TFA; Temperature: 50 °C; Gradient: 2-98% B

over 1.7 min; Flow: 0.8 mL/min).

Step 3. N-{3-fluorc-4-((2-{(2-{4-(methyisulfonyDpiperazin-1-yhpyrimidin-4-
yhamino)pyridin-4-yDoxy)phenyl}-3-(4-flusrephenyl)-1-isopropyl-2.4-disxe-1,2,3 .4~
tetrahydropyrimidine-S-carbexamide

N-{4-{4-amino-2-fluorophenoxy Jpyridin-2-y1}-2-{4-{methyisuifonyiipiperazin-1-
vhpyrimidin-4-amine (20 mg, 0.044 mmol) and 3-{(4-flucrophenyi}-1-1sopropyl-2,4-
dioxo-1,2,3,4~tetraby dropyrimidine-~3-carboxyhic acid (12.72 mg, 0.044 mmol} were
dissolved in DMF (435 puly at vt. HATU (2482 mg, 0.065 raomol) was added, followed by
DIPEA (22 81 ul, 0.131 mmol). The reaction mixture was stirred at room temperature for
90 minutes, then diluted with DMF (500 uL). The crude material was purified via
preparative LC/MS with the following conditions: Colunwm: XBridge C18, 19 x 200 mm,
S-um particles; Mobile Phase A: 5:95 acetonitrile: water with 10-mM ammonium acetate;
Mobile Phase B: 95:5 acetonitrile: water with 10-mM ammoniumacetate; Gradient: 35-
75% B over 25 minutes, then a S-minute hold at 100% B; Flow: 20 mi/min. Fractions
containing the desired product were combined and dried via centrifugal evaporation to
afford the titled compound (11.1 mg, 34% vield). 1H NMR (300 MHz, DMSG-d6} 6
10.98 (s, 1H), 9.85 (s, 1H), 8.60 (s, 1H), 8.18 (d, J=5.8 Hz, 1H), 8.01 (d, J=5.5 Hz, 1H),
7.98 - 7.87 {m, 2H), 7.51 - 7.28 (ro, TH), 6.31 - 6.69 (m, 1H}, 6.64 (br d, J=4.6 Hz, 1H),
4.76 (dt. J=13.3, 6.8 Hz, 1H), 3.02 (br s, 3H), 2.80 (s, 3H). 1.40 (br 4. J=6.7 Hz, 6H);
LO/MS (M+H) = 73416, HPLC RT = 2.17 min; Column: Waters XBridge €18, 2.1 mm
% 50 mim, 1.7 pwm particles; Mobile Phase A: 5:93 acetonitrile: water with 10 mM

ammonium acetate; Mobile Phase B: 93:3 acetonurile: water with 10 mM ammonium
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al 100 %B; Flow: I mL/min; Detection: MS and UV (220 nm).

Example 103
M-{3-fluoroe-4-{(2-{[2-(pyrrolidin-1-yl}pyrimidin-4-ylaminolpyridin-4-
vhoxy|phenyl}-3-(4-fluorophenyi)-2,4-dioxo-1-(propan-2-vi)-1.2.3,4~
tetrahydropyrimidine-S-carbexamide

HaCo_CHy

F

Step 1. 2-{Pyrrelidin-1-ylpyrimidin-4-amine
In a 20 mi vial was added a suspension of 4-amino-2-chloropyrimidine (1.5 g,

11.58 mmol) and pyrrolidine (4.79 ml, 57.9 ramol).

The maxture was heated in a heating
block at 120 °C for 1.5 b, After cooling to room temperature, the reaction mixture was
diluted with BCM and concentrated. The residue was dituted with DCM and washed with
aq NH+OH solution and reconcentrated to obtain 2-(pyrrolidin- L-vDpyrimidin-4-arine
(1.9 g 11.57 mmol, 100 % vield) as a tan-vellow solid. 1H NMR (400MHz, DMS(O-d6)
d 7.70 (d, }=5.6 Hz, 1H). 6.28 (br. 5., 2H), 5.68 (d. }=5.7 Hz, 1H), 3.41 - 3.35 (m, 4H),
1.88 - 1.83 (m, 4H). LC/MS [M+H] = 164.9; LC RT = 0.48 min. (Colurnn: BEH 18 2.1
x 50mm; Mobils Phase A water with 0.05% TFA; Mobile Phase B: acetomitrile with

0.05% TFA; Temperature: 50 °C; Gradient: 2-98% B over 1.7 min; Flow: 0.8 mi/min).

Step 2. N-(4-(2-fiuoro-4-nitrophenoxy )pyridin-2-yi}-2-(pyrrolidin-1-
vhpyrimidin-4-amine
In a 40 mL reaction vial, 2-chloro-4-(2-fluoro-4-nitrophenoxy)pyridine (1.1 g,
4.09 mmol), 2-(pyrrolidin-I-vDpyrimidin-4-amine (0.787 g, 4.79 mwmol}, BreitPhos
Precatalvst chlorof2-(dicyclohexviphosphino)-3.6-dimethoxy-2".4",6'-tri~i-propyl-1,1'-
biphenvii 2-(Z-aminoethyypheny!ipaliadium(d) (0.327 g, 0.409 mmol},
-~ 108 -
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tris{dibenzylidencacetone)dipaliadium{G) (0.375 g, 0.409 mumol), and U003 {(2.67 g,
8.19 mmol) were suspended in Dhoxane (25 mL) and degassed by sparging with a stream
of nitrogen for 3 minutes. The reaction vial was sealed and heated 10 105 °C. After 3
hours, no starting materials remained by LC/MS.  The reaction mixture was cooled to
room temperature, diluted with H20 and extracied into FtOAc{(3x 20 mL). The
combined organics were washed with FoO and concentrated.  Column chromatography
(40g S102, 100% EtOAc) afforded N-{(4-(2-fluoro-4-nitrophenoxy ypyndin-2-yH-2-
(pyvrrolidin-1-yDpvrimidin-4-amine (4.565 g, 1.425 mmol, 34.8 % vield) as a light-yellow
solid. 1H NMR (400MHz DMSO-d6) d 9.97 (s, 1H), 8.48 (dd, J=10.5, 2.7 Hz, 1H),
827 (d. §=5.6 Hz. 1H), 8.26 - 8.22 (m, 1H), 8.01 (d, J=2.1 Hz, 1H), 7.95 (d, }=5.6 Hz,
1H), 7.71 (t, J=8.6 Hz, 1H), 6.87 (dd. J=5.6, 2.4 Hz, 1H), 6.35 (d, J=5.6 Hz. 1H), 3.45 -
3.21 (br. 5, 2H), 2.78 (br. 5., 2H), 1.71 (br. s, 4H). LO/MS [M+H| = 396.8. LC RT =
0.73 mun (Columm: BEH C18 2.1 < 50mm; Mobile Phase A: water with 0.05% TFA;
Mobile Phase B: acetonitrile with 0.05% TFA; Temperature: 50 °C; Gradient: 2-98% B

over 1.7 min; Flow: 0.8 mL/min}.

Step 3. N-(4-{4-amino-2-fluorephenoxypyridin-2-yvi)-2-(pyrrolidin-i-
yhipyrimidin-4-amine

N-(4-(2-fluoro-4-nitrophenoxy py ridin-2-y1-2-(pyrrolidin-1-vhpyrimidin-4-amine
{0.57 g, 1.438 rmamol) was dissolved in Methano!l {15 mL)Y/Dichloromethane (5 mb) at
room temperature. Ammorium chloride (2.308 g, 43.1 mmol) and zinc dust (1.880 g,
28.8 mmol) were added and the reaction was stirred at rt for 3h. The reaction mixiure
was diluted with EtOAc and filtered through a pad of celite. The organic phse was
washed sequentially with sat. ag. NaHCOs solution, water and brine. Conceniration
afforded N-{(4~(4-amino-2-flucrophenoxy ypyvridin-2-yH-2-(pyrrolidin-1 -y Dpyrimidin-4-
amine (0.432 g, 1.179 mmol, 82 % vield) as a light-yellow solid. LC/MS [M+H}+ =
366.8; LC RT =0.63 mun (Column: BEH C18 2.1 x 50mm; Mobile Phase A water with
0.05% TFA; Mobile Phase B: acetonitrile with 0.05% TFA; Temperature: 50 °C;

Gradient: 2-9€% B over 1.7 min; Flow: 0.8 mbL/min}.
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Step 4. N-{3-Huore-4-](2-{[2-(pyrrolidin-1-yI}pyrimidin-4-ylamino ! pyridin-4-
vijoxy]phenyi}-3-(4-flvorophenyl)-2,4-dioxo-1-(propan-2-yi}-1,2,3.4-
tetrahydropyrimidine-S-carboxamide

N-{(4~(4-amino-2-flucrophenoxy jpyridin-2-y}-2-(pyrrolidin-1-yBpyrimidin-4-
amine {20 mg, 0.055 mmol), 3-{4-fluorophenvl)-1-isopropyi-2,4-dioxo-1,2,3 4~
tetrabydropyrimidine-3-carboxylic acid (15.95 mg, 0.055 mmol) and HATU (31.1 mg,
0.082 mmol) were dissolved in DMF (546 uly atrt. DIPEA (28.6 ul, 0.164 mmol} was
added and the reaction was stirred at ¢t for 16 hr. The reaction mixture was diluted with
DMF and divectly purified by preparative LC/MS with the following conditions: Colurmn:
XBridge C18, 19 % 200 mun, 5-pm particles; Mobile Phase A: 5:95 acetorutrile: water
with 10-mM ammonium acetate; Mobile Phase B: 95:5 acetonitrile: water with 10-mM
ammonium acetate; Gradient: 40-80% B over 20 munutes, then a 4-mumute hold at 100%
B; Flow: 20 mL/min. Fractions containing the desired product were combined and dried
via centritugal evaporation to afford the titled compound (23.5 mg, 67% vield). 1H NMR
(500 MHz, DMSO-d6} § 11.01 (s, 1), 9.77 (s, 1H), 8.64 (s, 1H). 8.16 (d, J=5.5 Hz, 1H),
8.06-781 (m, 4H), 748 - 721 (m, 6H), 6.74 (dd, }=5.5, 2.1 Hz, 1H), 6.27 (br d, }=3.5
Hz. 1H), 476 (dt, }=13.5, 6.8 Hz, 1H). 1.72 (br s, 4H), 1.41 (br d, J=6.7 Hz, 6H): LC/MS
{M-+H]641.33; HPLC RT 2.07 min; Colunm: Waters XBridge C18. 2.1 mm x 30 mm, 1.7
um particles; Mobile Phase A: 5:95 acetonitrile:water with 10 mM ammonium acetate;
Mobile Phase B: 95.5 acetonitrilewater with 10 mM ammontum acetale, Temperature:
30 °C; Gradient: 0 %8 1o 100 %B over 3 nun, then a .75 man hold at 100 %8; Flow: 1

mb/min; Detection: MS and UV (220 nm).

Fxample 104
3-(Bicycle]L.1.1 | pentan-1-y1-N-3-fluors-4-((Z-{(2-{pyrrolidin-1-yDpyrimidin-4-
vhamino}pyridin-d-yioxyiphenyl)--isopropyi-2,4-dioxe-1,2,3.4-

tetrahydropyrimidine-S-carboxamide
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Step 1: Ethyl 3-(bicyclo] i.1.1 pentan-1-v1)-2,4-dioxe-1,2,3.4-
tetrahydropyrimidine-S-carboxylate

Bicvelof1.1. 1]pentan-1-amine, HCI (504mg. 4.21 mmeol) was suspended in
methylene chloride (8 mL} under nitrogen. Triethviamine (1175 ul, .43 mmol} was
added and the reaction was cooled in an ice bath. 4-Nitrophenyi chloroformate (1019 mg,
5.06 mmmol) was then added. LOCMS shows a prominent peak with the desired mass for
product. After 4 hours, the reaction was quenched with water and extracted with
methylene chioride. The organic phase was washed with brine. Drving over magnesium
sulfate, filtration and evaporation provided the crude 4-nitrophenyl bicyclo[1.1. 1pentan-
I-vicarbamate {1.02 g) as a colorless solid. This material was used in the subsequent step
without purification. Diethyl 2-{aminomethylene)malonate (326 mg, 1.741 munol) and 4-
nitrophenyi bicyclof 1.1 1ipentan-1-vicarbamate (865 mg, 3.48 mmol} were dissolved in
dioxane (1.5 mL). Dusopropvlethylamine (608 pl, 3.48 mmol) was added and the
reaction vial was sealed and heated to 70 °C overnight. The cooled reaction was diluted
with ethvl acetate and washed sequentially with water, 1 N hvdrochloric acid, water and
brine. Drying over magnesium sulfate, filtration and evaporation provided the crude
product. This material was applied to an 80 g Isco silica gel column and eluted with 0-
50% ethvi acetate in hexanes. Evaporation provided diethvl 2-((3-(bicyclo|1.1.1]pentan-
I-yHureidoymethylene)malonate. This material was dissolved in ethanol (2 mL} under
nitrogen. A solulion of sodiom ethoxide in ethanol (486 ul, 1.312 mmol) was added and
the reaction stirred for ca. 1 hour. The reaction was then quenched with 5% citric acid to
generate a precipitate. The solid was filtered, rinsed with water and hexanes. Air drying
gave ethyl 3-(bicyclof 1.1 ljpentan-1-y1)-2.4-dioxo-1,2,3 4-tetrahy dropyvrimidine-5-
carboxylate (125 mg, 0.499 mmol}). 'H NMR (400 MHz, DMSO-ds) 8 11.97 - 11.37 (m,
1H), 8.05 (s, 1H), 4.15 (q, J=7.1 Hz, 2H), 2.35 (s, 6H), 1.23 (1, J=7.1 Hz, 3H) (a peak
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appears 1o be obscured by the BMSQ}, LOCMS (M-+H) = 251.2. HPLC RT 0.67 min
(Waters Acquity SDS using the following method: Linear Gradient of 2% to 98% solvent
B over 1.7 min; UV visualization at 220 nim; Column: BEH CIS8 2.1 mm x 50 mm; 1.7
um particle (Heated to Temp. 50 °CY; Flow rate: 0.8 mi/min; Mobile phase A: 100%
Water, 0.05% TFA; Mobile phase B: 100% Acetonitrile, 0.05% TFA}.

Step 2: Ethyl 3-(bicycle]i.1.1|pentan-1-vi)-1-isopropyl-2,4-dioxo-1,2.3.4-
tetrabydropyrimidine-S-carbexylate

A reaction vial was charged with ethyl 3-(bicvclo] 1. Hpentan-1-y1)-2,4-dioxo-
1,2,3 4-tetrahvdropyrimidine-3-carboxvlate (125 mg, 0.499 mmol) in DMF (1 rol).
Potassium carbonate {207 mg, 1 498 mmol) and 2-todopropane (150 ul, 1.498 mmol)
were added and the reaction warmed to 70 °C. After 2 hours, the reaction was cooled and
reated with water. The product seaparated as an oil. The water was decanted and the o1l
treated with more water. The water was decanted again and the residue was dissolved in
ether. Hexane was added and the solution was slowly concentrated under a stream of
nitrogen. The resultant solid was isolated by filtration to give ethyl 3-
{(bicyclof1.1.1ipentan-1-v1)-1-sopropyi-2,4-dioxo-1,2,3 4-tetrahy dropyrninudine-5-
carboxvlate (52 mg. 0.178 nmumol, 35.6 % yield) as an off white solid. 'H NMR (400 MHz,
DMSO-ds) & 8.27 (s, 1H), 4.67 (quin, J=6.8 Hz, 1H). 4.20 (q, /=7.1 Hz, 2H), 2.78 - 2.59
(m, 1H), 2.37 (s, 6H), 1.31 (d. J=6.8 Hz, 6H), 1.26 (1. J=7.1 Hz, 3H); LCMS (M+H) =
293.4 HPLC RT = 0.88 min (Waters Acquity SDS using the following method: Lmear
Gradient of 2% to 98% solvent B over 1.7 min; UV visualization at 220 nm; Column:
BEH C18 2.1 mm x 50 mwm; 1.7 um particle (Heated to Temp. 50 °C): Flow rate: 0.8
ml/min; Mobile phase A: 100% Water, 0.05% TFA; Mobile phase B: 100% Acetonitrile,
0.05% TFA).

Step 3: 3-(Bicyclo[1.1.1]pentan-1-yi}-1-isopropyl-2.4-dioxe-1,2,3,4-
tetrahydropyrimidine-S-carboxylic acid

Ethvl 3-(bicvclof1.1.1pentan-1-y1}-1-isopropyl-2.4-dioxo-1,2.3,4~
tetrahy dropyrimidine-S-carboxylate (48 mg, 0.164 mmol) was dissolved in a solulion of
HCl in dioxane (4M, 500 ul, 2 mmol) and water (0.1 mL). The reaction was warmed to

70 °C. After 3 hours, the cooled reaciion was diluted with water. The resultant solid was
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filtered and rinsed sequentially with water and hexanes. Air drying provided 3-

(bicyclof 1.1 Hpentan-1-v1}-1-sopropyi-2.4-dioxe-1,2,3 d-tetrahy dropyrimidine-5-
carboxvlic acid (33.4 mg, 0.126 mmol, 77 % vield) as a colorless solid. 'H NMR (400
MHz, DMSO-ds) 6 12.81 (5, 1H). 8.43 (5. 1H). 4.70 (dt, J=13.6, 6.8 Hz. 1H). 2.56 (5. 1H).
2.40 (s, 6H), 1.33 (d, J=6.8 Hz, 6H). LCMS (M+H) = 265.2. HPLC RT = 0.87 min
(Waters Acquity SDS using the following method: Linear Gradient of 2% to 98% solvent
B over 1.7 min; UV visualization at 220 nny, Colunw: BEH C18 2.1 mmx 50 mm; 1.7
um particte (Heated to Temp. 50 °C); Flow rate: 0.8 mi/mun; Mobile phase A: 100%
Water, 0.05% TFA; Mobile phase B: 100% Acetonitnile, 0.05% TFA).

Step 4: 3-(Bicyelo| 1.1 |pentan-1-vH-N-{3-fluers-4-({2-{{2-{pyrrolidin-i-
yhpyrimidin-4-yhamine)pyridin-d-yhoxyphenyl}-1-isopropyl-2,4-dioxo-1,2,3,4-
tetrahydropyrimidine-S-carbexamide

A reaction vial was charged with N-(4-(4-amino-2-fluorophenoxy jpyridin-2-y1}-2-
(pyvrrolidin-1-yDpvrimidin-4-amine (10 mg, 0.027 mmol, Example 103 - Step 3) and 3-
(bicyclof 1.1 Hpentan-1-v1}-1-sopropyl-2.4-dioxe-1,2,3 d-tetrahy dropyrimudine-5-
carboxviic acid (7.21 mg, 0.027 nwnol) in DMF (0.25 mL). The reaction was initiated
with the addition of triethylamune (7.61 pl, 0.055 mmol) and BOP (14.49 mg, 0.033
mmol}. After stirring overnight, the reaction was diluted with DMF and purified by RP-
HPLC using the following conditions: Column: XBndge C18, 200 mm < 19 ram, -
umparticles; Mobile Phase A: 5:95 acetonitrile: water with 10-roM ammorium acetate;
Mobile Phase B: 95:5 acetoniirile: water with 10-mManunonium acetate; Gradient: a 0-
minute hold at 50% B, 30-100% B over 20 muinutes, then a 4-minuie hold at 100% B;
Flow Rate: 20mL/min; Column Teroperature: 25 C. Fractions containing the desired
product were combined and dried via centrifugal evaporation to give 3-
(bicyclof1.1.1|pentan-1-vD)}-N-(3-fluoro-4-((2-((2-{pyrrolidin-1-ypyrimidin-4-
yvhamino)pyridin-4-vDoxyiphenyly-1-isopropyl-2,4-dioxo-~1,2, 3 4-tetrahydropyrimidine-~
S~-carboxamide (8.3 rog). 'H NMR (300 MHz, DMSO-de} 6 11.09 (s, 1H). 9.83 (s, 1H).
8.51 (s, 1H}, 8.19 (br d, J=5.8 Hz, 1H), 7.98 {br d, /=12.8 Hz, 1H), 7.94 - 7.82 (m, 2H),
7.50 (brd, J=0.5 Hz, 1H), 7.39 ¢(br {, =89 Hz, 1H), 6.76 (br d, J=3.7 Hz, 1H), 6.33 (br d,
J=82 Hz, 1H), 475 (dt, J=13.1, 6.6 Hz, 1H), 2.59 (s, I1H), 2.46 (s, 6H), 1.77 (br s, 4H),

37 (br d, /=67 Hz, 6H} (water suppression appears 1o have obscured some of the
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pyvrrolidine resonances), LCMS (M+H) = 613.4. HPLC RT = 2.021 min Column: Waters
XBridge C18, 2.1 mm x 50 mym, 1.7 um particles; Mobile Phase A: 5:95
acetonitrile: water with 0.1 % trifluoroacetic acid; Mobile Phase B: 95:5 acetonitrile: water

with 0.1 % trifluoroacetic acid; Temperature: 30 °C; Gradient: 0 %B 10 100 %B over 3

PCT/US2019/030310

5 mun, then a 0.75 min hold at 100 %B; Flow: ImbL/min; Detection: MS and UV (220 nm).
Examples 108 to 111
The compounds in Table 9 were prepared according to the procedures described
for Examples 103 and 104.
8‘:
Oy N
M
M o
O O P o N
| = N/‘;[\.N
N/ N S
10 H
Table 9
Ex. No. Rl R? HPLCRT | LO/MS HPLC
{min) (M-+H) Method
""" X
105 X | 2.23 G389 A
=
F
106 | HyC_CHy
I 1882 6372 B
107 HaCo _CHj CHg
\i I | 1959 603.3 B
- H,C
108 | nc. cH HsC
: I i \)\ 1.942 589.4 B
CHs
1091 He _CHs ,
I 2,089 629.2 B
110 HyCo__-CHsy 4 o
h AN UERE 601.4 B
111 HoCo CHy | ,
\[ s 2.279 6433 B
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HPLC Conditions for Table 9

Method A: Waters XBridge C18, 2.1 mm < 50 ram, 1.7 jum particles; Mobile Phase A:
5:95 acetonitrilerwater with 10 mM ammonium acetate; Mobile Phase B: 95:58
acetonitrile:water with 10 mM ammonium acetate; Temperature: 50 °C; Gradient: 0 %B
{0 100 %B over 3 min, then 2 0.75 min hold at 100 %B; Flow: 1 mi/min; Detection: MS
and UV {220 nm}.

Method B: Column: Waters BEH C18, 2.1 x 50 mm, 1.7-um particles; Mobile Phase A:
5:95 acetonitrile:water with 0.1% trifluoroacetic acid; Mobile Phase B: 95:5

acetonitrile: water with 0.1% trifluoroacetic acid; Ternperature: 30 °C; Gradient: 0% B, 0~
100% B over 3 minutes, then a 0.75-nunute hold at 100% B; Flow: 1.0 mL/min;

Detection: UV at 220 nm.

Fxample 112
§-cyclopropyl-N-{3-fluers-4-1(2-{2-(4-methanesulfonyipiperidin-1-yDpyrimidin-4-
yijamine pyridin-4-yDoxy|phenyl }-3-(4-fluorephenyl)-2,4-dioxo-1,2,3.4-

tetrahydropyrimidine-S-carboxamide

£ N O O O
|
NP
H
Step 1: Y-cyclopropyl-N-(3-fluore-4-{(2-({2-(4-(methylsulfonyDpiperidin-1-

yDpyrimidin-4-yhamino)pyridin-4-yhexy)phenyl}-3-(4-flusrephenyl}-2,4-dioxa-
1,2,3 4-tetrahydropyrimidine-S-carboxamide

To a4 mL vial containing 1-cyclopropyl-3-(4-fluorophenyl}-2,4-dioxo-1,2,3 4~
tetrahydropyrimidine-3-carboxylic acid (15 mg, 0.052 mmol}, N-{4-(4-amino-2-
fluorophenoxy ypyndin-2-vH-2-{(4-(methvisulfonyDpipenidin- 1 -vDpyrimidin-4-amine
(23.7 mg, 0.052 nmunol, prepared according the procedures used in Example 102) and

115 -
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EtN (8.6 ul., 0.062 mmol) in NMP {0.5mL} was added HATU {23.6 mg, 6.062 mimol}.
The reaction was stirred at room ternperature 18 hours then purified via preparative
LC/MS with the following conditions: Column: XBridge C18, 19 x 200 num, 5-um
particles; Mobile Phase A: 5:95 acetoniirile: water with 10-mM anumonium acetate;
Mobile Phase B: 95:5 acetonitrile: water with 10-mM ammonium acetate; Gradient: 34-
74% B over 20 munuies, then a 4-munuie hold at 100% B; Flow: 20 ml/min. Fractions
containing the desired product were combined and dried via centrifugal evaporation to
give the title compound (17.2 mg, 45.5%). 'H NMR (500 MHz, DMSO-ds) 6 10.89 (s,
1H), 8.49 (s, 1H), 8.17 (d. J=5.7 Hz, 1H), 8.01 (d, J=5.6 Hz, 1H). 7.92 (dd, /=129, 2.3
Hz. 1H), 7.46 (br d, J=8.2 Hz, 1H), 7.41 - 7.32 {m, 6H), 6.67 (41, J=5.5, 2.7 Hz, 2H), 4.50
(br d, J=12.6 Hz, 2H), 2.87 (s. 3H), 2.74 (br t, J=11.7 Hz, ZH), 2.54 (s, 3H), 1.97 (br d,

J=11.1 Hz, 2H), 1.44 (qd, /=12.3. 4.0 Hz, 2H), 1.08 - 1.00 (m, 4H); LCMS (M+H)+ =

731.2; HPLC RT = 1 .87 min. (Columm: Waters XBridge C18, 2.1 mm x 30 mm, 1.7 um
particles; Mobile Phase A: 5:95 acetonitrile:water with 10 mM ammonium acetate;
Mobile Phase B: 95:5 acetonitrile:water with 10 mM ammonium acetate; Temperature:
50 °C; Gradient: 0 %8B to 100 %B over 3 min, then a 0.75 min hold at 100 %B; Flow: |

mi./min; Detection UV 220 nmy)

Examples 113 to 114
The compounds in Table 10 were prepared according {o the procedures described

for Exarople 112.

-116-
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Table 10
Ex. No, R HPLC | LC/MS | HPLC
RT (min) | (M+H) Method
113 HaC.CHs ) .
I 2.253 705.4 A
114
HaCCH:
Y ’ N 2.05 733.17 B
/

HPLC Conditions for Table 10:
Method A: Column: Waters BEH C18, 2.1 x 50 mm, 1.7-um particles; Mobile Phase A:

5:95 acetonitrile:water with 0.1% trifluoroacetic acid; Mobile Phase B: 935:5

acetonitrile water with 0.1% trifluoroacetic acid; Temperature: 50 °C; Gradient: 0% B, 0-

100% B over 3 minutes, then a 0.75-nunute hold at 100% B; Flow: 1.0 mi/min;

Detection: UV at 220 nm.

Method B: Colunw: Waters XBridge C18, 2.1 nun x 50 mom, 1.7 pro particles; Mobile
Phase A: 5:95 acetonitrilerwater with 10 mM ammonium acetate; Mobile Phase B: 95:3
acetonitrile:water with 10 mM ammonium acetaie; Temperature: 5O °C; Gradient: 0 %B
10 100 %B over 3 mun, then a 0.75 mun hold at 100 %8B; Flow: T mL/mun; Detection: MS

and UV (220 nm).

Fxample 115

N-{4-1(2-{i2-{4-mmethanesuifonylpiperidin-1-ypyrimidin-4-yi{amino}-5-

methylpyridin-4-yhoxy|phenyl}-2.4-dioxe-3-phenyi-i-(propan-2-vi}-1,2,3,4-

tetrahydropyrimidine-S-carboxamide

HaC

-117 -
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Step 1. 2-chlore-S-methyl-4-(4-nitrophenoxy)pyridine

To a 40 ml vial containing 2-chloro-S-methylpyridin-4-ol (250 mg, 1.74 mmol)
and 1-fluoro-4-mitrobenzene (246 mg, §.74 mumol} in NMP (3mbL) was added Cs2C03
{624 mg, 1.94 mumol). The reaction was heated on a heating block at 110°C for 30
mindes then cooled to room temperature. The reaction was diluted with water and the
resulting precipitate collected by filiration, rinsed with water then hexane and dried under
vacuunt to give the title compound (321.5 mg, 69.8%) as an off-white solid. 'H NMR
(500 MHz, DMSO-de) & 8.37 (d, J=0.6 Hz, 1H), 8.35 - 8.29 (m, 2H), 7.41 - 7.33 (m, 2H),
7.06 (s, 1H), 2.20 (s, 3H). LCMS (M+H) = 265. HPLC RT = 2.053 min (Colunm:
Chromohith QDS S5 4.6 x 5¢ mm; Mobile Phase A: 10:90 MeOH water with 0.1% TFA;
Mohile Phase B: 90:10 MeOH water with 0.1% TFA; Temperature: 40 °C; Gradient; 0-

100% B over 4 muin; Flow: 4 mbL/min}.

Step 2. 4-{{2-chloroe-S-methylpyridin-4-yi)oxy)aniline

To a 40 mL vial containing 2-chloro-5-methyl-4-{(4-nitrophenoxy )pyridine {321
mg, 1.21 mmol), zinc powder (634 mg, 9.7 mmol) in EACOH (dml) was added ammonium
chionde (519 mg, 9.7 mmol). The reaction was heated on a heating block at 80°C for 1
hour then cooled to room temperature. The reaction was filtered through a 0.45um
membrane with EtOH rinses and then concentrated. The residue was diluted with water
and basified with sat NaHCO3 ag stirring at room temperature. The resulting precipitate
was collected by filtration, rinsed with water and dried under vacoum to give the title
compound {261 3 mg, 92%} as an off-white solid. LCMS (M+H}= 235 HPLCRT =
0.818 min {Columm: Chromolith ODS 85 4.6 x 30 nim; Mobile Phase A: 10:90
MeOH: water with 0.1% TFA; Mobile Phase B: 90:10 MeOH water with 0.1% TFA;

Temperature: 40 °C; Gradient: 0-100% B over 4 mun; Flow: 4 mL/min),.

Step 3: N-(4-((2-chlore-S-methylpyridin-4-yhoxy)phenyl)-1-isopropyi-2.4-
dioxo-3-phenyi-1,2,3,4-tetrahydropyrimidine-5-carboxamide

To a 4 mb vial containing 1-isopropyl-2,4-dioxo-3-phenyl-1,2,3,4-
tetrahy dropyrimidine-S-carboxylic acid (24.6 mg, 0.09 mmol}, 4-((2-chloro-5-
methylpyridin-4-yDoxyjamline (21.05 mg, 0.09 mmol) and E3N (15 ul, 0.108 nunol} in

NMP (0.3mL} was added HATU (40.9 mg, 0.108 mmol}. The reaction was stirred at

- 118 -
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room temperature 4 hows and  diluted with water and saturated NaHCO3 ag. The white
precipitate that formed was collected by filtration, rinsed with water and dried under
vacuum to give the title compound (41.4 myg, 94%) as a white sohid. LCMS (M+H) =
491, HPLC RT = 2.858 min (Column: Chromolith ODS 85 4.6 x 50 mm; Mobile Phase
A 10:90 MeOHwater with 0.1% TFA; Mobile Phase B: 90:10 MeOH water with 0.1%
TFA: Temperatore: 40 °C; Gradient; 0-100% B over 4 min; Flow: 4 mL/min).

Step 4: i-isopropyl-N-(4-((B-methyl-2-((2-(4-{(methylsulfonypiperidin- 1~
yDpyrimidin-4-yhamino)pyridin-4-yhoxy)phenyl)-2,4-dioxo-3-phenyl-1,2,3,4-
tetrahydropyrimidine-S-carboxamide

To a4 mb vial containing N-(d-{(2-chlore-5-methylpyridin-4-yhoxyphenvi}-1-
isopropyl-2,4-dioxo-3-phenyi-1,2,3 4-tetrahyv dropyrimidine-5-carboxamide (20 mg, 0.041
mruol}, 2-(4-(methvisulfonyDpiperndin-T-vDpyvrimidin-4-amine (15.7 mg, 0.061 mmol),
KANTPHOS (2.8 mg. 4.8 umol), tris{dibenzyviideneacetone)dipalladium{0) (3.7 mg, 4.0
umol} and Cs2C05 (39.8 mg, 0.122 mmol) in dioxene {0.5mL}. The reaction was heated
on a 110°C heating block for 2 howrs and diluted with THF and filtered through a 0.45um
membrane. The reaction mixiure was concentrated and the crude material was punfied
via preparative LC/MS with the following conditions: Column: XBridge C18, 19 x 200
mm, 5-pm particles; Mobile Phase A: 5:95 acetonitrile: water with 0.1% trifluoroacetic
acid; Mobile Phase B: 95:5 acetonitrile: waier with 0.1% trifluoroacetic acid; Gradient:
18-58% B over 20 munutes, then a 4-minute hold at 100% B; Flow: 20 mL/nun. Fractions
containing the desired product were combined and dried via centrifugal evaporation to
give the title compound (11.3 mg, 38.4%). "HNMR (500 MHz, DMSO-ds) 8 10.91 (s,
1H), 8.61 (s, 1H), 8.21 (5, 1H), 7.92 (s, 1H), 7.75 (d. J=8.9 Hz, 2H), 7.55 - 7.49 {m, 2H),
748 -7.43 (m, 1H). 733 (brd, J=7.3 Hz, ZH), 7.23 (brs. 1H}, 7.19 (br d. /=8.9 Hz, 2H),
477{dt, /=136, 6 9Hz 1H), 411 {brd, /=119 Hz 1H), 330-320(m, 1H) 3.19-3.11
(m, 1H), 2.83 (brs, 3H), 2.72 (s, 3H), 2.24 (s, 3H), 1.97 (br d, J=10.7 Hz, 2H), 1.54 - 1.43
(m, 2H), 1.41 (d. J=6.7 Hz, 6H): LOCMS(M+H)+ = 711.1; HPLC RT = 1.99 min (Column:
Waters XBridge C18, 2.1 mmx 50 mum, 1.7 pm particles; Mobile Phase A: 5:95
acetonitrile water with 10 mM ammonium acetate; Mobile Phase B: 95:5

acetonitrile:water with 10 mM ammonium acetate; Temperature: 50 °C; Gradient: 0 %B

- 1i9-
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to 100 %B over 3 mun, then a (.75 min hold at 100 %B; Flow: I mL/min; Detection UV

220 vy

Example 116
5 M-{4-}{2-{[5-cyano-6-(4-methanesulfonylpiperazin-1-yhpyridin-2-yljamine} pyridin-
4-yhoxy|-3-fluorophenyl}-3-(¢-fluorophenyl)-2.4-dioxe-1-(propan-2-yi)-1,2,3.4-

tetrahydropyrimidine-S-carboxamide

HsCl_CHa

On N
Tk
=\;

10

Siep 1. G-amino-2-chloronicoiinonitrile
2.6-Dichloronicotinonitiile (10.00 g, 57.8 mmol) was dissolved into 2M NH3-1PA

{100 mi, 200 mmol} in a steel bomb behind a blast shield. The reaction vessel was sealed
and heated to 90 °C for 20 howrs. Cooled to room temperature and stirred for 48 h. The

15 heterogeneous reaction nuxture was partitioned between EtOAc and a small amount of
half-saturated NaHCOs. The agueous phase was extracted with EtOAc (2x). The
combined organics were washed with brine and dried over MgS04 before concentrating
onto 16 g of celite. Colunn chromatography (330 g Si0z2, 0 to 50% EtQAc-hexane)
afforded 6~amino-2-chloromcotinonitrile as the major product {5.14 g, 38%) with the

20 minor product, Z-amino-6-chloronicotinonitrile also isolated (1.60 g, 18%). TH NMR
(400MHz, DMSO0-d6) & 7.78 (d, J=8.6 Hyz, 1H), 7.50 (s, 2H), 6.46 (d, J=8.6 Hz, 1H):;
LO/MS [M+H] 195.0; LC RT = 1.082 vun; (Column: Waters Xhridge; Mobile Phase A
5:95 acetonitrile:water with 10 mM ammonium acetate; Mobile Phase B: 955
acetonitrile:water with 10 mM ammonium acetate; Temperature: 35 °C; Gradient: 5-95%

25 Boverin 4 min; Flow: 4.0 mL/min).

Step 2. S-amino-2-(4-(methylsulfonyl)piperazin-1-yhnicotinonitrile
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6-Amino-2-chloronicotinoniirile (250 mg, 1.628 mmol}, 1-
(methyvlsulfonyDpiperazine, HC1 (1307 mg, 6.51 mmol} and potassium carbonate (675
mg, 4.88 mmol) were suspended in DMA (5426 ul). The reaction mixture was heated to
105 °C overnight, cooled to rt and stirred for 72 h. The reaction was decanted into a
separatory funnel containing EtOAc and Hz0, rinsing the residual KoCGOs with EtOAc.
The aqueous layer was exiracted with EtQAc (2X) and the combined organics were
washed with 10% LiCl solution before drying (MgS804) and concentrating 1o a cream
solid to afford the titled product {461 mg, 85% purity, 86% vield). This material was
used as is i the subsequent reactions. 1H NMR {(400MHz, DMSQO-d6} & 7.52 (d, J=8.4
Hz. 1H), 6.83 (br s, 2H), 6.46 (d, J=R.7 Hz, 1H), 5.99 (d. J=8.4 Hz, 1H), 3.68 - 3.54 (m.
4H), 3.27 - 3.12 (m. 4H), 2.92 (5. 3H); LC/MS [M+H] = 282.2; LC RT (.63 min;
{Column: BEH C1€ 2.1 x 50mm; Mobile Phase A: water with 0.05% TFA; Mobile Phase
B: acetomirile with 0.05% TFA; Temperature: 50 °C; Gradient: 2-98% B over 1.7 min;

Flow: 0.8 mi/nun).

Step 3. M- {4-1(2-{[S-cyano-6-(4-methanesulfonyipiperazin-1-yi)pyridin-2-
yvijamino}pyridin-4-yloxy]-3-fluorephenyl}-3-(4-fluorophenyl)-2 4-dioxo-1-(propan-
2-yi)-1,2,3 4-tetrabydropyrimidine-S-carboxamide

N-{4-((2-chloropvridm-4-vDoxy }-3-fluorophenyl)-3-{4-fluorophenvi)-1-isopropyl-
2,4-dioxo-1,2,3 4-tetraby dropyrimidine-S-carboxamide (30 mg, 0.058 miol), 6-amino-2-
(4~{(methylsulfonyDpiperazin- I -vDnicotinonitrile (16.46 mg, 0.058 mmol), potassium
carbonate {24.25 mg, 0.175 mmol} and BrettPhos Precatalyst G1 (4.67 mg, 5.85 pmol)
were suspended in -BuOH/DMA (6:1) (688 1), The reaction maxiure was degassed with
astream of N2 for 1 min, sealed and heated to 120 °C in the mucrowave reactor for 45
min.  After cooling to room temperature, the reaction mixture was diluted with EtOAc,
filtered through a PTFE cartridge and concentrated. The crude material was dissolved in
DMF and pwrified by preparative LC/MS with the following conditions: Colurmn:
XBridge C18, 19 x 200 ram, 5-um particles; Mobile Phase A: 5:95 acetonitrile: water
with 10-mM ammonium acetate; Mobile Phase B: 95:5 acetonitrile: water with 10-mM
ammonium acetate; Gradient: 46-80% B over 20 munutes, then a 4-muanute hold at 100%
B; Flow: 20 mL/mun. Fractions containing the desired product were corabined and dried

via centrifugal evaporation to afford the titled product (13.5 mg. 31%). 1H NMR (500
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MHz, DMS(O-d6) 5 10.97 {(bre, 1H}, 10,14 (brs, 1H), 8.62 (brs, 1H}, 8.20(d, }=5.7 Hz,
TH}, 794 (brd, =127 Hz, TH), 782 (br d, =84 Hz, 1H), 7.47 - 7.29 (m, TH}, 7.05 (br
d, }=4.2 Hz, 1H), 6.70 (dd. J=5.6. 1.9 Hz, 1H), 4.86 - 4.66 (m. 1H), 3.14 (br s, 4H), 2.86
(s, 3H), 1.41 (brd. J=6.6 Hz, 6H); LC/MS [M+H] =757.99, HPLC RT =2.23 min;
Column: Waters XBridge C18, 2.1 mm x 50 mm, 1.7 um particles; Mobile Phase A: 5:95
acetoniirile: water with 10 mM ammonium acetate; Mobile Phase B: 955
acetonitrile:water with 10 mM ammonium acetate; Temperature: 50 °C; Gradient: 0 %B
1o 100 %B over 3 nun, then a 0.75 min hold at 100 %B; Flow: 1 mL/min; Detection: MS

and UV (220 nmy).

Examples 117 to 134
The compounds in Table 11 were prepared according 1o the procedures described
for Example 116.

HaCo L CHg

0 R® _
Z N
) v
\N/ N P
Table 11
Ex. No. RZ R’ HPLC | LO/MS HPLC
RT (M+H) | Method
{min}
117 £N> 2.29 665 4 A
ke
. OH
118 \
{0 1.67 68134 B
N
b
CO,CH;
119 N
O [ 228 | 73837 A
N
b
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Ex. No. RZ R3 HPLC | LO/MS HPLC
RT (WVi+H) Method
{(nin}
OH
120
1.65 695 44 B
N
-
121 PNy
2.30 709.16 A
\E‘i\i/
122
1.92 763.36 B
123
2.12 757 41 A
.
124 212 743.32 A
125
2.18 772.08 A
126 .
2.34 695 14 A
127
2.41 772.13 A
128
2.46 752.52 A
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Ex. No. e FE HPLC | LOMS | HPLC
RT (WVi+H) Method
{(nin}
SO,CH,
129 N
li 2.29 753.24 A
2w
N
e
CO4CH,
130 TR N
| [ 234 | 73418 A
NN
i
-
S0,CH;
131 A N
I [ 232 | 75416 A
N
N
-
132 HO, OF 5
2N ,
li 2.41 759.16 A
N
N
ek
133 ,, OF
) 2.40 691.12 A
. N
b
SO;CH;
134 S N
O ' [ 244 | 768.47 A
e

HPLC Conditions for Table 11:
Method A: Column: Waters XBridge C18, 2.1 myim x 50 mm, 1.7 pm particles; Mobile
Phase A: 5:95 acetonitrilerwater with 10 mM ammonium acetate; Mobile Phase B: 95:5

5 acetoniirile water with 10 M ammonium acetate; Temperature: S0 °C; Gradient: 0% B
10 100 % B over 3 nun, then a 0.75 min hold at 100 % B; Flow: 1 mL/min; Detection: UV

220 nm}.
Method B: Column: Waters XBridge C18, 2.1 mm x 50 mim, 1.7 um particles; Mobile

16 Phase A: 5:95 acetonitrilerwater with 0.1 % trifluoroacetic acid; Mobile Phase B: 95:5

acetonitrile:water with 0.1 % trifiuoroacetic acid; Temperature: 50°C; Gradient: 0 %B (o
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100 %B over 3 nun, then 2 0.75 min hold at 100 %B; Flow: 1 mL/min; Detection: MS

and UV (220 nmy).
Example 135
5 M-{3-fluore-4-{(2-{[3-fluore-6-(4-methanesulfonylpiperazin-1-yDpyridin-2-
ylamino! pyridin-4-yloxyjphenyi}-3-(4-flusrophenyl)-2.4-dioxo-1-(propan-2-vi)-

1.2,3 4-tetrahydropyrimidine-S-carboxamide

HyCoCHa

)

»!

Step 1. 3-fluore~-6-(4-(methylsulfonyDpiperazin-1-yDpyridin-2-amine

10

3.6-difluoropyridin-2-anmine (100 mg, 0.769 mmaol), |-(methylsultonylpiperazine,
HCI (463 mg, 2.306 mmol} were suspended in DMA (2562 ulyat rt. DIPEA (403 pl,
2.306 mmol} was added and the reaction vessel was sealed and heated to 200 °C for4 h
i5  before cooling and standing at 1 overnight. The reaction muxture was transferred {o a
microwave vial, sealed and heated to 200 °C for 3 h. After cooling to room temperature,
the mixture was partitioned between EtOAc and H2O. The agueous phase was exiracted
inio FtOAc (2x), and the combined organics were washed with 10% LiCl solution, dried
over MgS04 and concentrated. Colurn chromatography (12g Si102, 30 to 100% EtOAc-
20 hexane gradient elution) afforded the expected product as a cream solid (29 mg, 14%).
TH NMR (400 MHz, CHLOROFORM-d} § 7.13 (dd, J=9.9, 8.7 Hz, 1H), 5.93 (dd, J=8.6,
1.8 Hz, 1H), 4.41 (brs, 2HD). 3.62 - 3.49 (m, 4H), 3.37 - 3.27 (m, 4H). 2.82 (s, 3H);
LOC/MS [M+H] =2751, LC RT 0.54 vun (Column: Waters Acquity BEH C18 2.1 x 50
min;, Mobile Phase A Water with 0.053% TFA; Mobile Phase B: Acetonutrile with 0.05%

25 TFA; Temperature: 40 °C; Gradient: 2-98% B over 1.5 min; Flow: 1 mL/min).
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Siep 2. N-{3-fluoroe-4-[(2-{[3-flugro-6-{4-methanesulfonylpiperazin-1-
yDpyridin-2-yllamine}pyridin-4-yDoxyiphenyi}-3-(4-fluorephenyi}-2,4-dioxo-1-
{(propan-2-yi)}-1,2,3 4-tetrahydropyrimidine-S-carboxamide
N-{(4~((2-chloropyridin-4-v1joxy }-3-flucrophenyi}-3-(4-fluorophenyi}-1 -isopropyl-
2, 4-dioxo-1,2,3 4-tetrahydropyrimidine-5S-carboxamide (18.70 mg, 0.036 mumol), 3-
fluoro-6-(4-(methylsulfonyDpiperazin-1-vDpyridin-2-amine (10 mg, 0.036 mmol},
potassium carbonate (13.11 mg, 0.109 mmol)} and BrettPhos Precatalyst G1 (2.91 mg,
3.65 umol) were suspended in --BaOH/DMA {(6:1) (429 pl). The reaction mixture was
degassed with a stream of N, sealed and heated to 120 °C in the microwave reactor for 45
min. After cooling to rt, the reaction mixture was diluted with EtQAc, filtered through a
PTFE frit and concentrated. The crude product was dissolved in DMF and purified via
preparative LC/MS with the following conditions: Column: XBridge C18, 19 x 200 mm,
3-um particles; Mobile Phase A: 3:95 acetominile: water with 10-mM ammmonium acetate;
Mobile Phase B: 95:5 acetonitrile: water with 10-mM ammonium acetate; Gradient: 45-
90% B over 20 minutes, then a 4-minute hold at 100% B; Flow: 20 mL/min. Fractions
coniaining the desired product were combined and dried via centrifugal evaporation (o
afford the titled compound (1.8 mg). 1H NMR (800 MHz, DMS0-d6) 8 10.97 (s, 1H),
8.80 (s, 1H), 8.63 (s, 1H), 8.13 (d. J=5.5 Hz, 1H), 7.94 (dd. J=12.8, 1.8 Hz, 1H), 7.55 -
7.26{m, 8H} 6.63(dd, J=5.6, 2.0 Hz, 1H), 635 (brd, J=7 6 Hz 1H), 478 (dt, }=13.4, 6.7
Hz, 1H), 3.29 (brs, 2H), 3.08 {(brs, 3H), 2.85 (5, 3H), 1.42 (br d, }=6.7 Hz, 6H); LO/MS
[M+H]=751.22; LC RT = 2.22 mun; Column: Waters XBnidge C18, 2.1 mom x 30 mm,
1.7 um particles; Mobile Phase A: 5:95 acetonitrile:water with 10 mM ammonium
acetate; Mobile Phase B: 95:5 acetonitrile: water with 10 mM ammonium acetate;
Temperature: 50 °C; Gradient: 0 %B to 100 %B over 3 mun, then a 0.75 min hold at 100

%B; Flow: 1 mi/min; Detection: MS and UV (220 nm).

Fxample 136
N-{3-fluoro-4-{{2-{{6-{4-methanesulfonyipiperazin- -yl }-4-methylpyridin-2-
yllamino}pyridin-4-yDhoxylphenyl}-3-(4-Huorophenyl)-2,4-dioxo-1-(propan-2-yi)-

1,2,3 4-tetrahydropyrimidine-5-carboxamide

- 126 -



WO 2019/213340 PCT/US2019/030310

G
0=§=0
oL O
F Z 0 N
= I N7
|
SNTNTTN N CH
H
Step 1: tert-butyl (6-bromo-4-methylpyridin-2-yijcarbamate

A mixture of 6-bromo-4-methylpyridin-Z-amine (500 mg, 2.67 mmol), BOC-
anhydride (0.621 mL, 2.67 mmol) and EGN (0.410 mi., 2.94 ramol} in t-butanol (13 mL)
5 was stirred at 1t for 24 h. BOC-anhvdride (0.621 mL, 2.67 romol) was added and the
mixture was stirred at rt for 24 h. The reaction was quenched with water (20 mL). The
aqueous layer was extracied with EtOA¢ (3x). The organic layer was evaporated and the
residue was purtfied by 1SCO silica gel chromatography (24 g colunmm, gradient from 0%
1o 40% EtOAc/Hexanes) to afford the title compound (582 mg, 76 %) LCMS (M+H) =
10 289.0. HPLC RT = 0.99 min (Column: Waters Acquuty BEH C18 2.1 x 50 mm; Mobile
Phase A: Water with 0.05% TFA; Mobile Phase B: Acetontirile with 0.05% TFA;

Temperature: 40 °C; Gradient: 2-98% B over 1.5 min; Flow: 1 mbL/mun).

Step 2: tert-butyl (4-methyl-6-(4-(methylsuifonylpiperazin-1-yhHpyridin-2-
15 yhearbamate
A mixture of tert-butyl (6-bromo-~4-methylpyridin-2-yljcarbamate (265 mg, 0.92
mmol}), 1-{methylsuifonviipiperazine (182 mg, 1.11 mmol}, cesium carbonate (601 mg,
1.85 wimol) and XPhos Pd G2 {72.6 mg, 0.09 mmol) m Dioxane (5 mL) was heated {o
80 °C for 2 b. The reaction mixture was cooled and then transferved to aseparatory funnel
20 using EtQAc. The organic laver was washed with water (3x) and bring (3x). The organic
laver was separated, dried over sodium sulfate, concentrated and the residue was purified
using ISCO silica gel chromatography (24 g column, gradient from 0% to 50%
EtOAc/Hexanes) to afford the title compound (138 mg, 0.37 mmol, 40 % yield). LCMS
(M+H)y = 371.1. HPLC RT = (.75 min {Column: Waters Acquity BEH C18 2.1 x 50 mim;
25 Mobile Phase A: Water with (1.05% TFA; Mobile Phase B: Acetonitrile with 0.05% TFA;

Temperature: 40 °C; Gradient: 2-98% B over 1.5 min; Flow: 1 mbL/mun).
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Step 3: 4-methyl-6-{4-(methylsulfonyl)piperazin-1-yhpyridin-2-amine

A solution of tert-butyl (4-methyi-6-(4-{methyisulfonyDpiperazin-1-ypyridin-2-
yvihcarbamate (170 mg, 0.46 mmol) in hydrochloric acid (4M 1n Dioxane) (2.9 ml, 11.47
mmol} wag stirred at rt for 14 h. The solvent was evaporated and the residue was
suspended in 10 mL of hexanes. The precipitate formed was collected and dried to afford
the title compound (582 mg, 76 %) as a hyvdrochloride salt, LOCMS (M+H) = 271.2,
HPLC RT = 0.51 nun (Column: Waters Acquity BEH C18 2.1 x 50 mny, Mobile Phase A:
Water with 0.05% TFA; Mobile Phase B: Acetonitrile with 0.05% TFA; Temperature: 40

°C; Gradient: 2-98% B over 1.5 pun; Flow: 1 mL/min}.

Step 4: N-(3-fluore-4-((2-((4-methvl-6-{4-(methylsulfonyl)piperazin-1-
yhpyridin-2-yhamins)pyridin-4-yDoxyphenyl)-3-(4-fluorophenyl}-1-isepropyl-2,4-
dioxo-1,2,3.4-tetrahydropyrimidine-S-carboxamide

A mixture of N-(4-{{2-chloropyridin-4-yl}oxy)-3-fluorophenyi}-3-(4-
fluorophenvi)-1-isopropyvi-2.4-dioxo-1.2,3 4-tetrahy dropyrimidine-S-carboxamide (25
mg, 0.05 mmol), 4-methyl-6-(4-(methylsolfonyDpiperazin- -vDpyridin-2-amine (13.18
mg, 0.05 mmol), K2COs (26.9 mg, 0.2 mymol) and chloro{2-(dicy clohexviphosphine}-3,6-
dimethoxy-2'4' 6'-triisopropyl-1, 1-biphenyl}{ 2-(2-aminoethvljphenvljpalladium({iT) (3.89
mg, 4.87 umol) in -Butanol/DMA 6/1 (975 ul} was degassad with Nz gas and heated to
120 °C for 6 h. The reaction was mixture was diluted with BMF (2 mL), {iltered and
purified by preparative LC/MS (Colunmm: XBridge C18, 19 x 200 nwua, 5~pm
particles:Mobile Phase A: 5:95 acetonitrile: water with 10-mM ammonium acetate;
Mobile Phase B: 95:5 acetomitrile: water with 10-mM amwnonium acetate; Gradient: 40-
80% B over 20 minutes, then a 4-minute hold at 100% B: Flow: 20 mL/min.} to afford the
title compound (7.9 mg, 10.58 umol, 21.70 % vield). LCMS (M+H) = 747.2. 'H NMR
(500 MHz, DMSO-de) 6 10.92 (s, 1H), 9.15 (brs, 1H), 8.63 (s, 1H}, 8.04 - 7.86 (m, 2H),
745 -7.39¢(m, 3H), 738 - 7.25 (m, 4H), 6.70 - 6.70 {m, 1H}, 6.71 (s, 1H), 6.53 (br s,
1H), 6.17 (brs, 1H), 479 (dt, /=13.5, 6.8 Hz, 1H}, 3.41 (brs, 2H). 3. 11 {brs, 3H), 2.87 -
2.82 (m, 3H), 2.17 (s, 3H), 1.44 (d, J/=6.8 Hz, 6H), 1.28 - 1 21 {m, 3H), 1.02 (d, /=6.3 Hz,
TH). HPLC RT = 1.98 mun (Column: Waters XBridge C18 2.1 x 30 mmm; Mobile Phase A:
5:95 ACN:water with 0.1% TFA; Mobile Phase B: 95:5 ACN:water with 0.1% TFA;

Temperature: 40 °C; Gradient: 0-100% B over 3 mun; Flow: 1 mL/min).
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Example 137
M-{3-fluore-4-[(2-{|4-(4-methanesulfenylpiperazin-1-yi}-S-methyipyrimidin-2-

yilamino}pyridin-4-yljexy|phenyl}-3-{4-flusrophenyi)-2,4-dioxo-1-(propan-2-yi)-

(¥4}

1,2,3,4-tetrahydropyrimidine-S-carboxamide

HyC_CHs

Ch
0=5=0

O N
T v
oOryCr O
FN 00 NN N
‘N/E/!%N

Step 1. S-methyl-4-{4-(methyisulfonyi)piperazin- -y pyrimidin-2-amine

10 4-chloro-5-methylpyrimidim-2-amine (100 mg, 0.697 mmol}, 1~
(methyvisulfonyDpiperazine {458 mg, 2.79 mmol) and potassium carbonate {289 mg,
2.090 mmol) were suspended in DMA (2322 ul) and heated to 105 °C for 16 h. After
cooling to rt, the reaction mixture was decanted info EtOAc and HxO. The aquecus phase
was extracied with EtOA¢ (2x). The combined organic layvers were washed with 10%

15 LiClsolution, dried over MgSOq and concentrated to a amber otl which was dried under
vacuum to afford the titled compound (134 mg, 719%). 1H NMR (400 MHz, DMS0O-d6) 8
7.74 (s, 1H), 6.02 (s, 2H), 3.44 - 3.35 (m, 4H), 3.25 - 3.17 (m, 4H), 2.91 (s, 3H), 2.03 (s,
3H), LC/MS [M+H] 2721 LC RT 0,48 miun (Column: BEH €18 2.1 x S0mm; Mohbile
Phase A: water with 0.05% TFA; Mobile Phase B: acetomitrile with 6.05% TFA;

20 Temperature: 50 °C; Gradient: 2-98% B over 1.7 min; Flow: 0.8 mL/min).

Step 2. N-{3-fluore-4-[(2-{{4-{4-methanesulfonyipiperazin-1-yi)-S-methylpyrimidin-
2-vijamine jpyridin-4-yhoxy|phenyi}-3-{(4-fluorophenyl)-2 4-dioxe-1-{propan-2-yli}-
1,2,3 4-tetrahydropyrimidine-S-carboxamide

25 N-(4-{(2~chloropyridin~-4-yHoxy)-3-Huoropheny3-3-(4-fluorophenyly- 1-isopropyl-
2 4-dioxo-1,2,3 4-tetrahydropvnnudine-S-carboxamide (30 mg, 0.058 mmol), S-methyl-
4-{4-{methyisulfonyljpiperidin-1-vhpyrinudin-Z-amine (15 81 mg, 0.058 mmol},
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Xantphos (3.38 mg, 5.85 umol) and Cs2003 (57.2 mg, 0.175 mmol} were suspended in
Dioxane (585 ul) at rt. The reaction muxture was degassed with a stream of Na for 1 min
before the addition of Pdx{dba): (5.36 mg, 5.85 umol). The reaction was degassed for an
additional 1 nmin, sealed the reaction vial and heated to 110 °C for 2 h before cooling to
ri. The reaction mixture was diluted with EtOAc, filtered through a PTFE frit and
concentraied. The crude material was redissolved in DMF and purified via preparative
LC/MS with the following conditions: Column: XBridge €18, 200 mm x 19 num, 5-pm
particles; Mobile Phase A: 5:95 acetonitrile: water with 0.1% trifluoroacetic acid; Mobile
Phase B: 95:5 acetoniinile: water with 0.1% trifluoroaceiic acid; Gradient: a O-manute
hold at 26% B, 26-66% B over 20 nunuies, then a 1G-vunute hold at 100% B; Flow Rats:
20 mi/min; Column Temperature: 25 C. Fraction coliection was triggered by MS and UV
stgnals. Fractions containing the desired product were combined and dried via centrifugal
evaporation to afford the titled product as tts TFA salt (5.5 mg, 11%). TH NMR (500
MHz. DMSO-d6) 8 11.07 (s, 1H), 8.68 (s, 1H), 8.31 (d. J=6.1 Hz, 1H), 8.04 (br d, J=12.8
Hz, 1H), 7.98 (s, 1H), 7.55 (br d, J=8.2 Hyz, 1H), 7.48 - 7.32 (m, 4H), 6.93 (br 4, }=6.1
Hz. 1H), 6.81 (brs, 1H), 4.86 - 4.73 (m, 1H). 3.85 (brs, 3H), 3.28 (br s, 2H). 2.93 (s, 3H).
2.28 (s, 3H), 1.4 (br d, J=6.7 Hz, SH); LC/MS [M+H] = 748.33; LC RT = 2.04 min;
Colunn: Waters XBridge €18, 2.1 nmum x 50 mm, 1.7 um particles; Mobile Phase A: 5:95
acetonitrile water with 10 mM ammonivum acetate; Mobile Phase B: 95:5

acetontinle water with 10 mM anuwnonium acetate; Temperature: 50 °C; Gradient: 0 %B
o 100 %8B over 3 nun, then a 0.75 mun hold at 100 268; Flow: 1 mi/min; Detection: MS

and UV (220 nmy),

Example 138
M- {3-fluore-4-{(2-{[6-(4-methanesulfonyipiperazin- 1 -yi-S-(triflusromethyl)pyridin-
2-yllamine}pyridin-4-yHoxy|phenyl-3-(4-fluorophenyl)-2 4-dioxo-1-{propan-2-yi)-

1,2,3,4-teirahydropyrimidine-S-carboxamide
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Step 1: fert-Butyl (6-chloro-S-(frifluoromethylpyridin-2-ylicarbamate

To a 25 mlL flask contaming 6-chloro-5-(triflucromethypyndin-Z-amine
{ArkPharm, 273 mg, 1.39 mmol) and THF (2 mb} was added BOC20 {Alfa-Aesar, 375
mg, 1.67 mmoel). The reaction mixture was stirted for 48 hours. The reaction mixture was
concentrated and the residue purified using ISCO silica gel chromatography (24 g
column, gradient from 0% to 30% EtQAc/Hexanes) to give the title compound (204 mg,
49%} as a white solid. "H NMR (400 MHz, CHLOROFORM-d) d .00 - 7.92 {m, 2H),
7.37 (brs, 1H), 1.54 (s, 9H). LCMS ([M-56]+H) = 241.1.

Step 2: fert-Butyl (6-(4-(methylsulfonylpiperazin-1-yi)-5-
(rifluoromethyDpyridin-2-vi)carbamaie

To a4 mL vial containing tert-buty! (6~-chloro-S-(trifluoromethy pyridin-2-
vijcarbamate (29 mg, 0.099 mmol), I-(methylsulfonyi}piperazine (Combi-Blocks, 19 mg,
0.12 mmol), Cs2COs (97 mg, 0.30 mmol) and 2°¢ Generation RuPhos precatalyst (3.9 myg,
5.0 umol) was added degassed dioxane (991 ul). The reaction muxture was heated at 80
°C for 3 hours. Reaction mixture was concentrated in vacuo, the residue was dissolved in
EiOAc and washed with HzO. The EiGAc layer was concentrated to drvness. The
resulting residue was purified using 1ISCO silica gel chromatography (12 g column,
gradient from 0% to 30% EtOAc/Hexanes) to give the title compound (39 mg, 92%;) as an
off white solid 'H NMR (400 MHz, CHLOROFORM-d) 8 7.85 (d, J=8.6 Hz, 1H), 7.66
(d, J=8.6 Hz, 1), 7.16 (s, 11}, 3.37 - 3.33 (m, 4H), 3.32 - 3.28 (m, 4H), 2.83 (s, 3H),
1.54 (s, 9H). LOMS (M+H) = 4253

Step 3. 6~(4-(Methylsulfonylpiperazin- 1~y )-5-(triffuoromethylpyridin-2-

amine
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To 10 mL flask containing tert-buty! {6-(4d-(methyisulfonyDpiperazin-1-yi}-3-
(trifluoromethyhpyridin-2-yvlycarbamate (42 mg, 0.099 munol) and DCM (827 pl) was
added 37% aq HCH (500 pl., 6 mmol} and stirred for 30 minutes. The reaction nuxture
was neuiralized by addition to a saturated solution of NaH{C (3, the resulting mixture was
washed with EtOAc (3x). The combined organic lavers were dried over Nax§04 and
concentrated giving the title compound (27 mg, 88%) as an off while solid. TH NMR (400
MHz. CHLOROFORM-d) & 7.63 - 7.56 (m, 1H). 6.14 {d, /=8.4 Hz. 1H), 4.58 (br s, 2H),
3.73 (s, 3H), 3.58 (brs, 4H), 3.24 - 3.13 (m, 4H). LOMS (M+H) = 3253,

Step 4, N-(3-fluoro-4-((2-({6-(4-(methylsulfonyl)piperazin-1-yi)-5-
(trifluoromethyhpyridin-2-yDamine )pyridin-4-yijoxy phenyl)-3-(4-fluerophenyi)-1-
isopropyl-2,4-diexo-1,2,3 4-tetrabhydropyrimidine-S-carboxamide

To a1 dram vial was added N-(4-((2-chioropyridin-4-yhoxy)-3-fluorophenyl)-3-
(4-fluorophenyl}-t-1sopropyl-2.4-dioxo-1,2.3 4-tetrahy dropyvrimidine-5-carboxamide
(26.3 mg, 0.051 mmol), 6-{4-{methvisulfonypiperazin-1-y1i-S-(triftuoromethy Dpyridin-
Z-amine (24.95 mg, 0.077 mmol}, Xantphos (3.56 mg, 6.15 pmol), Cs2C0: (50.1 mg,
0.154 mmol), Pd2(dba): (4.70 mg, 5.13 umol) and Dioxane (513 pl). The reaction mixture
was heated for 3 hours at 100 °C. After cooling to rt, reaction mixture concentrated in
vacuo giving a brown residue was was dissolved in DMF, filtered and purified by
preparative LC/MS (Coluron: Xbridge C18, 19x200 mim, S uM; Mobile Phase A: 5:95
acetomirile: water with 0.1% TFA; Mobile Phase B: 95:5 acetonitrile: water with 0.1%
TFA; Gradient: 30-70% B over 20 minutes, then a 4-minute hold at 100% B; Flow: 20
ml/min} to give the product (19 mg, 45%) upon centrifugal evaporation. "H NMR (500
MHz, DMSO-de) 5 10.95 (s, 1H). 8.61 (5, 1H), 8.22 (d, J=5.8 Hz, 1H), 7.93 (dd, =12.8,
1.8 Hz, 1H), 7.87 (4, J=8.5 Hz, 1H), 7.50 - 7.31 (m, 6H), 7.29 (br s, 1H), 7.21 (br d, J=8.5
Hz, 1H), 6.70 (dd, J=5.8, 2.1 Hz, 1H), 4.75 (quin, J=6.7 Hz, 1H), 3.60 - 3.51 {m, 1H),
318 -3.11 {m, 4H), 3.09 (br d, J=4.3 Hz, 4H), 2.86 (s, 3H). 1.41 (s, 3H). 1.39 (s, 3H),
LCMS (M+H) = R01.5 HPLC RT = 1.8% min (Column: Waters XBridge C18, 2.1 mmx
S0 mm, 1.7 pm particles; Mobile Phase A: 5:95 acetonitrile: water with 0.1 %
trifluoroacetic acid; Mobile Phase B: 95:5 acetonitrile: water with 0.1 % trifluoroacstic
acid; Temperature: 50 °C; Gradient: 0 %B 1o 100 %B over 3 min, then a 0.75 min hold at

100 % B; Flow: 1 mL/min; Detection: MS and UV (220 nm).
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Esxamples 139-10 141
The compounds in Table 12 were prepared according to the procedures described

for Example 138,
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Table 12
Ex. No. R3 HPLC RT LC/MS HPLC
{min) {M+H) Method
(.?OQMG
139 _N
] 1.94 781.5 A
N
-
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140 i
i 1.95 8G0.1
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141 N
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HPLC Conditions for Table 12:

10 Method A: Coluron: Waters XBridge C18, 2.1 ram x 50 nwn, 1.7 pm particles; Mobile
Phase A: 5:95 acetonitrilerwater with 0.1 % trifluorcacetic acid; Mobile Phase B: 95:5
acetonitrile:water with G.1 % trifiuoroacetic acid; Temperature: 50 °C; Gradient: 0 %B {o
100 %B over 3 min, then a 0.73 nun hold at 100 % B; Flow: 1 mi/min; Detection: MS

and UV (220 nm).

-
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MERTE, AXL, TYR(3 kinase Homogeneous Time Resolved Fluorescence (HTREF)
Assay

Binding assays contained | nM kinase (GST-MERTK 578-872 HIS-AXL 473-
End, or GST-TYRO 451-890 ), 0.2 nM terbium labelled antibody ( anti-GST or anti-
HIS), fluorescein-labelad kinase tracer at its respective kinase Kd, and test compounds in
assay buffer consisting of 20 mM Hepes pH 7.3, 10 mM MgClh, 0.015% Brij-35, 2 mM
DTT, and 50 pg/ml BSA. Assays were performed in black, flat-bottom, 1536-well plates.
The reactions were incubated at room temperature for 60 minutes, following which the
HTRF signals, ratio of fluorescence intensities at emission wavelengths for fluorescein
acceptor {520 nm) and terbium donor (495 nmy), the 520/495 ratio, were measured on the
Fnvision Plate reader. Inhibition data were calculated from the 520/495 ratio generated by
the no protein controf reactions for 100% inhibition and vehicle-only reactions for 0%
inhibition, and dose response curves generated to determine the concentration required for
inhibiting 50% of the HTRF signal (ICso). Compounds were dissolved at 10 mM in

dimethylsulfoxide (DMSQO} and evaluated at eleven concentrations.

MERTR/AXL/TYRO Caliper Activity Assays

The inhibitory activity of compounds was tested in the MERTK, AXL, and
TYRO3 activity assays carried out in 20 mM Hepes pH 7.5, 10 mM MgCl, 0.05 mg/mi
BSA, 0.015 % Bry-15 and 2 wM DTT. Incubation mixtures contamning 1 oM {ull length
kinase { MERTK Lite Technologies Part # PV4112, or AXL Life Technologies Part #
A31521, or TYRO3 Life Technologies Part # A31521), ATP at the kinase ATP Km
(30,100 and 13 mM for MerTK, Axl and Tvro3 respectively), 1.5 mM peptide substrate
([FITCI-AHA- KKKKEFEIYFFFG -[OH] ), and test compounds were incubated for 60
min, after which they were quenched with a | mM EDTA solution. The reaction mixtures
were analyzed on a Caliper LabChip 3000 {Caliper LifeSciences, Hopinkton, MA, USA)
by electrophoretic separation of the fluorescent substraie and phosphorylated product
using the following run conditions: pressure of -1.2 psi, downstream voltage of -500 'V,
and upstream voltage of -1800 V. Inhibition data were calcudated from the product
conversion generated by the no enzyme control reactions for 1009 inhibition and vehicle-
only reactions tor 0% inhibition. Dose response curves were generated to deternune the

concentration required for inhibiting 50% of the enzyme activity. Compounds were
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dissolved at 10 mM in dimethyisulfoxide {(DMSQ) and evaluated at eleven

concentrations.

Inhibition of Efferocytosis Activity Assay

Human monocyes were commercially available (Brospecialty} and differentiated
into MO Macrophages in differentiation media (RPMI, 10%FBS, 100ng/m] M-CSF,
Pen/Strep) in a flask for 6 days at 37°C. The cells were washed thoroughly with PES
(without Ca/Mg), Harvested with TrypLE and frozen down n aliguots.

One day before assay, thaw MO macrophage cells and plate at 10,000 cells per
well in a black, clear-bottor 384~well plate 1n 40ul of M2 polarization media (RPMI,
10%FBS, 100ng/mi M-CSF, 100nM Dexamethasone, Pen/Strep). Separately, treat Jurkat
cells with 2uM camptothecin in growth media (RPMI, 10%FBS, Pen/Strep) to induce
apoptosis. Leave some Jurkat cells untreated. Incubate the macrophages and the Jurkais
overnight at 37°C,

On the assav day, spin the Jurkat cells {apoptotic and untreated “live™ jurkats,
separately) at 1500rpm for § min, wash once with PBS, and resuspend at 1x1076 cells/ml
in PBS contamning 0. lug/ml pHrodo-SE (Life Technologies# P36600). Incubate the
Jurkats for 30min at RT in the dark. Then spin and wash the Jurkats twice with PBS, then
resuspend them at 4x1076 cells/mi i RPMI. Replace the macrophage cell media with
20ul RPMI, Echo compounds 20ul to macrophage plate and mcubate for 30 min. Add 20
ul of labeled Jurkats to each well contaiming the M2 macrophages. Echo compounds
additional 20n! to macrophage plate. Spin briefly {~1 min} at 1000 rpm to setile Jurkats
onito the bottom of the wells. Incubate at 37 °C for 1 hr. Wash the wells with 100 ul
FACS buffer (PBS with Ca/Mg, 2% serum) twice, Stain with 20 yl of anti-CD11b-FITC
{Biolegend #101206) at 1:500 dilution in FACS buffer. Incubate for 20 min at RT.
Discard supemnatant, wash the cells with FACS buffer once, then fill each well with 50 pl
FACS Buffer. Assess efferocviosis by High-Content Tmnaging using Celigo by gating
CD1ib labeled cells on the green channel and measuring the integrated mtensity of
pHrodo-SE on the red channel. In analysis, the base line 15 the signal from pHrodo-SE
tabeled hive jurkats with M2 macrophages treated with DMSO and the total signal is from

pHrodo-SE labeled apoptotic jurkats with M2 macrophages treated with DMSO.
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MerTK/Ax] pERK Target Engagement Assay

CHO-MerTK KD and CHO-AT KD cells were plated at 3,000 cells/well in black
384~well plates (PDL treated, BD cat# 356662)1in 20 pl of Ham's F-12K (Kaighn's) Medium
{Gibco, cat # 21127022), n the the presence of 10% FBS and Pen-Strep and cultured at 37
°C in 5% COn. In 18 hours, cells were washed once with serum-free F12K medium, and
starved in the same medium {or four hours.

Compounds were added at 25 nl to each well, and incubated with cells at 37 °C in 5%
CO: for one hour. Human EGF was added to the wells at 100 ng/ml fimal concentration in
Sul F12K mediom. Plates were incubated at 37 °C with 5% CO: for 5 additional minutes.

Reaction was stopped by adding 25 ul./well of 8% formaldehvde and cells were fixed
following the incubation for 30 mun at RT using final concentration of 4% formaldehyde in
DPBS containing Ca’" and Mg”" (DPBS'™"). Fixed cells were washed twice with DPBSY",
followed by a 20 min permeabilization step using Permeabilization Buffer (ThermoFisher,
cat # 8408400}

Permeabilized cells were washed twice with DPBS"" and blocked for 1 hour with
IX Blocking Buffer {(ThermoFisher, cat # 84038500). Anti-Phospho-p44/42 MAPK
(Erk1/2) (Thr202/Tyr204) (313.14.4F) XP® Rabbit primary antibody (CST. cat # 4370) at
1:500 dilution in 1X Blocking Buffer were added to the cells and plates were incubated
overmight at 4 °C.

Plates were washed twice with DPBS™" Alexad38 conjugated anti-rabbit
secondary antibody (Tnvitrogen, cat # A11034) was added to the cells at 1:1000 dilution
in 1X Blocking Buffer and incubated for 1 hour at RT. Hoechst33342 (Life Technology,
cat # 62249) was used for nuclear counter staining at 4 pg/ml final conceniration in the
same solution with the secondary antibody. Cells were washed twice with DPBS™" after
each antibody incubation step. Fluorescent images were acquired on Cellinsight™ high-
content platform (Thermofisher) using a 10X objective.

High-content images were analyized using HCS Studio Cell Analysis Software
(ThermoFisher). The average intensity of pERK staining was measured and used for
compound’s I so calculation.

Compound ICso calculation: Average itensity of pERK reading per well in 100
ng/ml EGF/ DMSO was set as 0%, and average intensity of pERK inno EGF/DMSO was

set as 100%.



WO 2019/213340 PCT/US2019/030310

Table 1 shows the ICso values {or representative examples of this invention,

Mer HTRF At HTRF
Example# 4 )
50 (nv) s (nM)
1 14 29
3 59 1730
4 32 44
5 56 24
6 37 7.5
7 82 21
8 105 66
G 16 29
10 43 15
11 128 53
12 228 55
i3 10 4.1
14 11 3.6
i5 8.0 1.7
16 5.8 1
17 1.9 2.7
i8 18 it
19 4.4 1.6
20 12 4.7
21 164 39
22 49 8.9
23 55 31
24 i2 5.6
25 13 3.6
26 64 i3
27 19 6.8




WO 2019/213340

PCT/US2019/030310
Example Mer HTRF Axl HTRF
1Cs0 (nM) IC's0 (M)

28 20 74
25 182 72
30 165 48
31 158 75
32 342 0.9
33 67 19
35 43 0.8
36 38 11
37 14 2.6
38 16 35
39 11

40 11 3.8
42 21 74
43 21 222
44 71 19
45 40 21
46 12 54
47 7.9 6.0
48 15 4.4
49 3,310 110
51 175 140
52 216 62
53 487 256
54 59

55 6.7

56 17

58 201 287
59 137 12
60 114 993
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Examples Mer HTRF Axl HTRF
1Cs0 (nM) IC's0 (M)

61 794 4,174
62 23 4.6
63 119 62
64 814 181
65 127 100
66 29 31
67 71 87
68 20 7.1
69 23 18
70 14 14
71 40 12
72 119 90
73 24 59
7: 1,444 2.9
75 42 3.5
76 38 18
77 83 5.0
78 98 986
79 13 70
BO 19 12
81 17 4.4
82 8.8 256
83 13 34
84 31 2,329
85 19 3.9
86 31 10
87 6.7 16
88 56 33
89 6.6 44
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Mer HTRF AxI HTRF
Example#
150 (0} 50 (n¥E)

90 3.1 2.2
91 72 38
92 1.9 0.4
93 1.6 04
94 35

95 4.3 0.8
96 2.9 0.7
97 1.0 3
98 22 36
99 6.4 7.4
100 2.1 3.1
101 1.6 1.9
102 0.5 0.9
103 0.6 0.7
104 3.9 3.1
105 1.4 2.3
106 8.2 8.2
107 54 it
10¥ 9.1 3.8
109 70 62
116 1.6

111 i4

112 4.1 0.8
1i3 2.8 4.8
114 1.4 0.6
115 816 41
116 1.0 1.5
117 2.8 3.6
118 1.5 1.4
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Examnples Mer HTRF Axl HTRF
1Cs0 (nM) IC's0 (M)
119 1.5 4.2
120 1.6 1.1
121 2.4 39
122 6.0 9.8
123 1.8 1.4
124 2.9 2.0
125 2.2 1.3
127 8.6 5.
129 2.9
130 7.1
131 21 28
132 12
133 22 52
135 1.0 1.1
136 39 1040
137 36 34
138 20 23
139 11 77
141 17 14,660

- 141 -
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WE CLAIM:

I. A compound of the formula

)
wherein:

Arlis C3-Cy arvl or C3-Cy heteroary! containing 1-4 heteroatoms selected from ~
N-, (3= or —S-;

Ar?is Cs-Cs heteroaryl containing 1-4 heteroatooms selected from —N-, -0O- or —S;

Q' is -NHCO-, -CONH-, -NHSO:-, -SO:NH-, -NHSO:NH-, -NHCONH- of]
-OCONH-;

Q% is —0- or -NH-;

R! and R? are independently hydrogen, C1-Cs alkyl, -(CHz) C5-Cs cycloatkyl, -
{(CHa2)r C3-Cy aryi or -{CH2)r C5-Cs heteroaryl containing 1-4 heteroatoms selected from —
N-, -0- or -8~ said alkvl, cvcloalkyl, aryl and heteroaryl groups substituied with 0-4 R*?
groups;

R is hvdrogen, halogen, CFs, Ci-Cs alkyl, C1-Cs alkoxy or ~COC1-Cs alkyl;

R? and R* are mdependently hydrogen, halogen, CF3, CN, C;1-Cs alkyl, C1-Ce
alkoxy, (3-Cs heterocvelyl contamning 1-4 heteroatoms selected from -N-, -0- or —S§-, -
CONRCR®, -NRICOR®, -NRISO:R?, -SOR7, -SO:NRR®, -NRR® or -NCOOR’, said
alkyl, heterocycly! and alkoxy groups substituted with 0-4 R groups;

R* is hydrogen, halogen, CHF2, CFs, C1-Cs alkyl, Ci-Cs atkoxy, ~(CHz:COOR?,
OR’, -SOzRY, -SO2NRIR®, -NRR®, NR*COOR® or -COC1-Cs alkyl;
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R’ and R® are mdependently hydrogen, C1-Cs alkyl or C3-Ce arvl, said arvl and
alkyl groups sunbstituted with 0-4 R or R® and R together with the nitrogen atoms to
which they are atiached form a heterocyclic ring containing 0-2 additional heteroatoms

selected from ~N-, -0O- or —S$- and are substituted with 0-2 R™ groups;

(¥4}

R is hydrogen, halogen, OH or Ci-Cs alkyl;

X and Y are independently are independently hydrogen, halogen, C1-Cs alkyl, Ci-
Cs alkoxy, ON, -CONRRS, -NRSCORS, -NRISO:R, -SO:2R°, -SO2NRRE, -NRRE or —
NCOOR?, said alky! and alkoxy groups substituted with 0-4 R*? groups;

ris0, 1 or2;

10 or a pharmaceutically acceptable salt, tautomer or stereoisorner thereof.

2. The compound according to claim 1 of formula (I}

15
(I
whergin:
Arl is C3-Cs aryl
Ar?is C3-Cy heteroary] containing |-4 heteroatooms selected from —N-, -0- or -8;
20 Q! is -NHCO-, -CONH-, -NHSOs-, -SOoNH-, -NHSO:NH-, -NHCONH- or]
-OCONH-,
Q% is —O- or -NH-;
R! and R? are independently hydrogen, C1-Ce alkyl, {({CH2): C3-Cs cycloalkyl, -
(CHa) C35-Cs arvi or -(CHa2)e Cs-Cs heteroaryl containing 1-4 hetercatoms selected from —
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N-, -0- or -8-, said alkyl, cvcloalkyl, aryl and heteroaryl groups substituted with 0-4 R'?
roups;

R s hydrogen, halogen, CFs, C1-Cs alkyl, C1-Cs alkoxy or -COC1-Cs alkyl;

R? and R* are independently hydrogen, halogen, CFs, UN, C1-Cs alkvi, C1-Cs

5 alkoxy, Cs5-Cs heterocyclyl containing 1-4 heteroatoms selected from —N-, -0- or -8-, -
CONRRE, -NRPCORS, -NRSOzRS, -SOoR5, -SOHONRRE, -NRR® or -NCOOR’, said
alkyl, heterocyclyl and alkoxy groups substituted with 0-4 R groups;

R is hydrogen, halogen, CHF2, CFs3, C1-Cs alkyl, C1-Cs alkoxy, -(CH2)COOR?,
OR’, -802R7, -SO2NRIRE, -NRIRE, NR3COOR® or -COC1-Cs alkyl,

10 R° and R® are independently hydrogen, C1-Ce alkyl or Cs-Cs arvl, said arvl and
alky! groups sunbstituted with 0-4 R*; or R and R® together with the nitrogen atoms to
which they are attached form a heterocvclic ring contaming 0-2 additional heteroatoms
selected from —N-, -O- or —S- and are substituled with 0-2 R groups;

R is hvdrogen, halogen, OH or Ci-Cs alkyl;

15 X and Y are independently are independently hvdrogen, halogen, C1-Cs alkvl, Ci-
Cs alkoxy, CN, -CONRR®, -NR3CORS, -NRISO:R®, -80:2R, -SO2NRIRE, -NRRS or —
NCOOR?, said alkvl and alkoxy groups substituted with 0-4 R* groups;

ris0, 1 or2;
or a pharmaceutically acceptable salt, tautomer or sterevisomer thereof,
20
3 The compound according to claim 2 of formula 1
R‘!

M
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whergin:

Arl is C3-Cs aryl

Ar?is C3-Cy heteroary] containing |-4 heteroatooms selected from —N-, -0- or -8;

Q! is -NHCO- or -CONH;

Q% is ~0- or ~-NH-;

R} and R? are independently hydrogen, C1-Cs alkyl, ~-(CH2)r C3-Cs cveloalkyl, -
(CHa}r C3-Cs arvi or -(CH2)r Cs-Cs heteroaryl containing 1-4 hetercatoms selected from —
N-, -0- or -8-, said alkyl, cvcloalkyl, aryl and heteroaryl groups substituted with 0-4 R'2
roups;

R s hydrogen, halogen, CFs, C1-Cs alkyl, Ci-Cs alkoxy or —COC1-Cs alkyl;

R? and R* are independently hydrogen, halogen, CFs, UN, C1-Cs alkvi, C1-Cs
alkoxy, Cs-Cs heterocyclyl containing 1-4 heteroatoms selected from ~N-, -O- or -8-, -
CONRRE, -NRPCORS, -NRSOzRS, -SOoR5, -SOHONRRE, -NRR® or -NCOOR’, said
alkyl, heterocyclyl and alkoxy groups substituted with 0-4 R groups;

R is hydrogen, halogen, CHF2, CFs3, C1-Cs alkyl, C1-Cs alkoxy, -(CH2)COOR?,
OR’, -802R7, -SO2NRIRE, -NRIRE, NR3COOR® or -COC1-Cs alkyl,

R° and R® are independently hydrogen, C1-Ce alkyl or Cs-Cs arvl, said arvl and
alky! groups sunbstituted with 0-4 R*; or R and R® together with the nitrogen atoms to
which they are attached form a heterocvclic ring contaming 0-2 additional heteroatoms
selected from —N-, -0- or —S- and are substituied with 0-2 R groups;

R is hydrogen. halogen, OH or Ci-Cs alkyl:

X and Y are independently are independently hyvdrogen, halogen, C-Ce alkyl, Ci-
Cs alkoxy, CN, -CONRR®, -NR3CORS, -NRISO:R®, -80:2R, -SO2NRIRE, -NRRS or —
NCOOR?, said alkvl and alkoxy groups substituted with 0-4 R*? groups;

ris0, 1 or2;

or a pharmaceutically acceptable salt, tautomer or sterevisomer thereof,

4. The compound according to claim 3 of formula
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(I
whergin:
5 Arlis C5-Cs arvl
Ar? is C3-Cy heteroary] containing 1-4 heteroatooms selected from —N-, -0- or —8;
Q' is ~-NHCO- or -CONH;
Q% is —O-;
R! and R? are independently hydrogen, C1-Ce alkyl, {({CH2): C3-Cs cycloalkyl, -

10 (CHa C3-Cs aryi or <(CHz)r C5-Cs hetercaryl containing 1-4 heteroatoms selected from —
N-, -0- or —8-, said alkyl, cycloalkyl, arvl and heteroary! groups substituted with 0-4 R
groups;

R!2is hydrogen, halogen, CFs, C1-Cs alkyl, Ci-Cs alkoxy or ~COC-Cs alkyl;
R’ and R* are independently hydrogen, halogen, CFs, ON, C1-Cs alkyl, C1-Cs

15 alkoxy, C3-Cs heterocyclyl containing 1-4 hetercatoms selected from —N-, -0G- or —8-, -
CONRRS, -NRCORS, -NRSOR®, -SOrR3, -SG:2NRRE, -NRR® or -NCOOR”, said
atkyl, heterocyclyl and alkoxy groups substituted with 0-4 R groups;

R3%is hydrogen, halogen, CHF2, CFs, C1-Cs alkyl, C1-Cs alkoxy, -(CH2COOR®,
OR?, -SO0R, -SOaNRRE, -NRRE, NR*COOR® or -COC1-Cs alkyl;

20 RS and R® are independently hydrogen, Ci-Ce alkyl or C3-Cs arvl, said arvl and
alky! groups sunbstituted with 0-4 R*; or R® and R® together with the nitrogen atoms to
which thev are attached form a heterocyclic ning containing 0-2 additional heteroatoms
selected from —N-, -O- or —S- and are substituted with 0-2 R* groups;

R is hydrogen, halogen, OH or C;-Cs alkyl;

- 146 -



WO 2019/213340 PCT/US2019/030310

(¥4}

10

13

20

X and Y are independently are independently hydrogen, halogen, C1-Cs alkvl, Cr-
Cs alkoxy, CN, -CONRR®, -NR3CORS, -NRISO:R®, -80:2R, -SO2NRIRE, -NRRS or —
NCOOR?, said alkvl and alkoxy groups substituted with 0-4 R*? groups;

ris0, 1 or2;

or a pharmaceutically acceptable salt, tautomer or sterevisomer thereof,

5. The compound according to claim 4 of formula ()
R’i
{
QQ?,N E
AN
o )
Np2
pr
Réﬁ
X
| P Ar?
N~ N
H
ey
wherein:

Artis Ca-Ce arvl

Ar?is C3-Cg heteroaryl containing 1-4 heteroatooms selected from —N-, -0- or -S;

Q' is -NHCO- or -CONH;

Q% is ~0-;

R!and R? are independently hydrogen, Ci1-Ce alkyl, «(CHz2) C3-Cs cycloalkyl, -
{CHa)r C5-Cs arvi or -{CHz)r C35-Cs heteroary! containing 1-4 heteroatoms selected from —
N-, -(3- or -8~ said alky{, cvcloalkyl, arvl and heteroary! groups substituted with 0-4 R
groups;

R'%is hydrogen, halogen, CFs, C1-Cs alkyl, Ci-Cs alkoxy or —-COC1-Cs alkyl;

R? and R* are independently hvdrogen, halogen, CFs. CN, C1-Cs alkyl. C1-Co
alkoxy, (3-Cs heterocyclyl contaiming 1-4 heteroatoms selected from -N-, -0- or -§-, -
CONRRS, -NRPCOR®, -NRSO2R, -SO2R3, -SGoNRRS, -NRR® or ~NCOOR’, said

atkyl, heterocyclyl and alkoxy groups substituted with 0-4 R* groups;
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R is hydrogen, halogen, CHF2, CFs3, C1-Cs alkyl, C1-Cs alkoxy, -(CH2)COOR?,
OR?, -SO2R5, -SOXNRIRC, -NRR®, NRCOOR® or -COC1-Cs alkyl;

R° and R® are independently hydrogen, C1-Ce alkyl or Cs-Cs arvl, said arvl and
alky! groups sunbstituted with 0-4 R*; or R and R® together with the nitrogen atoms to

5 which they are attached form a heterocvclic ning containing 0-2 additional heteroatoms

selected from —N-, -O- or —S- and are substituled with 0-2 R groups;

R is hvdrogen, halogen, OH or Ci-Cs alkyl;

X and Y are independently hydrogen, halogen or Ci-Cs alkyl

ris0, 1 or2;

10 or a pharmaceutically acceptable salt, tautomer or stereoisorner thereof.
6. The compound according to claim 5 of formula 1l

N Y 2
o O Y//

15 an
whergin:
Artis C3-Cs heteroary] containing |-4 heteroatooms selected from —N-, -0- or -8;
R} and R? are independently hydrogen, C1-Ce alkyl, -(CH2)r C3-Cs cycloalkyl, -
{CHa2) C3-Ce arvi or «{TCH2)r C3-Ce heteroaryl containing 1-4 heteroatoms selected from —
20 N- -0-or -S-, said alkyl, cveloalkyl, aryl and heteroaryl groups substituied with 0-4 R
groups;
R'is hydrogen, halogen, CFs. C1-Cs alkyl, Ci-Cs alkoxy or ~COC1-Cs alkyl;
R’ and R* are independently hydrogen, halogen, CFz, CN, C1-Cs alkyl, C1-Ce
alkoxy, C3-Cs heterocvelyl containing 1-4 heteroatoms selected from —-N-, -O- or —8-, -
25 CONRSRE, -NRSCOR®, -NRSSO:RS. -SO:R%, -SO:NRRS, -NRSR® or -NCOORS, said

alkyl, heterocyclyl and alkoxy groups substituted with 0-4 R* groups;
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R is hydrogen, halogen, CHF2, CFs3, C1-Cs alkyl, C1-Cs alkoxy, -(CH2)COOR?,
OR?, -SO2R5, -SOXNRIRC, -NRR®, NRCOOR® or -COC1-Cs alkyl;

R° and R® are independently hydrogen, C1-Ce alkyl or Cs-Cs arvl, said arvl and
alky! groups sunbstituted with 0-4 R*; or R and R® together with the nitrogen atoms to

5 which they are attached form a heterocvclic ning containing 0-2 additional heteroatoms

selected from —N-, -O- or —S- and are substituled with 0-2 R groups;

R is hvdrogen, halogen, OH or Ci-Cs alkyl;

X and Y are independently hydrogen, halogen or Ci-Cs alkyl

ris0, 1 or2;

10 or a pharmaceutically acceptable salt, tautomer or stereoisorner thereof.
7. The compound according to claim 6 of formuia (1)

N Y 2
o O Y//

15 an
whergin:
Artis C3-Cs heteroary] containing |-4 heteroatooms selected from —N-, -0- or -8;
R} and R? are independently hydrogen, C1-Ce alkyl, -(CH2)r C3-Cs cycloalkyl, -
{CHa2) C3-Ce arvi or «{TCH2)r C3-Ce heteroaryl containing 1-4 heteroatoms selected from —
20 N- -0-or -S-, said alkyl, cveloalkyl, aryl and heteroaryl groups substituied with 0-4 R
groups;
R'is hydrogen, halogen, CFs. C1-Cs alkyl, Ci-Cs alkoxy or ~COC1-Cs alkyl;
R?is hydrogen, halogen, CF3, CN, C:1-Cs alkyl, C1-Cs alkoxy, C3-Cs heterocyclyl
containing 1-4 heteroatoms selected from —N-, -0- or 8-, -CONRR®, -NR’COR®, -
25 NRISO:R®, -SO:RY, -SONRRE, -NRR® or -NCOOR?, said alkyl, heterocyclyl and

alkoxy groups substituted with 0-4 R groups;
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R* s hydrogen, halogen, CN, Ci-Cs alkyl, C3-Ce heterocyelyl containing 1-4
heteroatoms selected from —N-, -0O- or —S- or -NR’R®, said alkyl, heterocycliyl and alkoxy
groups substituted with 0-4 R groups;

R3?is hydrogen, halogen, CHF», CFs, C1-Cs alkvi, C1-Cz alkoxy, -{(CH23COO0OR?,
OR®, -SO2R5, -S0aNRRE, -NRRE, NRCOOR® or ~COC1-Cs atkyl;

R’ and R® are independently hydrogen, C1-Cs alkyl or C3-Cs aryl, said ary} and
alkyl groups sunbstituted with 0-4 R*; or R® and R® together with the nitrogen atoms to
which they are attached form a heterocyclic ring containing (-2 additional heteroatoms
selected from —N-, -O- or —S- and are substituted with 0-2 R groups;

R is hydrogen, halogen, OH or C1-Cz alkyl;

X and Y are independently hvdrogen, halogen or Ci-Ce atkyk;

ris0, 1or2;

or a pharmaceutically acceptable salt, tavtomer or sterevisomer thereof,

8. A compound selected from
N-{4-({2-[{5-cvanopyridin-2-yDamino]py ridin-4-y1} oxy)-3-fluorophenyij-3-(4-
fluorophenyl}-2,4-dioso- 1-(propan-2-vi}-1,2,3,4-tetrabey dropyrimidine-5~carboxamide,
MN-{4-1(2-{{5-(diftuoromethy Dypynidin-2-yilamine } pyridin-4-vljoxy]-3-
fluorophenyl} -3-(4-flucrophenyl -2, 4-dioxo-1-{propan-2-y13-1,2,3 4~
{etrahy dropyrinudine-~5-carboxamide,
N-[3-fluoro-4-( {2-{ (S-methanesulfonylpyridin-2-vDaminojpyndin-4-
vitoxyphenyli-3-(d-fluorophenyi}-2 4-dioxo-1-{propan-2-v1)-1,2,3 4-
tetrahy dropyrimidine-S-carboxamide,
N-{4-{(2-{{5~(dimethylsulfamovDpyridin-2-yljamino } pyridin-4-y Doxv }-3-
fluorophenyl}-3-(4-fluorophenyi}-2,4-dioxo-1-(propan-2-vi}-1,2.3 4-
{etrahy dropyrimidine-5-carboxamide,
N-{4-](2-{[5-(dimethyisulfamoyDpyridin-2-yljammo } pyridin-d-y Doxy }-3-
Huorophenyl}-3-(4-fluoropheny!)-2 4-dioxo-~1-{{(38)-oxolan-3-y1]-1,2,3 4~
tetrahy dropyrimidine-S-carboxamide,
N-{4-[(2~{] 5-(dimethylsulfamovDpyridin-2-yljamno } pyridin-4-y Doxy}-3-
fluorophenyi}-3-(S-fluoropyridin-2-v1)-2,4-dioxo-1~{propan-2-y1)-1,2.3 4~

tetrahy dropyrinudine-5-carboxamide,
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W=-{4-[(2-{|S-(dimethylsulfamovpyridin-2-y1jamino } pyridin-4-y Hoxy |-3-
fluorophenyl}-3-(4-fluorophenyl)-1-{(28})-1-hydroxypropan-2-vi}-2,4-dioxo-1,2,3 4-
tetrahy dropyrimidine-S-carboxanude,

N-{4-1(2-{{5-{(dimethyisulfamoypyridin-2-yi{anino } pyridin-4-y1joxy |-3-
fluorophenyl}-3-(3-flucrophenyi)-2,4-dioxo-1-{propan-2-y13-1,2,3 4~
{etrahy dropyrinudine-~5-carboxamide,

WN-{4-{(2-{[5-(dimethylsulfamoyDpyridin-2-vljamimo } pyridin-4d-v Doxy jphenvi} -
2. 4-dioxo-3-phenyi-1-(propan-2-yi}-1,2,3 4-tetrahydropy rimidine-S-carboxamide,

N-{3-fluorc-4-{(2- {[ 5-(methyisulfamoyDpyridin-2-vamino} pyridin-4-
vhoxvlphenyl}-3-(4-fluorophenyl)-2, 4~-dioxo-1-(propan-2-vi}~1,2,3 4~
tetrahy dropyrimidine-3-carboxamide,

MN-{4-1(2-{{5-(azetidine-1-sulfony ipyridin-2-vljamino } pyridin-4-yioxy -3~
Huorophenyl}~3-(4-Juoropheny!}-2,4-dioxo-1-{propan-2-y13-1,2,3.4-
tetrahy dropyrimidine-S-carboxamide,

N-{4-{(2-{] 5-(dimethylsulfamoyl)-4-methylpyridin-2-yljamino } pyridin-4-
vhoxy]-3-fluorophenyt}-3-(4-fluorophenvi)-2,4-dioxo-1-(propan-2-yi}-1,2,.3 4~
tetrahy dropyrimidine-S-carboxanude,

or a pharmaceutically acceptable salt thereof

9. A compound selecled from any of the exemplified species or a

pharmaceutically acceptable salt, tautomer or stereoisomer thereof.

10, A pharmaceutical composition which comprises a compound according o
claim | or a pharmaceutically acceptable salt thereof and one or more pharmaceutically

acceptable carriers, diluents or excipients.

it A combination pharmaceutical product comprising a compound according
to clairo or a pharmaceutically acceptable salt thereof together with one or more other

therapeutically active agents.

12. A compound according to claim 1 or a pharmaceutically acceptable salt

thereof for use in therapy.
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13. A compound according to claim 1 or a pharmaceutically acceptable salt
thereof for use in the treatment of diseases or conditions for which a Mer-Axt inhibtior is

mdicated.

14 A compound or a pharmaceutically acceptable salt thereof for use
according o claim 12, wherein the disease or condilion is cancer,
5. The use according to claim 13 wherein the cancer is small cell lung cancer,
non-small cell lung cancer, triple-negative breast cancer, ovarian cancer, colorectal
cancer, prostate cancer, melanoma, pancreatic cancer, multiple myeloma, T-acute

lymphoblastic leukemia or AML.

16, The use of a compound according to claim 1 or a pharmaceutically
acceptable salt thereof, in the manufacture of a medicament for the treatment of diseases

or conditions for which a Mer-Axl inhibitor is indicated.

17. A method of treating diseases or conditions for which a Mer-Axl inhibitor
is indicated inn a subject in nead thereof which comprises adminstering a therapeutically
effective amount of compound according to claim 1 or a pharmaceutically acceptable salt

thereof.
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