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COMPOUNDS FOR FGFR INHEBITION

TECHNICAL FIELD
The disclosure relates o substituted pyrazolo pyridine compounds that act as
fibroblast growth factor receptor tvrosine kinase (FGFR) inhabitors. The disclosure also
provides compounds of formula (), (1A), (IB}-(1B-3), (IC-a)-(1}-a), (1C-b)-(11-b), (H}-a)-(1il-
h), (V) or (dV-a) and pharmaceutically acceptable salts thereof and uses of the compounds

for the treatment of abnormal cell growth, such as cancer, n a subject.

BACKGROUND

Fibroblast growth factors (FGF s) and thewr receptors (FGFRs) regulate a wide range
of physiologic cellular processes, such as embryonic development, differentiation,
profiferation, survival, migration, and angiogenesis. There are five FGFRs, of which four
{FGFRs 1-4) are highly conserved single-pass transmembrane tyrosme kinase receptors. The
hinding of an FGF 10 an FGFR leads to receptor dimerization and trarsphosphorylation of
tyrosine kinase domains. Dysregulation of the FGF signaling system underlies a range of
diseases associaied with the increased FGF expression.

There remains a need to discover FGFR whibitors having enhanced activity profiles
which may be useful for the freatment of FGFR mutation cancers or other proliferative

diseasas or conditions.

BRIEF SUMMARY
In brief, the present disclosure provides compounds, including sterecisomers,
pharmaceutically acceptable salts, or tautorers thereof, which can be used alone orin
combination with other therapeutic agents.
In one aspect, provided herein, are compounds having the following structure of

Formula IV}

Y.
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or stereoisomers, salts, or tautomers thereof, wherein R\ R% RY A, B, X, and Y are as
defined hergin,
o certain embodiments, provided herein as compounds having the following structure

of Formula (IV-a}:

(IV-a),

or sterecisomers, salts, or tautomers thereof, wherein R%, R*, A, B and X are as defined
herein.

Pharmaceutical compositions comprising one or more of the foregoing compounds of
Formula (IV) or (IV-a} and a therapeutic agent are also provided.

in other embodiments, methods of treatment by administering the foregoing
compounds of Formula IV} or (IV-a) or the pharmaceutical compositions comprising a
compound of Formula {(IV) or (IV-a) (0 a subject in need thereof 1o treat a disease are
provided. In some embodiments, the disease 1s associated with routations in FGFR2 or
FGFR3. In some embodiments, the disease associated with mutaiions i FGFR2 1s a cancer or
cramosynostoic syndrome,

In other embodiments, methods of treatment by adnunistering the foregoing
compounds of Formula (1V) or (1V-a) or the pharmaceutical compositions comprising a
compound of Formula (V) or (IV-a} to a subject in need thereof to treat a disease are
provided, wherein the compound or pharmaceuiical composition is highly selective for
FGFR2 over FGRI

Varigus aspects and embodiments now will be described more fully hereinafter. Such
aspects and embodiments make take many different forms and the exemplary ones disclosed
herein should not be constroed as Hmiting; rather, these emsbodiments are provided so that
this disclosure will be thorough and complete, and will fully convey s scope to those skilled

in the art.
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BRIEF DESCRIPTION OF THE DRAWINGS

In the figures, identical reference numbers identify similar elements. The sizes and
relative positions of elements in the figures are not necessarily drawn 1o scale and some of
these elements are arbitrarily enlarged and positioned to improve figure legibility. Further,
the particular shapes of the elements as drawn are not jotended to convey any jnformation
regarding the actual shape of the particular elements, and have been solely selected for ease
of recognition in the {igures.

F1G. 1 shows p-FGFR iohibition cell 1Cso data and fold shift from FGFR2 WT 1030,

FIG. 2 illustrates a kinome tree showing inhibition of 3 kinases by a compound of the
invention.

FIG. 3 shows a graph of PK of a compound of the invention dosed in mouse, rai, dog, and
cynomolgus monkey,

FI(z. 4 shows a graph of inhibition of pERK with various dosages of a compound of the
mvention,

F1G. 3 shows a graph of tursor growth inhibition with vanous doses of a compound of the

mvention.

DETAILED DESCRIPTION
I Definmtions

For convenience, cerfain terms employed in the specification, examples and claims
are coliected here. Unless defined otherwise, all technical and scientific terms used in this
disclosure have the same meanings as commonly understood by one of ordinary skill in the
art to which this disclosure belongs.

Where a range of values is provided, it is intended that each intervening value
between the upper and lower limat of that range and any other stated or inlervening value in
that stated range s encompassed within the disclosure. For example, if arange of 1 pmio 8
pm is stated, it is iniended that 2 pm, 3 wm, 4 i, 5 um, 6 wm, and 7 wm are also exphicitly
disclosed, as well as the range of values greater than or equal to 1 pm and the range of values
less than or equal to 8 wm.

The singular forms "a," "an," and "the" include plural referents unless the context
clearly dictates otherwise. Thus, for example, reference o a "polvmer” includes a single
polymer as well as two or more of the same or different polyvmers, reference to an "excipient”
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inchudes a single excipient as well as two or more of the same or different excipients, and the
like,

The term “about,” particularly in reference to a given quaniity, 1S meant {0 encompass
deviations of plus or minus five percent.

The composttions of the present disclosure can comprise, consist essentially of, or
consist of, the components disclosed.

All percentages, parts and ratios are based upon the total weight of the composttions and
all measurements made are at about 25 °C | unless otherwise specified.

As used in the specification and appended claims, unless specified o the contrary, the
following terms have the meaning mdicated:

"Anuno” refers 1o the -NH;, -NHR. or -NRy radical.

"Cyano" refers to the -UN radical.

"Hydroxyl" refers to the -OH radical.

"Tonino” refers to the =NH or =NK substituent.

"Nitrg” refers (o the -NO» radical.

"Oxo" refers to the =0 substituent.

"Thio" refers to the =8 substituent.

"Triftuoromethy!” refers to the -C¥Fs radical.

Hydrazido or hvdrazing refers to N-N substituent.

wherein each R is a compatible substituent as deseribed in this disclosure. Where an
R group 1s chiral, 1somers are contemplated and ncluded herem.

"Alkyl” refers to a linear, saturated, acyclic, monovalent hydrocarbon radical or
branched, saturated, acyclic, monovaient hydrocarbon radical, having from one 1o twelve
carbon ators, preferably one to eight carbon atoms or one to six carbon atoms, and which is
attached 1o the rest of the molecule by a single bond, e.g, methyl, ethyvi, #n-propyl,
i-methylethyl (ise-propyl), r-butyl, n-peniyl, 1,1-dimethylethyl (¢-butyl}, 3-methythexyl,
Z-methylhexyl and the hke. An optionally substituted alks? radical 1s an alkyl radical that i
optionally substituted, valence permutting, by one, two, three, four, or five substituents
independently selected from the group consisting of halo, cyano, nitro, aryl. cyeloalkvl,
heterocyclvl, heteroaryl, oxo, trimethylsilanyl, -OR | -QC(0)-R, -N(R )z, -C{OMR", -C(O)OR
SC{OIN(R 3o, -N{RYC(OIOR", -N{RHIC(OR™ -NR)S(ORR" (where tis 1 or 2), ~S{O)OR"™
{where tis 1 or 2), -S{0),R"" (where pis 0, 1, or 2) and -S{O}N{R ) (where tis 1 or 2),
where each R’ is independently hydrogen, alkyl, haloalkyl, cycloalkvl, cyeloalkylatkyl, arvi,

aralkyl, heterocyclyl, or heteroaryl; each R" is independently hvdrogen, cycloalkyl, arvl,
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heterocyciyl, or heteroarvl; and each R is independently alkyl, haloalkyi, cycloaliyl, aryl,
heteroeyelyl, or heteroarvl,

“Alkylene” s a divalent radical of an alkyl group.

“Alkylalcohol” or “alkyl alcohol” refers 1o an alkyl group substituied with an alcohol
(~OH) group.

"Alkoxy" refers 1o a radical of the formula -OR. where Ra 15 an alkyl radical as
defined above containing one to twelve carbon atoms. The alkyl part of the optionally
substituted alkoxy radical is optionally substituted as defined above for an alky! radical.

"Alkoxyalkyl" refers to a radical of the formula -Re-O-Ry, where R. 15 alkylene and Ry
is alkyl as defined above. Alkyl and alkylene parts of the optionally substituted alkoxvalkyl
radical are optionally substituted as defined above for an alkyl radical and alkylene chain,
respectively,

“Aralkyl” refers to aradical of the formula ~Ra-Re, where Rais alkviene and Ry 1s arvl
as described herein. Alkvlene and aryl portions of optionally substituted aralkyl are
optionally substituted as described herein for alkylene and aryl, respectively.

"Arvl" refers to an aromatic monocyvehic or multicyclic hvdrocarbon ring svstem
radical containing from 6 to 18 carbon atoms, where the multicyclic aryl ring system 1s a
bicvelic, tricvelic, or tetracyelic ring system. Aryl radicals include, but are not limited to,
groups such as fluorenvl, phenyl and naphthyl. An optionally substituted ary!is an aryl
radical that is optionally substituted by one, two, three, four, or five substituents
ndependently selected from the group consisting of atkvl, akenwl, halo, haloalkyl,
hatoalkenyl, cyano, nitro, aryl, hetercarvl, heteroarvlatkyl, -R"-OR, -R"-OC(0)}-R | -
R7-N{R ). -R"-COMR, -R"-COYOR, -R"-C{OWN(R ), -R"-N{RY(O)OR", -
RO-NRJCOR™, -R-NRIS(OWR" (where tis | or 2), -R7-S{O}OR" (where t is 1 or 2), -
R7-8(0).R" (where pis 0, 1, or 2), and -R"-S(OWN(R ) (where t is 1 or 2), where each R is
mdependenty hydrogen, alkyl, haloalkyl, cveloalkyi, aryl, heterocvelvl, or hetercaryl; each
R 1 mdependently a divect bond or 4 linear or branched alkvlene or alkenvlene chain; and
each R' 13 independently alkyl, halealkyl, cvcloalkyl, cycloalkylalkyl, arvl, heterocvelyl, or
heterparyl.

“Arviatkoxy” refers to a group of formula —-0-R, where R is aralkyl. An optionally
substituted arvlalkoxy is an arylalkoxy that 1s optionally substituted as described herein for
aralkyl. In some embodiments, arvialkoxy is benzyloxy.

“Bieyclic” refers 1o a ring system that features two joined rings with at least two

conunon atoms. Bigvclic compounds include, but are not linited to, groups such as bicyclic
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arvl, bicyclic heteroaryl, bicyclic cveloalkyl, and bicvelic heterocvcloalkyl, Bicvelic
compounds may be, for example, fused {i.e., fused bicvelic), bridged (ie., bridged bicyclic),
or sprroevelic,

"Cyeloalkyl" refers (o a stable non-aromatic monocyclic or polycyelic hydrocarbon
radical having from three to fifieen carbon atoms, preferably having from three to ten carbon
atoms, and which 15 saturated or unsatorated, and which attaches to the rest of the moleculs
by a smgle bond. A polycyvelic hydrocarbon radical 1s bicyche, tricychic, or tetracyche ring
system. An unsaturated cycloalky! contaims one, two, or three carbon-carbon double bonds
and/or one carbon-carbon triple bond. Monocyelic eycloalkvl radicals mdclude, for example,
cyclopropyl, evclobutyl, cvclopentvl, cvclohexyl, cyclobeptyl, and cyclooctyl. Polyeychic
cycloalkyl radicals include, for example, adamantyl, norbomy!, decalinvl, and the like. An
optionally substituted cycloalkyl is a cycloalkyl radical that is optionally substituted by one,
two, three, four, or five subsiituents independently selected from the group consisting of
alkyl, alkenyl, halo, haloalkyl, haloalkenyl, cvano, witro, oxo, aryl, aratkyl, cvcloatkyl,
heterocyelyl, heteroaryl, -R7-OR., -R"-0C(OQ}-R |, -R-N{R ), -R"-C{OR, -R"-CHOOR,
RCOINR Y, -R-NERICOIOR™, R -NERICOR", -R-NRISOMR™ (where tis 1 o
23, -R"-S(OROR" (where tis 1 or 2), -R"-S(O}R" (where pis 0, 1, or Z) and -

R"-S{O)N(R )2 (where t is | or 2) where sach R is independently hyvdrogen. alkyl, haloalkyi,
cycloalkyl, arvl, heterocyclyl, or heteroarvl; each R” is independently a direct bond or a
linear or branched alkylene or alkenylene chain; and each R™ is independently atkyl,
haloalkyl, cycloalkyl, cvcloalkvlalkyl, arvl, aralkvl, heterocyclyl, or heteroaryl.

“Cycloalkylena™ 1s a divalent radical of a cycloalkyl group.

“Deuterated compounds” are compounds where oue of more by drogen atoms have
been replaced with a deuterium atom. Deuterated drugs may be denivatives of an active
compound. Deuterated drugs may be prodrugs. Deuteration may alter the physical
properties, metabolic properties, activity or safety of a drug.

“Derivatives” are related chemical species that can be denved from a sumilar
compound via chemical reactions. They may encompass slight chermcal modifications,
substitution of atoms with deuterated atoms, substitution of atoms with stable or radioactive
isotopes or other modifications that imbue a compound with desivable properties.

"Fused" refers to any ring system described heremn which s fused o an existing ring
structure in the compounds of the invention (e.g.. fused bicyclic, fused heterccvelic). When
the fused ring system is a heterocyclyl or a heteroarvl, any carbon atom on the existing ring

structure which becomes part of the fused ring system may be replaced with a nitrogen atom.
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"Halg" refers 1o the halogen substituents: bromo, chiore, fluoro, and iodo.

"Haloalkyv!" refers 1o an alkyl radical, as defined above, that is further substituted by
one or more halogen substituents. The mumber of halo substituents included in haloalkylis
from one and up 1o the total number of the hvdrogen atoms availabie for replacement with the
halo substituents {e.g., perfluoroalkyl). Non-limiting examples of haloalinl include
triffuoromethy!, difluoromethyl, trichloromethyl, 2,2 2-triflucroethyl,
{-fluoromethyl-2-flucroethyl, 3-bromoo-2-fluoropropyl, 1-bromomethyi-2-bromoethy! and the
like. For an optionally substitited haloalkyl, the hvdrogen atoms bonded to the carbon atoms
of the alky] part of the haloalkyl radical may be optionally replaced with substituents as
defined above for an optionally substituted alkyl.

"Haloalkenv}" refers to an alkenvl radical, as defined above, that is further substituted
by one or more halo substituents. The number of halo substituents included in haloatkenyl is
from one and up to the iotal number of the hvdrogen atoms available for replacement with the
halo substituents {e.g., perfluorcalkenyl). Non-limiting examples of haloalkenyl include
2, 2-diftuoroethenyl, 3-chloroprop-1-envl, and the like. For an optionally substituted
haloalkenvi, the hydrogen atoms bonded 1o the carbon atoms of the alkenyi part of the
hatoatkenyl radical may be optionally replaced with substituents as defined above for an
optionally substituted alkeny! group.

"Haloalkynyl" refers io an alkvayl radical, as defined above, that 13 further substituted
by one or more halo substituenis. The nomber of halo substitoents inchuded in haloalkynyl is
from one and up to the total number of the hydrogen atoms available for replacement with the
halo substituents (e g, perfluorcalkynyl). Non-hmiting examples of haloalkvny! include
3~chloroprop-1-vovl and the like. The atkynyl part of the haloalkynyl radical may be
additionally optionally substituted as defined above for an alkvnyl group.

“Heteroalky!” refers fo a linear, saturated, acvelic, monovalent hvdrocarbon radical or
branched, saturated, acvclic, monovalent hydrocarbon radical, having from one to twelve
carbon atoms contairing a fotal of one 1o six heteroatoms mdependently selecied from the
group consisting of nitrogen, oxvgen, phosphorus, and sulfur. Heteroalkyl 1s optionally
substituied as described herein for alkyl.

“Heteroarvialkyl” refers to a radical of the formula -Ro-Re, where Ra is alkvlene and
Rs 18 heteroary] as described herein. Alkylene and heteroarvl portions of optionally
substituted heteroarvlalkyl are optionally substituted as described herein for alkylene and
heteroarvl, respectively.

“Heterocyeloalkyl” refers 1o 3- to 18-membered saturated ring svsiem radical having

~y
!

SUBSTITUTE SHEET (RULE 26)



WO 2025/034912 PCT/US2024/041350

the carbon count of two to twelve and containing a total of one to six heteroatoms

independently selected from the group consisting of mitrogen, oxygen, phosphorus, and

sulfur. A helerocveloalkyl radical is a monoevelie, bicyelie, tricvelie, ot tetracyclic ring

systern. A bicyelic, tricyelic, or tetracyelic heterocycloalkvi 15 a fused. spiro, and/or bridged

ring system.

“Heterocycloalkyvlene” is a divalent radical of a heterocycloalkyl group.
"Heterocyclyl” or “heterccyclic” refers to a stable 3- to 18-muembered non-aromatic

ring system radical having the carbon count of two to twelve and containing a total of one to

six heteroatoms independently selected from the group consisting of nitrogen, oxvgen,

phosphorus, and sulfur. A heterocvelyl radical 1s a monocyelic, bieyelic, tnicychic, or

tetracyclic ring svstem. A bicyclic, fricychic, or tetracvclic heterocyelyl is a fused, spiro,

and/or bridged ring system. The heterocyclyl radical may be saturated or unsaturated. An

unsaturated heterocyelyl contains oue, two, or three carbon-carbon double bonds and/or one

carbou-carbon triple bond. An optionally substituted heterocvelyl is a heterocyelyl radical

that 13 optionally substituted by one, two, three, four, or five substituents independently

selected from the group consisting of alkyl, atkenyl, halo, haloalkyl, haloalkenyl, cvano, oxo,

thioxo, nitro, aryl, aralkyl cycloatkyl, heterocyclyl, heteroaryl, -R"-OR’, -R"-OC(O)-R . -

RI-N(R )2, R-CIOR, -R-CIOJOR | -R-CIOMN(R ). R™-NR)CO)OR”, -

RO-N{RIC(OR™, -R7-N(R)S(O)R"™ (where tis 1 or 2), -R"-S{OXOR" {where tis 1 or 2), -

RI-S(0)R” (where pis 0, 1, or 2), and -R"-S(OIN(R ), {where t is 1 or 2), where each R is

mndependently hvdrogen, allyl, alkenyi, haloalkyl, cycloalkyl, aryl, heterocyelyl, or

hetercarvl; each R” is independently a direct bond or a linear or branched alkylene or

alkenviene chain, and each R" is independently alkyl, alkenvi, haloalkyl, cycloatkyl, arvl,

heterocvelyl, or heteroarvl. The nitrogen, carbon, or sulfur atoms in the heterocvelyi radical

may be optionally oxidized {when the substituent 1s oxo and is present on the heteroatom);
the nitrogen atom may be optionally quaternized {when the substituent is alkyl, alkenyl, arvi,
aratkyl, cycloatkyvl, heterocyelvl, heteroaryl, -R7-OR, -R"-0C{O)}-KR, -R"-N(R ), -
R-CIOMR’, -R"-COIOR | -R™-CIOIN(R p, -R7-NRIC(O)0R™, -R-NEIC(OR™, -
R-NR)IS(OWR™ {where tis 1 or 2), -R"-S(O}OR'" (where tis T or 2}, -R"-8(0),R" {where
pis 0, 1, or 2, and -R7-S{OUN(R ) {where tis 1 or 2), where R” is a linear or branched
alkylene or alkenylene chain, and R and R” are as defined above). Examples of optionally
substituted heterocvelyl radicals include, but are not limited to, azetidinyl, dioxolanyl,
thienyh 1,3 jdithianyl, decahvdroisoquinolyl, imidazolinyl, imidazolidinyl, isothiazolidiny,

isoxazolidiny], morpholinyl, octahydroindolvl, octahydroisoindolvl, 2-oxopiperazinyl,

g
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2-oxopiperidinyl, 2-oxopyrrolidinvi, oxazolidinyl, piperidinvi, piperazinyl, 4-piperidonyl,
pyrrolidinyd, pyrazolidinyl, thiazolidinyl, tetrabydrofuryl, trithianyl, tetraby dropyranyl,
thiomorpholinvl, thiamorpholinyl, I-oso-thioroorphohinyl, and 1, 1-dioxo-thiomorpholinyl.

“Heterocyclylene” refers 10 a heterocycly! in which one hydrogen aton is replaced
with a valency. An optionally substituted heterocyclyvlene is optionally substituted as
described herein for heterocyclyl

"Heteroaryl" refers to a 5- to 1 8-roerubered ring systers radical containing at least one
aromatic ring, having the carbon count of one to seventesn carbon atorns, and contaiung a
total of one to ten hetercaioms independently selected {rom the group consisting of mitrogen,
oxygen, and sulfur. The heteroaryl radical is a monocyclic, bievelie, tricyclic, or tefracvelic
ring system. The bicvclic, fricvehic, or tetracyelic heteroaryl radical is a fused and/or bridged
ring svstem. An optionally substituted heteroaryt is a hetercaryl radical that is optionally
substituted by one, two, three, four, or five substituents independently selected from the
group consisting of alkyl, alkenvl, alkoxy, halo, haloalkyl, haloalkenyl, cvano, oxo, thioxo,
nitro, oxo, arvl, aralkyvl, cvcloalkyl, heterocvelyl, heteroarvi, or heteroarylalkyl, -R7-OR’, -
R"-OC(O)}R | -R-NR )z, -R"-COR, -R"-COIOR | -R"-C(OINR )z, -R"-NRCOIOR™,
RENERICOWR™, -R-NERISORR (where tis 1 or 2), -R"-S{OROR" (where t1s 1 or 2}, -
R-S{O)R" (where pis 0, 1, or 2}, and -R"-S{O}N{R ) {where t is | or 2}, where each R is
independently hydrogen, alkvl, alkenvi, haloalkvi, cycloalkyl, aryl, heterocyclyl, or
heteroarvl; each R” 1s independently a direct bond or a lingar or branched alkylene or
alkenvlene chain; and each R 1s alkyl, alkenyl, haloalkvl, cycloalkvl, aryl, heterocvelyl, or
heteroaryl. The nitrogen, carbon, or sulfur atoms in the heterocyelyl radical may be
optionally oxidized {when the substituent is oxo and is present on the hetercatom), provided
that at least one ring in heteroaryl remains aromatic; the nitrogen atom may be optionally
guaternized (when the substituent is alkyl, alkenyl, aryl, aralky’l, cycloalkyl, heterocyelyl,
heteroaryl, -R"-OR |, -R"-0C(O)-R, -R"-N(R )2, -R"-C(OIR | -R"-C{OYOR, -R"-C{OINR ),
RENERICOIOR, -R-NERYCOR'”, -R-NERISORR™ (where tis 1 or 2), -
RI-R(ONOR" {(where tis 1 or 23, -R"-S(O)R" (whers pis 0. 1, or 2), and -R"-S(O)WN(R )2
{where tis 1 or 2), where R is a linear or branched alkvlene or alkenylene chain, and R and
R are as defined above), provided that at least one ring in heteroaryl remains aromatic.

Exanples of optionally substituted heteroarvl radicals include, but are not himited to,
arepinyl, acridinvl, benzimidazolyl, henzthiazolyl, benzindolyl, benzodioxolyl, benzofuranyl,
benzooxazolyl, benzothiazolyl, benzothiadiazolyl, benzojhi{1.4|dioxepinyi,

{ 4-benzodioxanyl, benzonaphthofuranyl, benzoxarolyl, benrodioxolyl, benzodioxinyl,
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benzopyranyl, benzopyranonyl, benzofuranyl, benzofiranonyl, benrothienyl
{benzothiophenyl), benzotriazolyl, benzof4, 6limidazoll 2-alpvndinvl, carbazolyl, cinnolinyd,
dibenzofuranyl, dibenzothiophenyl, furanvl, furanonyl, isothiazolyi, imidazolyl, mdazolvl,
indolyl, indazolyl. isoindolyl, indolinyl, iscindolinyl, isoquinolyl, indolizinyl, isoxazolyl,
naphthvl, naphthyridinyl, oxadiazolyl, 2-oxoazepinyl, oxazolyl, oxiranyl,

{-phenvi-1 H-pyrroly], phenazinyl, phenothiazinyl, phenoxazinyl, phthalazinyl, pteridinyl,
purinyl, pyrrolyl, pyrazolyl, pyridioyl, pyrazinyl, pyrioidinyd, pynidarinyd, pyreolyl,
quinazolinyl, guinoxalinyl, quinolinyl, quinuclidinyl, isoqunolinyl, tetrahydroquinolinyl,
thiazoly], thiadiazolyl, triazolyl, tetrazolyl, triaziny] and thiophenyl (i.e., thienyl}.

“Heteroarviene™ is a divalent radical of a heteroaryl group.

The phrase "pharmaceutically acceptable” is employed heremn to refer to those
compounds, salts, compostiions, dosage forms, etc., which are--within the scope of sound
medical judgment--suitable for use in contact with the tissues of human beings and/or other
mammals without excessive toxicity, uritation, allergic response, or other problem or
complication, comumensurate with a reasonable benefit/risk ratic. In some aspects,
"pharmaceutically accepiable” means approved by a regulatory agency of the federal or a
state government, or histed in the U S, Pharmacopeia or other generally recognized
pharmacopeta for use in mammals (e g, amimals), and more particularly, in humans.

“Prodrugs” are compounds that after administration are metabolized or otherwise
chemucally transformed into an active moitety. Prodrugs may be dertvatives of an active
compoumnd. Prodrugs may or may not be active prior to conversion o an active form in
Vivo.

The term “treating” 15 used herein, for instance, i reference, for example, to methods
of treating inflamimatory diseases or {o a gastroiniestinal disease, and generally includes the
administration of a compound or composition which reduces the frequency of, or delays the
onset of, symptoms of a medical condition (e.g., autoimmune disease, inflammatory disorder,
gastrointestingl disordery in a subject relative 1o a subject not recetving the compound or
composition. This can include reversing, reducing, or arresting the symptoms, clinical signs,
and underlying pathology of a condition in a manner to improve or stabilize a subject's

condition {e.g | regression of symploms of an autoimmune or inflammatory disease such

o

wprovernent in the MAYO score in the treatment of ulcerative colitis).

The embodiments disclosed herein encompass all pharmaceutically acceptable
compounds of the compound of {I), JA), (IB}-(IB-3}, (IC-a)-(l-a), {(IC-b}-(Il-b), (IH-a)-({11-
hy, (IV} or (IV-a) being 1sotopicaliy-labelled by having one or more atoms replaced by an
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atom having a different atomic mass or mass number. Examples of isotopes that can be
mcorporated into the disclosed compounds include isotopes of hydrogen, carbon, nitrogen,
oxygen, phosphorous. fluctine, chlorine, and jodine, such as “H, “H, 'C. V¢, HC, BN, PN,
BQ0, 80, e e PG ¥R CE Y and T, respectively. These radiolabeled
compounds could be usefid to help determine or measure the effectiveness of the compounds,
by characierizing, for example, the site or mode of action, or binding affinity to
pharacologically important site of action. Certamn isotopically-labelled compounds of {1},
{IA), (IB}-(18-3}, (1C-a)-(1-a), (JC-b}-(1i-b), (HH-a)-(11i-h), IV} or (IV-a), for exanple, those
meorporating a radioactive 1sotope, are useful i drug and/or substrate tissue distribution
studies. The radioactive isotopes tritium, 1.e., °H, and carbon-14, 1.e., "*C, are particularly
useful for this purpose in view of their ease of incorporation and ready means of detection.

Substitution with heavier isotopes such as dewterium, i.e., “H, may afford certain
therapeutic advaniages resulting from greater metabolic stability, for example, increased i
vivo half-life or reduced dosage requirernents, and hence may be preferred in some
circumstances.

Substitation with positron ersitting isotopes, such as 1'C, BF, B0 and PN, can be
useful 1n Positron Emission Topography (PET) studies for examining substrale receptor
occupancy. Isotopicaliy-labeled compounds of (1), (1A}, UB)-{IB-3), ({C-a)-({1-a}, (IC-b)-{ii-
by, {(Hl-ay-(1l-h), (V) or (IV-a) can generally be prepared by conventional techniques known
to those skilled in the art or by processes analogous to those described in the Preparations and
Examples as set out below using an apprepriate isotopically-labeled reagent in place of the
non-labeled reagent previously employed.

The embodiments disclosed herein encompass the in vive metabolic products of the
disclosed compounds. Such products roay result from, for example, the oxidation, reduction,
hydrolvsis, amidation, esterification, and the like of the administered compound, primartly
due to enzymatic processes. Accordingly, the disclosure includes compounds produced by a
process comprising administering a compound of this disclosure fo a mammal for a period of
tirne sufficient to visld a metabolic product thereof Such products are typically identified by
admunistering a radiolabelied compound of the disclosure in a detectable dose to an animal,
such as ral, mouse, guinea pig, monkey, or {o human, allowing sufficient time for metabolisr
to oceur, and 1solating s conversion products from the wme, blood or other biological
samples.

"Pharmaceutically acceptable salt” includes both acid and base addition salts.

"Pharmaceutically accepiable acid addition salt" refers to those salts which retain the

11
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biological effectiveness and propertigs of the free bases, which are not biologically or
otherwise undesirable, and which are formed with inorganic acids such as, but are not Himited
10, bvdrochloric acid, hvdrobronuc acid, sulfuric acid, nitnic acid, phosphoric acid and the
like, and organic acids such as, but not limited to, acetic acid, 2,2-dichloroacetic acid, adipic
acid, alginic acid, ascorbic acid, aspartic acid, benzenesulfonic acid, benzoic acid, 4~
acstamidobenzote actd, camphorie acitd, camphor-10-sulfonic acid, capric acid, caproic acid,
caprylic acid, carbomc acid, cinnamic acid, citne acid, cyclamic acid, dodecylsulfuric amd,
ethane-1,2-disulfonic acid, ethanesulforuc acid, 2-hvdroxyethanesulfonic acid, formuc acid,
famaric acid, galactaric acid, gentisic acid, glucoheptonic acid, gluconic acid, ghucuronic
acid, glutamic acid, ghutaric acid, 2-oxo-glutaric acid, glycerophosphoric acid, glyeolic acid,
hippuric acid, 1sobutyric acid, lactic acid, lactobionic acid, lauric acid, maleic acid, malic
actd, malonic acid, mandelic acid, methanesulfonic acid, mucic acid, naphthalene-1,5-
disuifonic acid, naphthalene-2-gutfonic acid, 1-hydroxy-2-naphthoic acid, nicotime actd, oleic
acid, orotic acid, oxalic acid, palmitic acid, pamoic acid, propionic acid, pyroglutamic acid,
pyravic acid, salicviic acid, 4-aminosalicylic acid, sebacic acid, stearic acid, succinic acid,
tartaric acid, thiocyanic acid, p-toluenesulfonic acid, tifluorcacetic acid (TFA), undecylenic
acid, and the like.

"Pharmaceutically acceptable base addition salt" refers to those salts which retain the
biological effectiveness and properties of the free acids, which are not biologically or
otherwise undesirable. These salts are prepared from addition of an inorganic base or an
orgaitic base to the free acid. Salts derived from 1norganic bases include, but are not lmited
to, the sodium, potassium, Hthium, ammonium, calcium, magnesium, 1ron, Zing, copper,
manganese, aluminum salts and the like. Preferred inorganic salts are ammoniom, sodium,
potassium, calcium, and magnesium salts. Salts derived from organic bases include, but are
not limited to, salts of primary, secondary, and tertiary anunes, substituted amines including
naturatly occurring substituted amines, cyclic amines and basic ion exchange resins, such as
amynonia, isopropylamine, trimethylamine, diethylamine, isthviamine, tiipropyiamine,
diethanolamine, cthanolamine, deanol, 2 dimethylarninoethanol, 2 diethylaminoethanol,
dicyclohexylamine, lysine, arginine, histidine, caffeine, procaine, hydrabamine, choline,
betaine, benethamine, benzathine, ethylenediamine, ghicosamne, methylghicamine,
theobromine, tricthanolarmne, tromethaoine, purines, piperazine, pipenidine, N
ethvipiperidine, polvamine resins and the like. Particularly preferred organic bases are
isopropylamine, diethylamine, ethanolamine, tnmethylamine, dicyclohexylamine, choline
and caffeing.

12
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A "pharmaceutical composition" refers to a formulation of a compound of the
disclosure and a medium generally accepted in the art for the delivery of the biologically
aciive compound to mammals, e.g.. humans. Such a medium ncludes all pharmaceutically
acceptable carriers, diluents and excipients therefore,

"Effective amount” or "therapeutically effective amount” refers to that amount of a
compound of the disclosure which, when adminisiered to a mammal, preferably a human, 1§
sufficient to effect treatment n the mammal, preferably a buman. The amount of a
compound which constitutes a "therapeutically effective amount” will vary depending on the
compound, the condition and its severity, the manner of admunistration, and the age of the
mammal {o be treated, but can be determined routinely by one of ordimary skill m the ant
having regard to his own knowledge and to this disclosure.

A "stergoisomer” refers to a compound made up of the same atoms bonded by the
same bonds but having different three-dimensional struciures, which are not interchangeable,
The present disclosure contemplates various stersoisomers and rixtures thereof and includes
"enantiomers”, which refers to two sterecisomers whose molecules are non-superimposable
mirror images of one another. The present disclosure also contemplates "diastersomers”,
which refers to nos-mirror image of non-identical sterecisomers. Dhastereoruers occur when
two or more sterecisomers of a compound have different configurations at one or more of the
equivalent stereccenters and are not mirror images of each other.

A "tautomer" refers to a proton shift from one aiom of a molecule to another atom of
the same molecule. The present disclosure mncludes tautomers of any said compounds.

“Abnormal cell growth”, as used herein, uniess otherwise indicated, means cell
growth that is independent of normal regalatory mechanisms (e.g., loss of contact inhibition}).
Abnormal cell growth may be benign (not cancerous) or malignant {cancerous).

By reserving the right to proviso out or exclude any individual members of any such
group, including any sub-ranges or combinations of sub-ranges within the group, that can be
claimed according 1o a range or in any stmilar manner, less than the foll weasure of thig
disclosure can be claimed for any reason. Further, by reserving the night to proviso out or
exclude any individual substituents, analogs, compounds, ligands, structures, or groups
thereof, or any members of a claimed group, less than the full measure of this disclosure can
be claimed for any reason,

Throughout this disclosure, various patents, patent applications and publications are
referenced. The disclosures of these patents, patent applications and publications in their

entireties are incorporated into this disclosure by reference in order to more fully describe the

o
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state of the art as known to those skilled therein as of the date of this disclosure. This
disclosure will govern in the insiance that there is any inconsistency between the patents,

patent applications and publications ¢ifed and this disclosure,

I Compounds
The compownds described herein are FGFR inhibitors.
In one aspect, provided herein is a compound having the following stnicture of

Formula (V)

0

Rt

{1y,

or a stereoisomer of the compound, salt, tattomer, or prodrug of the corpound thergof,
wherein;

R} o selected from the group consisting of -CN_ -Cl, -Br, -CHs, -CFH, and -(Fs;

R is §-6 membered hateroarvi optionally substituted with | or 2 substituents each
wdependently selected from the group consisting of halo, -G alkyvl, and Ci-Cy haloalkyl

&Y is selected from the group consisting of H, -OH. halo, €1-Cs alkyl, €1-Ce
heteroatkyl, -C(=0IRE, -O0EOIRY -NRIRE, NRICE=ORY, NRICEOIOR?, -
CHOEDINRON®, NEPRPCHCEOINRING, JCHNRPCEOR®, S0 0-CHa, oxo,
phosphate, and ON, wherein the C-Cs alkyl s opnonally substitated with one or more ~OH;

2% s selected from the group consisting of -Ci-Ce allyl, Ci-Cs heteroatkyvl, Co-Cs
gy cloalbyl, and Ca-Ce heterogyeloatkyi, wherein the O~ alkyl or T4-Cy oycloaliiv i3
optionally substitted with ons or more -0H or -NR'RY,

R* and R are, each independently, selected from the group consisting of H, {i-Cs
alkvl, Ci-Cs alkyl aleohol, -S{0:-CHe, and Ca-Cs cveloatkyl

X 15 selected from the group consisting of (O, ~{CH2 0O, (CHCH: e, -
{CHCH ) { CH e, CHCH WO H YO, (CHO R o, (CHOH OH -, {CHOCHCHa Y-,
and a divect bond;

Y ig sefectad from the group consisting of «CHae, ~CHOH - ({J{CH -, -

(CH ) CEOY, NCH;-, and a divect bond,
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1 i% an integer between 1 and 4;
oy is an integer between | and 4;
18 an tndeger betwean U and 4,
A5 1} 5-6 membered heteroarylene having at most of two mirogen atoms, wherain
the 5-6 membered hatercarylene 8 optionatly substitided with one or more sebstituents each
mdependently selected from the group consisting of 5-Ce alkyvl, halo, -CN, ~NHz, and (T~

s alkylene ) -(Ci-Cs alkoxy), or
/N
N

Ve
M
s “‘\JAR,Z 3
Hy© , wherein ~ indicates a tocation of a bond o the

pyrazolopyrimidine core and * indicates a location of a bond to Y, wherein R® is selected

from H, Ti-Cg alkyl and -NH»;

B s selected from the group consisting of Ca-Cs oveloalkylene, 5+6 membered
heterocveloatiylene, and -CHo-, wherain the (3-Cs oveloalkylene or 5-6 memberad

,

heteroeyd@a&yiea ¢ 1 optionally substituted with one or move substituents cach
mdependently selected from the group consisting of Ci+{ alkyl, -OH, oxo, Ci-Ce alkoxy,
hato, €1~Cs haloalkvl, and C1-Cs alkyl alcohol;

s

;)

wherein, when B is , whersin i ndicates a location of & bond o Y, ¥ indicates

oo

alocation of a bond to R, R¥is H or -CN, and A is pyrazolvlene, the pyrazolviene is
optionally substituied with one or move halo, -CN, Ny, or «(C-Us alkvieng}(C-Cs

alkoxyy; or two C~Ue alkyl; and

vy

wherein, when 81§ *, wherein ¢ indicates a location of a bond to Y, *
indicates a location of a bond to R, and A is pyrazolylene. R” is 5-6 membered heteroaryi
substituted with halo, Ci-Ce alkv, or {5-Cs baloalkyl

fo another aspect, provided hereirnt is a compound having the following structure of

Fornwda (VY
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(i‘v }a

or a stereoisomer of the compound, salt or tautomer of the compound thereof, wherein:
R} ig selecied from the group consisting of ~CN, ~Cl, -Br, «(H;, -CFH, and -CFy;
R i 5-6 membered heteroary optionally substituted with | or 2 substituents each
wdependently selected from the group consisting of halo, T-Cs alkyvl, and C-Cs haloalkvl
R s selected from the group consisting of H, -OH. halo, €y-Cs alkvi, 01-Ce
heteroaikyl, -CEOIRG, -OCEOIRY -NRIRE, NRICEORY, NRICEOIOR?, -
CHOE=0INRON®, NRORPCHACE0ONRING SCHANROCEORY, -SE00-CH:, oxo,

phosphate, and ON, wherein the Ci-Cy alkvl 1o optionally substituted with one or wore ~OH;
R i¢ selected from the group consisting of -Ci-Cr alll, Ci-Cs heteraativi, €
cycloalbyi and Cy-Cs heterocyeloativl, wherein the Uy - alkyl or {4-Cy oy cloaliv s
optionally sebstituted with one o more -OH or -NR'R";
R’ and R® are, each independently, selecied from the group consisting of H, {5~Cs
atil, C-Cg allol aicohol, -8{Oh-CH:, and €O oveloalkyd

X s sefected from the group consisting of {(CHz k-,

--{E‘}-ig}n(.’h--, S{CHCH b,
({CHCH 3w {CH b, CHCH - {(CH 3O, (CHO RS o, (CHOH OH e, {CHROCHCHa Y-,
and a divect bond;

Y i selected from the group consisting of <CHy-, <CHOH:-, (C{CHs Y-, -
{CHLO(=O), NCHs-, and a divect bond,

118 an jntegsr between 1 and 4;

m s an wnteger between | and 4,

i3 an nteger between O and 4,

Az 1} 5-6 membered heteroarviene having at most of two nifrogen atoms, wherein
the 5-6 menbered hetercarviene s optionally substituted with one or mores substituents each
mndependently selected from the group consisting of T1-Cs alkyl, halo, <CN, -NHz, and (-

s alkylene ) (Ci-Ce alkoxy), ov
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N
I

Ve
AN, %

Hy , wherein ~ indicates a location of a bond to the
pyrazolopyrimidine core and * indicates a location of a bond to Y, wherem R? 15 selected
from H, Ce-Us alkyl and «MHy;

B s selected from the group consisting of C3-Cs cveloalkylene, -6 membered
heterocveloatkylene, and -CHo-, wherein the (3-Cs oveloatkyviene or 5-6 memberad
heterocyeloalkylene is optionally substituied with one or more substitnents each
ndependently selected from the group consisting of Ci-Cy alkyl, -OH, oxo, Ci-Cs alkoxy,

hato, C:~Cg haloalkyvl, and Ci-Cs alkyl alcohol;

S
wherein, when B is , whersin ¢ indicates a location of 4 hond o Y, ¥ indicates

« ZD——g

alocation of a bond to RY, R¥is H or -CN, and A is pyrazolvlene, the pyrazolviene is

optionally substituied with ons or move halo, -CN, Ny, or «(C-Us alkyleng}-(C-Cs

alkoxy) or two C-Ce alkyl and
0
L - M. . R ‘
wherein, when B s . wherein ¢ indicates a location of a bond to Y. *

indicates a location of a bond 1o R®, and A is pyrazolvlene. R? is 56 membered heteroary!
substituded with halo, Ci-Ce albyl, or {4-Cy haloatkvh

o some embodiments, R s ~ON

In somte embodiments, R? is 5-6 mermbered heteroary! optionally substituted with
fialo. In some embodiments, R” is 5-6 membered hetercary] optionally substituted with F.

In some embodiments, R i3 pyridiny! optionally substituted with halo.

n sore embodiments, R 15 pynding] optionally substituted with ¥

In some embodiments, R” is selected from the group consisting of)

A N A
SHCESO N1

,and Cf :
In some embodiments, RY s selected from the group consisting of H, ~OH, halo, C1-

17
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%o atkvl, Ci-Co heteroallol, «CEOIRY, COOEMRY =RRS, .-N'szzfi NRICEOIRY, -

NR~"{?{:::¢}}(}R4. CHCEOINRING, NRERSCH2C=0MEONG -CHNRCE=0RE, -8(0),-

CH:, oxo, and phosphate, wherein the C-Ce allkyl is optionally substitated with one or more -

OH. In some embodimenis. R is selected from the group consisting of -OH, halo. €-Cs

atkvl, €4-Cs heteroalkyl, -CEOIRY, -00EMRY =NR7, -NRR®, -NRPCEQR?, -

NRICEQIOR, -{CHOEMNRN, NRIRECHCEOINRING, (CHANRICEOIRY, S0

CHs, oxo, and phosphate, wherein the U3-Co allylis optionally substituted with one or more -
OH

I some embodiments, R s selected from the group consisting of -H, ~OH, halo, -
Co alkyl, -CEORT =NR® -NRPR® -NRICEOIRY, oxo, and ON, wherein the Ci-Cs alkylis
optionally substiuted with one or more ~0H. In some embodiments, RY 15 selected from the
group consisting of -, -0, halo, Ci-Cs alkyl, -CEORY =NR® NRRS NRPCEDRY
and oxo, wheremn the Oy-Cg alkv io optionally substituted with one or more ~OH, o some
embodiments, K is selected from the group consisting of -OF, halo, Ci-Cs alkyl, -CE=0IRY,
=NRT-NRORE -NRICE=0RY, and oxo, wherein the €-Cs alkyi s optionally substituted with
one oy more ~OH,

in some embodiments, B is selected from the group consisting off H, -OH, (<€
alkvi, and -C=0RY, wherein the (-Cs alkyl 5 optionally tituied with one or more -OH
in soms embodiments, R is selected from the group consisting of -OH, C-Ce allyd, and -
CEOIRY, wherein the s allvl is {;piig’mai}y substituied with one or move ~OH.

in some embodiments, the {1-{¢ alkyl at R is optionally substituted with 1,2, or 3 ~
O

In some embodiments, RY s selected from the group consisting of -CHs, -CH0H, -

CHCHOH, -COCH RO, -CHICHCH pINH,, C-C heteroalkyl, Ca-Co oycloallyl, and

Co-Us heterocycloalkvl, wherain the Co-Ce cveloalkyl is optionally substituted with one or
more -OH or -NRRS,

In sowe embodiments, RY 15 selected from the group consisting of -CHs, -CHOH. -
CHCHOR, -C{CH0H, -CHICH{CH mNH, and C-Co oy cloatky ], wherain the Ca-Cs
oveloatkyl is optionally substituted with -OH or -NR°R®.

fn some embodiments, R4 s ~CHa or ~CHCHDOH.

in some embodiments, R and R® are, each independently, H or Ci-Cs alkyl.

in sone embodiments, B and R® me H

in some embodinents, X s selected from the group consisting of «(CHCH: je.
{CHCF e, -(CHUHROM o~ and ~(CHCHROH -
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In some embodiments, X is ~(CHCH -,
In some embodiments, Y is a divect bond.
in some embodiments, nis |
In some embodiments, A is 5-6 membered hetercaryiene baving at most of two
nitrogen atoms wherein the 5-6 membered hetercarylene 18 optionally substituted with one or

more substituents each mdependently ed from the group consisting of C1-Ce alkyvl, halo

SON, NHy, and -(C-Cs aliylene)-{Ci-Cs alkoxy )

in some ernbodiments, A i 5-6 membered hetevcaryiene having at most of two
nitrogen atoms wheretn the 5-6 membered hetercarvlens is oplionally substitited wath 1, 2, or
3 substituents each jodependently selected from Ci-Co allvl and \NHz

in some embodiments, the 5-6 merabered heteroarviene is selected fromm the group

\«3\ *“"N:K >J\ MN}I MNY&;

HaC Hal HN

Wil; 3

wherein * indicates a location of abond to Y, and © indicates a focation of a

, and

bond to the pyrzm@is‘;g’,‘ymnidme core.

fn some embodiments, A s

wa
B
At 3

o whersin * indicates a location of a bond o Y, and ™ mdicates a
focation of a bond to the pyrarolopyrinudine core, wheretn R¥ig selected from the group
consisting of H, C1~Cs alkyvl, and N,

in some embodimenis, R is salected from -CH; and -NH;.

In some embodiments, B is U5y cycloalkylens, wherein the Cs-Cq eycloalliviene is
optionally substituted with one or more substituends each ndependently selected from the
group consisting of C1-Cs alkyl, -OH, oxe, Ti-Cs atkoxy, halo, $-Co haloalky L and C-Cs
atkvi alcohol

In some embodiments, B 15 Ci-Cs eveloalkylene, wherein the Ca-Ca cycloativiene is
optionally substituied with C-Cg alkyl or -OHL

in some embodutents, B 15 3-6 membered heterocycioalkylene, wherein the 5-6
membered heterocyeloatkylene is optionally substituted with one or more substifuents each

o

mdependently selected from the group consisting of OO alkyl, «OH, oxo, Ci+Ce alko
19
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hato, €5-Cs haloalkvl, and Ci-Cs alky! alcobol.
In some embodiments, B is 3.6 membered heterocy cloatkyizne, wherein the 3-6
membered heterpoveloatkylene is optionally substituted with C-Us alkyl or ~OH.
In some ﬁ?mbi}dimﬁﬁﬁ& Bis ~-CHp-.
In gome embodinents, the compound is a compound having the following structure of

Formuda (JV-a):

(1V-aj,

or a steresisomer of the compound, salt or tavtomer of the compound thereof)

®%is 5-6 memberad heteroarvi optionally substituted with halo:

RY is H, -0, halo, C-Cs 'm SCEORY, =NRYNRIRY -NRICH=ORY, oxo, and
CN, wherem the Ci-Co alkviis optionally substifuted with one or more -OH;

£ s selected from the groap consisting of -Ci-Ce alvl, C1-Co heteraatkyl, Ca-(e
cycloalkyl and Cy-Ce heterocveloaliyl, wherein the U-Cs alky! or {4-Cs evcloalind s
optionally substituted with one or more ~OH or -NR'R";

R and R® are, each mdependently, H, or C1-Cy ally;

Xas ACHCHz ), {(CHCF 3o, {(CHOHOH - and {CHCHCHg -

n is an infeger between | and 4;

Ais pyrazolyiene optiouatly sobstitited with one or move Ci-Ce alked, halo, -ON, -
MNH, or {Ci-Cs alkylane - (Ci-Cs alkoxy ), and

B is selected from the group consisting of C:-Cs cveloalkylene, 5-6 memberad
heterocycloalkylene, and ~CHyp-, wherain the C:-Cx oveloatkyiene or 5-6 membered
heterocveloatkylene is optiomally substituted with one or more subsituents each
mdependently selected from the group consisting of Ci-Us alkyl, -OH, oxo, Ci-Us alkoxy.

halo, C1-Cs haloatkvl, and Ch-Cq alkyl alcohol,
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e

N
- e e :
wherein, when B is ,whersin ¥ indicaies alocation of abond io Y, * indicales
alocation of a boud to R, R s H or -ON, and Ais1’:3*ra:501y§s3ne,? e pyrazolylene
opttonglly substituted with one or more halo, -ON, -NHz, or ~{{-Cs alkyiena{C-Cs

atkoxy b or two £-Cs alkvl; and

Wy

N
. . S j .
wherein, when B 8 Cwherein © indicates alocation of abondio Y, *

indicates a location of a bond to R, and A is pyrazolviens, RY is 5-6 membered hateroaryl
ubstinnied with halo, U~-Cs alkyl, or Ci-Cs haloalkyl.
in some embodimenis, R s pyndinyt optionally substituted with halo

In some embodiments, R is pyridingd optionally substiiutad with F.

[
I some embodiments, R? {s selected from the group consisting of 7 \

o L U e
N . = F F 7 and G Z .

fn some embodiments, R is selected from the group consisting of H, -OH, halo, (-
Co allyl, -CEOIRY =NR®, -NRR®, -NRC(=01RY, and oxo, wherein the Cr-Ce alkvl s
sptionatly substituted with one or more -OH. In some embodiments, R? 15 selecied from the
proup consisting of -OH, hale, Ci-Co alkyl, -CEOIRY, -NRY-NRIRS -NRICEOIRY, and
oxo, wherein the Ci-Cg alkyt s optionally substinated with one or more -OH.

In some embodiments, R is selected from the group consisting of H, OH, C-Ce
allyl, and -CEOIRY, whereim the C-Cs alkyl is optionally substituted with one or more -OH
in some embodimenis, RY 15 selected from the group consisting of OH, £i-Cs alkyl, and ~
CEORE, wherein the C1-Ce allyl is optionally substituted with one or more -0H.

In some embodiments, the Ci-Ce alkel at R 15 optionally substituted with 1.2, or 3 -
.

in some embodiments, RY is -{Hs, -CHOH, -CH{CHDOH, “C(CH pOH, -
CH{CH{CH p)NHz, and Co-Ce oveloalkyl, wheretn the C-s cycloalkvl is optionally
substituted with -OH or -NR'RY

fny some embodiments, B s -CHz or ~CHCH O,
23
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In some embodiments, R® and R are, each indepandently, H or -CHa.
in some embodiments, R and R® are H,
I some embodiments, X is -{CHCH: -
In some embodiments, nis L

In gome embodiments, A ts 5-6 memberad hetercaryiene is selected from the group

N No O N
N,N\ NfNi: R — 1 *“"NJ *"Ny;\
P F— P P
N NN g \7/ cfj / \‘s" i ;
§ . HC o HC | HpN

consisting off . Ef ,and

* N
<

NG ;
¢ , wheretn * indicates a location of a bond to B, and ¢ indicates a location of 8
bond o the pyrazolepyrimading core.

1o some embodiments, B s G-Cr oycloalkylens, wherein the Cs-Cy oveloalkyiens
optionally substituted with one or more substituends each independently selected from the
group consisting of {-Cs atkvl, «OH, oxe, O+Us atkoxy, halo, €1+Cs haloalky 1, and C1-Cs
atiovt aleohol.

in some ernbodurens, B 15 Us-Us eycloalkylons, wherein the C3-Cs oveloaliviene is
optionally substituted with C-Cs alkyl or -OH.

oy some embodiments, B is 3-6 membered heterocycloalkylene, wherein the 5-6
membered heteroevcloatkylene is optionaliy substitaied with one or more substituents each
ndependently selected from the group conststing of £1-Ce alkyl, -OH, oxe, €-Cs alkexy,
fialn, Ci-Cg haloalkyl, and C;-Cs alkyl aleohol.

In some embodimenis, B 15 S-6membered heterooycloalkviene, wherein the 5-6
mernbered heterocycloaibylene 1s optionally substinged with Cr-Ce abkyl or ~OH

In some embodiments, the compound has one of the following stractures:

& ¢ | N N

N N~ o N N
N ’J\ ! 'r"’“k
N, () O { ) St
J v y 3 N
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In some embodimants, the sall 18 a pharmacewtically acceptable salt,

In another aspect, 2 compound having a stracture of Formula {I} 15 provided

R

{1
REis-ON, -CL -Br, ~OHs, -OFH, or <CFs R 4s arvl, heteroarvl, a fused bicvelie, Cae
(s cycloalkyl, or £2-Cg heterocycloalkyl: R is -H, -OH, -F, 1-Cs alkyl, C5-Cs heteroalkyl, a
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5.6 memberad hateroarvi, Us-Us haterooycloalicl, -CEORS OCEORY NRIRS -
NRCEORY NRACEGOR?, -CHCEDINRINS, NROROCHCEOINRING -
CHNRTCE=ORY, sulfonyiethane, oxo, phosphate. or a combination thereof, provided that
R 45 not -ON; RY s -OHy, -CHOH, -CHCHDOH, -0(CH pOH, Ci-Ce heteroatikvi, Ca-Cs
eycloallvl, or {4-Cs heteroeyeloalkyl: R and RE are, each independently, H, Ui-C atkyl, C-
e alkyl aleohol, sulfonylmethane, Us-Us cycloalkvl, or 5-6 membered heteroaryl, X ig -
{CHo ke, {CHDRO, {CHCH b, (CHCH 3 CH b, (CHCH 3 {CH O, (CHOF o, -
{CHUHOH o, {CHCHCHa Yo, o7 a divect bond; ¥ is -CHp-, -CHOHs-, -C{CHz Y-, -
{CHCE0Y, NCH:- o a divect bond: v is an indeger between | and 4) e an indeger
between | and 4; p s an vdeger betwoen G and 4; A 15 an arvl, a 56 memberad heteroanvl, a
halo, or a fused beterocvclic; and B 1s C-Cy oycloalkyvl, U3-Cs heteroeveloalivl, a fusad
bicvelic, a bridged bicvclic, a spirocvelic, or absent, or a sterecisomer of the compound, salt

or tastomer of the compound thergof

o one embodiment, B i -CN, ~CL -Br, ~CFH, or -CFs, In some embodiments, R has one

mféw Wﬁ J\il\:'\i‘ G W;\N‘
of the following siruciures:  ©F . Br  ON - UHy  OFy o CFH pyoome

AT NS

) | !
embodiments, Rlis & | Insome embodiments, 81 is Br | fn some embodiments, B

P AvAv Ay UV!U‘-‘ \‘UiVU

i
s CN  Insome smhodiments. R'is  “™ i some embodiments, R is %3 In

[YAVAV AV

§
some embodiments, R’ is CFH

In one embodiment, the compound has the following structure of Formula (A

(A)

ot a stersoisomer, salt or tautomer thereof.

in one embodiment, X 18 A CHa- ACH Q- {CHCH 0, {{CHOH n-{CHm-, -
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{CHCH n-{CHDIMO-, (CHOF -, CHCHO b, (CHCHCH e, o1 5 dirsct bond, In
some embodimenis, X 15 -{THen-, In some embodiments, X ig -{CH G- §soms
embodimnents, X i3 {(CHCH: - In some embodiments, X 18 {CHCH n-{CHm-. In some
embodiments, X 5 {CHCOH n-(CHymO- In some embodiments, Xis ~{{CHCF - In some
smbodiments, X i SCHCELOH - In some embodimenis, X is -{CHUHCHs e Insome
simboduments, X e a divect bond.

In one embodiment, 1 15 an tnteger between | and 4. In some embodiments, nis an
meger between | and 2. In some emabodiments, 1115 an mieger of T or 2. I some
embodiments, s an infeger of 1 In some erbodients, v is an nteger of 2.

i one embodiment, nis an mieger between | and 4. In some embodiments, mis an
mieger between 1 and 2. Tn some embodiments, m s an mteger of 1 or 2. In some
embodiments, m s an integer of 1. In some embodiments, m is an integer of 2. In some
grnbodiments, X s ACHCH - and nis 1. In some embodiments, X (CHCF -~ and n is
£ In some ernbodiments, X is ~{CHCH O - and nis 1. In some ernbodiments, X 1§ -
{CHOHUH - andn s 1

Iy one embodiment, the compound has the following structwe of Forrada (1B

Y,

R3

R? ¢

V

(IB)
or & stersoisomer, salt or tautomer thereof.

in some embodiments, the corpound has the followmng structure of Fornmula (1B-1)
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il
‘ﬂv>!l!iliu-
-3

{IB-1)
or & stersoisormer, salt or tamtoraer thersof,

in some embadiments, the compound has the followmg structure of Fornuda (8-2y

@3

48
o)

~

(=3
I

{IB-2)
or a sterecisomer, salt or tautomer thereof.

In some embodiments, the compound has the following structure of Formula (B3}

.E.\

{1B-3}
or a stereoisomer, salt or tautomer thereof.

In one embodiment, A 15 a 5-6 memberad heteroaryl In some embodiments, the 3-6
28
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mambered heteroarvl of A i a 3 membered hetercaryl. In certain embodiments, the 3
membered heteroarv is pyrazole or triarole. In some embodimants, the 3-8 membered
hetercaryt o A 15 a6 memberad beteroarvi i cetiain embodimenis, the & memberad
hetercarvl is pyridine. o some embodiments, the 3-6 mernbered heteroarvi of A is optionally
substituted with Oy adkvl, OOy heteroatbyl or halo. In some erbodiments, the 3-6
membered heleroaryl of A i optionally substituied with wethvl (C alkedy, cyane {G
heteroaikyl}, roothoxylethyl {Cx heteroallivly, fluoro thalo), or chloro (halo). I some certan
enmbodiments, the 5-6 membered heteroaryl s S-methvipyrazole.

Iy one embodiment, A has one of the following struchwes:

L = o
s O Yy
N

J N

S N N . N -
Jsy N P Vi VA
NG ¥ 7 s Y
s ] S e,
N e M= S «NXN\ /o
* * N N o
2 (sg e {55 2 j }/‘lé_g qfs N\N(‘A\
5 i F ’ és

/ ég
N * , OF N , wherein *
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/N\
LN
:

mdicates a location of abond to Y. In some embodiments, A is . o some
. / wN
N . g
smbodiments, A is ég In some embodiments, A s . Insome
fN\ N,
*N N/
embodiments, A 1s . In some embodiments, A is ’ . Insome
S
!.N’Q:N *N
*N "’f
embodiments, A s . Insome smbodiments, & is . In some
Sl
*N
e és
/N‘\
i
O =
embodimenis, Ais / . In some embodiments, A is . Insome
Ci
/N\"
*N
L és
embodiments, A s . . In some
!N\“
*N
e QSS
embodiments, A s HzN . In some embodiments, A 1s HgN . Insome
f S
*N *N
embodiments, Ais  F . In some embodiments, Ais  ©f . In some
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N
g )
70
s L
N
Y
embodiments, Ais F . In some embodiments, A s . In some
. N
embodiments, A s . T some embodiments, A is . In some
*
0 N Py
| 1
embodiments, A IS . In some embodiments, A IS . I some
o
N/
fN\ H
*N
P ég
embodiments, A 1S . In some embodiments, A is
/ /
Vi, Vi,
\ * N e
v/
N N N

. fnsome embodiments, A s . Insoms

embodiments, A has one of the following structures:

>lg ;( S} - >j\s

N:::N N‘N\"’N

\}*s oy f’\f *Nfgéﬁ

, wherein * mdicates g locattonof abond to Y.
In one embodiment, A 18 a 5-6 membered hetercaryi and the compound has one of the

tollowing structures of Formola JC-a)-{-ay
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SUBSTITUTE SHEET (RULE 26)



WO 2025/034912 PCT/US2024/041350

CN

{ii-a}

or a steregisomer, salt or tautomer thereof. In some embodiments, the compound has the

(5]
(8]
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structure of Formula (IC-a): . Insome

embodiments, the compound has the structure of Formuda (ID-a):

. In some embodiments, the compound

Ch

2,

has the structure of Formula (JE-a); CIn

some embodiments, the compound has the structure of Forroula (1F-a):
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ON

A
R

has the structure of Formula (IG-a);

in some embodiments, the compound has the structure of Formula {(IH-a}:

%
o

. In some embodiments, the compound

A
;o

R2 0

~

has the structure of Formula (H-a);

In one embodiment, Y 8 -CHyp-, -CHCH-, -C{CH k-, or a divect bond. Tn some

smbodiments, Y is -CHo~ o some embodiments, YV i -CHCHs-. In some smboduments, Y

s U{THs - In somne embodiments, Y 18 -{CHz, (=0, wheremn p is an mieger between ¢
and 2. In some smbodiments, the compound of any one of clatms 1-26, wherein Y 1 -NCHs-

o Insoms embodiments, Y s a direct bond.

in one embodiment, Y 18 2 divect bond and the compound has one of the following

structures of Formoula (HC-b)-(I1-b):
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(1H-b)

SUBSTITUTE SHEET (RULE 26)



WO 2025/034912 PCT/US2024/041350

CN

Jot]
£
o

(11-b)

or a stereoisomer, salt or tautomer thereof. In some embodiments, the compound has the

RC’}

A
B
O

structure of Formuta (IC-b): . Insome

embodiments, the compound has the structure of Formula (ID-b);

. In some embodiments, the compound
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2,
o

has the structure of Formula (TE-b): i

some embodiments, the compound has the structure of Formuda (1F-b):

. In some embodiments, the compound

has the structure of Formula (1G-by: . In

some ernbodiments, the coropound has the structure of Formulda (IH-b):
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. In some embodiments, the compound

IO

has the structare of Formula (Ii-b):
In one embodiment. Y s 2 divect bond and B is O3-Cg ovcloalliv], 3-C
heteroovcloallyl, or absent. I some ceniain embodiments, the compound hag one of the

following structures of Formala {1« 1-hy

40
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(T1E-d)

4]
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{I1l-g}

42
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{IT1E-h)
or a sterenisomer of the compound. salt or tautomer of the compound thereof, wherein RY,
R OR® RSRY RM and R™ are, each independently, -H, -OH, -F, {;-C alkyl, €1-Cs
heteroalkyl a 3-6 membared heteroaryl, C3-Cs heterocyveloalkvl, -C{=0R* -QCEOIRY, -
NRORS, NRICEORY NRICEORT, SCHCEONRING NRIRSCHCEOINR™NS -
CHANRPCEOR?, sulfonyimethane, oxo, of phosphate, RY, R™ RV R R% RY o RY of

Formula (IH-a)-{1i-h} 18 not -CNU In some embodiments, the compound has the structure of

R2 ¢!

N

Forraula (1fi-a): . In some embodiments,

the compound has the structure of Formula (1H-b):

)
o

. In some embodiments, the compound
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has the structure of Formula (Hi-c): Cin

some embodiments, the compound has the structure of Formuda (111-d):

has the structure of Formula (Hl-e): o In

sowe embodiments, the compound has the structure of Formula (1)

44
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R
R’& b
RSC 1
N
Rm"N
REG

h
o R

. Inn some embodiments, the compound

by
w
=3

R? G

7

has the structure of Formula ({1i-g): . In

some embodiments, the compound has the structure of Formula (Hi-h):

R? 0

\;,/

in one embodiment, R s Ci-Ce alkyl, C-Cs heteraatkyl, aryl, bateroarvl. a fused
hicyelic, C2-Co eyeloaliyl, Co-Cs heterocyeloalkyl, or -NR'RY. In some embodiments, the
arvl, hateroaryl, or fused bicvehic of R s further substituted with fluoro, chioro, cvano,
wethvl, avyoe, -CFH, -CF, Co0s atkylaleohol, CioCr alkoxyl, or a combinaton thereol In
sorne ermbodiments, the arvl, heteroaryl, or fused bieyeiic of BY is mono-, div, o tri-
substituted with fluoro, chioro, evano, methyl, amine, -CEH, -CF;, C-Ca alkylaleohol, U5
atkoxyl, or a combination thereot. In some ervbodiments, for example, the arvl, heleroaryl,

or fused blevelic of R i3 substituted with two fuoro substituents. I some erabodinents, for

45
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example, the aryl, hateroarvl, or fised bicyclic of R is substinuted with two fluors
substituenis and one methy! substituent. In some embodiments, for example, the arvl,
hetercarvl, or fused bicvelic of R7 is subsittuied with one fuoro substituent and one cvano
substifuerd. In some smbodirnents, for examyple, the arvl, heteroarvl, or fused hieyclic of R?
ts subsittuted with one methyl, one cvano, and one fluoro substittents. In some
embodiments, for example, the arvl, heteroarvl, or fused bicvelic of R? is substituted with one

fluoro substituent and one methy] substituend. In some erbodiroents, for example, the arvl,

heteroarvl, or fused icvelic of R? is substituted with one chioro substituent and one cvano
substituent. In some ernbodivents, for example, the ary], heteroaryl, or fised bigyclic of RY

is substiiuted with two methyl substituents. In some embodiments, for example, the arvl,

hetercarvl, or fused bicyehe of R is substituted with one flucro substituent and one amino

ubstituent. In some ambodiments, for sxample, the arvl, heteroaryl, or fusad bicyclic of R?
ts substitited with one fluoro substitnent and one dewterhan substituent, To some
embodiments, for example, the arvl, heteroarvl, or fused bicvelic of R? is substituted with one
fluore substituent and one methoxy substituent In some embodiments, for example, the arv,
heteroaryl, or fused bicvelic of R is substitnted with two fluore substitnents and one
methoxy substituent. In some ervbodiments, for example, the arvl, heteroaryl, or fused
hicyclic of R* 15 substituted with one fluoro, one clioro, and one methy! substifuent. I some
embodiments, for example, the arvl, heteroarvl, or fused hiovelic of R? is substituted with two
methyl and one Huore substituents. In some emboduments, for example, the arvl, heteroaryi,
or fucad hicvclic of RY is substifuted with one fluoro, one methoxyl, and one methyi
substituent. In some embodiments, for exarple, the arvl, heteroaryl, or fused bicvelic of R?
is substituted with one cvano sebstituent and one methoxy sabstituent. Tu some
embodimerts, for example, the aryl, heteroarvl, or fused Meyolic of R is substituted with one
gyans, one methoxyl, and one methyl substituents,

In one ambodiment, the fused bicyclic of R¥ has ong of the following structures

H . i ., or

. In some embodiments, the fused bicyelic of R” has one of the following

46
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struciures:
. . oY SIS . . . x . N R LY o VA VA
povelic of Ry 70 . In some embodiments, the fused biovelic of Rois 7

T e L ey H . p
. In some embodiments, the fusad bicvelic of RP 15 75 . In some embodiments, the
I some embodiments, the fused bievelic of R

o
E N
N._ & N
fused bicvelic of R s 70 E . In some embodiments, the fused bicyclic of R is
N N
RS D

Natava¥a . ) o PR 4 fam s AR

i . In some embodiments, the fused bieyclic of R¥1g 1 . Insome

of R is

embodiments, the fiused bicyclic o

In one embediument, the aryl of R has one of the following structures:
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. in W
mg . .
CN_ or . In some embodiments, the aryl of R 13w .
mg O ’

in some embodiments, the arvl of R? s &< . In somme embodiments, the arv!
of R¥is e . In some embodiments, the arvi of R¥js ¥ . Insome

. Tn some embodiments, the anvi of R% ig

NG . In some embodiments, the arvi of R¥1g . In sore
F
. s NG It / s R
embodiments, the arvi of R7ig &¢ . In some embodiments, the arvl of R*is
48
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ia

. In some embodiments, the arvl of R¥ 15w . Insome

"'%\ /
/

embodiments, the anvl of R is w¢ . In some embodiments, the arvl of R is

3 . \m/ :

NC o, In some embodiments, the arvl of R% s w¢ - Insome

. In some embodiments, the aryl of R” is

. In some embodiments, the arvl of Riig o . Insome

_e_’_ /

embodiments, the arvi of R is NC . In some embodiments, the arvi of R” is

%

3

NG . In some embodiments, the arvi of R% s . nsome

N/
H-

embodiments, the anvi of RPis & . In some embodiments, the aryi of R” i

. In some embodiments, the aryl of R is Ho . lnsome
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7

emboditoents, the arv of R i F . In sotne erobodiments, the arvi of B% s

F

_g

F . In some embodiments, the aryl of R* is

. Insome

N\

embodiments, the arvi of RY g AC—0 . In some embodiments, the arvi of R 1s

. In some embodiments, the anvl of R is . In some

/
o=<

embodinents, the arvi of R is / . In some embodiments, the arvi of R? is

eé . In some embodiments, the arvt of R* s . :

In one embodiment, the heteroaryt of B has ong of the following stractures:

N\%Zj
AN e DO O
U‘uﬁ bt L@ & /r /

F.a F F
AN N
N\ ‘712/ N\ ‘-21/ E
P ‘. ™, 2 ‘. ™ i
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ROWSR SN \Uf

Ii”“ G e @f
< P e

Ui‘& Ifﬁ Uﬁ?‘ “‘Ef‘@ i I’jﬁ

Uz%l Uﬁ U% ’*3@1;% u@%

\(%é -
Iﬁ@@@wz

ERedededeieded)
£ -

/ o
N . In some erbodiments, the heteroarvi of R7 is F

N\‘Zzi
|

embodiments, the heteroarvl of R7 18 F . in some embodiments, the heteroaryl of R*

. I some
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N Ly
SN %l
L AN Ll%/
F |
i o . In some embodiments, the heteroaryl of R is o £ fusome
N b
i\%
embodiments, the heteroaryl of R {5 © F. In some embodiments, the heleroary!

I\.'\L)?;j N\‘s{»
| |

/ 7

of R% s F. In some embodiments, the heteroarvl of R is F. In

some embodiments, the heteroaryl of R? s

N\ ‘z?::

F. In some embodiments, the

heteroarv of R is o ?. In some embodiments, the heteroaryl of R is

N | A
/ 7

£ =

. . . R , )
. In some embodiments, the heteroarvl of R 18 F . In some

embodiments, the heteroaryl of R g £, In some embodiments, the

7

F. Tn some embodiments, the heteroaryl of R i3
N - £ N e
P e

¢ In some embodiments, the heteroary! of R ig £, Insome
N ~
8 §

embodiments, the heteroaryl of R%ig o . In some embodiments, the heteroaryi of

heteroaryt of R4 15 ©
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N by
St N
|

5. L 7 =
Ris F F. In some embodiments, the heteroarv of R 18 CN I
N rd
E AN
some embodiments, the heterparyi of R7is F F . In some embodiments, the

Nao Fo LN &
ijz i
. In some embodiments, the heteroarvi of R® is &

~
D
- N p 43 - o A / = M
In some embodiments, the heteroaryi of R is oN. In some embodiments, the

N
N \\ﬁ{ N\'%’L
3

L

heteroaryl of B2 is F

on . Tn some embodiments, the heteroarvl of R is F.

N %LL

’ N
Ifl .
F ¥ In some embodiments, the
g

X

e |

Ij 7
F # F

heteroarvt of R¥1g

In some embodiments, the hateroarvi of R¥ ig

hetercary} of R? is . In some embodiments, the heteroary] of R is
NC. N 7-?{&
g N
2

In some embodirnents, the heteroaryl of R {s . Iy some embodiments, the

ci N'?%
E\

o

heteroaryt of R i . In some embodiments, the heteroarvi of R 15

oL Joi

. In some embodiments, the heteroarvl of R iy U

Eji?c

Cl. In some embodiments, the heteroary of B

. Insome

embodiments, the heteroaryl of R i3

N‘ZZEA N‘?.{
» »
> S

i . In some embodiments, the heteroaryl of RY s . Insome

N
98]

SUBSTITUTE SHEET (RULE 26)



WO 2025/034912 PCT/US2024/041350

N\“é;%
|

&

embodiments, the heteroanl of R? 15 . In some embodiments, the heteroaryvl of

=7

N SZ'L
=
N (‘%;- !
; AN
RY i3 Z™\  In some embodiments, the heterparvi of R i . Insorae

HoN N\*&{L
|

P

embodiments, the hateroary! of R g . In some embodiments, the heteroary!

HF,CL N, & FsCo LN, 2
U g =
# | Insome embodiments, ihe heteroary] of R s &
N ‘2%:
E AN
. o . ; o [\"‘;\CF . .
some embodiments, the hetoroaryl of Roig 3. Tn some embodiments, the heteroaryi

e (Y

£

of R i3 I

of Rz N . In soroe embodimenis, ihe heteroary! of R is . fsome

N kzz‘;;
~
£
embodiments, the hateroary] of R* is #  Tnsome embodiments, the heteroary} of R

Ny & Nae?,
5 | Y
. g N ) . . - > ]
18 . In some embodiments, the heteroaryi of R7 iz N . Insome

““‘%z?;
) N
embodiments, the heteroarvl of R™ i3 N7 Tn some embodiments, the heteroarnvl of

(«::F’Zi F \‘??.Z
U W ‘ . §
Réis N7 In some embodiments, the heteraaryl of B* is

N

N

. Insome

embodiments, the hateroaryl of R* is _ In some embodiments, the heternaryl of

FsC 3 \%?{ I \‘zﬁ
Rl =N % B e N
Re1s . In some embodiments, the heteroarvl of R 18 . In some
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N
embodiments, the heteroanl of R 15 © . In some embodiments, the heteroaryl of R
© \c?‘z;
. HN _ : e ,
1§ | Tnsome embodiments, the hetercary] of R is . Insome
E \4‘22;
N #
) F
embodiments, the hateroary] of R ig . In some embodiments, the heteroarvl of R
E \%EL y \7‘%_
. N g7 : . o E pe>
i F In some embodiments, the heteroarvi of R 1 . Insome
N \1%;‘
. ; ! o . Y
embodiments, the heteroaryl of R ig . In some embodiments, the heteroaryl of R
’ .
N \gz‘&?; | \‘271
A e . . . 2
1S . In some embodiments, the hstercarvl of R* 18 N . Insome
ok
. o o 2 s . ~ T
embodiments, the heteroanvl of R 18 N° F | In some embodiments, the heleroary] of R
c J\l‘li.ﬂ!‘
I
; N Ci
) <
is N

In one embodiment, the C3-Cy oveloalkyl or U3y haterocycloalind of R” has one of
L;@Z
e
o It 7% o
the {ollowing structures: or . In some embodiments, the {3-{s cycloalkyl

3
or (3-Cg heteracycloalkyt of R* s . In some embodiments, the (3-Cs eveloatkyl or
-~

(3 heterocyeloaliovt of RY is E
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i

in one embodiment, B and R* are, each mdependently, H or Ci-Cy allyl. In some
embodiments, R and R? are, each independently, H or Oy alkvl. in some embodimenis, R
and R* each are H. It some erubodiments, R and R* each are Cy alkyl In some

2l

embodiments, one of RY or R* is H and the other one of R or R is C; alkvl 1o some

embodiments, € aliy! of B and R is methvi (-CHa)

In one embodimant, B is Ty cveloalkyl) Ts-Cg heterocycloalkyl, a fugad bievdlic, a

bridged bicyclic, a spivocyelic, or absent. In come embodunents, the G- «'ck)a}ix’yi, U

hetercoveloatkyl, a fused biovelic, a bridged bicvelic, or a spirocyciic of B is furthes
substituied with fluore (F), -OH, or methyl ¢UHz). In some embodiments, the {5y
eveloalkyl, OOy haterocycloallvd, a fused bovelie, a bridged bevelie, ov a spivocyehe of B
18 monoe-, di-, or t-substitated with floore (F), ~OH, or methy! (GOH:) For example, the Cs-
Cx oveloatkyl, Us-Us heterooycloalkyl, a fused bicyelic, a bridged bicyelic, or a sprrocyelic of
B ia disubstituted with -OH. In some certain embodiments, the Ca-Cs heterveycloalbyl of B
s subfoximune ot sulfone. In some certaim ernbodiuents, e Ca-Cy heterooycloalbyvi of B s
e
(&J 8
3

[)

. I some cerfain embodiments, the Us-Cg heteroeycloalivl of B is 0 0 In some
embodiments, B s Co-Cr oveloalkyl, C4-Co heterooycloalkvl, a fiused bicyehe, a bridged

bicyehie, or a sprrocvelic. 1t some specific embodiments, B 15 Ce oveloalkyl, Cp-Cs

heterocyeloatkvl, a {used bicvelic, a bridged bicvelie, or a spirocvclic. In some embodiments,
the fied bioyclic of B s octahy drogyelopentalelpyvirole, 3-azabicvelof3 2 Clheptane, or 3-
grabiovelof3 1 Othexane. I some embodiments, the brideed iovelic of Big 3-

abicyelol3 2 Toctane, S-azabicvelof 3.2 Hoctane, or 2-azabieyclo[2 2. Hheplane, In somg
grbodiments, the spirocyclic of B is 1.azaspivold Sidecans, 2-azaspivaid. Sldecans, 3-
azaspirel S Slundecans, 2-azaspire]3. Snonane, Z-azaspivol3 3theptane, 7-

azaspirol 3. Sjnonane. {-araspirel3 3{heptave, or spivo]3 3jheptane. In some embodiments. B
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A
Tz

-

.
|

SRS

. In some embodiments, B g .

! a}'\l\gﬂi‘
SN

In some embodiments, B ¢

. In some embodiments, B 13

WO

embodiments, B i

\Afgf\!‘
N

. . N
. In some embodiments, Bis  «

S

SUBSTITUTE SHEET (RULE 26)

_wherein * indicates the location of a bond to R,

. Insome

. In some embodiments,

. In some embodiments. B is



WO 2025/034912 PCT/US2024/041350

FUARAS ;.'V‘%.“V‘
HO. (Nj
. In somme embodiments, Bis © . fusome embodiments, B is « . Insome
u‘\!%l\!’
N
( |
W
embodiments, B i3 . Insome embodiments, B i . In some embodiments,
J\/\EM |
& SAns
N L
Bis » . In some embodimenis, Bis + . In some embodiments, B s
| E
Pav T SN
/
N /
In some embodiments, B s «. Insome embodiments, Bis 7 . Insome
JU\EI\!‘
N
* ; [ j
Y
" VA
\\ ¢ N 4]
embodiments, Bis " _ In some embodiments, B is . In some embodiments. B

JU\EJU‘
N | |
VAAS e
A "
( j Yy
)
AN \) o
18 Of\ . o some embodiments, Bz 797 In

K
o . In some smbodiments, B s
{

| N
J\."?.-'t."
N
. . -[ jn . X N
some embodimentis, B 18 o . Tn some embodiments, Bis . Insome
VL"{, ,‘
w A,
. N
embodiments, Bis - . Insome embodiments, Big  * . Tn some embodiments, B
6
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AN
' ‘ TN ) N«
e . Insome embodiments, Bis  « . Insome embodiments, Bis ™Y | Insome
) o
o
,:> B
l’
® p—
N\S N
embodiments, Biz ™ . Insome embodiments, Bis » . In some embodiments, B
%, )4
§ . o M U N o . . .
S e . In some embodiments, B is » . In some embodiments, B 15
W
%,
et , I T
. . In some embodiments. Bis -

In some embodiments. B is substituted with one or more R, In some smbodimenis, B
is substituted with one, fwo, thres, four, five, six, ov more R For exasuple, the compound of
Formuta (~a}(0-h) has B RP R
with R, }U R R R and R®

o vy ad e - Ty :
R and BN In this vegard, B s substinged

In some embodiments, B is absent, When B is absent, Y is directlv attached o RY.

When B i3 absent and ¥ is a disect bond, A s attached to R such as the structare of Formula
WH-hY Io some embodiments, B R R R¥U &3 RY and R are, sach independently, -

H, -OH, -FC-Cy allnd €320y heteroaliovl, 6 moerabered heteroaryl, {p-Cs heterocycloalkyl, -
CEORY -OCEMRY, CCHCEQIOR!, NRIRS NRCH=0RY, NRCE=OOR
CHoCEOINRIN®, SNRCRACHCEOINRING SCHNRCEORY, sulforvimethane, oxe, or

phosphate. In soine embodiments, the U-Cs alm or {3-Cs hetaroaliyt of RY, R™ R R,
:345

embodiments, the {1~ heteroallvl of RY, R® R™ R® B RY and R¥ g 01-C deutro-

atkvl,

B R™ and R is substituted with ,or-0OH. In some

in some certain ernbodiments, the Ce-Cs heterocycloalkyl of R is pyrrolidine or 1-

b
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mathyf pyrrolidine. In soms smbodiments, R¥ 15 C1-Cy albyl, C1-Cu heteroatkyl, or Co-Cs

heterocyeloalkvl, In some embodiments, the {1-Cs beteroalkyl of RY is -4 fluorealkyl. In

N

sorne embodiments, the €4 heterocvcloalkyl of RY is substituied with  © , halo,

or -(3H. In some certain embodiments, the C4-U heterooveioalkyl of RY is substitited with

F%/\

o ,-F, o -OH. In some embodiments, the Ce-Ce heterooy cloailyl of R

X X

] |
I\ :p\ ?//\

subsifided with  ©

+~C hetgroeveloatkyl of RY substituied with -F is /s

. Insome

{
1
N~

~

certain embodiments, the C
. Insome certain embodiments, the (a-Cs heterocycloalkvt of RY substitwred with -OH is

HO

m
. In some embodiments, the (U cveloatkyl of R 13 substitated with -NH,, In

v

. . " ¢ 1 o ol 1 : N e i N H.N
some certain embodimenis, the Ca-Ce cveloalkyt of RY substituied with -NHp is ™

‘}SS ‘\\\\\\L\\
4 \1

In some other embodiments, the CiCg hetercallyl of RY iy M
In some certain embodiments, the 5-6 membered heteroary] of R, R R R g™
N .,
sf-sj‘f?/«N c'ffy N
/ N N
{
N

B and B are =y == Tn some certain embodiments, the Ca-Cs
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heterocveloatiov of B, R R R&U R R and R are . Insome

—lel

: rod i b nded nicl 1ad . snnnan ) .
embodiments, the oxo of RY, R™ B R™ % &Y smd R®are 711 . In some certain

AN
\O

Na /
o
AN
N
/_C‘
embodiments, the phosphate of RY, 1Y R R¥ R™ RN and R are Na  or
;}55
0
8 g9

o \(g

in sore embodimenis, the Ci-Ce alkyl or C-Ce eveloallyt of R or B® is substituted
with -F, {2-Ce eyeloailivl, or 5-6 memberad hetercaryl. In some embodiments, R’ and RS are,
each iridependem}y, H, Ci-Ca alkyl, Ci-Cs alky! aleohol, sulfonylmethane, Cs-Cs cyvcloalbvl,
or & membered heteroaryl I some other embodiments, the Cr-Cy alkyi or O Uy oysloatkyl
is substttuted with -F or C2-Cy cveloalkyl

In some embodiments, B2, B R R* R R™ and R, cach independently, have

WA
ot A ot o
one of the following structures: H | o F | oW, CHy CFy GO o
J\A{\i"

] ~F a | ’ i
Gy i PO NN Y s WA s
P A ! i

? W P N \\/’/3/ w()h-i, \\/’/,
i
o \,f/ cgff\////’ b HIN \\\/ \\}
/»// ~ /},’/\ 4,£\>A S<
i
E
\T \f HN
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o

TSJ G\\ . o . .i, R W’E’V‘ 0 «v‘%:v‘
} i
/ X P ﬂr\if\.ﬂ o) O o) o)

7t
N /f a e, L, a O
MHy
o]
/ o . oM N Nl

\

o-$-

\

o]
Nz /MO ;}S‘J
\Q,‘»P\(‘ 5
7 g __p==0
o
/ . \@ e - A evrieen 3 pia ib Aol 3o ad .nle
Na  of O | Insome embodunents, R R RS R R™ RS o R

e o
s H o Insome ewsbodiments, RS R™ BT R RS RM gr R¥ iy on | Insome

S
. . 3z b Je 32 % e - |
embodiments, Y R R® R% R Y or R4 ¢ Insome embodiments, RY R™,

AT e

R R RS ar s & . In some embodiments, &7, R® R R©UR™ R or R

L\ e
is oH. In some embodiments, RS, B2 R® R R R orR%™1g O insome
§

(e VeVl

2 1o ¢ G ae D ey ia
R¥ orR¥is . I some embodimenis, R, R,

-

embodirpents, B2, B9 RY® RB pid
{

VAN

a b h G e PR i . % 2. 3! -~ ?, e
R® RWRS R or RS OB o some embodiments, BY R R® RS R RN oy RF

. : T 53 pla pld plel pied pid Londe; /\ e
18 0 . Insome embodiments, B, R R R R™ RS or R g . fnisome

»l\/if\{*

embodiments, RY, R™ BP R R™ RM or B g5 F . Insome embodimenis, RY

R R® R R i or RP G M T some embodiments, B RY R® gl g R o
u’\/\l.’\i‘ \N\iﬂ,\
NE ?Ea'
R¥is 7 . Insomne smbodiments, BT, R™ R R RM RM or R¥is 7 ™. usome
i

SARARS

e et el e e N ) .
embodiments, RY B R RPL A R gr g s 7 o some embodimnents, R,
WéN‘

M
R R RM RPERM g g gs o7 \V’/\OH. I some embodiments, B2, R® R 9
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G

o
Rl pad 3., HN : P opla 1ob miel w3l mid e -
RIE R grR¥Es L dnsome embodiments, RY R RP BRI R BRI o R¥ g

. In soroe embodiments, R R RS M RS RY oreyg o . o some
(e}

L7
VAR

: 3 nk 3k pids W2 pld . 3e ¢ U R SRR Iopda
embodimente, RY RS RV R RS R grr¥igs o . In some embodimenis, RS R

b wiel picd w3 4., TN - : M3 om3a wibh nie 37
|G G B S T LR T . In some embodiments, B2 R R gt g

]
&
[o)
-
s
£
.
o
&
(v
o~
Z
%
=z
E4%)
@
-
=
Z,
(&}
£
3
=
5}
::i
[}
7,
-
A
Z
s,
o
7,
R
&
joe}
P
:;;
il
<
<
m
o

F
F. in some embodiments, BY, R R RS R™ R gr R¥ 43 OFs In

WS

HN )
; e WY wds opdb opdel i pid .pde; \f P -y .,
some embodiments, BY R R R R RN or R¥ s . In some embodiments,

3 3a wl3b 3l il Ad w3 - et arte §29 33 3h 3ol
RYR® RY RM R RM o R s of . In some amnbodiments, B, B2 R R™

< NHy

2

G . In some enbodiments, RY, RN BY R R™RY o

o

I some smbodiments, BY B3RP R¥E R R¥ o R¥ g

o . I some embodimengs, RS, R RY RP R RY or R s
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Pravaiv

|
/“\{(\ /
o .

\IV\EJ\J‘
)
N .
s . In some embodiments. BT, R R B9 R B or R s
v"\.!\!l\f‘
of e
N
~ 03 nle ik piel pded pid ..pded
e . o some embadiments, RS, B R U3 RM orR¥ s
i
SNRN
VWS
o
o
: ; Popda b piel pde? nid ..nle: HO
M~/ Insome embodimenis, Y R R R R™ R or R

RATAY AN

o

HyN I

s 2.

fn some embadiments, R7, Y R® R7 R R or R% s

i i 3 da 3% RTS v 1d e _ .
In some embodiments, R7, R R R R R™ or R¥ g 1 SOme

i
\BAsn

2 15 v e e AT e 2o oy e - )\\/QH - 3
embodiments, B, R® B g @32 pogrpieg o . In some embodiments,

!
S

Ot

R R ORI piel @il g e ¥y . I some erbodiments, RY R R

O

R R¥ R g R¥ g o some embodiments, B2 RY R RRURP R or

e

some embodiments, BT B R R R RY wrR»™is 7 . insome
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embodiments, B, R R® B3 R g3 orR¥is 7 ™\ Insome embodiments, R
[XAVavAV a3

“\\\\\\

R¥ R R R R or R s NH; . I some embodiments, B, R¥ R R

é 3e g N / ; 3 3a b 3ed 3¢
Lor R g I some embodiments, R7, R RS RY R

Rhw‘ R,ﬁ g Rf‘ds oF R«c

\N\!N
N b 2, Uy Gt 67 % Qe .
18 \Q I sorue smbodiments, RY, RY R® RS R RY or v i
|
Eavavev g
‘\\“\\\\s. % \
N // ; 3 mia pdb plel W2 p3d 3z g
o nsoms embodiments, B7 R™ R R™R™ R or R s
|
WA
@ i 3 mia pdbh nied W2 pdd 3¢
. 1o some embodiments, B R R, RO R™, R, or R 45
u‘\l\i)'\[\

HG.

|

N\f AT £ I EINURIN 3 3a b el 302 ER NS S S
- Ingome embodiments, RO, R™® R™ R™ RS R™ or R 48

N / . 3 Ta b 3ol T xd Te o
. Insome embodiments, 7, R® RS R RS R™ or RO

. In some embodiments, R R™ B R® R RY or Rs
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/

. In eome embodiments, B0 R™ RP RV RM RM or R7 s 0

e
N
KI( h
i some embodiments, R, B Y R™ R R ar R 15 o
i 8}
‘ \)L
HN
?/

}

SAANS

. Insome

embodiments, RS, R R @i g2 il gepiegs . insome

R 3; Ibh w3 Sa7 vy % oy Ao N , . vyl
embodiments, R, R® RO R R 8% or Rt 7 ™ In some embodiments, R,

/]\i

R"*“_, RSI‘-_{ R’JCE*’ }'{3@2\’ R‘;d? oF R'Ss: is
|

AN

i some emboditoents, RYRT RY RPE gl

G
: 3 opda ol 3o W2 pdd L.pde; . diy
soms embodiments, RY, R™, R R¥ R R¥ or R™ s NS I some ersbodinments,

AW

- 3y 30 3b el w3 il 3o g oy e A 53 3a ib w3 302
RS R Rl R R or R oH. In some embodiments, &Y, R® R, g3 g9
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VAR

R* or R s or . In some embodiments, &5, R R RS 9 RM or R is
i i

[Vt [Yatavavel

oH . In some embodiments, RY B R™ R® R R or R¥ s o oH. In

»!V\;f\!‘

some embodiments, R R R R R™ RY or R4 on  Insoms smbodiments,
]

VWA

ot OH
\“\\\“ _‘,\\\‘\

3 Za ond 3¢ 22 34 RIS . i o T30 3a b el
RYOR®™ R® R RWRY e R o, In some embodiments RS, R® RS R

WWARS

,\\x\“\OH
.

RAORM ar R i od. In some embodimends, RY, 87 R, R R RM or RS
|

FOGYS
O

is oH . fn some embodiments, RY, B7 RY R R RY or R¥ s

) . Insome embodiments, R R® R® R R RM or R s

e

o . In some embodimerds, R, B R® R 9 R ar R* s
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OAO v’\/"!l\i‘
o/&c

« 3 pde pib pid picl pid .omie: v
. In some embodiments, RS, R R™ R¥ RIZ pM or % ; Cin

N ce 03 3a 3bopdel o2 2i3d A.pdeg s eav v v g o
some embodiments, BY, R RO RF W R or R s N Insome embodiments,

N
cf;?/N\
)
REORM R R R RN or RV s = In some embodiments, B, R 1P 1

‘3‘}7/»«\

R RY ar R%is = some embodiments, BY 1% R0 R R pi or R s

: 3 32 23h e 3e2 o K 0
_In some embodiments, B, R® R pEURME Y or RV g - CIn
;

SIS

jfflflﬂ
"

: 2 yyia 3b 3a 307 1y 3d 3 A
some embodimente, RY, B¥ R R R RY wr R is . Insome
]

o

N
3

embodiments, RY, B R® R¥ R* R orR¥is o Insomoe embodiments, &Y
i

AN

i b pdel wia pdd 3e Yoy mevivs b evely o Y Wi ik pld gl
BROR® R RRE R o R s NFe T some embodiments, BY R R R e
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v'\f\;f\f"
Q Q
Nty
R or k¥ is . ¥n some embodiments. R7 R™ R RO R R or R s
:}(;
\
f 0
| o}
o o N BF
o \
/0
e Eny soms embodiments, BY RY R R RM R or R g Na | In
;\Jﬁ
N
0
[ o
S} p""«::“
. 3 wdn e mid el n e o g
some embodiments, R R R RS RSOR™ or R Q.

in one embodiment, the compound of formula (1), (14}, (1B)-(IB-3), (1C-a}-{H-a}, (1C-
by-(1i-by, (Hli-a)-(Hi-h}, IV} or (§V-a} has one of the following structures shown in Table A

below.

Table A: List of Compounds of (1), A}, (IB}-(IB-3}, (C-a)-{il-a), C-b)-(I1-b}, (1i-a)-(1i-
h), (V) or {IV-a}

Compound number Structure Chemical Name
I /,{," 4-{(IR)-1-(S-fluoro-2-pyridylethoxy [-6-]1-
rgJ\)\\(o {4-hydroxvey clohexyl)-5-methyl-pyrazol-4-
WY g
\‘\*f) ) vijpyrazolo{ 1, 3-ajpyridine-3-carbonitrile
-
g)rN
().
HO’
2 P {R)-6-(1-{pipenidin-d-y1}- IH-pyrazol-4-y1}-4-
A p-—-{“ (1-{pyridin-2-v1ethoxy jpyrazolof 1,5~
Ny Y TN e -
et N_J a|pyridine-3-carbonitrile
//L
\N’N
(2
H
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3 P (§)-6-¢1{piperidin-4-y13-1H-pyrazol-4-y13-4-
hﬁ 3 \(06; {1-(pyridin-2-vDethoxy jpyrazolof 1,5-
WY . "
= ”\__}’ ajpyridine-3-carbonitrile
7
e
®
H
4 P {R)-6-(3,5-dimethyl-1-{piperidin-4-y - 1H-
ﬁ”‘g \(ﬂ\\ pvrazol-4-y1-4-(1 -(pyridin-2-
N~
N\:\\' N\f;‘ h‘> viethoxypyrazolof1.5-ajpyridine-3-
7Y - carbonitrile
-
()
H
5 ;//fi‘ (R)-6-(S-methvl-1-{piperidin-4-y1)-1H-
o pyrazol-4-v-4-(1-{pynridin-2-
N.. A
N‘QQ(\/ VR vhethoxyypyrarolefl, S-ajpyridine-3-
( w L
_{/‘\ﬂ carbonitrile
By
N"J/
H
6 PA (Ry-6-(3,5-dimethyl-1-(L-methylpiperidin-4-
55/{_ _{/0\\ yi-1H-pyrazol-d-y1)-4-(1-{pyridin-2-
Ny’ 1 ~ o
N\: X Y Y vhjethoxyjpyrazolo{1,S-ajpyridine-3-
= .
a carbonitrile
~
r
AN
N
/
7 /ﬂf)‘ (R)}-6-(S-methy!-1-(1-methyiptpendin-4-yi}-
hgr’\\,\,ﬁj;j Hepyrazol-d-y1-d-(1-(pyridin-2-
NN Ay
= e ) viethoxy)pyrazolo|1,5-ajpyridine-3-
""" ‘\’;,i.n carbonitrile
O
-
/

~3
(8]
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{R}-4-(1-(3-fluoropyndin-Z-vhethoxy)-6-(1-

g j{/
IS \,.0*{\ r {(piperidin-4-yi}-1H-pyrazol-4-
WOy Y , e o
‘>{\ Ve, vhpyrazolo] 1,5-a)pvridine-3-carbonitrile
el
)
H
9 7 (R)-4-(1-(3-fluoropyridin-2-yDethoxy -6-(5-
- & L N
g Ha*w{ E methyl-1-(pipenidiv-4-y -1 H-pyrazol-4-
\N‘ /.,_\‘\/
¢ fe ./ vipvrazolo{1,5-apyridine-3~carbonitrile
..... .
.
N
i
H
10 ('JC\N o ¥ 4-({R)-1-{3-fuoropyridin-2~s Dethoxy 3-6-(5~
\\_ { P I o )
N-~N/\:;\2 N methyl-1-((8}-piperidin-3-vl)-1H-pyrazol-4-
Y vhpyvrazolo] 1, 5-afpyridine-3-carbonitrile
Ay
&
L,,&H
1 s {3 5-dimethyl-1-({(S)-piperidin-3-yi)}-1H-
g Oy . , .
N‘:f& ‘\‘1’ :L F pyvrazol-d-y1 4-((R}-1-(3-fluoropyridin-2-
S T
1;\/\[ KLE vhethoxy)pyrazolo{ 1, 5-afpyvridine-3-
"
NN carbonitrile
/o
N
12 Ph 4-({(R)-1-{5-fluoropyridin-2-yhethoxy )-6-(3-
/
I W roethyl-1-((8)-piperidin-3-vh-1H-pvrazol-4-
\Nl M 2y - P Y
\::‘,\) h\/ ) vhipvrazolo{1,5-alpyridine-3-carbonitrile
,,,,, 7
Oy
~PH
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13 i 6-(1-({S)-1-acetylpiperidin-3-v1)-S-methnyi-
!
h}r\’;\_J - \> 1H-pyrazol-4-v3-4-((R)-1-{S-flucropyridin-2-
Z_ vilethoxy ypvrazolo{1,5-alpyridine-3-
4 T.\. o
Ty carbonitrile
&
N
(r)f
14 /4,}‘5 4-{ (R}~ 1 -{S-chioropvnidin-2-yDethoxy }-6-{5-
i o-w-‘-"“ methyl-1-((S)-piperidin-3-y)-1H-pyrazol-4-
NN S N e e o
A/ h\_ ) vhipyrazolo{1,5-alpyridine-3-carbonitrile
2
_<;\ir]¢ ol
)
NH
15 A {(R)-4-(1-(5-fluoropyridin-2-vDethoxy)-6-(6-
wm\_z\z N\__{‘ mospholinopyridin-3-yhpyrazolof1,5-
éfﬁ\\/. F ajpynidine-3-carbonitrile
N’:
Oy
X
16 [P 6-{6~{{28,6R}-2,6~
N < KD dimethvimorpholino)pyviidin-3-yh-4-{((K)-1-
f‘ “)} ’ {S-fluoropyridin-2-yDethoxy Jpyrazolof 1,5~
N7,
§"‘-/,.,,, alpyridine-3-carbonitrile
g
17 i 4-({(R)~1-(3-fluoropyridin-2-vhethoxyy-6-(1-
,I
¢ ~ ¢ k o
N/ \ {(8¥-1-(2-hvdroxy-2-
ara A
- methylpropanoylpiperidin-3-yi)-5-methyi-
,—{/;"N 1H-~pyrazol-4-vhpyrazolo| 1, 5-ajpyridine-3-
C7 carbonitrile
N0
)
”X‘OH
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18 Py 4-{{(R}-1-(5-fluoropyridin-Z-vihethoxy)-6-{1-
{
ﬁ/x,_{o -\ {{S)-1~{(8)-2-hy droxypropanoyljpiperidin-3-
Newpy ¢ \
S yi-S-methyl-1H-pyrazol-4-yljpyrazolof1,5-
b F
//\/;:‘}\s ajpyridine-3-carbonitrile
.r":\,
\,—Nfﬂ
HQ™ ™.,
19 i . 4-((R)-1-{5-fluoropyridin-2-y Dethoxy 3-6-(1-
I s
gj:;{{::}/j> {(1<{(8)-2-hydroxypropanoyvijpiperidin-4-y1}-
""\jh Y 1H-pyrazot-4-yhpyrazolo|1,5-alpyridine-3-
K?ﬁ"N carbonitrile
N
(J
0PN
HO
20 ,/5_," . (R)-6-(1, S-dimethy - IH-pvrazol-4-yH-4-{1-{5-
Qé/ ) ,\0% fuoropyridin-2-vlethoxy jpyrazolo[1.5-
W N ¢
= \—~<F a)pynidine-3-carbonitrile
()
!“:\,
\V,N\r,
o
21 ;,,E“ G{R)-6-(1,5~-dimethyl-1H-pyrazol-4-vi)-4-(1-
{5-fuoropyridim-2-vhethoxy ypyrazolof 1,5~
alpynidine-3-carbonitrile
22 ;:,}‘* 4-{(Ry-1-(5-fluoropyridin-Z-viethoxy)-6-{1-
g::*)\_go'*‘i {(1r.4R)-4-hvdroxy-4-methylcy clohexyl)-5-
LN
\"“( i methyi-1H-pyrazol-4-yDpyrazolo} 1.5~
T L .
%}N ’ ajpyridine-3-carbonitrile
¢
G
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23 ;y,‘«\‘ 4-((R3-1-(5-fluoropyridin-Z-vHethoxy)-6-(1-
ﬁm;\" a.\gg‘\g {{15.48)-4-hydroxy-4-methylcyclohexyl)-5-
e Y ,
Lﬂ\ ‘*:(-;‘5 methyi-1H-pyrazol-4-yDpyrazoloi 1,5~
- i F
o ajpyridine-3-carbonitrile
{
e
24 7 4-((R}-1-(5-fluoropyridin-2-vhethoxy }-6-(6-
4 >
j;j& / *s/\ {{R}-3-(hydroxymethyl}-d-methylpiperazin-1-
h w.N “\
s "L} vhpyridin-3-yDpyrazolof1,5-alpyridine-3-
::: B F carbomitrile
."N
N
!
OH
25 P 6-(6-{(35.4R)-3 4-dihydroxypiperidin-§ -
?57 Yo o yhpyridin-3-vDh-4-((R}-1-(5-fluoropyridin-2-
N\&j“‘ N {\“} viethoxy ypvrarole]l,5-ajpyridine-3-
¢ \&F carbonitrile
N‘\.-(
R
¢
\__/ OH
B
26 ;'ﬁ O-(6-({3R,48}-3 4~dihy droxypiperidin-1-
. ,03\ vhpyridin-3-v1)-4-{(R}-1-(5-fluoropyridin-2-
-AN A\ —.
- NL: 3 yiethoxyypvrazolo]1,5-ajpyridine-3-
20 carbonifrile
"
(N\\*‘*m
A e
%
2 -{ (s )-2, 3-dihy groxypropyi)-3-methvi- 1H-
27 » 6-{1-{¢S)-2, 3-dhihy droxy propyl)-3-methy - 1H
/ . ; . s
g’%\ o pyvrazol-4-91 - 4-{(R}-1-{3-fooropynidin-2-
N. b
\ \.,\ N\‘)i{)\ vhethoxy)pyrazolofl, S-ajpyridine-3-
?; F carbonitrile
-
%.v‘OH
Non
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28 M 6-(1-¢(S)-2,3-dthy droxypropyvl)-3-methyi-1H-
.
I Yn o pyrazol-4-y1)-4-{{R}-1-{5-fuoropyridin-2-
N \ e e
\:Q‘}’ Ni/\} vilethoxy ypvrazolo{1,5-alpyridine-3-
(}T; ¥ carbonitrile
-
.on
{
oH
29 ?;“ 6-{S-amino-1 ({8 )-pipenidin-3-y)-1H-pyrazol-
'\:;T"‘&N - 4-y13-d-({R)-1-(5-fluoropyridin-2-
WON ‘ . L
Yy N\i 3 vijethoxyipyrazolofl, S-alpyridine-3-
A o
H2N~«f; LoF carboniirile
8
NN
3¢ ;45“ (R3-6-{ 5-amino- | -methyl-1H-pyrazol-4-vi}-4-
QA\}\, ,o-~> {(1-(3-fluoropyridin-2-yijethoxy Jpvrazolo{ 1,3-
e G .
\‘*g N‘j‘ ajpyridine-3-carbonitrile
HQN%/‘};“ F
/N
31 Py (R)-6-(5-amino-1-(Z-hy droxyethyl}-1H-
r;'? ”\% A pyrazol-4-y1-4-(1-{5-flucropyridin-2-
WO Ay ,
\ ~~.{) N\_.:_{}S viethoxy)pyrazolo{1.5-alpyridine-3-
HzN’J\’ZE ¥ carbonitrile
(\
4
HO
32 7 6-{5-amino-1-{({1r,4R}-4-hydroxveyelohexyi)-
R 1H-pyrazol-4-v)-4-{(R}-1-(S-Huoropyridin-2-
3 Z‘f o
. N b viethoxyypyrazolof 1, 3-ajpyridine-3-
HZN“-{\;E‘ ¥ carbonitrile
-
\\._!
sl
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33 PA {R)-6-(1-(1,I-dioxidotetrahydro-2H-
T N O thiopyran-4-yi)-3-methyl- 1H-pyrazol-4-y)-4-
\N \\\ /)\,_\
j N\b‘ 3\ {(1-(5-fluoropyridin-2-vhethoxy)pyrazoloi 1,5~
N,ia i ajpyridine-3-carbonitrile
-
0‘ 5]
34 5,,‘," (R)-6-(5-amino-1-methyl-1H-1,2 3-triazol-4-
7
o= Aede1-(5- ridin-2-
“'w\ ‘i\/ }\\ vh 4‘(1 {&-fluoropy écim%
s/ N visthoxyypyrazolol ], S-alpyridine-3-
./}‘\‘M ) P
5-12N~<Wu F carboniirile
/
35 /,;/N (R)-6-(5-amino-1-methvi-1H-pyrazol-4-v1}-4-
J’%\ \(0\\::; (I-{pyridin-2-yDethoxy jpvrazolof 1,5~
N\Q) rvf )) ajpyridine-3-carbonitrile
]
36 P N-{1R41)-4-(4-(3-cyano-4-((R)}-1-(5-
/ R o ’ ) )
N‘r; 3 §0~>‘\ fluoropynidin-2~yDethoxy pyrazolof},5-
L‘*&' N alpyridin-6-y1j-5-methvi-1H-pyrazol-1-
“";}u i yvhcyclohexylacetanude
\J
O?——EJH
37 ,75“ A-{1-{(8)-1-{(8)-2,3-
o “\) dilivdroxypropyhpiperidin-3-yi}-S-methvi-
"N \ 773
= N\%} 1H-pyrazol-4-vD-4-{(R}-1-(S-flueropyridin-2-
el : . o
<NJ~ " viethoxyypyrazeolof 1, 3-ajpyvridine-3-
(E carbonitrile
GH
79
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38 P 6-(1-{{8)-1-(1,3-dihy droxypropan-2-
/
ﬂ\ P vipipenidin-3-yl-S-methyl-1H-pyrazol-d-vi}-
Ny g -
‘\:~\ N\;\ 4-((R)-1-{5-fluoropyridin-2-
W i
"“\);\N F viethoxy ypyrazolo]1,S-alpyridine-3-
(\ carbonitrile
t W
OH
OH
39 ;/:“ 6-(1-(1 {{5)-2,3~dihydroxypropylipiperidin-4-
o= yi}-5-methyl-1H-pyrazol-4-vD-d-((R}-1-(5-
Ny . . ,
\\{ N\; ) fluoropyridin-2-yljethoxy)pyrazolo{1.5-
----- -{; ) ¥ alpyridine-3-carbonitrile
{
S.\-DH
“on
40 i ) 4-((R)-1-¢{5-fluoropyridin-2-yethoxy)-6-(1-
{ ri
i\ <O‘">___‘\ {S)-1-(1-hy droxveyclobutane-1-
N‘I" ’ \} . . g P a
" ( N\:\’; carbonyhpiperidin-3-yi}-3-methyl-1H-
3 o
-«J\/N,\xla pyrazol-4-ylipvrazolof1,5-alpyriding-3-
f’:\. carbonitrile
\/N\?:c
Ho’{’\j
41 P i 4-({Ry-1-(5-fluoropyridin-2-vhethoxy)-6-(1-
{
5:}‘/\0—?}7“\ {(1-({S}-2-hydroxypropancyl jpiperidin-d-y1)-3-
\-"=2 """ y methyl-1TH-pyrazol-4-vhpyvrazolo[1,5-
2
»*"‘C\IN,\N ajpyndine-3-carbonitrile
i
r’A\
{J
o
HCIF

80
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42 ,;,_j {R}-4-(1-(5-fluoropyndin-Z-vhethoxy)-6-(1-
o \;’N \ (1-{2-hydroxyaceiv]piperidin-4-yi)-5-methyl-
~N
L“() \“<F 1H-pyrazol-4-vlipyrazolo{1,5-alpyridine-3-
I/_ﬁ\\‘ B .
"ﬁr"“ carbonitrile
0
\N i
o
0
43 ,/5_;" ﬂ (R3-6-(1-(1-(1-aminocy clobutang-1 -
P L .
R carbonyDpiperidin-4-viy-S-methyl-1H-
- \>},—\> ¥hpi 1)-5-methy
= \ﬂ\F pyrazol-d-v-4-(1-(S-fluoropyridin-2-
7 . -
At vilethoxy ypvrarolo]l,5-alpyridine-3-
J carbonitrile
N/
A
o \‘,{\J
HoN
44 P o-{1-(1~{L-valyDpiperidin-d-v-5-methyl-1H-
{
Y n\p S ovra7oked=y] Jedu{(R)=1-{3-flucropyndin-2-
NN N
""" (= vhethoxy)pyrazolo]l,3-ajpyridine-3-
2N o
e carbomitrile
!
r/‘\
{J
(]
Al
HN
45 /}“ 4-((8)-1-(5-fluoropyridin-2-yjethoxy}-6-{1-
] "HC’J {{1r,48)-4-hvdroxycyclohexyl}-S-methyi-1H-
TN &
“*\ N\ﬁ} pyrazol-4-vDpyrazolof 1,5-a]pyrdine-3-
P \
AT carbonitrile
D
HO
46 7’,“ 4-{(R)-1-(S-fluoropyndin-2-vhethoxy}-6-{1-
R J°'~>’: {{18,4S)-4-hydroxycvelohexyl}-S-methyl-1H-
N \:\ AR\
e M ) pyrazol-4-yDpyrazolof1,5-alpyndine-3-
‘_‘{;N f carbonitrile
H§/
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47 ,'/? {R)-6~(5~aming-1-(1-cyanopipenidin-4-vi)-1H-
AWy pyrazol-d-y])-4-( -(5-fruoropyridin-2-
WY .
sy N\i}\ vilethoxy dpvrazolofl S-ajpyridine-3-
szi»-((),\l F carbonitrile
-
O
;‘a.'/
i
N
48 ,}f 4-((R)-1-{5-fuoropyridin-2-yDethoxy)-6-(1-

{S)}-1-{{R)-2-hydroxvpropavovpiperidin-3-
vh-S-methvl-1H-pyrazol-4-yljpyrazolo} 1.5-

ajpyridine-3-carbonitrile

\——N =0
HO”l
49 # 4-{{R)}-1-(S-Aluoropyndin-2-vhethoxy)-6-{1 -
/
K] N ﬂ‘“}‘ ((R}-1-({8)-2-hy droxypropanoy Dpiperidin-3-
Ny
==, NL; ) yiy-S-methyl-1H-pyrazol-4-yl}pyrazolo{1,5-
3
/N &F alpyridine-3-carbonitrile
o
?»:O
O™,
50 Py 4-¢{S)-1-(3-fluoropyridin-2-ylethoxy }-6-(1-
Y {ox\f' ((1s,4R)-4-hydroxyeyclohesvh)-3~-methyi-1H-
N\ \\ .,
N\%{’ NL} pyrazol-4-yhpyrazolof1,5-ajpyndine-3-
_____ ,\l'/“;} F carboniirile
N
I
KO
51 P 4-{1-(8-fluoropynidin-Z-yhethoxy }-6-{1-

{{11.4r)-4-hy droxycyelohexyl)-S-methyl-1H-
pyrazol-4-yDipyrazolof1,5-alpyndine-3-

carbonitrile
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LA

~
L /llf/

4-{1-(S-fluoropyridin-Z-vhethoxy }-6-(1 -
{{1s.4s)-4-hydroxyeyclohexyl}-S-methyl-1H-
pyrazol-4-ypyrazolof1,5-alpyridine-3-

carbonitrile

(1R 48)-4-(4-(3~cvano-4-((R)-1-¢3-
fuoropyridin-2-ylethosy jpyrazolof1.5-
ajpyridin-6-yi}-5-methyi-1H-pyrazol-1-

ylcyclohexyl L-valinate

34

6-(1-{(1r. 4R -4-hvdroxycy clohexyl}-5-
methyi-1H-pyrazol-4-y1}-4-((R}-1-{pyridin-3-
vhethoxy)pyrazolof1,5-ajpyridine-3-

carbonitrile

55 A

4-({R)~1-(5-fluoropynidin-2-vhethoxy y-6-(1-
({1t 4R}-4-hydroxyeyclohexyl}-1H-pyrazol-4-

vhipyrazolol 1, 3-afpyridine-3-carbonitrile
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56 P {R)-4-(1-(5-flucropynidin-2-vDethoxy)-6-{6-
/ .
] ‘§>_\ }’“\': {(4-hydroxypiperidin-1-yhpyridin-3-
KN P
b ?‘l\;(fs vhpyrazolo] 1,5-a)pvridine-3-carbonitrile
7y F
()
/N~~‘\
\\{'
OH
37 p) 6-(1-((1r.4R)-4-bvdroxycy clohexyl)-5-
r&’(\) €>~_>: methyl-T1H-pyrazol-4-y1}-4-((R)-1-{pyridin-3-
N\q :ﬁ 4 R viethoxy)pyrazolof1,5-ajpyridine-3-
\ hES ..
a carbonitsile
...... \NN
d
38 Px {(R}-4-(1-(5-fluoropyndin-2-vDethoxy)-6-{1-
/ . e .
N Joq‘ {1-(oethyvlimino)-1-oxidohexahy dro-116-
Ny 8 )
N\tz\,‘} K l;\% thiopyran-4-v1)-1H-pvrazol-4-vDpyrazolof1,5-
j‘}g ‘\‘R;' ajpyridine-3-carbonitrile
»N_N
0”%
7
59 ;,/” 4-{(R)-1-(5-fluoropyridin-2-yhethoxy)-6-{1-
ﬁz‘,\>\4 \\. {{1r.4R}-4-hvdroxyeyclohexyl)-S-methyl-1H-
N\::/\‘\’ N\f A\ 1,2, 3-tnazol-d-vlpyrazolof 1. 5-alpyridine-3-
_____ Z\/“;g i carbonitrile
&N’N
)
HO
60 ,;5“ y 4-{(R)-1~(5-fluoropyridin-2-ypropoxy }-6-( 1 -
ﬂ ,,0\;”‘“‘ {{1r 4R)-4-hydroxycyclohexyl)-5-methyl-1 H-
T ' .
\;} N\'/\) pyrazol-d-vDpyrazolof1,5-a]pyndine-3-
{ .
4 :
—ij;“ F carbonitrile
O
by
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61 /;‘4 4-{(R3-1-(5-fluoropyndin-2-vDethoxy)-6-{1-
Y o {({(18.28)-2-hydroxycyclohexyi}-S-methyl-i H-
N'\. 4 \1 B .
N\\ } N pyrazol-4-ypyrazolof1,5-alpyridine-3-
:\-\ \g;\f) V.
L carbonitrile
—{ ﬂN F
W
O
52 /?,,5\‘ 4-({R)-1-{5-fluoropyridin-2-y ethoxy )-6-(1-
o {{1R,2R}-2-hydroxycyclohexyl)-5-methyl-1H-
O~
A --:\g N"}} pyrazol-4-vhpyrazolo|1,5-alpyrdine-3-
. .
) carbonitrile
wnd 1 F
"
(&.AQH
)
63 ;,I",“ 6-(6-((35,48)-3 4-dihvdroxypiperidin-1 -
“f“.\} {Gi vhpyridin-3-vD-4-((R})-1-(S-fluoropyridin-2-
/ vhethoxypyrazolo{1,S-alpyridine-3-
carbontirile
64 //'/?J O-(6-((3R,4R)-3 4~dibydroxypiperidin- i~
\Q‘ Y <0\>\ vhpyridin-3-v-4-{(R)-1-(3-fluoropyridin-2-
N\:: 5’\ N\'i 3 vijethoxy)pyrazolof1,5-ajpyridine-3-
{/ ?\) KF carbonitrile
N:-‘
‘M"\.
(\ j"OH
oH
65 P HO 4-{(8)-1-(5-fluoropyridin-2-vi}-2-
A Gw{‘: hydrosyethoxy 3-6-(1-((11,48}-4-
r@ N Y
\N\z > Y hydroxy ey clobexyh-3-methyl-1 H-pyrazol-4-
= . e .
;‘f“ F vhpyrazolo{ 1,5-alpyridine-3-carbonitrile
‘..—(me
o
HO
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66 P A-((R)-1-{5-fluoropyridin-2-y1)-2~
ﬂ’éﬁ 2 hydroxyethoxy }-6-(1-({(1r4R})-4-
N~ \ A
N\:,B N\_:::\% hydroxyey clohexviy-5-methyl-1H-pyrazol-4-
4 b F vhpyrazolo] 1,5-ajpyridine-3-carbonitrile
v
O
HO
57 /?* 4-({R3-1-{5-fluoropyridin-2-yDethoxy -6-(1-
(\é /G\ {(18,38)-3-hydroxyevelohexyl)-S-methy -1 H-
N NN _ e
\::(‘ N\:< pyrazol-4-ylipyrazolof1,5-alpyridine-3-
B ,2’\‘1\ F catbonitrile
.
N
58 l,f‘ 4-{{R}-1-{5-fuoropyridin-2-yDethoxy 1-6-(1-
| & 0"{)"« {{(1R3R)-3-hydroxyeyclohexy D-3-methyl-iH-
N~ \ i
N\.t:\g N\:> pyrazol-4-ylpyrazolof 1, 5-alpyrdine-3-
AY
e carbonitrile
N
O
“OH
&9 P 6~{1-({1r,48)-4-hydroxycyclohexyl-5-methyl-
/ AP
. 01% [H-pytazol-4-y1)-4-((9)-2.2.2-trifluoro-1-(5-
Nep”
N \\ N7 ) fluoropyridin-2-yhethoxypyrazolof},5-
Y \Q( ajpyridine-3-carbonitriie
)
S
SJ
HO
70 1,34 - 6-(1-((1r.4R)-4-bydroxyey clohexyl)-5-
BY 01 . methyl-1H-pyrazol-4-y1-4-((R)-2,2.2-
N - Y R triftuoro-1-{5-fuoropyridin-2-
7 \\g viethoxy)pyrazolo[l,5-alpyndine-3-
A
/‘}; carhonitrile
J
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71 4-{{(R}-1-(5-fluoropyridin-Z-vihethoxy)-6-{1-
{((18,3R}-3-hvdroxycyclohexyl}-3-methyl-1H-
pyrazol-4-ypyrazolof1,5-alpyridine-3-
carbonitrile
72 4-({R)-1-{5-fluoropyridin-2-y1jethoxy )-6-(1-

(1R 38)-3-hydroxycyelohexvly-S-methyl-1H-
pyrazol-d-y Dipyvrazolof1,5-alpynidine-3-

carbonitrile

As can be appreciated, the ionizable lipids described herein enable the development of
new therapies for disease without the need for exotic chemstry or specialized reagents or

manufacturing techniques.

foesy
I

Fharmaceutical compositions
Other embodiments are directed o pharmaceutical compositions. In an embodiment,

the pharmaceutical composition comprises any one {or more) of the {oregoing compounds
and a pharmaceutically acceptable carmer. In some embodiments, the pharmaceutical
composition is fornuiated for oral adminisiration. In other embodiments, the pharmaceutical
composition 1s formulated for injection. In still more embodiments, the pharmaceutical
compositions comprise a compound as disclosed herein and an additional therapeutic agent
{e.g.. anticancer agent). Non-limiting examples of such additional therapeutic agents are
described below,

Suitable routes of admimistration include, but are not imited to, oral, mtravenous,
rectal, aerosol, parenteral, ophthalmic, pulmwonary, transmucosal, transdermal, vagnal,
optical, nasal, and topical administration, In addition, by way of example only, parenteral
delivery includes intramuscular, subcutaneous, intravenous, inframedullary injections, as weli
as intrathecal, divect intravenincular, fntraperitoneal, intralymphatic, and intranasal
mjections.

In certain embodiments, a compound as described herein is administered in a local
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rather than systemic manner, for example, via mjection of the compound directly into an
organ, often in a depot preparation or sustained release formulation. In specific embodiments,
long acting formulations are administered by noplantation (for example subcutaneously or
ntramuscularly) or by intramuscular mjection. Furthermore, in other embodiments, the
compownd is defivered in a targeted drug delivery system, for example, in a iposome coated
with and organ specific antibody. In such embodiments, the Hposomes are targeted (o and
taken up selectively by the organ. In vet other embodiments, the compound as described
herein is provided in the form of a rapid release formulation, in the form of an extended
release formulation, or in the form of an inlermediate release formulation. In yet other
embodiments, the compound described herein 1s adminustered topically.

in treatment methods according to embodiments of the disclosure, an effective
amount of at least one compound of Formula (I}, (IA), (IB)-(IB-3), (IC-a)-(11-a}, (IC-b)-(11-
b, (H-a)-(TE-h), (IV) or (IV-a} is administered to a subject suffering from or diagnosed as
having such a disease, disorder, or wedical condition. Effective amounts or doses may be
ascertained by methods such as modeling, dose escalation studies or clinical trials, e.g, the
mode or route of administration or drug delivery, the pharmacokinetics of the agent, the
severity and course of the disease, disorder, or condition, the subject's previous or ongoing
therapy, the subject's health status and response to drugs. and the judgment of the treating
physician.

The compounds according to the disclosure are effective over a wide dosage range.
For example, in the treatment of adult humans, dosages from about 0.001 t0 6.1 mg, 0.01 t©
0.1mg 05t05mg 0510 10mg, 0.61-10 mg, (0.1 to 10 mg, 10 to 5000 mg, 100 to 5000 mg,
1000 mg to 4000 mg per day, or 1000 to 3000 mg per day are examples of dosages that are
used in some erobodiments. The exact dosage will depend upon the route of administration,
the form in which the compound is administered, the subject fo be treated, the body weight of
the subject to be treated, and the preference and experience of the atfending physician.

In some erabodiments, compounds of the disclosure are adnunistered in a single dose.
In an embodiment, the single dose 1s admimstered orally. In another embodument, the single
dose 15 administered topically. However, other routes are used as appropriaie. In some
embodiments, compounds of the disclosure are administered in nudtiple doses. In some
embodiments, dosing is about once, twice, three times, four times, {five fimes, s1x times, or
more than six times per dav. In other embodiments, dosing is about once a month, once
gvery two weeks, once a week, or once every other day. In another embodiment compounds

of the disclosure and another agent {e.g , anti-cancer agent) are administered together about
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once per day to about 6 times per day. In another embodiment the adminisiration of
compounds of the disclosure and an agent continues for less than about 7 davs. In vet another
embaodiment the admunisiration continues for more than about 6, 10, 14, 28 days, two raonths,
six moniths, or one vear. fn some cases, continuous dosing is achieved and maintained as long
as Necessary.
Admunistration of compounds of the disclosure may contimue as long as necessary. In

some embodiments, compounds of the disclosure are admunistered for morethan 1, 2, 3, 4, 3,
6.7, 14, or 28 days. In some embodiments, compounds of the disclosure are administered for
less than 28, 14,7, 6, 5,4, 3, 2, or 1 day. In some embodiments, compounds of the disclosure
arc admunisiered chrovucally on an ongoing basis, e.g., for the treatment of chronic effects.

In some embodiments, the cormpounds of the disclosure are admunistered in individual
dosage forms. It is known in the art that due to intersubject variability in compound
pharmacokinetics, individualization of dosing regimen is necessary for optimal therapy.

In some ermbodiments, the compounds described herein are formulated into
pharmaceutical compostiions. In specific embodiments, pharmaceutical compositions are
formudated in a conventional manner using one or more physiologically acceptable carriers
comprising excipienis and auxiliaries which facilitate processing of the disclosed compounds
mto preparations which can be used pharmaceutically. Proper formulation is dependent upon
the route of admimistration chosen. Any pharmaceutically acceptable techniques, cariiers,
and excipients are used as suitable to formudate the pharmaceutical compositions described
herain: Remington: The Science and Practice of Pharmacy, Nineteenth Ed (Easton, Pa.: Mack
Publishing Company, 1995); Hoover, John E | Remungton’s Pharmaceutical Sciences, Mack
Publishing Co., Easton, Pennsyivania 1975; Liberman, H A, and Lachman, L., Eds,,
Pharmaceutical Dosage Forms, Marcel Decker, New York, N.Y., 1980, and Pharmaceutical
DPosage Forms and Drug Delivery Svystems, Seventh Ed. (Lippincott Williams &
Wilkins1999),

Provided herein are pharmaceutical compositions comprising one or more compounds
of Formula (1), (JA) (IB)-(IB-3). (1C-a)-(i1-a), (IC-b)-(11-b)., (H-a)}-{I1-h), (IV) or (IV-a). and
a pharmaceutically accepiable carrier. Also provided herein are pharmaceutical compositions
comprising one or morg compounds selected from compounds of Formula (1), (1A}, B)-(IB-
3y, (1C-aj-(li-a), QC-b)-(l-b), (HI-a)-(1i-h), (V) or (IV-a} and pharmaceutically acceptable
diluent(s), excipient(s), and carrier(s). In certain embodiments, the compounds described are
admunistered as pharmaceutical compositions in which one or more compowunds selected from

compounds of Formula (1), (14), (IB)}-(IB-3), (IC-a)-(IT-a}, (1C-b)-(11-b), (TH-a)}-(F1-h}, (IV)
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or (IV-a} are mixed with other active ingredients, as in combination therapy. Encompassed
herein are all combinations of actives set forth in the combination therapies section below and
throughout his disclosure. In specilic ernbodiments, the pharroaceutical compositions include
one o more compounds of Formula (1), JA), (1B)-(IB-3). (IC-a)-(11-a), (1C-b)-(11-b}, (1l-a)-
(H-hy, (V) or (JV-a).

A pharmaceutical coraposttion, as used herein, refers to a mixture of one or more
compounds selected from compounds of Formula (1), (1A}, (IB)-(1B-3), (IC-a)-(U-a), (dC-b)-
{li-b}, (il-a)-(Hi-h} (1Y) or (JV-a) with other chemical components, such as carriers,
stabilizers, diluents, dispersing agents, suspending agents, thickening agents, and/or
exciptents. fo certain embodiments, the pharmaceutical coroposition facilitates adrotustration
of the compound to an organism. In some embodiments, therapeutically effective amounts of
one or more compounds selected from compounds of Formula (I), (1A), (1B)-(IB-3), (IC-a)-
{(TE-a}, (3C-b)-(H-b), {Bl-a)-(TH-h), (IV) or {IV-a} provided herein are adminisiered in g
pharmaceutical composition {0 a mammal baving a disease, disorder or medical condition to
be treated. In specific embodiments, the mammal 1S a human. In certain embodiments,
therapeutically effective amounts vary depending on the severity of the disease, the age and
relative health of the subject. the potency of the compound used and other factors. The
compounds described herain are used singly or i combination with one or more therapeutic
agents as components of mixtures.

in one embodiment, one or more compounds selected from compounds of Formula
(), A}, (4B)-(IB-3), (IC-a)-(ll-a}, (1C-b}-(1i-b), (HE-a)-(Hi-h), (IV) or {FV-a} are formulated
n aqueous solutions. In specific embodiments, the aqueous solution is selected from, by way
of example ouly, a physiologically compatible buffer, such as Hank’s sohution, Ringer’s
solution, or physiological saline buffer. Tn other embodiments, one or more cormpounds
selected from compounds of Formula (1), (1A), (IB}-(1B-3), (C-a)-(ll-g), (IC-b}-(il-b), (1Hi-
a)-{ItE-hy, (VY or (1V-a) are formulated for transmucosal administration. In specific
embodiments, transmucosal formulations mclude penetrants that are appropriate to the barrier
to be permeated. In still other embodiments wherem the coropounds described herein are
formulated for other parenteral injections, appropriate fornmdations include aquecus or non-
agueous sohutions. In specific embodiments, such solutions include physiclogically
compatible butfers and/or excipients.

In another embodiment, compounds described herein are formulated for oral
administration. Compounds described hergim are formulated by combining the active

compounds with, e.g., pharmaceuticallv accepiable carriers or excipients. In various
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embodiments, the compounds described herein are formulated in oral dosage forms that
mchude, by way of example only, tablets, powders, pills, dragees, capsules, hquids, gels,
syrups, elixirs, shurnes, suspensions and the like.

In certain embodiments, pharmaceutical preparations for oral use are obtained by
mixing one or more sohid excipient with one or more of the compounds described herein,
optionally grninding the resulting mixture, and processing the mixture of granules, after adding
surtable auxilianies, if desired, to obtain tablets or dragee cores. Switable excipients are, in
particular, fillers such as sugars, including lactose, sucrose, mannitol, or sorbitol; cellulose
preparations such as: for example, maize starch, wheat starch, rice starch, potato starch,
gelatin, guro tragacanth, methylcellulose, microcrystalline cellulose,
hydroxypropyimethvicellulose, sodivm carboxymethvicellulose; or others such as:
polyvinyipyrrolidone (PVP or povidone) or calcium phosphate. In specific embodiments,
disintegrating agents are optionally added. Disintegrating agents include, by wav of exarnple
only, cross linked croscarmellose sodium, polyvinvipyrrolidone, agar, or alginic acid or a salt
thereof such as sodium alginate.

in one embodiment, the oral dosage forms, such as a pill, capsole or tablet, comprises
one or more suitable layers or coatings. In specific ersbodirsents, concentrated sugar
solutions are used for coating the dosage form. The sugar solutions, optionally contain
additional components, such as by way of example only, gum arabic, talc,
polyvinyipyrrolidone, carbopol gel, polyethylene glycol, and/or titannum dioxide, lacquer
solutions, and switable organic solvents or solvent mixtures. Dyestuffs and/or pigments are
also optionally added to the coatings for identification purposes. Additionally, the dvestuffs
and/or pigments are optionally utilized to characterize different combinations of active
compound doses.

In certain embodiments, therapeuticaily effective amounts of at least one of the
compounds described herein are formulated into other oral dosage forms. Oral dosage forms
welude push fit capsules made of gelatin. as well as soft, sealed capsules made of gelatin and
a plasticizer, such as ghycerol or sorbuol. o specific embodiments, push fit capsules coutain
the active ingredients in admixture with one or more filler. Fillers include, by way of
example only, lactose, binders such as starches, and/or lubricants such as talc or magnesium
stearate and, optionally, stabilizers. In other erabodiments, soft capsules contain one or more
active compound that is dissolved or suspended in a suitable liquid. Suitable liquids include,
by way of example only, one or more fatty oil, liqued paraftin, or hiquid polvethylene glycol.

In addition, stabilizers are optionally added.
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In stil} other embodiments, the compounds described herein are formulated for
parental injection, including formulations suitable for bolus injection or continuous infusion,
In specific ernbodiments, formulations {or injection are presented in unit dosage form {e.g., in
ampoules) or in nult dose containers. Preservaiives are, optionally, added to the injection
formulations. In still other embodiments, the pharmaceutical compositions are formulated in
a form auntable for parenteral tnjection as sierile suspensions, solutions or emulsions n otly
or aquenus vehicles. Parenteral ijection formulations optionally contain formulatory agents
such as suspending, stabilizing and/or dispersing agents. In specific embodiments,
pharmaceutical formulations for parenteral administration include aqueous solutions of the
active compounds in water soluble form. In additional erubodiments, suspensions of one or
more compounds selected from compounds of Formula (1), ({A), (IB)-(IB-3), (IC-a)-(11-a},
(IC-b)y-(1L-b), (I-a)-(TIL-h}, (IV) or (IV-a) are prepared as appropriate oily injection
suspensions, Suitable lipophilic solvents or vehicles for use in the pharmaceutical
compositions described herein include, by way of exarople only, fatty oils such as sesame otl,
or synthetic fatly acid esters, such as ethyl oleate or trighycerides, or liposomes. In certain
specific embodiments, aqueous jection suspensions contain substances which increase the
viscosity of the suspension, such as sodium carboxymethyl cellulose, sorbitol, or dextran,
Optionally, the suspension contains suitable stabilizers or agents which increase the solubility
of the compounds to allow for the preparation of highly concentrated solutions. Alernatively,
n other embodiments, the active ingredient is in powder form for constitution with a suitable
vehicle, e.g., sterile pvrogen-free water, before use.
Pharmaceutical compositions mclude at least one pharmaceutically acceptable carnier,

diluent or excipient, and one or more compounds selected from compounds of Formula (3,
{IA), (IB)-(IB-3), (IC-a)-(11-a), (AC-b3-(11-b). (-a)-(11-h). (IV) or (IV-a) as an active
mgredient. The active ingredient is in free-acid or free-base form, or in a pharmaceutically
accepiable salf form. In addition, the methods and pharmaceutical compositions describad
herein nclude the use of N-oxades, ervstalline forms (also known as polymorphs), as well as
active metabolites of these compounds having the same type of activity. All tautomers of the
compounds described herein are included within the scope of the compounds presented
herein. Additionally, the compounds deseribed herein encompass unsolvaied as well as
solvated forms with pharmaceutically acceptable solvents such as water, ethanol, and the Hike.
The solvated forms of the compounds presented herein are also considered to be disclosed
herein. In addition, the pharmaceutical compositions optionatly include other medicinal or

pharmaceutical agents, carriers, adjuvants, such as preserving, stabilizing, wetiing or
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emulsifving agents, solution promoters, salts for regulating the osmotic pressure, buffers,
and/or other therapsutically valuable subsiances.

Methods for the preparation of cornposiiions comprising the compounds described
herein include formulating the compound(s) with one or more inert, pharmaceutically
acceptable excipients or carriers to form a solid, semi-solid or liguid composition. Solid
compositions include, but are not himited o, powders, tablets, dispersible granules, capsules,
cachels, and suppositories. Liguid compositions include solutions in which a compound is
dissolved, emulsions comprising a compound, or a sclution containing liposomes, micelles,
or nanoparticles comprising a compound as disclosed herein. Semi-solid compositions
melude, but are not limated to, gels, omtments, suspensions and creams. The form of the
pharmaceutical compositions described herein include hiquid solutions or suspensions, solid
forms suitable for sohttion or suspension in a liquid prior to use, or as ermulsions. These
compositions also optionally contain minor amounts of nontosic, awciliary substances, such
as wetting or enudsifying agents, pH buffering agents, and so forth.

in some embodiments, pharmaceulical compositions comprising one or more
compounds selected from compounds of Formuda {I), A), IB)-(IB-3), (IC-a3-({1-a), (IC-b}-
{H-b), (-ay-(H-hy, V) or (IV-a) dlustratively takes the form of a liqud where the agents
are present in solution, in suspension or both. Typically when the composition is
administered as a suspension, a first portion of the agent is present in solution and a second
portion of the agent 1s present in particulate form, in suspension in a liguid matrix. In some
embodiments, a iqud composition includes a gel formulation. In other embodiments, the
liguid composition is aqueous.

In certain embodiments, agueots suspensions contain one or more polymers as
suspending agents. Polvmers mnclude water-soluble polvmers such as cellulosic polvmers,

e g.. hvdroxypropyl methylcellulose, and water-insoluble polymers such as cross-linked
carboxyl-containing polymers. Certain pharmaceutical compositions described herein
comprise a mucoadhesive polymer, selected for example from carboxvimethylcellulose,
carbomer {acryvlic acid polymer), polv(uethylmethacrylate), polvacrvianude, polvearbophil,
acrylic acid/butyl acrvlate copolymer, sodium alginate and dextran.

Pharmaceutical compositions also, optionally, include solubilizing agents to aid in the
solubtlity of one or more compounds selected from compounds of Formula (1), (IA), (1B)-
(1B-3), (IC-ay-({i-a}, QC-by-(1i-b), (l-a)-(1H-b), (IV) or (IV-a). The term "solubilizing agent”
generally inchides agents that result in formation of 2 micellar solution or a true solution of

the agent. Certain acceptable nononic surfactants, for example polysorbate 80, are usefud as
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solubtlizing agents, as can ophthalmically accepiable glvcols, polvglycols, e g, polvethviene
glveol 400, and glyeol ethers.

Furthermore, pharmaceutical compostiions optionally include one or more pH
adjusting agents or buffering agents, including acids such as acetie, boric, citric, lactic,
phosphoric and hydrochloric acids; bases such as sodium hydroxide, sodium phosphate,
sodium horate, sodium citrate, sodinm acetats, sodium lactate and tris-
bydroxymethylananomethane; and buffers such as citrate/dextrose, sodiumn bicarbonate and
anmrnonium chloride. Such acids, bases and buffers are included in an amount required to
maintain pH of the composition in an acceptable range.

Compositions also, optionally, include one or more salis in an amount required to
bring osmolality of the composition into an acceptable range. Such salts mclude those having
sodium, potassium or ammonium cations and chloride, citrate, ascorbate, borate, phosphate,
bicarbonate, sulfate, thiosalfate or bisulfite anions; sutiable salts inclode sodium chlonide,
potassiurn chloride, sodium thiosulfate, sodium bisulfite and ammonium sulfate.

Other pharmaceutical compositions optionally include one or more preservatives 1o
inhibit ricrobial activity. Suttable preservatives include mercury ~containing substances such
as merfen and thiomersal: stabilized chlorine dioxide; and quaternary ammonium compounds
such as benzalkonium chloride, cetylirimethylammonium bromide and cetylpyridinium
chloride.

Compositions may nclude one or more surfactants to enhance physical stability or for
other purposes. Suitable nonionic surfactants include polvoxvethylene fatty acid glycerides
and vegetable oils, ¢.g., polvoxvethylene (60) hydrogenated castor ail; and polyoxyethylene
alkylethers and alkyiphenyi ethers, e.g., octoxynol 10, octoxyuol 40,

Compaositions may include one or more antioxidants to enhance chemical stability
where required. Switable antioxidants mclude, by way of example only, ascorbic acid and
sodium metabisulfite.

In certain embodiments, aqueous suspension compositions are packaged m single-
dose non-reclosable containers. Altematively, multiple-dose reclosable contamers are used, 1o
which case it is typical to include a preservative in the composition.

In aliernative embodiments, other delivery systems for hydrophobic pharmaceutical
compounds are eraploved. Liposomes and emulsions are examples of delivery velucles or
carriers useful herein. In certain embodiments, organic solvents such as N-methvipyrrolidone
are also emploved. In additional embodimenis, the compounds described herein are delivered

using a sustained release system, such as semipermeable matrices of solid hydrophobic
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polvmers containing the therapewtic agent. Various sustained release muaterials are useful
herein. Tn some embodiments, sustained release capsules release the compounds for a few
weeks up o over 100 days. Depending on the chermical nature and the biological stability of
the therapeutic reagent, additional strategies for protein stahilization are emploved.

in certain embodiments, the formulations described herein comprise one or more
antroxidants, metal chelating agents, thiol containing compounds and/or other general
stabilizing agents. Examples of such stabilizing agents, include, but are not bmoited to: {(a)
about 11.5% to about 2% w/v glycerol, (b} about 0.1% to about 1% w/v methionine. {c) about
.1% to about 2% w/v monothioglycerol, (d) about 1 mM 1o about 10 mM EDTA, {e} about
0.01% to about 2% wiv ascorbic acid, () 0.003% to about 0.02% w/v polysorbate 80, (g)
{.001% to about 0.05% w/v. polysorbate 20, (h) arginine, (i} heparnn, (3) dextran sulfate, (k)
cyclodextring, (1) pentosan polysulfate and other heparinoids, (m) divalent cations such as
magnesiom and zing; or (n) combinations thereof.

In some embodiments, the conceniration of one ot roore compounds selected from
compounds of Formula (I}, (IA), (IB}-(B-3}, (IC-a}-(1l-a}, (1C-by-(il-b), (IH-a}-(8il-hy, (1Y)
or (IV-a) provided in the pharmaceutical compositions is greater than 90%, 0%, 75%, 70%,

, 19.75%, 19.50%, 19.25% 19%, 18.75%, 18.50%,

18.25% 18%. 17.75%, 17.50%. 17 25% 17%, 16.75%, 16.5(%, 16.25% 16%, 15.75%,

15.50%, 15.25% 15%, 14.75%, 14.50%, 14.25% 14%; 13.75%, 13.50%, 13.25% 13%,

12.75%, 12.50%, 12.25% 12%, 11.75% 11.50%, 11.25% 11%, 10.75%. 10.50%, 10.25%

10%. 9.75%. 9.50%, 9.25% 9%, 8.75%, 8 50%. 8.25% 8%, 7.75%, 7.50%, 7.25%. 7%,

6.75%, 6.50%, 6.25% 6%, 5.75%. 5.50%. 5.25%, 5%. 4.75%, 4 50%, 4.25%, 4%, 3.75%,

3.50%, 3.25%, 3%, 2.75%, 2.50%, 2.25%, 2%, 1.75%, 1.50%, 1.25% , 1%, 0.5%, 0.4%,

(.3%, 0.2%, 0.1%, 0.09%, 0.08%, 0.07%, 0.06%, 0.05%, 0.04%, 0.03%, 0.02%, 0.01%,

(3.009%, 0.008%, 0.007%, 0.006%. 0.005%, 0.004%, 0.003%, 0.002%, 0.001%, 0.0009%,

{1.0003%, 0.0007%, (.0006%, 0.0005%, 0.0004%, 1.0003%, 0.0002%, or 0.0001% w/w, w/v,

65%, 60%, 55%, 50%, 40%, 30%. 20%

ot v/v. In another erobodiment, the aroount of a compound selected from compounds of
Forraula (I3, (1A}, (IBY-(0B-3), (JC-a)-(H-a), JC-b)-(H-by, (H-a)}-(T-h), V) ot JV-a) inthe
pharmaceustical compostiions is an amount between about any two of the values recited in the
preceding sentence, for example, between about 2-70 w/w%, 3.5-80 wiw%, 1-30 wiw%, eic.

n some embodiments, the concentration of one or more compounds selecied from
compounds of Fornula (), (1A}, (IB}{IB-3), (IC-a)-(11-a), (JC-b)-{I1-b), (Il-a)-(H{1-h), (IV)
or (1V-a) provided in the pharmaceutical compositions of the present disclosure is in the

range from approximately 0.0001% to approximately 50%, approximaiely 0.001% (o
2 pp 3 pp N P \
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approximately 40 %, approximately 0.01% to approximately 30%, approximately 0.02% 1o

NG

approximaiely 29%, approximately 0.03% (0 approximately 28%, approximately 0.04% to
approximately 27%, approximately 0.05% o approximately 26%, approsimately 0.06% (o
approximately 23%, approximately 0.07% to approximately 24%. approximately 0.08% to
approximately 23%, approximately 0.09% to approximately 22%, approximately 0.1% to
approximately 21%, approximately 0.2% to approximately 20%, approximately 0.3% to
approximately 19%, approximately 0.4% to approximately 18%, approximately 0.5% to
approximately 17%, approximately 0.6% to approximately 16%, approximately 0.7% to
approximately 15%, approximately 0.8% o approximately 14%, approximately 0.9% to
approxuuaiely 12%, approxumately 1% to approxuuately 10% wiw, wiv or v/v.

In some embodimeants, the amount the one or more compounds selected from
compounds of Formula (I}, (1A}, (IB)-(IB-3), (IC-a)-(11-a}, (IC-b)-(11-b), (TH-a)-(HI-h), (V)
or {IV-a) provided in the pharmaceutical compositions of the present disclosure is equal to or
lessthan 102,958,902, 85¢, 809, 752, 702652.605,35¢ 50g.45g40g3.5
2.305.25g20g 152 1.0 095¢092 0855 08g 0752075 0.65g 0.6g 0.55
2052045 0400355038 025202¢ 0158 0.1 0.09g 0.08g 0072, 0.06¢.
0.05 ¢ 0.04 g 0.03 g 0.02g 001 g 0.009 g 0.008 g, 0.007 g 0.006 g, 0.005 g, 0.004 ¢,
0.003 g, 0.002 g, 0.001 g, 0.0009 g, 0.0008 g, 0.0007 g 0.0006 g, 0.0005 g 0.0004 g, 0.0003
g, 0.0002 g, or 0.0001 g,

in some embodiments, the amowunt of the one or more compounds selected from
compounds of Formula {I), (1A), (IB)}-(IB-3), {(IC-a)-(1I~a}, JC-b)-(1I-b), ({Hi-a)-(¥-hy, (IV)
or {{V-a) provided in the pharmaceutical compositions of the present disclosure is in the
range of 0.0001-10 g, 0.0005-9 ¢, 0.001-8 g, 0.005-7 g, 0.01-6 g, 0.05-5 ¢, 0.1-4 g 0.5-4 g, or
i-3g

Packaging materials for use in packaging pharmaceutical compositions deseribed
herein include those found in, e.g, U.S. Pat. Nos. 5,323,907, 5,052,558 and 5,033,232
Examples of pharmaceutical packaging materials include, but ave not lirited to, blister packs,
bottles, tubes, inhalers, pumps, bags, vials, containers, syringes, bottles, and any packaging
material suitable for a selected formulation and intended mode of adnunistration and
treatment. For example, the contamer(s} inchudes one or more compounds desenbed herein,
optionally i a compostiion or in corobination with another agent as disclosed herein. The
container{s) optionally have a sterile access port (for example the contaner s an mtravenous
solution bag or a vial having a stopper pierceable by a hypodermic injection needle}. Such

kits optionally comprise a compound with an identifying deseription or label or instructions
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relating 10 its use in the methods described herein,

For example, a kit typically includes one or more additional containers, each with one
or more of various materials {such as reagents, optionally in concentrated form, and/or
devices) desirable from a commercial and user standpoint for use of a compound described
herein. Non-Himiting examples of such materials include, but not limited to, buffers, diluents,
filters, needles, syringes; carrier, package, container, vial and/or tube labels Histing contents
and/or 1nstructions for use, and package inserts with instructions for use. A set of nstructions
will also typicallv be included. A Iabel 15 optionally on or associated with the container. For
example, a label is on a container when letiers, numbers or other characters forming the label
are attached, molded or siched o the container itself] a label 1s associated with a contamer
when it is present within a receptacle or carrier that also holds the container, e g, as a
package insert. In addition, a label is used to indicate that the contents are 1o be used for a
specific therapeutic application. In addition, the label fudicaies directions for use of the
cortents, such as it the methods described heremn, In certain embodirnents, the
pharmacentical compostiions are presented in a pack or dispenser device which contains one
or more mait dosage forms containing a compound provided herein. The pack for example
contains metal ot plastic foil, such as a blister pack. Or, the pack or dispenser device is
accompanied by instructions for admimstration. Or, the pack or dispenser is accompanied
with a notice associated with the contamer in form presciibed by a governmental agency
regulating the manufacture, use, or sale of pharmaceuticals, which notice 1s reflective of
approval by the agency of the form of the drug for human or veteriary administration. Such
notice, for example, is the labeling approved bv the U S. Food and Drug Admimistration for
prescription drugs, or the approved product insert. In some embodiments, composttions
contaning a compound provided herein formulated in a compatible pharmaceutical carnier
are prepared, placed in an appropriate container, and labeled for ireatment of an indicated
condition.

Ag mentioned above, the compounds and compositions of the disciosure will find
utitity in a broad range of discases and conditions mediated by protein Kinases, including
diseases and conditions mediated by kinase. Such diseases may include by way of example
and not limitation, cancers such as lung cancer, NSCLC {non small cell lung cancer), cai-cell
cancer, bone cancer, pancreatic cancer, skin cancer, dermatofibrosarcoma protuberans, cancer
of the head and neck, cutaneous or intraocular melanoma. uterine cancer, ovaran cancer,
colon-rectal cancer, cancer of the anal region, stomach cancer, colon cancer, breast cancer,

gynecologic tumors {e.g., uterine sarcomas, carcinoma of the fallopian tubes, carcinoma of
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the endometrium, carcinoma of the cervix, carcinoma of the vagina or carcinoma of the
vabva), Hodgkin's Disease, hepatocelular cancer, cancer of the esophagus, cancer of the
small intesting, cancer of the endocrine system {e.g., cancer of the thyroid, pancreas,
parathvroid or adrenal glands), sarcomas of soft tissues, cancer of the urethra, cancer of the
penis, prostate cancer {particularly hormone-refractory), chronic or acute lenkemia, solid
tumors of childhood, hypereosinophilia, lymphocovtic lymphomas, cancer of the bladder,
cancer of the kidney or ureter {e.g, renal cell carcinoma. carcinoma of the renal pelvis),
pediatric malignancy, neoplasms of the central nervous system {e.g.. primary CNS
lvmphoma, spinal axis tumors, medulloblastoma, brain stem gliomas or pituitary adenomas),
Barrett's esophagus (pre-malignant syndrome), veoplastic cutaneous disease, psoriass,
mvcoses fungoides, and benign prostatic hypertrophy, diabetes related diseases such as
diabetic retinopathy, retinal ischemia, and retinal neovascularization, hepatic cirrhosis,
angiogenesis, cardiovascular disease such as atherosclerosts, tmmunological disease such as
autoimmune disease and renal disease.

in some embodiments, a pharmaceutical composition has a compound described
above and a pharmaceutically acceptable carrier including, for example, any adjuvant, carrier,
exciptent, glidant, sweeterang agent. diluent, preservative, dye/colotant, flavor enbancer,
surfactant, wetting agent, dispersing agent, suspending agent, stabilizer, isotonic agent,
solvent, or emulsifier which has been approved by the United States Food and Drrag
Administration as being acceptable for ase in humans or domestic animals.

In some embodiments, the compound of the pharmaceutical composition for use in
treating a disease associated with mutaiions i fibroblast growth factor receptor 2 (FGFR2) or
fibroblast growth facior receptor 3 (FGFR3} is provided.

In some embodiments, the compounds of the present disclosure may have enhanced
sotubility, ADME profile (e g.. permeability, metabolic stability}, pharmacokinetics,
selectivity against hERG, selectivity against FGFR1, and/or selectivity against anti-targets as
compared to other FGFR inhibitors. In some embodiments, a method of treating a disease
associated with mutations in FGFR2 or FGFR3, comprising: admanistering the compound or
the pharmaceutical composition to a subject in need thersof. In some embodiments, the
subject i an animal. In some embodiments, the subject is a human. In some embodiments,
the discase associated with mutations i FGFR2 15 a cancer or craniosynostoic syndrome. In
some certain embodiments, the cancer 15 intrahepatic cholangiocarcinoma, hepatocellular
carcinoma, breasi cancer, prostate cancer, hing squamous cell carcinoma, thyroid cancer,

gasiric cancer, ovarian cancer, endoretrial cancer, non-small cell lung cancer, urothelial
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cancers, colorgctal cancer, colon cancer, metastatic cholangiocarcinoma,
cholanglocarcinoma, osteosarcoma, gasirossophageal junction adenocarcinoma, biliary {ract
cancer, anaplastic thyroid carcinoma, ganglioglioma, pancreatic iniraductal tubulopapillary
neoplasm, galtbladder carcinoma, renal cell carcinoma, myxmd lipocarcinoma, triple
negative breast cancer, or rectal cancer. In some certain embodiments, the craniosynostoic
syndrome 18 craniosynostosts, bent bone dysplasia, ¢rourzon syndrome, apert svadrome,
pleiffer syndrome, antley-bixler, beare-stevenson syndrome, jackson-weiss syndrome, or
seathre-chotzen-like syndromes. In some embodiments. the disease associated with
mutations in FGFR3 s systemic sclerosis, fibrosis, pulmonary fibrosis, achondroplasia,
thanatophoric dysplasia, severe achondroplasia with developroental defay and acanthosis
nigricans {SADDAN svndrome), muenke svndrome, FGFR3 associated cancer,

hypochondroplasia, FGFR3 related craniosvnostosis, LADD syndrome, or Alzheimer disease.

IV Methods of Preparation and Examples

Preparation methods for the above compounds and compositions are described hergin
below and/or known in the art.

it will be appreciated by those skilled in the art that in the process described herein the
functional groups of intermediate compounds may need to be protected by suitable protecting
groups. Such functional groups include hydroxy, amino, mercapto and carboxvhic acid.
Suitable protecting groups for hydroxy include trialkylsily! or diarvialkylsilyl {for example, t-
butyldimethylsilyl, t-butvidiphenylsilyl or trimethylsilvl), tetrahvdropyranyl, beneyl, and the
like. Suitable protecting groups for amino, anudine and guanidine include t-butoxycarbonyl,
benzyloxycarbonyl, and the Hke. Suitable protecting groups for mercapto include —C{0)—
R" (where R" s alkyl, aryl or arylalkyl}, p-methoxybenzyl, trity] and the like. Suitable
protecting groups for carboxyvhic acid include alkyl, arvi or arvialkyl esters. Protecting groups
may be added or removed in accordance with standard techniques, which are known 1o one
skilled n the art and as descenibed hersin. The use of protecting groups is deseribed in detail in
Green, T. W, and P. G M. Wutz, Profective Groups in Organic Synthesis (1999}, 3rd Ed.,
Wiley. As one of skill in the art would appreciate. the protecting group may also be a
polvmer resin such as a Wang resin, Rink resin or a 2-chlorotritvl-chioride resin.

it will also be appreciated by those skilled m the art, although such protected
derivatives of compounds of this invention may not possess pharmacological activity as such,
they may be administerad to a mamimal and thereafter metabolized in the body to form

compounds of the invention which are pharmacologically active. Such derivatives may
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therefore be described as “prodrugs™ All prodrugs of compounds of this invention are
inchuded within the scope of the invention,
Furthermore, all compounds of the invention which exist in free base or acid form can
be converted to their pharmaceutically acceptable salts by treatment with the appropriate
inorganic or organic base or acid by methods known to one skilled in the art. Salts of the
compounds of the mvention can be converied {o their free base or acid form by standard
technigues.

Syntheses for the corapounds of Formula (1} are described below,

General Scheme 1

3r ,%\N.-N\> v v “«”Y\F\
N OO Y e BERO PN
\r R 2ONA TR L\\.r j’\N,VN\ Daprotection T/ NTY
oH R N G I E— 30 §r =
= \r » "
on R s R P
Yy < X
| i ) 2

Y
/(') R*
X
R
General Scheme 2
Bra o~ N
7NN _ ¥
; P 4 RV
s NP 20! 0RO
e 8 O AN Depootection ‘u\’f‘w’%
8r R N ,J% \> N L\,(
""""""" . i 1 — N “\\f/ {
e} R < Y
EY R L
X I X
R2_on R X T
2 b
/Y\
ORCEY" .
¥
RE o Ay
\,/‘\f’ B
A \ P
\/ S
H ‘R"
X"O
R‘.’

Intermediate 1

6-bromo-4-{(1R}-1-(5-fluoro-2-pyridy hethoxylipyrazolo| 1. 5-ajpyridine-3-carbonitrile
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Step A (38)-1-(5-fluore-2-pvridviiethancl. To a 500 mi. three-necked round-bottom flask

equipped with a mapnetic stir bar was added (3aR)-1-methyl-3,3- diphenyl-33.4.5.6-

tetrahy dropyrrolol1,2-c} [1,3.2] oxazaborole (1 M, 35.94 mL) followed by the addition of
THF (100 mL). The flask was then evacuated and backfilled with rutrogen three times. The
mixture was cooled to (°C. BH:-MexS (10 M, 3.59 ml) was added dropwise and the reaction
muxture was stivred for 1 h. The mixture was coolad to -20°C, 1-{5-fluoro-Z-pyridyljethanone
{5 g. 35.94 mmol) dissolved in THF (20 mL) was added dropwise over 0.5 h. The mixture
was stirred at -20 °C under an atmosphere of nitrogen for 1 h. The mixture was quenched by
slow addition of 1 M HCL (300 mL}, the pH of mixture was adjusted to pH=8 by using
saturated aqueous sodium bicarbonate, The resulting mixture was extracied with
dichloromethane (100 mk x 3). The combined organic lavers were dried over anhydrous
sodium sulfate, filtered, concentrated vnder reduced pressure and purified by silica gel
column chiromatography {5-20% ethyl acetate in petrolevm ether) to give the desived product

{(158)-1-(5-fluoro-2-pyridylethanot (4 g 74% vield} as a colorless ofl.

Step B, [(183-1-(8-flucre-Z-pvndvhethy]] methanesulfonate, To a 100 mL round bottom flask

equipped with a magnetic stir bar was added (18)-1-(5-fluoro-2-pyridyl) ethanol (800 mg,
5.54 mmol) followed by the addition of DCM (10 mL). TEA (1.9 mL, 13.54 mmol) was
added dropwise. The solation was cooled to 0 °C. Methylsulfonyl methanesullonate {1.43 g,
8.21 nuwol) in DCM (10 mL) was added dropwise. The mixture was allowed to warm to 25
°C and stir for 1 h. Water (20 mL) was added to the reaction and the mixture was transferred
1o a separatory funnel and the agueous layer was exiracted with dichloromethane (30 mL x
33. The combined organic layer was dried over anhydrous sodium sulfate, filiered,
concentrated under reduced pressure affording the residue as a brown oil, [(18)-1-(5-fluoro-2-
pyridyethvl} methanesuifonate (1.2 g, crade producty and used into the next step without

further punfication.

Step C. G-bromo-4-{{1 R)}-1-(5-fluore-Z-pyridyDethoxylpvrazolol L. 5-alpvrdine-3-

carbonitrle, To a 40 mL vial equipped with a magnetic stir bar was added 6-bromo-4-
hydroxv-pyrazolo] 1,5-alpyndine3-carbonitrile (450 mg, 1.89 mmol) and [(1S)-1-(5-fluoro-2-
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pyridyliethyl] methanesulfonate (600 mg, 2.74 mmol) followed by the addition of DMF (&
mL). KoUOs (768 mg, 5.54 mmol) was added into the mixture at 25 °C. The mixture was
stirved at 90 °C for 1 k. The mixture was quenched by slow addition of HoO (15 mL). The
resulting nuxture was extracted with ethyl acetate (15 mb x 3}. The combined organic layers
were washed with brine (15 mL x 3}, dried over anhydrous sodium sulfate, filtered,
concentrated ander reduced pressure and purified by silica gel column chromatography (8-
1255 ethyl acetate 1n petroleum ether} {o give 6-bromo-4-[{(1 R)-1-{8-fluoro-2-
pyridvliethoxy fpyrazolo{ 1, 5~-ajpyridine-3~carbonitrile (1.25 g, 91% vield} as a colorless oil.
LCMS (MM-ES+APCI, Pos)y 'z 360.8 (M+H).

Intermediate 2
4-[(1R)-1-(5-fluore-2-pvridyDethoxy |-6-(4. 4,3 S-tetramethyl-1.3, 2-dioxaborolan-2-
vhpyrazolo|1.5-ajpvridine-3-carbonttrile
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Step A, (R)-4-(1-(5-fuoropvridin-2-vhethoxy 1-0-(4.4.3, Sterrametiwi-1.3 2-dioxaborolan-2-

]

e

vhpyrazolol 1 S-alpyridine-3-carbonitrile, To a 40 mL vial equipped with a magnetic stir bar

was added 6-bromo-4-f{ 1R }=1-(S-ftuoro-2-pyridyethoxyjpyvrarolof 1 S-alpyridine-3-
carbonitrile (1 g, 2.74 mmot), 4,45, 5-tetramethyl-2-(4,4,5.5-tetramethyl-1,3,2-dioxaborolan-
2-y1¥-1.3,2-dioxaborolane (1.04 g, 4.11 mmol) followed by the addition of dioxane (20 mL).
[2-(2-AminoethyDphenvii-chloro-paliadium; dicyelohexyl-{2-(2,4.6-

triisopropy Iphenviphenyi]phosphane (101 rug, 0.13 wamol), XPhos (131 mg, 0.27 mmol) and
KOAc (538 mg, 5.48 mmol} were added into the mixture at 25 °C. The vial was then purged
with nitrogen for 2 mun. The mixture was stirred at 100 °C under an atmosphere of nitrogen
for 1 h. Water (30 mbL} was added to the reaction and the mixiure was transferred to a
separatory funnel and the agueous layer was extracted with ethyl acetate (20 mL # 3}, The
combined organic layer was washed with brine (65 mL), dried over anhydrous sodium
suifate, filtered, concentrated under reduced pressure and purified by silica gel colunm
chromatography {25-30% petroteum ether/ethyl acetate) to give 4-f(1R)-1-(5-fluoro-2-
pyridyDethoxyi-6-(4.4.5 S-tetramethyl-1,3,2-dioxaborolan-2-vlypyrazolof L 3~-ajpyvridine-3-
carbonitrile (900 mg, 76% vield) as a yellow oil. LCMS (MM-ES+APCI, Pos) m/z 3268
(MHH),
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Intermediate 3
t-Butyl 4-{4-{d-bromo-3-cyano-pyrazolo] 1,5-a}py ridin-6-y1)-5-methyl-pvrazol-1-

vipiperidine-1- carboxylate
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Step A, =Butv] 4-(4-iodo-S-methvl-pyvrazol-1-v]) pipendine -1 ~carboxvlate. To a round-

bottom flask equipped with a magnetic stir bar and a reflux condenser was added 4-10do-5-
methyl-1H-pyrazole (10 g, 48 mmol}, tert-butyl 4-methylsulfonyloxypiperidine-1-carboxylate
(20 g, 72 munol) and cesium carbonate (31 g, 96 mmol} followed by the addition of N, N~
dimethylformamide (300 b}, The mixture was stirred at 90 °C for 4.5 hr. Water {600 mL)
was added to the reaction and the mixture was fransferred o a separatory funnel. The agueous
laver mixture was extracted with ethyi acetate (200 mk. x 33 The combined organic lavers
were washed with brine (800 mL), dried over anhydrous sodinm sulfate, filtered,
concentrated under reduced pressure and purified by silica gel column chromatography {0-
6% EtOAc/petroleum ether) to give tert-butyl 4-{4-1odo-5-methyl-pyrazol-1-y1} piperidine -

i-carboxylate (4.4 g, 23% yield) as a white solid.

Step B -Butvl 4-{3-methyl-4-(4. 4. 5. 5- tetramethvl-1. 3. Z-dioxaborolan-2-v1) pvrazol-1~vi]

piperidine-1-carboxviate, To a 250 mL round-bottom flask equipped with a magnetic stir bar
was added tert-butyl 4-{4-10do-S-methyl-pyrazol-1-v1} piperidine -1-carboxylate (4.4 ¢, 11.3
ol ) followed by the addition of THF {120 mL). Isopropyimagnesium chlonde (2 M, 23
ml, 45 mmol) was added fo the mixture and stirred for 1 h at 25 °C. 2-methoxy- 4, 4, 5, 5 -
tetramethvi-1, 3, 2 - dioxaborolane (8.9 g, 56 mmol) was added to the mixture and stirred at
25°C for 3 h. Water (300 k) was added to the reaction and the mixture was transferred to a
separatory funnel. The agueous mixfure was extracted with ethvl acetate (33100 mbL). The
combined organic layers were washed with bring {400 mbL x 3), dried over anhvdrous sodium
suifate, filtered, concenirated under reduced pressure and purified by silica gel column
chromatography {0-10% EtQAc/ petroleum ether) to give tert-butyl 4-{5-methyl-4-(4, 4, 5, 5-
tetramethyl-1, 3, 2-dioxaborolan-2-v1) pyrazol-1-vl} pipendine-i-carboxviate (1.9 g, 40%
vield) as a white solid. LCMS (MM-ES+APCH, Posy my/z 392.4 (M+H).

Step C. (-Butvl 4-[4-{3-cvano-4-hvdroxy-pyrasolol 1. S-alpvridin-6-vD-5-methyl-pyrazol-1-
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viipiperidine-1- carboxviate, Synthesized according to Intermediate 2, Step A, substituiing

tert-butyl 4-f 5-methy-4-(4, 4, 5, 5- tetramethyi-1, 3, 2-dioxaborolan-2-v1) pvrazol-1-y1]
piperidine- I-carboxvlate for teri-butyl 38)-3-14~(4,4.5, 5~tetrarnethyi-1,3,2-dioxaborolan-2-
viypyrazol-1-vipiperidine-1-carboxylate to give tert-butvl 4-[4-(3-cvano-4-hvdroxy-
pyrazolof1,5-alpyridin-6-vi)-5-methyl-pyrazol-1-ylipiperidine-1- carboxylate (10 g, 30%
vield) as a white solid. LCMS (MM-ES+APCE, Posy /7 367.0 (M-Bu+H).

Intermediate 4
tert-butyl (38)-3-[5-methyl-4-(4.4,5 S-tetramethyi-1,3 2~dioxaborolan-2-yDpyrazol-i-
ylipiperidine-1-carboxylate
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Step A tert-butyl 3833~ {5-methvl-4-(4.4.3 5-tetramethyi-1.3.2-dioxaborolan-2-vpvrazol-1-

vlipiperidine-1-carboxylate. To a 250 mL three-necked round-bottom equipped with a

magnetic siir bar and a reflux condenser was added teri-butyl (3R)-3-
methvisutfonyloxypiperidine-1-carboxylate (8.0 g, 28 84 mmol} followed by the addiion of
DME (20 mL). 5-Methyi-4-(4 4,5 S-tetramethyl-1,3.2-dioxaborolan-2-v1}-1H-pyrazole (20 g,
9.61 mmol) and (00 {18.8 g, 57.67 mmol) were added into the mixture dropwise at 25
°C. The mixture was heated to 90 °C and stirred for T h. Water (20 ml.} was added to the
reaction and the mixture was transferred fo a separatory furmel. The agueous mixture was
extracted with ethyl acetate (4x10 mL). The combined organic layers were washed with brine
{20 mL), dried over anhydrous sodium sulfate, filtered, concentrated under reduced pressure
and purified by silica gel colunm chromatography (0-50% petroleum ether/ethy! acetaie) to
give tert-butyl (38)-3-{5-methyl-4-(4,4.5,5-tetramethyi-1,3,2-dioxaborolan-2-yhipyrazol-1-

viipiperidine-1-carboxviate (200.0 mg, 5% vield) as an orange oil.
Intermediate 3

tert-butyl-duoethy -[4-[ S~methyi-4-(4,4.5, 3 -tetraroethyi- 1,3, 2-dioxaborolan-2-vpyrazol - 1-

vijcyclohexoxyisilane
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Step A, 4-[ert-butvi (dimethvDsivi] goxvevelohesanol. To a 1000 ml round-bottom flask

equipped with a mapnetic stir bar was added cvclohexane-1.4-diol (25 ¢, 215.22 mmol) and
imidarole {29 30 g, 430,45 mmol) followed by the addition of THF (300 mL}. The solution
was cooled to 0 °C. Tert-butyl-chloro-dimethyl-silane (21.2 mL, 172,18 muuol} dissolved in
THF (100 mL} was added dropwise. The nuxture was allowed to warm to 25 °C and stir for 2
b Water (50 mL) was added to the reaction and the mixture was transferred to a separatory
funnel. The aquecus mixture was extracted with petroleum ether {3x50 mL). The combined
organic layers were washed with brine (20 mL x 3), dried over anhydrous sodium sulfate,
filtered, concentrated under reduced pressure and purified by silica gel column
chromatography (5-20% ethy! acetate/petroleum ether) to give 4-{tert-butyl (dimethyi}silvl]

goxvevelohexano! (25 g, 34% vield) as a colorless oil.

Step B, [4-flert-butvl{dimethvhisilvljoxvevelohexyl] 4-methvibenzenesulfonate. Five parallel

reactions, To a 250 mL three-necked round-bottom equipped with a magnetic stir bar was
added 4-[tertbutyi{ dimethvisilvijoxycvelohexanol (20 g, 86.80 nmumol) followed by the
addition of pyridine (80 mL). The solation was cooled to § °C. 4-Methyibenzenesulfonyl
chloride (33.10 g. 173.60 mmol) was added into mixture, The mixture was allowed to warm
t0 25 °C and stir for 16 b, The mixtiwe was poured into H2O (6000 mL} and stirred for 60
win. The solids were filtered, washed with water, and dried under vacwm to give a light
yvellow solid. The hight vellow solid was suspended in hexanes (80 mLL) and heated to reflux.
The solution was allowed to fully cool to 25 °C. The resultant solids were filtered to afford a
white solid. Repeat the re-crystallization steps seven times to get j4-{tert-
butyl{dimethylstivljoxyveyclohexyl] 4-methylbenzenesulfonate (29.4g, 17% yield) as a white

solid.

Step C. teri-butvi-{4-(d-10dopvrazol- 1 -vicvclohexoxyi-dimethvi-silane. To a 250 mb round-

bottom flask equipped with a magnetic stir bar was added 4-todo-1H-pyrazole (1.98 g, 10.22
mmol) and [4-{tert-butvi{dimethy Usiyvljoxy cyclobexyl] 4-methyvibenzenesulfonate (5 g,
i2.49 mmol) followed by the addition of DMF (60 mL) CsoC0s3 (7.41 g, 22.73 mmol) was

added into the muxture at 25 °C. The mixture was heated to 90 °C and stirred for 16 h. The
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mixture was quenched by slow addition of Hz( (250 mL). The resulting mixture was
transferred o a separatory funnel, and the aqueous laver mixture was extracted with ethyl
acetate (150 mi x 3). The combined orgame lavers were washed with brine (100 mL x 3),
dried over anhydrous sodium sulfate, filtered, concentrated under reduced pressure affording
the residue and purified by silica gel columm chromatography (10-20% ethyl
acetate/petrolewm ether) to give tert-bulyl-{4-(4-iodopyrazol-1-y1icyclohexoxy}-dimethyl-

silane (8.75 g. 43% yield) as a colordess o, LCMS (MM-ES+APCL Pos): m/z 4072 (M+H).

Step D. tert-buwl-]4-(d-iodo-3-methvi-pvrazol-1-vhevelohexoxy | -dimethyi-silane. To a 250

mk threg-necked round-bottom flask equipped with a magnetic stir bar was added tert-butyvl-
[4-(4-todopyrazol-1-vievclohexony|-dimmethyi-silane (5.75 g, 12.18 mmol} followed by the
addition of THF {100 mL}. The solution was cooled to -75 °C. The flask was then evacuated
and backfilled with mitrogen for three times. LDA (2 M, 9.50 mL, 19 mmol} was added
dropwise. The mixture was stirred at =75 °C for 1 h. lodomethane (1.14 mL, 18.27 mwmol} was
added dropwise. The muxture was stirred at -75 °C for 1 h. The mixture was quenched by
slow addition of H20 (50 mL). The resulting nuxture was transferred o a separatory funnel,
and the aqueous layer mixture was extracted with ethyl acetate (100 mL x 3). The combined
organic lavers were washed with brine (50 mL}, dried over anhydrous sodium sulfate,
filiered, concentrated under reduced pressure and purified by silica gel column
chromatography (5-10% ethy! acetate/petroleum ether) {o give tert-butyl-{4-(4-iodo-3-

methyi-pvrazol-1-vicyelobexoxy-dimethyl-silane (3.75 g, 73% vield) as a colorless ol
LEMS {MM-ES+APCE, Pos): mvz 421 .0 (M+H).

step E. er-butvi-dimethvi-{4-15-methyl-4-(4.4.3 S-tetramethvi-1.3 2-dioxaborolan-2-

vhpyrazol-1-vllcvelohexoxvisilane, To a 250 mb three-necked round-botiom flask equipped

vhcyclohexoxv]-dimethyl-silane (5 g, 11.89 mmol) followed by the addition of THF (100
mb}. The flask was then evacuated and backfilled with nitrogen for three times. -PrMgCl (2
M, 25 mb, 48.63 mmol} was added dropwise. The mixture was stirred at 25 °C under an
atmosphere of nitrogen for 1 h. 2-Methoxy-4,4.5, 5-ietramethyi-1,3, 2-dioxaborolane (9.40 g,
59.47 myool) was added dropwise at 23 °C. The mixture was stirred at 25 °C under an
atmosphere of nitrogen for 1 h. The mixture was quenched by slow addition of NH4C1 (33
mi ) and H20 (33 mb). The resulting mixture was transferred 10 a separatory funngl, and the
agueous fayer mixture was extracted with ethyl acetate {33 mL x 3). The combined organic

lavers were washed with brine {33 mL}, dried over anhydrous sodium sulfate, filtered,
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concentrated under reduced pressure and purified by silica gel column chromatography (3-
5% ethyl acetate/petroleum etherto give tert-butyl-dimethyl-|4-]S-methyi-4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-vhpvrazol-1-vlicyclohexoxylsilane (6.2 g, 36% yieldy as a

white solid. LCMS (MM-ES+APCE Pos): m/z 421.0 (M+H).

Example 1

gy L :(
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4-[(1R)-1-(5-fluoro-Z-pyridyljethoxy |-6-{ 1 -{(4-hydroxyeyclohexyi)-S-methyl-pyrazol-4-

vipyrazolof1,5-ajpyridine-3-carbonitrile {1}

Y
oA N N
2 V] W
-~ 4 /
. Moy Y P
4 SR Jod
f O NJN \N"ﬁ‘b“% Py (N}i\
e/ N |
hﬂ 3 p\\ TREC . =5 . \ ‘~1~>
NN g T Y T " ~ Y
NV sepa ~{ T F sees ~L0F
Yy N N
Br e l_,'\ ,'_._
A N
{
TBSG HO

Step A. 6-{1-{4-{tert-buty l{dimethvlistlvloxveyclohexyvi-5-methyl-pyrazol-4-vi]-4-{(1R}-1-

(3-fugro-2-pyvridyDethoxy lpyvrazolof 1. S-alpvndine-3-carbonitrile. To a 40 mb vial equipped

with a magunetic stir bar was added Intermediate 1 (230 mg, 0.68 ramal) followed by the
addition of dioxane (5 mL) . KoCO: (190 myg, 1.37 mmol), CATACXIUM{R) A PD G: (50
myg, (.07 mmol}, tert-butyl-dimethyl-{4-{ 5-methyi-4-(4 4,5 S-tetramethvi-1,3, 2-dioxaborolan-
2-yDpyrazol-1yley clohexoxyisilane, Intermediate 5 (453 mg, 1.01 mmol}, O (1 mL) was
added into the roixture at 23 °C. The vial was purged with nitrogen for three min. The
mixture was heated to 90 °C under an aimosphare of nifrogen for 1 h. Water {5 mL} was
added to the reaction and the mixture was transferred to a separatory funnel. The aqueous
taver was extracted with ethyl acetate (10 ml x 3). The combined organic lavers were
washed with brine (5 mL.), dried over anhydrous sodium sulfate, filtered, concenirated under
reduced pressure and purified by silica gel column chromatography (25-45% ethyl
acetate/petroleum ether) to give 6-[1-{4-Jtert-buty Hdimethy Deilyljoxyeyclohexyl}-S-methyl-
pyrazol-d-y1}-4-{ (1 R)-1-(5-fuoro-2-pyrdyDethosy jpyrazole[ 1, 5-alpyridine-3-carboniitile
(352 mg, 87% vield) as a yellow o1l LOMS (MM-ES+APCI, Pos) m/z 875 1 (M+H).
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Step B. 4-{(1R)-1-{3-luoro-2-pynidyhethoxyi-6-f 1-{4-hydroxveyclohexy)-3-methyl-pyrazol-

4-vilpyrazolo[1.5-alpvridine-3-carbonitrile. To a 100 mL round-bottom flask equipped with &

magnetic stit bar was added 6-[1-[4-[tertbuty{ dimethyDstlyloxyeyelohexyi}-S-methyl-
pyrazol-4-y1}-4-{ {1 R)-1-(5-fluoro-2-pyridyhethoxyipyrazole[ 1,5-a]pyridine-3-carbonitrile
{342 mg, 0.58 mmol} followed by the addition of BCM (3 mL}. HCVdioxane {4 M, 3 mL}
was added info the mixture at 25 °C. The muxture was stirred at 25 °C for 0.2 b The mixture
was concendrated under reduced and purified by preparative HPLC: {22%-52% acetonitrile /
0.08% agueous ammonia hydroxide + 10 M NHHCOs). After lyophilization, 4-[(FR}-1-(5-
fluoro-2-pyridy Dethoxy |-6-{ 1-(4d-hvdroxy ey clohexy )-S-methvl-pyrazol-4-vijpyrazolo]1,5-
ajpvridine-3-carbonitride (161.3 mg, 60% yield) was obtained as white solid. LCMS (MM-

ES+APCE Posy m/z 460.9 (M+H).

Example 2

e
F}
\

-
H

6-5-methyl-1-{4-piperidy Dpyrazol-4-y H-4-[{ IR}~ 1-(Z-pyndsbethosy fpvrazolo] 1,5~

alpyndine-3- carbonitrile (5)
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Step A tert-buty] 4-14-f3-cvano-4-[(1R)-1-{Z-pyndviiethoxyipvrazolell S-alpvndin-6-vi]-5-

methvl-pvrazol-1-viipiperidine-1-carboxylate. To a 40 mb vial equipped was added {(1S)-1-

{(Z-pyvridyHethyl] methanesulfonate (143 mg, 6.71 mmol), tert-boty 4{d-(3-cyano-4-
hvdroxv-pyrazolof 1. 5-alpyridin-6-v1}-S-methyl-pyrazol-f -vi]piperidine-1-carboxviate,
Intermediate 3 (200 mg, 0,.473.40 mmol), CoC05 (308 myg, 0,95 mmol) and DMF (5 mL), the
reaction mixture was stirred at 90 °C for 12 hr. The mixture was transferred 10 a separatory
formed, and the aqueous laver mixture was extracied with BCM (50 mi x 3} The combined

organic lavers were dried over anhydrous sodium sulfate, filtered, and concentrated under
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reduced pressure and purified by silica gel column chromatography (36-50% petroleum
ether/ethv] acetate} to give tert-butyl 4-14-[3-cvano-4-](IR}-1-(2-
pynidyiethoxy ipvrazolol . S-alpyridin-6-v1}-3- methyl-pyrazol-1-ylpiperidine- 1 -carboxylaie
{208 mg, 83% yield) as a yellow oil.

Step B. 6-{5-methvi-1-{4-piperidvDpyrazob-4-vii-4-[ (AR }-1 -C-pyvridy Bethoxvipyrazofof 1.5~

~y

alpyridine-3- carbonitrile. To a 50 mL round-bottom flask equipped with a magnetic stir bar

was added HCdioxane (1 mbL) followed by the addition of DCM (4 b}, Tert-buty] 4-{4-[3-

cyano-4-{{1R}-1-(2-pyndyDethoxy jpyrazoloi 1, 5-alpyndin-6-vl|-5- methyl-pyrazol-1-
viipiperidine-1-carboxylate (200 mg, 0.38 mmol) was added into the mixture at 25 °C. The
mixbure was stired at 25 °C for 1 hr. The reaction mixiure was concentrated and purified by
prep-HPLC {5-35% Acetonitrile /water (FA}]. After lvophilization, 6-{5-methyi-1-(4~
piperidylpyvrazol-4-y1}-4-{(1R)-1-{2-pynidyjethoxy |pyrazolof 1, S-ajpvridine-3- carbonitrile
{651 mg, 40% vield) was obtained as a white solid. LCMS (MM-ES+APCY, Pos): m/z 4282
(M)

Example 3

6-13,5-dimethyl-1-(1-methyl-4-piperidylipyrazol-d-y1}-4-] (1R)}-1-(2-

pyridvijethoxy fpyrazolof 1 5-alpyridine-3- carbonitrile {6}

I/}‘ 4
o~ AW
"Nf j N/}T R MN\ N/ N}\\‘{\

= \o, R = /\::/

----- x"/[’; ’_F\( Step A _ﬁ;—;‘l

S 0

N"/ N’j

N /

Step A. 6-{3.S-dimethy]- I-(1-methvl-4d-pipenidvbipvrazol-4-vi}-4-{(1R -1 {2~

pyadyvhethoxy lpvrazolol 1 S~alpvndineg-3- carbomtrile. To a 50 mL round-botiom flask

equipped with a magnetic stir bar were 6-[3,5-dimethyl-1-(4-piperidvhpvrazol-4-yi]-4- [(1R)-
{-(Z-pyridyhethoxy jpyrazotol 1, 5-alpyridine-3-carbominile (120 mg, 0.27 romol) followed by
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the addition of Me(H (3 mL). (HCHOn (44 mp, 1.36 mmol}, acetic acid (0.016 mL, 0.27
mmol) and NaBH:ON (34 mg, 0.54 mmol) was added into the mixture at 25 °C. The mixiure
was stirred at SO °C for 2 h. The muxiure was concenirated and purified by preparative HPLC
{(8-38% acetonitrile /water (FA)). the purified solution was lyophilized to give 6-{3,5-
dimethyl-1-(1-methyi-4-pipendypyrazol-4-y1j-4-[{(1R}-1-(2-pyridyljethoxy jpvrazolof1,5-
alpyridine-3- carbonitrile (46.4% mg, 38% yield) as a white solid. LCMS (MM-ES+APCL,
Posy miz 456.4 (M+H),

Example 4

N
i
7

B

NS
b

(R}-4-(1-(3-fluoropyndin-2-y hethoxy »-6-( I-(pipenidin-d-v -1 H-pyrazol-4-yhpyrazolo| 1.5~

ajpyridine-3-carbonitrile (8}
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Step A tert-butvl 4-{4-(3-cvano-d-hvdroxypyrazolof L S-alpvadin-6-vi- 1 H-pyrazol-1-

vijpiperidine-1-carboxvlate. To a sohution of Intermediate 1 (5.0 g, 21.0 mmoly in 41

dioxane; water (70 mL) was added tert-butyl 4-(4-(4,4,5 5-tetramethyl-1,3,2-dioxaborolan-2-
vh-1H-pyrazol-1-vhiptperiding -2-carboxylate (14.3 g, 37.8 nunol} and Na2C03 (4.45 g, 42.0
nunol). The reaction was capped, purged with Argon for 5 minutes. PACI2(dppf) (1.54 g,
2.10 mmol} was added and the reaction immediately sealed and purged for an additional 5
minutes, The reaction stivred at 90°C for 18 b The mixture was allowed to cool fo 1,
quenched slowly with water (100 mL). diluted with EA (100 mL), combined extracts washed
with brine (3 x 75 mL), organic layer filtered through 1PS paper, evap in vac and purified by
silica gel chromatography (0-100% EA/Mhex) to give tert-butyi 4-(4-(3-cyano-4-
hydroxypyrazolof1,5-a]pyridin-G-yi)- I H-pyrazol-1-yDpiperidine- 1 ~carboxylate (1. 16 g, 13%

vield). LCMS (MM-ES+APCL Pos). m/x 353.2 (M+H - tBu).
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Step B. tert-butyl (Ry-4-(4d-(3-cvang-4-(3-(3-fluoropvridin-2-ylethoxy Ypvrazol 1 Salpvridin-

6y} 1H-pyrazol-1-vDpiperidine- 1 -carboxvlate, Triphenyiphosphine (193 mg, 0.73

mmol) was added to a solation of teri-butyi 4-{4~-(3~-cvano-4-hy droxyvpyrazolof 1, 3-a]pyridin-
6-y1}-1H-pyrazol-1-vipiperidine-1 -carboxylate (100 mg, .24 mmol} and (18)-1-(3-
fluoropyridin-2-vhethan-1-0l (51.& mg, 0.237mmol} in DCM (3 mL). After stirring at 0°C
for 15 mn, di-tert-butyl diazene-1 2-dicarboxylate (DBAD) (113 mg, (.49 mmol} was added
dropwise. The mixture was allowed to stir at vt for 18 h. The mixture was diluted with EA (10
mb) and water (10 mL}, aqueous was extracted with EA (3 x 10 mL), combined exiracts were
filiered through 1PS paper, evaporated in vac and punified by silica gel chromatography (0-
100% EA/bex) to give tett-butyl (R)~4~(4-(3~cyano-4-(1-(3-fluoropyndue-2-
vijethoxy)pyrazo|1 Sajpyridin-6-v)-1H-pyrazol-1-vijpiperidine-1-carboxylate (76 mg, 59%
vield). LCMS (MM-ES+APCL, Pos): mv/z 532.25 (M+H),

Step C. (Ry-4-(1-03-fuoropyvridin-2-vhiethoxy 1-6-(1 -(pipendin-4-v{-1H-pyrazol-4-

vhpyrazolol L.S-alpyndine-3-carbonitnle. Svuthesized according to Example 2, Step B

substituting tert-butyl 4-[4-{3-cy ano-4-{{(1R)-1-(2-pyndyiethoxy]pyrarclo{1,5-a]pyridin-6-
vii-5- methyl-pyrazol-1-yljpiperidine--carboxylate for tert-butyl (Ry-4-(4-(3-cyano-4-(1-(3-
fHooropynidin-2-vhethoxypyrazof 1, 5ajpyridin-6-y1}- I H-pyrazol-1-yDipiperidme- 1
carboxylate to give (R)-4-(1-(3-flucropyndin-2-vhethoxy -6~(1 {piperidin-4-v1}- I H-pyrazol-

4-yHnvrazolo] 1, S-ajpynidine-3-carbonitrile (34 mg, 42% yield). LCMS (MM-ES+APCE
Pos)y: w2z 4322 (M+H).

anmple 3

m R

N~N

II\

/{N

[\11 H

4-((R)~1-(3-fluoropyridin-2-y Dethoxy }6-( 3-methy - 1-({S)-pipertdin-3-y )~ 1 H-pyrazol-4-

vhpyrazolof1,3-ajpyridine-3-carbountinile (10}
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Step A tert-butvl (83-3-(4-(3-cvano-4-{{R}-1-(3-Huoropvridin-2-vhethoxv)pyrazolol 1.5~

alpvridin-6-y1-S-methvi-1H-pyrazol-1-vipiperidine-1-carboxylate. Svnthesized according to

Example 4, Step A substituting tert-butyl 4-(4-(4,4.5 5~tetramethyl-1,3,2-dioxaborolan-2-v1}-
iH-pyrazol-1-ylipiperidine -2-carboxylate for tert-butyl (8)-3-{5-methyl-4-(4,4 5,5~
tetramethvi-1,3,2-dioxaborolan-2-vh)-1H-pyrazol- 1y Dpiperidine -1- carboxylate to give tert-
buty! {§)-3-(4-(3-cyano-4-((R)-1-(3-Buoropvridin-2-vDethoxy ypvrazolo] 1, S-alpyridin-6-y1)-
S-methyl-1H-pyrazol-1-y Upiperidine- L-carboxylate (88 g, 93% vield). LCMS (MM-
ES+APCE Posy m/z 346.3 (M+H}.

Step B. -Butvi (38)-3-14-f 3-cvano-4-{(3-fluoro-6-methvi-2-pyridyl isulfanviipyrazolof 1,5~

alpvridin-6-vilpvrazol- i -vilpiperidine-1 - carboxyvlate. Synthesized according to Example 2,

Step B substituting tert-buiyl 4-]4-[3-cvano-4-[(1R)-1-(2-pyridviethoxy pyrazole]1,5-
alpyridin-6-vi]-5- methyl-pyrazol-1-vlipiperidine- 1 -carboxylate for teri-butyi {8§3-3-{4-(3-

ey ano-4-({R)-1-(3-fhioropyridin-2-vhethoxy jpvrazolo[ 1, 5-alpy ridin-6-y - 5-methy - 1H-
pyvrazol-1-yDipipendine- 1 ~carboxylate 1o give 4-((R)-1-(3-Tuoropyridin-2-yjethoxy }-6-(5-
methyl-1-((8)-pipendin-3-vi}- 1H-pyrazol-d-vDpyrazolof 1,5-alpyndine-3-carboniirile (36 mg,
81% vield) LOMS (MM-ES+APCIE, Pos) mvz 4462 (M+H).

Example 6

N
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NN Y N

6-(1-((8)-1-acetylpiperidin-3-yi}-3-methy -1 H-pyrazol-4-y1-d-((R3-1-{5-fluoropynidin-2-

vhethoxy pyrazoiol 1, S-alpyridine-3-carbomirnle {13}
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Step A. 6-(1-((8)-1-acetvipiperidin-3-vi}-3-methvl-1H-ovrazol-4-vh-4-((R)-1-(5-

Hucropyridin-2-vhethoxvipyrazolol 1.5-alpvridine-3-carbonitiile To a solution of 4-((R)-1-

{(5-fluoropyridin-2-ylethoxy )-6-(S-methyl-1-{(8)-piperidin-3-y1}- IH-pyrazol-4-
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vipyrazolof1,5-alpyridine-3-carbonitrile {28 mg, 0.06 mmol} in DCM (0.5 mL) at 0°C was
added acety] chloride (0.005 mL, 0.069 mmol} and DIEA (0.044 mi, 0.25 mmol). The
reaction was warmned to vt and stirred for 18 hours. The reaction was partitioned between 30%
IPA/CHCL3 (10 mL) and water {15 mL}. The agueous layer was washed with 30%
IPA/CHCL3 (2x5 mL). The combined organic lavers werg filtered through 1PS paper and
purified by silica gel chromatography (0%-25% (20%MeOH/DCM with 2% NH4AOH m
BCM to give 6-(1-({S)-1-acetylpiperidin-3-v1)-3-methyl-1H-pyvrazol-4-y1-4-((R)-1-(5-
fluoropyridin-2-yljethoxy ypyvrazolof 1, 5-afpyridine-3-carbonitrile {25 mg, 82% vield). LUMS
{(MM-ES+APCE, Pos) m/z 48825 (M+H).

Example 7
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4-((R)-1-{S-fluoropyridin-2-yDethoxy }-6-(6-({R}-3-(hydroxymethyl)-4-methylpiperazin-1-

yhpyridin-3-vhpyrazolo[1.S-ajpyridine-3-carbornutrile (24}
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Step A. 6-(6-fluoro-3-pyridvD-4-[(1R)-1-(5-fluoro-2-pyridvljethoxvipvrazelol 1. 5-ajpvridine-

3-carbonitrile. Synthesized according to Example 4, Step A substituting tert-batyl 4-(4-
{(4,4.5 S-tetramethyi-1,3, 2-dioxaborolan-2-y1)- 1 H-pyrazol-1 -vlipiperidine -2~carboxylate for
2-fluoro-5-(4.4.5, 5-tetrarnethy 11,3, 2-dioxaborolan-2-yhipyridine to give 6-{6-fluoro-3-
pyndyD-4-{ 1R}-1-(S-fluoro-2-pyridyijethoxyjpyrazolo{ 1.S-alpyridine-3-carbonitrile {470
mg, 90% yield). LCMS (MM-ES+APCE, Pos): w/z 377.9 (M+H).

Step B. tert-butyl QRF4-13-3~cvano-4-11 R 1-05-Huoro-Z-pyndyDethoxy pvrazolof 13-

alpyndin-6-vil- 2-pvridvii-2-(hvdroxvmethy Dpiperazine-1-carboxvlate. To a 40 mb vial

equipped with a magnetic stir bar was added 6-{6-fluoro-3-pysidyl}-4-{ (1 R3-1-(5-Huoro-2-
pyridyvljethoxy fpyrazolof i, S-ajpyridine-3-carbonitrile (240 mg, 0.63 mmol} and tert-butyi
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{2R}-2- (hydroxvmethyl}piperazine-1-carboxyiate (0. 14 g, 0.66 mmol} followed by the
addition of DMSO (5 ml). DIBA (0.23 mL, 1.30 mmol} was added into the mixture at 25 °C.
The mixture was stitred at 100 °C for 39 b Water (10 ml} was added to the reaction and the
nuxture was transferred to a separatory funnel. The aqueous layer was extracted with ethyl
acetate {20 mb x 3} The combined organic layers were washed with brine {20 mL x 3}, dried
over anhvdrous sodium sulfate, filtered, concentrated under reduced pressure and purified by
silica gel colunm chromatography (60-80% ethyl acetate in petroleum ether) to give the
desired product tert-butyl (2R}-4-{5-[3~cvano-4-{(1R)-1-{5-fluoro-2-
pyridyljethoxy pyrazolo{1,5-a]pyridin-G-y1}- 2-pyndyi}-2-(hy droxymethylipiperazine-1-
carboxylate (250 mg, 69% yield) as a brown solid. LCMS (MM-ES+APCE, Pos): nvz 381.8
{(M+H).

Step C. 4-J{(1R}-1-(5-fluoro-2-pyridy}} ethoxy |-6-[6-[(3R}-3- (hydroxvmethylipiperazin-1-

vii-3-pyvndviipvrazolofl . S-alpvridine-3-carbontirile. Synthesized according to Example 2,

Step B substituting tert-buty] 4-{4-{3-cvano-4-{( R)-1-(2-pyridyDethoxy|pyrazolof 1.5-
ajpyridin-6-y1}-3- methyl-pyrazol-1-yljpiperidine- L -carboxylate {or tert-butyl (2R }-4-{5-{3-
eyano-4-{ (1R -1~ {S-fluoro-2-pyridyethoxy {pyrazolo{ 1, S-alpyidin-6-y1}-2-pyridyii-2-
{hydroxymethyhpperazine- | ~carboxylate to give 4-[(1R}-1-(5-luoro-2-pyridyl) ethoxy]-6-
[6-{(3R)}-3~ (hydroxymethy Dpiperazin-1-y1]-3-pynidylipyvrazolo] 1. 5-a}pyridine-3-carbomnirile
(33 mg, 26% yield), LCMS (MM-ES+APCL Pos): nv/z 4883 (M+H).

Step D T-Batvl{38)-3-[4-[3-cvano-4-[ L -(Z-tnimethvisibviethoxymethyindazol-7-vswlfanyi-

pyrazololl S~alpvndin-6-vipvrazol-1-vipipendine-1~carboxvlate. Synthesized according 1o

Example 2, Step B substituting tert-butyl 4-{4-[3-cyano-4-{{1 R)-1-(2-

pyridyljethoxy fpyrazolol i, S-alpyridin-6-y1}-5- methyi-pyrazol-1-viipiperidine-1-carboxylate
for 4-H(IR}-1-(8-fluore-2-pyridyvliethosy |-6-[6-[ (3R)-3- (hy droxvmethy Dpiperazin-1-v1]-3-
pynidyiipyrazolol . 3-ajpynidine-3-carbonitrile to give tert-butvi{38)-3-{4-[3-cvano-4-{ 1-(2-
trimethyisilylethoxy methyindazol-7-viisul fanyi-pyrazolof 1,5-alpyridin-6-ylipyrazol-1-
viipiperidine-1-carbosviate (0.13 g, 36% yield). LOMS (MM-ES+APCL Pos) w2 6715
{M+H).
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(R)-6-(5-amino-1-methyl-1H-pyrazol-4-vi-4-(1-{5-flucropyridin-2-vlethoxy)pyrazolof 1,3-
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ajpyridine-3-carbonitrile (3¢
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Step A. 4-iodo-Z-methyl-pvrazol-3-amune, To a 40 mb vial equipped with a magnetic stir bar

was added 2-methyipyrazol-3-aming (500 mg, 5.15 mmol} followed by the addition of DCM
{6 mL). NIS(1.39 g, 6.18 romol} was added into the mixture at 235 °C. The mixture was
stirved at 25 °C for 0.5 h. Walter {5 mb) was added to the reaction and the mixiure was
transferred to a separatory funnel The aqueous layer was extracted with ethyi acetate (50 mL
x 3}. The combined organic layers were washed with brine (50 mL}, dried over anhydrous
sodm sulfate, filiered, concentrated wnder reduced pressure and purtfied by silica gel
column chromatography {10-30% petroleum ether/ethyl acetate) 1o give 4-10do-2-methyl-
pyrazol-3-amine (60 mg, 73% vield} as a red solid. LCMS (MM-ES+APCL, Pos): m/z 224.0
{M+H).

Step B. N-{4-10do-2-methvl-pyvrazol-3-vhcarbamate. To a 100 mi, round-bottom flask

equipped with a magnetic stir bar was added 4-1odo-2-methyl-pyrazol-3-amine (860 mg, 3.76
mmol), TEA (1.05 ml, 7.52 mmol) and DMAP {45.93 mg, 0.38 mmol} followed by the
addition of DCM {9 mL). Boe(O {1.23 g, 5.64 mmol} in DCM (1 mL) was added dropwise.
The muxture was stirred for 16 h at 28 °C. Water {10 mL) was added to the reaction and the
mixture was transferred 1o a separatory funnel. The aqueous layer was extracted with ethyl
acetate (SO mL x 3}, The combined orgame layers were washed with brine (50 ml}, dried
over anhydrous sodium sulfate, filtered, concentrated under reduced pressure and purified by
silica gel column chromatography {10-20% ethy] acetate in petroleum ether) to give teri-buty!
N-{4-iodo-2-methvl-pyrazol-3-vijcarbamate (430 mg, 29% vield} as a yellow solid. LCMS

{(MM-ES+APCL, Posy m/z 324 .0 (M+H).

Step C. tert-butyl N-{4-{3-cvano-4-[(1 R)-1-(5-fluoro-2-pvridvhethoxvipyrazolof 1.5-

alpvridin-6-vii-2-methvl-pyrazol-3-vijcarbamate, To a 40 mL vial equippad with a magnetic

stir bar was added tert-butyl N-(d-iodo-2-methyi-pyrazol-3-yicarbamate (55 mg, (.14

nanol}, 4-f{IR)}-1-(5-Nuoro-2-pyridy Dethoxy }-6-(4,4,5, 5-tetramethyi- 1,3, 2-dioxaborolan-2-

yhpyrazolo[1,5-ajpynidine-3-carbonitrile, lntermediate (78.70 mg, 0.19 mmol), KoCO: (38.06

mg, 0.27 numol) and XantPhos Pd G3 (13.06 mg, 0.014 mmol) followed by the addition of
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dioxane {4 mL) and HoO (1 mL}. The vial was then evacuated and purged with nitrogen for
one minute. The mixture was stirred at 90 °C under an atmosphere of nitrogen for 16 h. The
suspension was filiered through a pad of Cehite. The Celite pad was eluled with ethyl acetaie
{10 mL) The organic phase was concentrated under reduced pressure and purified by
preparative TLC (11 petrolewm ether/ethyvl acetate) to give tert-butyl N-j{4-[3-cvano-4-{(1R)-
1-(5-fluoro-2-pyridyDethoxy fpvrazolo] 1 5-alpyridin-6-y1-2-methyvi-pyrazol-3-vHearbamate

(18 mg, 13% yield) as vellow oil. LCMS {MM-ES+APCY, Pos): m/z 478.3 (M+H),

Step D. 6-(5-amino-1-methvl-pvrazol-4-vi-4-[(3 R)-1-(53-fluoro-2-

pyndvilethoxy {pvrazolol}.S-ajpyridine-3-carbonifrile. Synthesized according to Example 2,

Step B substituting tert-butyl 4-[4-[3-cvano-4-[{1R}-1-(Z-pyridyiyethoxypyrazolof1,5-
alpyridin-6-y1i-5- methyl-pyrazol-1-vlipiperidine- I -carboxylate for

tert-butyt N-{4-{3-cyano-4-[(1R)-1-(8-flucro-2-pynidyhethoxy ipyrazolof 1, 3-ajpvridin-6-vii-
Z-methyl-pyrarol-3-yljcarbamate to give 6-(S-amino-1-methyl-pyvrazol-4-y1p-4-{{(1R}-1-(5-
fHuoro-2-pyridy Dethosy|pyrazolof 1,5-al pyridine-3-carboniinle {2.83 mg, 42% vield). LCMS

{(MM-ES+APCE Posy m/z 378.1 (M+H).

Example 9

4-{(R)-1-(5-Buoropyndin-2-yhethoxy }-6-(1-((5)-1-(2-hy droxy-2-methyipropanoy Dpiperidin-

3-yip-S-methyl-1H-pyrarol-4-vDpyrazolo[1,5-alpyridine-3-carbonitrile {17}
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Step A. 6-{5-Methvi-1-[(38)-3-piperidvijpvrazol-4-vii-4-(3-pyridvisulfanvDpyrazolof 1 5-

ajpyridine-3-carbonitrile. To a solution of 4-{{R)-1-(S-fluoropyridin-2-ylethoxy)}-6-(5-

methyi-1-((8)-piperidin-3-yD)- I H-pyrazol-4-vDpyrazolof1,5-al pyridine-3-carbounitriie (17 mg,
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0.04 mmol} in DMF (1 mL) was added alpha-hvdroxvbutyric acid {(4.77 mg, 0.046 mmol),
HATU (14.5 mg, 0.038 mmol} and DIEA (0.03 mL, 0.19 rumol}. The mixiore was stirred at
50°C for 18 h. The mixture was diluted with 20% MeOH/DCM (10 mL) and water (10 mol.),
aqueous extracted with 20% MeOH/DCM (3 x 15 mL), organic layer filtered through 1PS
paper, evaporated in vac and purified by silica gel chromatography (0-20% MeOH/DCM
with 2% NH40H) to give 4-(R)}-1-(5-Huorepyiidin-2-y Dethoxy 3-6-(1-((S)-1-(2-hy droxy -2~
methyipropanoy Dpipenidin-3-vi}-3-methyl-1 H-pyrazol-4-yDpyrazolof 1, 5-alpyndine-3-
carbonifrtie {8 mg, 38% vield). LCMS (MM-ES+APCL, Pos): m/z 532.3 (M+H).
Example 10
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(Ry-6-(1-(1, {-dioxidotetrahydro-2H-thiopvran-4-y 13- 5-methvl- 1H-pyrazol-4-v1j-4-(1-(5-

fluoropyridin-2-yhethoxy ypvrazolo(1,5-alpyridine-3-carbonitrile {33)
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Step A. Tetrahvdrothiopyran-4-v1 methanesulfonate. To a 50 mL vound-bottom flask with a

magnetic siir bar was added tetrahydrothiopyran-4-of (1 g, 8 46 mumol}y and TEA (2.36 mL,
16.92 mumol} followed by the addition of DCM {5 mL). Methylsuifonyl methanesulfonate
{2.95 g, 16.92 mmol} was dissolved inio DCM (5 miL} and added dropwise to the muxture at 0
°C. The mixture was allowed to warn to 25 °C and stir for 1 hr. Water (15 ml) was added to
the reaction and the mixture was transferred to a separatory funnel. The agueous laver was
extracted with ethy! acetate (15 mL x 3). The combined organic layers were washed with
brine {15 mL}, dried over ashydrous sodium sulfate, filtered, concentrated under reduced
pressure and used into the next step without further purification. Compound

tetrahvdrothiopyran-4-yl methanesuifonate (1.5 g, crude} was obtained as a vellow oil.
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Step B. d-iodo-1-tetrabvdrothiopyran-d-vi-pyrazole. To a 30 mL round-bottom flask

equipped with a magnetic stir bar was added 4-iodo-1H-pyrazole (1.48 g, 7.64 mumol} and
tetrahy drothtopyran-4-vl methanesuifonate (1.5 g, 7.64 mwnol) followed by the addition of
DMF (20 mL). CsoC0s {4 .98 g, 15.28 mamol) was added into the mixture at 25 °C. The
mixture was stirred at 90 °C for 3 h. Water (50 mL) was added to the reaction and the
mixture was transferred 10 a separatory funnel. The aqueous laver was extracted with ethyl
acetate (30 mb x 3). The combined organic layers were washed with brine (30 mL). dried
over anhydrous sodinm sulfate, filtered, concentrated under reduced pressure and purified by
sturry in ethyl acetate (5 ml) at 25 °C for 10 min. After filtration and drying under vacuum,
4-jodo-~1~tetrabydrothiopyran-4-vi-pyrazole (1.03 g, 46% yield) was obtained as a white

solid. LOMS (MM-ES+APCY, Pos): mvz 2049 (M+H).

Step C. 4-1odo-5S-methvl-1-tetrabv drothuopyran-4-vi-pyrarole, To a 100 mb three-necked

round-bottom equipped with a magnetic stir bar was added 4-1odo-1-tetrahydrothiopyran-4-
vl-pyrazole (800 mg, 2.71 mmol) followed by the addition of THF (10 mbL). LDA (2 M, 2.7

.

mb, 542 mmol} was added dropwise into the mixture at -78 °C under N; atmosphere. The
maxture was stived at =78 °C for [ b Mel (0.33 mi, 5.42 mmol} was added dropwise at -78
°C. The mixture was stirred at -78 °C for 1 h. Water (20 mL) was added to the reaction and
the mixture was transferred 1o a separatory furmel. The aqueous layer was extracted with
ethvl acetate (10 mL x 3}. The combined organic layers were washed with brine {10 mL),
dried over anhydrous sodium solfate, fitered, concentrated under reduced pressure and
residue recrystallization from ethyl acetate (3 mlL) at 25 °C for 5 roin. After filtration and
drying under vacuum, the desired product was obtained 4-todo-5-methyl-1-
tetrahydrothiopyran-4-vi-pyrazole (700 mg, §3% yield) as a white solid. LCMS (MM-
ES+APCE, Pos) w/z 308 .1 {(M+H).

Step D. 4~{4-iodo-S-methvl-pyvrazol-1~vixthiane 1. 1-dioxide. To a 100 mL round-bottom flask

equipped with a magnetic stir bar was added 4-iodo-5-methyl-1-tetrahydrothiopyran-4-vi-
pyrazole {760 mg, 2.26 mumol) followed by the addition of THF (10 mb} and H0 (2 mL}.
Potassium oxidooxy hydrogen subfate (1.90 g, 11.29 mmol) was added nto the mixture at 0
°C. The mixture was stirred at 25 °C for 2 hr. The nuxture was quenched by slow addition of
saturated sodium sulfite solution (10 mL) and transferred to a separatory funnel. The aqueous
layer was extracted with dichloromethane (10 mL x 3). The combined orgamic layers were
washed with brine (15 rol.), dried over anhvdrous sodium sulfate, filtered, concenirated under
reduced pressure and purified by sturry in ethyl acetate (5 mL}j at 25 °C for 10 nun. After

filtration and drying under vacuum, 4-(d-icdo-5-methvi-pyrazol-1-vijthiane 1 1-dioxide {730
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mg, 91% vield) was obiained as a white solid. LCMS (MM-ES+APCT, Pos) m/z 3411
(M),

Step E. 6-[1-(1, I-dioxothian-d-v}-S-methvi-pyrazol-4-vi]-4-[ 1 R)-1-(5-flucro-2-

pyndvhiethoxyipyvrazolold S-alpvidine-3-carhomitrile, To a 40 mi vial equupped with a

magnetic stir bar was added 4-{(1R}-1-{5-fluoro-2-pyridvhethoxy|-6-(4,4.5 5-tetramethy -

1.3 2-dioxaborolan-2-y Dpyrazolof 1, 5-a]pyridine-3-carbonttrile {110.33 mg, 0.2 mmol) and 4-
{(4-10do-S-methvi-pyrazol- I-yDithiane 1, 1-dioxide (71 mg, 0.2 ramol) followed by the addition
of dioxane (3 mL} and H:O (0.3 mL). KoCOs (56,88 mg, 0.411 mmol) and CATACXIUM(R)
A PD G3 (14.99 mg, 0.021 mmol} was added into the muxture at 25 °C. The vial was
backfilled with nitrogen for three min. The mixiure was heated to 90 °C and stisred for 0.5 h,
Water {3 mL) was added to the reaction and the mixture was transferred to a separatory
furmel. The agueous layer was extracted with ethyvl acetate (3 mb x 3} The combined organic
tayers were washed with brine (5 mL}, dned over anhydrous sodium sulfate, filtered,
concentrated under reduced pressure and punfied by preparative HPLC (32%-62%
acetonitrile / 0.04% agueous ammionia hvdroxide + 10 mM NHMHCO;). After lyophilization,
o 1-(1, 1-dioxothian-4-y1j-5-methyl-pyrazol-4-yl j-d-{ (1 R}-1-{ 5-fuoro-2-

pyridyijethoxy Ipyrazolo] 1, S-alpyridine-3-carbonitrile (50 mg, 49% vield) was obtained as a

white solid. LCMS (MM-ES+APCL, Pos): /2 495.1 (M+H).

Example 11
N

(R3-6-(5-amino-i-methyl-1H-1,2 3-triazol-4-y1-4-(1-S-fluoropyridin-2-

vhethoxypyrazolo] 1.5-alpyridine-3-carbonitrile (34)
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Step A, S-brome-3-methyl-tnazole-4-carboxylic acid, To a 100 mb three-necked round-

bottom flask equipped with a magnetic stir bar was added 4,5-dibromo-1-methyl-triazole (2

g, &30 mmol} foliowed by the addition of THF {25 mL}. The solution was cooled to -78 °C.
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The flask was then evacuated and backfilled with nitrogen three times n-Buli (2.5 M, 3.65
mb., 9.13 mmol} was added dropwise. The mixture was stirred at -78 °C and for 1 b CO: {dry
ice) was added in one portion. The mixture was atlowed to warm 10 25 °C and stir for 15 h
Water {40 mL) was added to the reaction and pH adjusted to 3 by using hyvdrochloric acid (1
). The resulting mixture was transferred 1o a separatory fumnel, and the aqueous layer
mixture was extracted with ethy] acetate (30 mL x 3} The combined organic lavers were
washed with brine (30 mL), dried over anhydrous sodium sulfate, {iltered, and concentrated
under reduced pressure affording the 5-bromo-3-methyi-tniarole-4-carboxylic acid (650 mg,
38% vield) as a vellow solid. More product was obtained from the water phase from
lvophilization affording 5~-bromo-3-methvi-triazole-4-carboxylic acid (1 g, 4.85 vwmol,
58.47% vield) as a vellow solid. The crude product was used into the next step without

further purification.

Step B, tert-batyl N-(S-bromeo-3-methvi-iriazol-4-v1} carbamate, To a 40 rol. Schlenk tube

with a magnetic stir bar was added 5-bromo-3-methyl-tniazole-d-carboxylic acid (600 mg,

2 91 mumol), t-BuOH {1.39 ml., 14.56 mmol) and TEA (0.81 mL, 3.83 mmol} followed by the
addition of toluene (12 mL). DPPA (0.75 mL, 3.50 mmol) was added into the mixture at 23
°C. The mixture was heated to 80 °C and stirred for 3 h. The mixture was concentrated under
reduced pressure and purified by silica gel chromatography (0-23% Ethyl acetate/Petroleumn
ether) to give tert-butvl N-(5-bromo-3-methvl-triazol-4-y1} carbamate (560 mg, 69% vield)

as & white solid. LCMS (MM-ES+APCYE, Pos): w/z 279.0 (M+H).

Step C. tert=butyl N-{3-{3-¢cvano-4-{(1 R~ 1-{3-fluoro-2~pvridviethoxvipyrazolof 1.5-

alpyndin-t-vli-3-methyl-triazol-4-vlcarbamate, Synthesized according to Exarople 10, Step

E substinuting 4-(4-iodo-5-methyi-pyrazol-1-vijthiane 1,1-dioxide for tert-butyl N-(5-bromo-
3-methyvi-triazol-4-yDcarbamate o give tert-butyl N-{5-[3-cvano-4-[(I1R}-1-(5-fluoro-2-
pynidyihethoxy Ipvrazolo] 1, S-alpyridin-6-vl]-3-methyl-rigzol-4-vijcarbarsaie (98 mg, 55%

vield) as a vellow oil. LUMS (MM-ES+APCT, Pos): nvz 479.2 (M+H),

Step D, 6+ 5-amino-1-methvi-triarol-4-y11-4-{( R} 1-(5-fluoro-2-pyridvl) ethoxv] pyvrazolo

{1, 3~a] pyridine-3-carbonitrile. Synthesized according to Example 2, Step B substintting tert-

buty! 4-{4-{3-cvano-4-[{(1 R)-1-(2-pyridyDethoxyipyrazolo | S-ajpyridin-6-v1}-5- methyl-

pyrazol-1-yljpiperidine-1-carboxvlate for tert-butyl N-{5-[3-cyano-4-[{1R}--(5-fluoro-2-
pyridyliethoxy fpyrazolofl, S-alpyridin-6-y1}-3-methyl-niazol-4-vijcarbamaie o give 6-(5-
amino- -methyl-triazol-4-vH-4-[(1R)- 1-(S-fluoro-2-pyndyl) ethoxy] pyrazolo [ 1, 5-3]

pyndine-3-carbonitrile (24.5 my, 46% vield) as a white sodid. LCMS (MM-ES+APCI, Pos):
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'z 3791 (M+H).

Example 12
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5-(1-((S)-1-¢($)-2.3-dhhy droxy propy Dpiperidin-3-vi}-S-methyl- 1 H-pyrazol 4y [-4-({R)-1-(5-

flucropynidin-2-vhethoxvpvrazolo{ 1, 5-ajpyridine-3-carbonitrile (37}
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Step A, 6-{1-[(38)-1-[{{48)-2.2-dimethyl-1.3-dioxolan-4-vl fmethyi]-3-piperidvii-S-methvi-

pvrazol-4-vii-4-10 Ri-1-(5-fluoro-Z-nvndviiethoxvipyvrazolol 1. 5-alpvridine-3-carbontrile,

To a 40 mb vial equipped with a magnetic stir bar were added 4-[(1R)-1-(5-fluoro-2-
pyridyljethoxy -6-{ S-methyi-1-{(38)-3-piperidyl]pyrazol-4-vlipyrazolo[ 1.5-alpyridine-3-
carbonitrile (161 mg, 0.36 mmol) and (4R )-4-(chlororethvl}-2,2~-dimethyl-1,3-dioxolane
{16119 mg, 1.07 mmol} followed by the addition of DMSO (4 mL}. Nal (27 05 mg, 0.18
mmol) and KoCOs (98.45 mg, 0.71 mmol) were added into the mixture in one portion at 25
°C. The nuxture was heated to 100 °C and stured for 22 b, Water (20 ml) was added to the
reaction and the mixture was transferred to a separatory funnel. The aqueous laver was
extracted with ethyl acetate (10 mL x 4). The combined organic lavers were washed with
brine (20 mL}, dried over anhydrous sodium sulfate, filtered, concentrated under reduced
pressure and purilied by preparative TLC (0-10% petroleum ether/ethy] acetaie) to give 6-{1-
[(38)-1-[{t48)-2,2-dimethyl-1 3-dioxolan-4-ylimethyv]-3-piperidyl]-5-methyi-pyrazol-4-vii-
4-{{1R)-1-(S-fluoro-2-pyridvi}ethoxy jpyrazolol 1, S-alpyridine-3-carbonitrile {65 mg, 29%

vield) as a yellow gum. LCMS (MM-ES+APCL Pos). m/z 560.3 (M+H),

Step B, 6-(1-(8)-1(8)-2.3-dihvdroxvpropvipiperidin-3-v1i-3-methvi- 1H-pyvrazol-4-v1)-4-
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{{(Ry-1-(5-Huoropvridin-2-vhethoxy)pyrazolol 1. 3-alpvriding-3-carbonitnile, Synthesized

according to Example 2, Step B substituting tert-butyl 4-{4-{3-cvano-4-[(1R}-1-(2-
pynidyiethoxy ipvrazolol . S-alpyridin-6-v1}-3- methyl-pyrazol-1-ylpiperidine- 1 -carboxylaie
for 6-[1-[(38)-1-[{{48}-2,2-dimethvl-1, 3-dioxolan-4-vlimethvi]-3-pipenidyl}-S-methy -
pyrazol-4-y1{-4-{{1 R)}- 1-{5-fluoro-2-pyridvijethoxy {pyrazolo| 1, 5-ajpyridine-3-carbonitrife to
give G-{1-({(8}-1-((8)}-2 3~dihydroxy propyDppendin-3-yh-5-meathyl- I H-pyrazol-4-y 13-4-((R)-
i-(3-Tuoropynidin-2-vlethoxy ipyrazolol | S-alpyridine-3-carbonitrile (16 myg, 30% vield).

LCMS (MM-ES+APCE, Pos) mvz 5203 (M+H).

Example 13

N
{(R)-6-(S-amino-1-{1 -cyanopipenidin-4-y13- L H-pyrazol-4-y -4-(1 - S-fluoropyridin-2-

vhethoxy ypvrazolol 1, 5-ajpyridine-3-carbonitrile (47)
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Step A. Compound teri-buty! 4-(4-bromo-5-nitro-pyrazol-1-yvipiperidine-1-carboxylate. To a

100 ml three-necked round-bottom {lask equipped with 2 magnetic stir bar was added 4~
bromao-S-nitro- tH-pyrazole (1 g, 5.21 vamol), tert-butyl d-hvdroxypiperidine-1~carhoxylate
{1.57 g, 7.81 mmol} and PPhy (2.73 ¢, 10.42 mmol} foliowed by the addition of THF (20
mk). The flask was then evacuated and backfilled with mirogen three fimes. The solution wag
cooled 1o 0 °C. DIAD (2 mbL 10.42 romol) was added dropwise. The nuxiure was allowed to
warmn 10 25 °C and stir for 16 h. The nuxture was concentrated under reduced pressure and
purified by flash silica gel chromatography (0~3% Ethyl acetate/Petroleum ether). Compound
tert-butyl 4-(d-bromo-S-nitro-pyvrazol-1-yDpiperidine-1-carboxviate (1.5 g, 76% vield) was

obtained as a vellow oil. LCMS (MM-ES+APCE, Pos) m/z 3189 (M+H).

Step B. tert-butvl 4-[4-[3-¢cvano-4-f(1R)-1-(3-fluorg-2-pynidvhethoxvipyrazolof 1.5-

alpvridin-6-vil-S-niiro-pyvrazol-1-vl] pipenidine-1 -carboxylate. Svnthesized according to
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Example 10, Step E substituting 4-(4-iodo-5-methyl-pyrazol-1-yhthiane 1,1-dioxide for tert-
butvl d-{4-bromo-S-nitro-pyvrazol-1-yDpiperidine- f-carboxvlate to give tert-butyl 4-{4-3-
cyvano-4-{(1R)-1-(5~-fluoro-2-pyridyDethoxyipyrazolof 1, 5-ajpyndin-6-vi}-S-nitro-pyrazol-1-
vi| piperidine-1-carboxvlate {169 mg, 47% vield} as a green oil. LCMS (MM-ES+APCL,
Pos)y m/z 577.3 (M+H).

Step C. 4-{{1R}-1-(S-Hluore-2-pyridvhiethoxy]-6-f S-nitro-1-{4-piperidyDpvrazol-4-

vilpyvrazelo [1.5-alpvndine-3-carboniirile. Synthesized according to Example 2, Step B

substituting tert-butvl 4-{4-{3-cyano-4-{ (1R }-1-{2-pvridvhethoxy [pyrazolof 1,5-a] pyridin-6-
v1]-5- methyl-pyrazol-1-vlpiperidine-1-carboxylate for tert-butyl 4-{4-{3-cvano-4-{(1R}-1-
{S-fluoro-2-pyridvliethoxyfpyrazolof L, S-ajpyridin-6-y1}-S-mitro-pyvrazol-1-v1 fpiperidine- 1 -
carboxylate to give 4-|(1R)-1-(5-fluoro-2-pyridyljethoxy |-6-{ S-nitro-1-(4-piperndy Dhpyrazol-

d-ylpyrazolo |1, 5-ajpyridine-3-carbonitrile (110 mg, quantiiative yield).

Step . 6-{1-(1 -cvano-4-piperidvh-3-nitro-pvrazol-d-vij-4- [(1R}-1-{5-fluoro-2-

pyridyDethoxyi pyrazolol L.S-alpyridine-3-carbonitrife. To a 40 mL vial equipped with a

magnetic siir bar was added 4-{{1 R}-1-{5-fluoro-2-pyridyliethoxy -6-{ S-nutro-1-{4-
piperidvlijpyrazol-d-vijpyrazolo {1,5-alpyridine-3-carbonitrile {100 mg, 0.2 mmol) and
KaCOs (162 mg, 117 mmol} followed by the addition of ACN (4 mL)}. The sohution was
cooled to 0 °C. Carbononitridic bronude (0.03 mL, 0.4 mumol} was added. The mixture was
allowed to warm 1o 25 °C and stir for 2 b The pH of mixture was adjusted o 9 by using
saturated sodium bicarbonate. The resulting mixture was extracted with DCM (4 mL x 3},
combined organic layers washed with brine (4 mb.), dned over anhydrous sodium suifate,
filtered, concentrated under reduced pressure and purified by fash silica gel chromatography
{0~33% Ethylacetaie/Petroleum ether). Compound 6-{1-(1-cyano-d-piperidyl}-S-nitro-
pyrazol-d-y1}-4- [{IR}-1-(S-fluoro-2-pyridyljethoxy] pyrazolof1,3-a]pyridine-3-carbonitrile
(108 mg, 95% yield) was obtained as a green ot LCMS (MM-ES+APCL, Posy, m/z 502.2
(M+H),

Step E. 6-S-amino-1-(1-cvano-4-piperidvhpyrazol-d-vii-4-[{1R}-1-(5-fluoro-2-

pyridyDethoxyipvrazoioll,3~alpvriding ~3-carbomtnife. To 2 40 mL vial equipped with a

magnetic stir bar was added 6-{1-{1-cvano-4-piperidyi)-3-nitro-pyrazol-d-vij-4-[(1R}-1-(8-
flugre-2-pyridyhethoxy]pyrazolof1,5-a]pyriding-3-carbonitrile {90 mg, .17 mmol), NH(1
{75.03 mg, 1.40 ramol) followed by the addition of Water {1 mL) and THF (S mL)}. Then Fe
{78.34 mg, 1.40 rumol) was added mto the mixture. The mixtare was heated to 60 °C and

stirred for 50 min. The suspension was filtered and the filter cake was washed with EtOAc (5
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mkb}. The fltrate was dilited with H(O {5 mL}, transferred to a 40 mL. vial, the agueous fayer
mixture was extracted with ethy! acetate (5 ml = 3}, combined organic lavers washed with
brine {10 wl.}, dned over anhydrous sodiwm sulfate, filtered, concentrated under reduced
pressure and purified by preparative HPLC (30% — 60% acetonitrile / 0.1% ammonium
hydrogen carbonate}. After lvophilization, 6-{5-amino-1-(1-cyano-4-piperidylypvrazol-4-vij-
4-T(1R}1-(S-fhuoro-2-pyridyvllethoxy Ipyrazolol 1, S-alpyridine -3~ (34.6 me, 42% yield} was
obtamed as an off-white solid. LCMS (MM-ES+APCH, Pos): nmv/z 472.2 (M+H).

Example 14
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4-{{(1R)-1-(3-fluoro-2-pyridyllethoxy |-6-[ 1 -(1 -methy Hmino- 1 -oxo-thian-d-vDpyrazol-4-

vipyrazolof1,5-alpyridine-3-carbonitrile
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Step A, Tetrahvdrothiopvran-4-vi methanesulfonate, To a solution of tetrahy drothiopyran-4-

ol {2 g, 16.92 mmol) in DM (20 mL) was added TEA (7.07 mL 50.8 mmol}. Methylsulfonyl
methanesulfonate (5.90 g, 33.84 mmol) was slowly added to the mixture. The mixture was
stivred at 25 °C for 16 b The vuxture was added to DCM (20 wl). The resulting muxture was
transferred to a separatory funnel, organic layers were washed with HoGO (15 mal x 3), dried
over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure affording
tetrahy drothiopyvran-4-yl methanesulfonate (3.35 g, crude) as brown oil, and used into the

next step without further purification,
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Step B. 1-tetrahydrothiopvran-4-vipvrazole. To a solution of tetraby drothiopyran-d-yi
methanesubfonate (3.35 g, 17.1 mmol) in DMF (30 mL) was added CCO5 (111 g, 34.13

nnol) and 1H-pyrazole (1.16 g, 17.07 mwnol). The mixture was stirred at 80°C for 2 hr. The
nuxture was added 1o H20 {100 mL). The resulting mixture was transferred to a separatory
fisnel, and the aqueous layer mixture was extracted with ethyl acetate (30 mb x 3},
combined organic layers washed with HoO (30mL x 3), brine {40 mL), dried over anhydrous
sodum sulfate, filtered, concentrated wnder reduced pressure and purified by flash silica gel
chromatography (10~15% Ethylacetate/Petroleum ether) to give 1-tetrahydrothiopyran-4-
vipyrazole (1.1 g, 37% vield) as a vellow solid. LCMS (MM-ES+APCI, Posy: m/z 169.1
{MHH).

Step C. N-{4-{4-bromopvrazol-1-vlithian-1-vlidenel-2.2 2-triflugro-acetanude, To a 100 mbL

roumid-bottom flask equipped with a magnetic stir bar was added 1-tetrahyvdrothiopyran-4-
vipyrazele (1.10 g, 6.40 mwmol} and 2,2 2-tnfluoroacetamide {724 mg, 6.40 mmol} followed
by the addition of MTBE (6 ml.). The solution was cooled to 0 °C. +-BuOK (1.10 g, 9.60
mmol} was added 1n portions, the reaction was stirred at 0 °C for 1 b Next, a solution of 1,3~
dibromo-3, 5-dimethyi-imidazohidine-2 4d-dione {4.60 g, 16.0 mumol) in THF (6 mL} was
added dropwise. The mixture was stirred at 0 °C for 1 h. The reaction mixture was quenched
by slow addition of saturated agueous sodivm bisulfite (15 mL). The resulting mixture was
transferred to a separatory funnel, and the aqueous layer mixture was extracted with ethyl
acetate (10 mL x 3), combined organic layers were washed with brine {15 mL), dried over
anhydrous sodium sulfate, filtered, concentrated under reduced pressure and purified by flash
silica gel chromatography (30~34% Ethvlacetate/Petroleum ether). N-{4-(4-bromopyrazol-1-
yijthian-1-ylidene|-2,2,2-trifluoro-acetamide (1.4 g, 61% vield} was obtained as a light

vellow solid,

equipped with a magnetic stir bar was added benzyi N-{4-(4-bromopyrazol-1-yijthian-1-
viidene]-2.2. 2-triffuoro-acetamide 1.4 g 3. 91 mimol) followed by the addition of Me(OH {8
mb), HoO (I mb), KoCO; (1.08 g, 7.82 yuwol) and ACN (& mLy. HoGr (2 mb, 2179 mmol)
was added dropwise mto the mixture at 25°C. The nuxture was stirred at 25 °C for 2 h. The
reaction mixture was quenched by slow addition of saturated aqueous sodium bisulfite (10
mi ) and stirred for 0.5 h. The reaction mixtare was concentrated, diluted with ethyl acetate
{10 mL), transferred {0 a separatory funnel, aqueous laver mixture was exiracted with ethyl
acetate {10 mL x 3}, combined organic layers washed with brine (10 mL), dried over

anhydrous sodivm sulfate, filtered, and concentrated under reduced pressure affording the
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crude product. 4-{4-bromopvrazol-1-y1)-1-imino-thiane i-oxide (600 mg, 55% vield) was

obtained as a white solid, and used into the next step without further purification

Step E. 4~{4-bromopvrazel-1-vl-L-methviimino-thiane 1-oxide. To a 40 mL vial equipped

with a magnetic stiv bar was added 4-{4-bromopyrazol-1-v1)-1-imino-thiane 1-oxide (600 mg,
2.16 mmol}, TFA (1.6 mb, 21.57 mmol}, (HCHG), (694 mg, 21.57 mmol} and iriethyisilane
{3.45 mL, 21.57 mmmol, 3.45 mL) followed by the addition of ACN (13 wL}. The mixture was
stirred at 25 °C for 16 h. The pH of mixiure was adjusted to 8 by using saturated agueous
sodium bicarbonate. The mixture was concentrated under reduced pressure, residue was
added to H2G (20 mL} transferred 1o a separatory funnel, the aqueous layer mixture extracted
with EA {15 mL « 3), combined organic layers washed with brine (20 mL), dried over
anhydrous sodium sulfate, filtered, and concentrated under reduced pressure affording the
crude product. The crude product was purified by recrystallization from PE (20 mb} at 25 °C
tor 0.5 h. After filtration and drving under vacuom, the desired product was obtained as a
white solid. 4-{4-bromopyrazol-1-y1)-1-methvhinmino-thiane 1-oxide (320 rog. crude) was

obtained as a white solid, and used into the next step without further purification.

Step F. 1-methviimino-4-{4-(4.4 5 S-tetramethyl-1.3 2-dioxaborolan-2-vhipvrazol-1-viitians

1-oxide. Synthesized according to Intermediate 2, Step A substituting 6-bromo-4-[{1R}-1-(5-
fluoro-2-pyridylethoxy|pyrazolof1,5-alpynidine-3-carbonitrile for 4-(4-bromopyrazol-1-y1)-
t-methvlimino-thiane 1-oxide to give a solution of 1-methylimino-4-[4-(4,4.5 5-tetramethyl-
1,3,2-dioxaborolan-2-yypyrazol-1-yl]thiane 1-oxide (313.0 mg, crude) in dioxane {6 mL} as

a brown hquid, and used into the next step without further purification.

vhpyvrazol-4-vllpvrazolof 1.5-ajpvridine-3-carbonitrile. Svnthesized according to Exaraple 4,

Step A substiiuting tert-butyl 4-(4-{4,4,5,5-tetramethy1-1,3 2-dioxaborolan-2-y1}-1H-pvrazol-
t-yhpipendine -2-carboxvlate for -methylimino-4-[4-(4,4,3 S-tetramethyi-1,3,2-
dioxaborolan-2-vhpyrazol-1-yijthiane 1-oxide to give d-{{1R)-1-{5-fluoro-2-pyndyljethoxyi-
6-{1-{1-methylimino-1-oxo-thian-4-y1}pyrazol-d-ylipvrazolo| 1,5-alpyridine-3-carbonitrile

{106.3 mg, 34% vield) as an offewhite solid. LCMS (MM-ES+APCE, Posy myz 4942 (M+H),

Example 15
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4-[{1R)-1-(S-fluoro-2-pyridy Dethoxy}-6-[ 1-{4-hy droxy ey clohexy 1)-S-raethvl-triazol-4-

viipyrazoio{l,5-alpvridine-3~-carboniirile
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Step A. (d-azidocvdohexoxy)-teri-butvl-dimethyl-silane, To a 100 ml three-necked round-

botiom equipped with a magnetic stir bar was added {4-{tert-

butyl{ dimethy)silyljoxyeyclohexyl] 4-methvibenzenesuifonata (1.5 g, 3.90 mmol) followad
by the addition of DMSG (15 mL). NaN3 (740 mg, 11.38 mmol} was added into the mixture
at 25 °C. The mixture was heated 1o 65 °C and stirred for 16 h. After cooling 10 23 °C, the
solution was diluted with HyO (500 mL). The pH of mixture was adjusted to 9 by using
saturated aqueous sodivmm bicarbonate. The resulting muxture was transferred {0 a separatory
funnel, aqueous laver mixture extracted with ethyl acetate {250 mbL < 3}, combined organic
tayers washed with H20 (100 mL x 3), brine (100 mL}, dried over anhydrous sodium sulfate,
filtered and concentrated to give (4-azidocyclchexoxy )-tert-butyl-dimethyl-silane (990 mg,

crude) as yellow oil.

Step B. Ethyl 1-{4-{tert-butyl(dimethyDstivlioxvevelohexyl]-S~-methvi-iriazole-4-carboxviate,

PCT/US2024/041350

A mixture of {(4-azidocyclohexoxy)-tert-butvl-dimethyl-silane (630 mg, 2.54 mmol), ethyl 3-
oxcbutanoate (.48 mkb, 3.82 mmol} and KoCO: (1.06 g, 7.63 mmol) in DMSO (6 mL) was
degassed and purged with Ny for 3 times, and then the mixture was stirred at 30 °C for 1.5 h
under Ny atroosphere. The nuxture was quenched by slow addition of HxO (30 ml). The
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resulting mixture was tfransferred 10 a separatory funnel, the agqueous layer mixture extracted
with ethyl acetate (10 mL x 3), combined organic layers washed with brine (20 mL), dried
over anhydrous sodium sulfate, filtered, concentrated under reduced pressure and purified by
flash silica gel chromatography (10~25% Ethylacetate/Petroleum ether) to give ethyl 1-[4-
[tert-butyl{dimethy Dsilvloxycyclohexyl]-S-methyi-triazole-4-carboxylate (480 mg, 50%
vield) as a white solid. LCMS (MM-ES+APCI, Posy my/z 368 .2 (M+H).

Step C. I-{4-[tert-butvl{dimethyDsilvHoxveyelohesvll-5-methvi-iiazole-4-carboxylic acid,

To a 40 mL vial equipped with a magnetic stir bar was added ethyvi 1-4-[tert-
butyl{dimethy)silyljoxyeyelohexyl]-5-methyl-triazole-4-carboxylate (350 mg, 0.9 mmol)
and KOH {155 mg, 2.77 momol) followed by the addition of H20 (3 mL). The mixture was
stirred at 30 °C for 16 b The mixture was quenched by slow addition of H20 {100 mL). The
resulting mixture was transferred to a separatory funnel, aqueous layer mixture extracted with
ethvl acetate (30 mlb x 3), combined organie layers washed with brine (100 mb.), dried over
anhydrous sodium sulfate, fillered, and concentrated under reduced pressure affording 1-[4-
[tert-butyl{dirnethyDsilvljoxycyclohexyl -5 -methyl-triazole-d-carboxylic acid (306 mg, 9%
vield} as a vellow solid, which was used into the next step without further purification.

LCMS (MM-ES+APCE, Pos): m/z 340.1 (M+H).

Step D, [4-(4-bromoe-S-methvl-triazol-1-vhicvclohexoxyl-tert-butvl-dimethvi-silang. To a 20

mb Schlenk tube equipped with a magnetic stir bar was added 1-{4-[tert-
butyl(dimethy)silyljoxycyclohexyl]-S-methvi-triazole-4-carboxylic acid (200 mg, 0.59
mmol) followed by the addition of KOH {(60.2 mg, 1.07 nuvol) and H20 (2 mb). Bre (0.07
mb, 118 mmol} was added mnto the mixture. The mixture was stirred at 40 °C for 4 h. The
mixfure was quenched by slow addition of HO (100 mL}, resulting mixture was transferred
1o a separatory funnel, aqueous layer mixture extracted with ethyl acetate (20 mL x 3),
combined organic layers washed with brine (100mL), duied over anhydrous sodiurn suifate,
filtered, and concentrated under reduced pressure affording {4-{4-bromo-3-methyl-iriazol-i-
viieyelohexoxy |-teri-butyi-dimethyi-sitane (122 mg, 53% yizld) as yellow oil, which was
used into the next step without forther purtfication. LCMS (MM-ES+APCE, Pos)y: w/z 374 1
(M+H).

Step E. 6-[1-[4-[tert-buw i{dimethv DsilvHoxvevelohexvil-3-methvi-riazol-4-vi-4-I[(1R})-1 -

{S-fluoro~-2-pyridviiethoxy fpyrazolof 1. S-alpyridine-3-carbonitrife. Synthesized according (o

Example 10, Step E substituting 4-(4-1odo-3-methyl-pyrazol-T-yhithiane 1, 1-dioxide for [4-

{4-bromo-S-methvi-triazol-1-yheyclohexoxy]-tert-butyl-dimethyl-silane to give 6-{1-[4-{tert-
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butvl{dimethyDsiiyljoxveyclohexyii-5-methyl-triazol-d-v1{-4-[{(1R)-1-(5-fluoro-2-
pyridyijethoxy pvrazolo] L, S-alpyridine-3-carbonitrile (113 mg, 51% yield) as yellow oil,

LCMS (MM-ES+APCE, Pos): m/z 376.3 (M+H),

Step F. 4-{{1 R)-1-(5-flugro-2-pvndyDethoxv |-6-[ § -{(4-hyvdroxveyelohexyl-3-methvl-tnazol-

4-vllpvrazolo|1.S-alpvridine-3-carbonitrife. To a 40 mb vial equipped with a magnetic stir
bar was added 6-{1-{4-{tert-butyl{dirnethy}silvljoxyevelohexyl]-5-methyl-triazol-4-v1j-4-
[(1R}-1-(5-fluoro-2-pyridyljethoxy |pyrazolof L 5-alpyudine-3-carbonitrile (113 rug, 0.13
mmol} followed by the addition of DCM (2 mL). HCl/dioxane (2 M, 1.5 mL} was added into
the mixture. The mixture was stirred at 25 °C for 1 h. The mixture was concentrated under
reduced pressure and purified by preparative HPLC (18% - 48% acetonitrile / aqueous
arnmonia hydroxide + 10mM NHHCOs). After lyophilization, 4-{(1R}-1-(5-fluoro-2-
pyiidyDethoxy 1-6-f 1-{4-hy droxveyclohexyl)-S-methyl-tniazol-4-vljpyrazolo| 1, 5-alpyridine-
3-carbonitrile (31.5 mg, 50% vield) was obtained as a white sohd. LCMS (MM-ES+APCH,
Posy: mvz 462.2 (M+H),

Example 16

4-HIR)~ 1 5-luoro-2~pyridyvlpropoxy |-6-] 1-{4-hvdroxycv clohexyly-3-methyi-pyrazol-4-

yipyrazolo{1,S-alpyridine-3-carboniirile
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Step A. 145-fluoro-Z-pyvridvlipropan-1-one. To a 250 ml three-necked round-bottom flask

equipped with a magnetic stir bar was added 2-bromo-S-fluoro-pyridine {5 g, 28.41 mmol}

followed by the addition of toluene (80 mL), and the mixture was evacuated and backfilled

29
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with nitrogen three times. The solution was cooled to -78 °C, #-Buli (2.5 M, 13.64 mL) was

added dropwise ai -78 °C and stirred for 0.5 h. N-methoxy-N-methyl-propanamide {4.00 g,

2

34.15 mmol) was added into the mixture dropwise at=78 °(. The mixture was stirred at =78

°C for I h. The mixture was quenched by slow addition of saturated agueous ammonium
chlonide (50 mb). The resulting muxture was exiracted with ethyl acetate (80 ml # 3),
combined organic layers were dried over anhydrous sodium sulfate, filtered. concentrated
under reduced pressure and purified by silica gel column chiromatography {0-3% ethyl acetate
in petroleum ether) to give 1-{5-fluoro-2-pyridyhpropan-1-one (2.9 g, 65% vield} as brown

pil. LOMS (MM-ES+APCT, Pos): m/z 154.1 (M+H),

Step B. (18)-1-(8-flucro-Z-pynidvipropan-1-0l. To a 100 mL three-necked round-bottom

flask equipped with a magnetic stir bar was added (3aR}-1-methyl-3,3-diphenyl-3a.4,5,6-
tetrahy dropyrrolo{ 1,2-c} 1,3, 2]oxazaborole (1 M, 9.6 mL) followed by the addition of THF
{20 mL). The flask was then evacuated and backfilled with nitrogen three times. The mixture
was cooled to O °C. BHa-MexS {10 M, 0.96 mL) was added dropwise and the reaction
muxture was stirred for 1h, The mixture was cooled 1o -30 °C, 1-(5-fluoro-2-pyridylpropan-
t-one (1 g, 6.39 romol) dissolved in THF (4 mL) was added dropwise over 0.5 h. The mixture
was stirred at -30 °C under an atmosphere of nitrogen for 1 h. The mixture was quenched by
slow addition of T M HCL (30 mL). The pH of mixtwre was adjusted 1o pHE by using
saturated aqueous sodium icarbonate. The resulting mixture was extracted with
dichloromethane (50 mbL x 3), combined organic lavers dried over anhydrous sodium sulfate,
filiered, concentrated under reduced pressure and purified by silica gel column
chromatography {20-50% ethyl acetate m petroleum ether) to give {18)-1-(5-fluoro-2-

pyndylypropan-1-ol (360 mg, 35% vield} as colorless oil.

Step C. o-bromo-4-I(1R)-1-(3-fluoro-2-pyrdvlipropoxyipviazolol L.5-alpyriding-3-

carbonitrile. To a 40 mL vial equipped with a magnetic stir bar was added 6-bromo-4-
bydroxy-pyrazolof 1,5-a]pyridine-3-carbonitriie (150 mg, 0.63 munol) folfowed by the
addition of DCM (3 mb}. PPha (330.00 mg, 1.26 mmol) and (18)-1-(5-fluore-2-
pyadyipropan-1-ol {160 mg, 1.03 munol) were added into the mixture at 25 °C. The vial was
then evacuated and backfilled with nitrogen for one minute. The mixture was cooled to 0 °C,
DBAD (300.00 rog, 1.30 mmol) m DCM (3 mb) was added dropwise. Finally, the mixture
was allowed to warm to 25 °C and stir under an atroosphere of nitrogen for 1 h. The roixture
was quenched by slow addition of Ha( {10 mL}. The resulting mixture was transferred to a

separatory funnel, and the agueous layer mixture was extracted with dichloromethane (10 mL
136
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x 3}, The combined organic layers were dried over anhydrous sodivm suifate, filtered,
concentrated under reduced pressure and purified by silica gel coburon chromatography (10-
30% ethvl acetate in petroleum ether} to give 6-bromo-4-[{ 1R)-1~(5-Huoro-2-
pynidylypropoxy fpyrazolof1,5-alpyndine-3-carbonitnile {220 mg, 91% vyield) as colorless oil.
LCMS (MM-ES+APCL Pos): mv/z 374.9 (M+H),

Step D 6-{1-[4-{tert-buty l{dimethylsilvljoxycyelohexyl|-3-methyl-pyrazol-4-y}}-4-{ (1R }- 1~
{5-fluoro-2-pyridyDpropoxy|pyrazolof L5-a]pyridine-3-carbonitrile. Synthesized according to
Example 4, Step A substituting tert-butyl 4-(4-(4.4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y1}-
tH-pyrazol-1-vhpiperidine -2-carboxylate for tert-buivi-dimethyi-{4-{ 5-methyi-4-{(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-vlipyrazol-1-vlicyclobexoxy [siiane and tert-butyl 4-(4-
{4,4.5,5-tetramethyvi-1,3,2-dioxaborolan-2-y1}-1H-pyrazol-1-ylpiperidine -2-carboxylate for
6-bromo-4-{(1R}-1-(5-fluoro-2-pyridylpropoxy jpyrazolo{1,5-alpyridine-3-carbontirile to
give 6] 1| 4-{tert-butyl{dimethy Dsilyijoxyeyclohexyl]-S-methy b-pyrazol-d-v -4~ (1 R)- 1-(5~
fluoro-2-pyrdy Dpropoxy jpyrazolo[ 1, 5-afpyridine-3-carbonitrile (100 mg. 64% vield) as

vellow oil. LUMS (MM-ES+APCE, Pos): my/z 589.3 (M+H),

Step B, 4-[(1R}-1-(S-fluoro-Z-pynidviipropoxy |-6-{1-{4-hydroxyvevelohexyi)-3-methyl-

pyrazol-4-vHovrazolol LS-alpyvridine-3-carbonitsile. To a 100 mL round-botiom flask

equipped with a magnetic stir bar was added 6-[1-{4-[tert-
butyl{(dimethyDstiyljoxycyciohexyl}-S-methyl-pyrazol-4-vi}-4-[ (1 R}~ 1-{5-fluore-2-
pyridylypropoxy fpyrazolof1,5-alpyridine-3-carbonitiile (180 mg, 0.17 mmol} followed by the
addition of DCM {1 mL). HCVdioxane (2 M, 10 mb) was added into the nuxture at 25 °C.
The muixture was stirred at 25 °C for 0.5 h. The mixture was concentrated under reduced
pressure and purified by preparative HPLC (32%--62% acetonitrile / 0.04% agueous anmmonia
hydroxide + 10mM NHHCO:). The residual agueous solution was lyophilized to give 4-
HARY-1-(5-fluoro-2-pyridypropoxy |-6-{ 1 {4-hy droxyey clohexyl)-S-methyi-pyrazol-4-
vijpyrazolof1,5-alpynidine-3-carbonitriie (57.2 mg. 72% vield) as a white solid. LCMS (MM-
ES+APCL Pos): m/z 475.2 (M+H).

Example 17
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4-{{1R)-1-{S-fluoro-2-pyridyjethoxy}-6-{ 1-{(18,28)-2-hydroxy ey clohexyl-S-methyl-

pyrazol-d-yllpyrazolof 1,5-alpyridine-3-carbonitrile
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Step A. 2-(4-1odopyrazol-1-vljeyclohexanol. To a 250 mL three-necked round-bottom flask

equipped with a magnetic stir bar and a reflux condenser was added 4-iodo~1H-pyrazole
{2.00 g, 10.3 mumol} followed by the addition of DMF (25 mL). 7-oxabicyclo[4.1.0theptane
{(1.28 mL 12.4 mmol} and Cs:CGs (5.04 g, 15.5 mmol) were added into the mixture dropwise
at 25 °C. The mixture was heated {o 86 °C and stirred for 16 h. The mixture was guenched by
slow addition of H20 (100 mL). The resulting nuxture was transferred to a separatory funnel,
agueous layer mixture exiracted with ethyi acetate (100 mb x 3), combined organic layers
washed with brine (20 mL), dried over anhydrous sodium sulfate, filtered, and concentrated
under reduced pressure affording 2-{d-1odopvrazol~-1-vhcvelohexanol (3 g, crude) as yellow

oil. LCMS (MM-ES+APCE Pos)y m/z 292.9 (M+H),

Step B. tert-butvi-{2-(4-10dopvrazol-1 -vlcvclohexoxvi-dimethyl-silane. To a 100 mb round-

bottom flask equipped with a magnetic stir bar was added 2-(4-iodopyrazol-1-
vhevclohexanol (Z.80 g, 9.59 munol) followed by the addition of DMF (20 mL) and
imidazole (2.61 g, 38.3 mmol}. TBSCI (3.54 ml, 28.8 mmol} was added into the nuxture at
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25 °C. The mixture was stirred at 23 °C for 5 min. The mixture was quenched by slow
addition of o3 {100 mL). The resulting mixture was {ransferred 10 a separatory funnel, and
the agueous layver mixture was extracied with ethy! acetate (100 ml x 3). The combined
organic lavers were washed with brine (20 mL), dried over anhydrous sodium sulfate,
filtered, concentrated under reduced pressure and purified by flash silica gel chromatography
{0~3% Ethylacetate/Petroleum ether) to give tert-butyl-{ 2-(4-1odopyrazol-1-vheyelohexoxy -
dimethyl-silane (3.4 g, 865 vield, 98.5% purnity) as a white solid. LCMS (MM-ES+APCL
Pos): mvz 407 2 {(M+H).

Step C. tert-butyl-{2-(4-10do-S-methyi-pyrazol-1-viicvelobexoxyi-dimethyi-silane. To 2 100

mi threg-necked round-bottom flask equipped with a magnetic stir bar was added tert-butyl-
[2-{4-todopyrazol-1-vhicvelohexoxy -dimethyl-silane (1.2 g, 2.91 rmamol} followed by the
addition of THF (5 mL}. The solution was cooled 10 -78 °C. LDA (2 M, 3.64 mL) was added
dropwise. The mixture was stirred at -78 oC for T h. Mel (0.54 vol., 8.73 mmol} was added
dropwise. The mixture was stirred at -78 °C for 1 h. The mixture was quenched by slow
addition of H,O (30 mL), transferred to a separatory funnel, agueous laver nixture extracted
with ethyl acetate {20 mL x 3). The combined organic layers were washed with brine (10
ml.), dried over anhydrous sodium sulfate, filtered, concentrated under reduced pressure and
purified by flash sthica gel chromatography (0~8% Ethvlacetate/Petroleum sther) to give tert-
butyl-{2-(4-1odo-S-methyl-pyrazol-1-vicyclohexoxyi-dimethyl-silane (500 mg, 38% vield)
as ayellow oil. LCMS (MM-ES+APCY, Pos): miz 4211 (M+H).

Step D tert-butvi-dimethwl-12-5-methvi-4-{4.4.5 S-tetramethvi-1 3.2 -dioxaborolan-2-

vhpyrazol-1-ylicvelohexoxy]silane, To a 100 mi three-necked round-bottom flask equipped

dimethyl-silane {420 mg, 0.93 mmol} followed by the addition of THF (5 mL). The flask was
then evacuated and backfilled with nitrogen three times. 1-PrMgCl{1.3 M, 3.59 ml) was
added imto the mixture at 25 °C. The muxture was stirred at 25 °C for 1 h. 2-methoxy-4.4,5,5-
tetramethvi-1,3,2-dioxaborolane {737 mg, 4.67 mmol) was added into the mixture dropwise
at 25 °C. The mixture was stirred at 25 °C under an atmosphere of nitrogen for T k. The
mixture was guenched by slow addition of HzG (20 mL}. The resulting mixture was
transferred to a separatory funnel, and the aqueous laver mixture was extracted with ethyl
acetate (20 mL x 3). The combined organic layers were washed with brine (10 wl.), dried
over anhydrous sodium sulfate, filtered, concentrated under reduced pressure to afford tert-

butyl-dimethyl-[2-} 5-methyi-4-(4,4 5 5-tetramethyi-1,3,2-dioxaborolan-2-vpyrazol-1-
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viicyclohexoxy|silane (530 mg, crude) as vellow oil, LCMS (MM-ES+APCE, Posy ny/s
421 4 (M+H).

Step E. 6-[1-12-[tert-butvi{dimethy ity oxvevelohesvii-3-methvl-pyvrazol-4-vl]-4-{( 1 R)- 1-

{S-fluoro-2-pyrdviiethoxvipyrazololl S-alpvridime-3~carbomtrile, Synthesized according to

Example 4, Step A substituting tert-butyl 4-(4-(4.4,5 S-tetramethyl-1,3,2-dioxaborolan-2-yi)-
iHepyrazol-1-yDipiperidine -2-carboxyiate for teri-butyl-dimethyl-{2-[ S-methy1-4-(4 4,5.5-
tetrarvethyl-1.3, 2-dioxaborolan-2-yDpvrazol-1-yljeyclohexoxyisilane to give 6+ 1-[2-{tert-
butyl{dimethysilyljoxveyclohexyii-S-methyl-pyrazol-4-v1}-4-[{1R)-1-(5-fluoro-2-
pyridyDethoxy {pyrazoio] 1, 3~alpyridine-3~carbonitrile (140 mg, 41% vield) as a yvellow sohid.

LOMS (MM-ES+APCE Pos) oz 5754 (M+H).

Step F. 4-{(1Ry-1-(3-fluoro-2-pvridyliethoxv]-6-{ 1-(2-hvdroxy evelohenyl)-3-methvl-pyvrazol-

4-yi|pyvrazolo[1.5-alpynidine-3-carbonitrile. Svnthesized according to Example 16, Step E

substituting 6-1 1-{4-{tert-buivl{dimethy Dsilvioxycyelohexyl]-5-methvi-pyrazol-4-vi}-4-
[R)-1-(5-Auoro-Z-pyridy Dpropoxy [pyrazolof 1, 5-alpyridine-3-carbonitrile for 6-{1-{2-[tert~
butyl{dimethyDstiyljoxycyciohexyl]-S-methyl-pyrazol-4-vI}-4-[{ 1 R}~ 1-{5-fluoro-2-
pyridylethoxy ipyrazolof 1, 3-ajpyridine~3-carbonitrile to give 4-{{1R}-1-{5-fluoro-2-
pyridyhethoxy -6-[ 1-(2-hy droxyevelohexyi)-5-methyl-pyrazol-4-yl{pyrazolof1,5-alpynidine-
3~-carbonitrile (80 mg, 79% vield, HC) as a vellow solid LOMS (MM-ES+APCI, Posy mv/z
461.2 (M+H).

Step G. 4L R-1-(5-Heoro-Z-pyvady Dethoxy |-6- 1-[( 18 28}-2-hv droxvevelohexyvl-5-

methvl-pyrazol-4-vlipvrazolol L S-alpvading-3-carbonitrde. 4-[{1 R3-1-(53-fluoro-2-

pynidyhethoxy -6-1 1-{2-hydroxvevelohexvl)-S-methyl-pvrazol-4-vllpvrazolol 1 5-alpyvridine-

3-carbonitrile. The racemate 4-[{(1R}-1-(3-Huoro-2-pyridyliethoxy |-6-{ 1 (2~

hydroxvey clohexyly-S-methyl-pyrazol-d-vllpyrazolof 1. 5~alpyvridine-3~-carbomitriie (80 mg,
.17 munol} was separated by SFC (46% [CO-EOH{0. 1%NH;H0). After tvophilization,
4-{(1R}-1-(5-fluoro-2-pyvridyljethoxy -6-{1-[{18,28)-2-hy droxy ey clohexy|-3-methyi-
pyrazol-d-yilpyrazolof 1, S-alpyridine-3-carbonitsile (25 mg, 30% vield) was obiained as a
white solid. LCMS (MM-ES+APCL, Pos): m/z 461.2 (M+H).

Example 18
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HO
4-1(18)-1-(S-fluoro-2-pyridyl}-2-hvdroxy~ethoxy -6+ 1-(d-hy droxy ey clohexyl)-5-

methvlpyrazol-4-vlipvrazolol1,S-alpyridine-3-carboutnile
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Step A. 2-(5-fluoro-2-pyviidyly-2 2-dimethoxy-ethanol. To a 40 mL vial equipped with a

magnetic stir bar was added 1-(5-Buoro-2-pyridylethanone (2 g, 14.38 munol) followed by
the addition of MeGH (30 mL). PhI{OAC)K: (9.26 g, 28.75 mumol} and KOH (1.65 g, 29.41
mmol) was added mto the mixture at 25-30 °C. The vial was purged with nitrogen for 2 min.
The mixture was stirred at 25 °C under atmosphere of nitrogen for 16 h. The mixture was
concentrated under reduced pressure, FhO (50 mL) was added into the mixture, the resulting
nuxture extracted with dichloromethane (30 mL x 3}, combined organic lavers washed with
NaxC s (10 mL ). dried over anhvdrous sodium sulfate, filtered, concentrated under reduced
pressure and was purified by silica gel columm chromatography (30-40% ethyl acetate in
petroleurn ether) to give 2-(5-Huoro-2-pyvridy -2, 2-dimethoxy ~ethanol (650 mg, 22% vield)

as a brown solid.

Step B. 1-(S-fluorg-Z-pvridvli-2-hvdroxy-ethanone. To a 50 mL round-bottom equipped with

a magnetic siir bar and a reflux condenser was added 2-(S-fluoro-2-pyridyi}-2,2-dimethoxy-

ethanol (320 mg, 1.59 mmol) followed by the addition of THF {9 mL} and H20 (3 ml.).

TsOH {544.00 mg, 3.16 mmol} was added into the nuxture at 25 “C. The mixture was stitred

at 70 °C for 1 h. The mixture was quenched by slow addition of Ho0 (10 L), pH adjusted to
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pH& with saturated agueous sodium bicarbonate. The resulting nuixnre was extracted with
ethyl acetate (10ml. » 3), combined organic lavers dried over anhydrous sodivm sulfate,
filiered, concentrated under reduced pressure §-{3~-fuoro-2-pyridyl)-2-hvdroxy-ethanone

{250 mg, crude) as a brown solid, used imto the next step without further punification.

Step . 2-{tert-bury{dimethvlisilviioxy-1-(5-fluoro-2-pyvridy Liethanone, To a 50 mi round-

bottom flask equipped with a magnetic stir bar was added1-{S-fluoro-2-pyridvi)-2-
hydroxyethanone (250 mg, §.61 numol} and inudazole (625.00 mg, 9.18 mmol) followed by
the addition of THF (10 mL). The solution was cooled to 0 °C. Teri-butyl-chloro-dimethyl-
silane (0.6 mL, 4 81 mmol) was added. The mixiure was allowsd to warm to 235 °C and stir
for 2 b. The mixture was guenched by slow addition of Hz0 (20 mb.), transferredio a
separatory funnel, the agqueous layer mixture extracted with ethyl acetate (20 mL % 3). The
combined organic layers were dried over anhvdrous sodium sulfate, filtered, concentrated
under reduced pressure and purified by silica gel cohumn chromatography (0-10% ethyl
acelate in pefroleurn ether} to give 2-Hert-butvl{dimethyDsilvljoxy-1-(8-fluore-2-
pyridyliethanone (590 mg, 71% vield) as a white solid. LCMS (MM-ES+APCL, Pos) wvz
270.1 (M+H).

Step B. 2-{tert-butvi(dimethyatlvioxy-1-(5-fuoro-Z-pyridyvllethancl. To a 100 mL round-

hottom flask equipped with a magnetic stiv bar was added 2-[tert-butyi{dimethyDsilyljoxy-1-
{5-fluore-2-pyridyljethanone (290 mg, 1 .06 numol) followed by the addition of EtOH 3 mb).
The flask was then evacuated and purged with nitrogen three times. The solution was cooled
to 0 °C. NaBH4 (30 mg. 1.32 munol) was added into the mixture. The mixture was allowed to
warm {0 23 °C and stir for 1 h. The mixture was quenched by slow addiion of saturated
agueons ammonium chioride (5 mi), transfarred 1o a separatory funnel, and the aqueous
laver mixiure extracied with ethyl acetate (10 mL x 3). The combined organic layers were
washed with brine (10 rol.), dried over anhvdrous sodium suifate, filtered, and concentrated
under reduced pressure affording 2-{tert-butyl{dimethy)stiyijoxy-1-{5-fluoro-2-
pyridylethanol (290 mg, 98% vield} as a colodess gum. LOMS (MM-ES+APCL Pos) m/z
2721 (M),

step E. [2-lert-butvi{dimethy Dsilvl joxy -1 -{3-fluoro-2-pvridvDethvl] methanesul{onate. Toa

10 L round-bottom flask equipped with a magnetic stir bar was added 2-[tert-
butvl{dimethyDsilyHoxy-1-(5- fhuoro-2-pysidviiethanol {150 mg, 0.54 mmot) and TEA (0.22
mk., 1.61 mmol) followed by the addition of DCM (1.5 mL). The solution was ¢ooled 1o ©

“C. Methylsulfonvl methanesulfonate (140 me, 0.8 mmol} in DCM (1.5 ml} was added
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dropwise. The mixturs was allowed to warm to 25 °C and stir for | h. The nuxture was
quenched by slow addition of HoO (5 mL). The resulting mixture was extracted with DCM (5
k. # 3}, combined organic lavers washed with brine (5 mL), dried over anhvdrous sodium
suifate, filiered, and concentrated under reduced pressure affording [2-[tert-
buty i dimethy Dstlyloxy -1-{5-fluoro-2-pyridv bethyl] methanesulfonate (185 mg, crudeyas a

yellow gam.

Step F. 6-11-{4-[tert-butvi{dimethvDisilvioxvevelohexvl]-5-methyl-pyrazol-4-v1]-4-[2-{tert-

butvi{dimethvhsiivljoxy -1-(5-fluoro-2-pvridvhiethoxvipvrazolol 1 5-alpvridine-3-carbonitrile,

Synthesized according to Intermediate 1, Step A substititing 6-bromo-4-hy droxy-

pyrazololl, S-alpyridine3-carbonitrite for 6-f L-[4-{tertbuivi{dimethyDsilvlioxyevelohexyi}-5-
methyl-pyrazol-4-vlj-4-hydroxy-pvrazolo|1,5-alpyridine-3-carbonitrile and [{18)-1-(5-
fluoro-Z-pvridyliethy ] methanesulfonate for [2-{tert-butyHdimethy DstlvlJoxy-1-(5-fluoro-2-
pyridyDethyl} methanesulfonate to give 6-[1-{4-[tert-buty{ dimethy Dsilyl foxyeyclohexyi]-5-
methyi-pyrazol-4-yi-4- 2-[tert-butyH{dimethy sy tioxy-~1-(S-fluore-2-

pyudyllethoxy pyrazolo{1,5-alpyridine-3-carbonitrile (195 mg, 67% vield) was obtained as a

vellow gum. LCMS (MM-ES+APCE, Posy: nvz 461 2 (M+H).

Step G. 4-{1-(8-fluoro-2-pyndvii-2-hvdroxy-ethoxy |-6-[ 1 -{(4-hvdroxveyclohexyb-5-methyi-

pyrazol-d-vlipvrazolol L S-alpyndine-3-carbonitrile. Svnthesized according to Exaraple 16,

Step E substituting 6-{1-{4-tert-buty K direthyUsilvtjoxyeyclohexyi]-5-methyl-pyrazol-4-y1}-
4-{{ 1R )-1-(5-fluoro-2-pyridyvl}propoxy jpyrazolof1,5-alpyridine-3-carbonitrile for 6-{1-}4-
Hertbutvi{dimethyDsilylioxvevelohexyi]-3-methyl-pyrazol-d-y1j-4-{2-{teri-
butyli{dimethyDsilyljoxy-1-(5-fluoro-2-pyridvlethoxvipyrazolof 1 5-alpyridine-3-carbonitrile
o give 4-{1-{3-fluors-2-pyridy}-2-hy droxy-ethoxy |-6-f 1 -(4-hy droxy cvelohexyli-S-methyl-

pyrazol-d-ypyrazolof 1, S-ajpyridine-3-carbonitrile (40 mg, 34% vield) as a white solid,

Step H. 4-{(183-1-(5-lugro-Z-pvndvii-Z-hvdroxy-ethonyl-6-L 1 ~4-hwdroxyevelohexvl)-3-

methvipyrazol-4-vllpyrazoioll S-alpvnding-3-carbonitrle, The racemate 4-{ 1 -(S-fluoro-2-

pyridyi}2-hydroxy-ethoxy}-6-{ 1«{(4-hy droxycyclohexyl}-S-methy l-pyrazol-4-
viipyrazolo]1,S-ajpyridine-3~carbonitriie (40 mg, 0.09 mmol) was separated by SFC 20%
HCO-MeOH(0.1%NHH,0M. After tvophilization, 4-[(1R}-1-(8-fluore-2-pyndvhsthoxy}-o-
[1-(18,28)-2-hy droxy ey clohexyl}-S-methyi-pyrazol-4-vlipyrazolof1,5-alpyridine-3-
carbonitritie (25 mg, 30% vield) was obtained as a white solid. LCMS (MM-ES+APCL, Pos):
w7 477.2 (M+H).

Example 19
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6-[1-{d-hydroxyeyclohexyl)-5-methyi-pyrazol-4-y1-4-[{15)-2,2 2-trifhuoro- 1 (5~ fluore-2-

pvridyljethoxy |pyrazolo[1.5-apyridine-3-carbonitrile

Step A. 2.2.2-trifluoro-1-(S-fluore-2-pyridvliethanol. To a 50 mL Schienk tube equipped with

a magneiic st bar was added S-fluoropyndine-2-carbaldehyde (300 mg, 2.40 mmol)
followed by the addition of THF (5 mL}. The solution was cooled 10 0 °C.
Trimethyi(trifluoromethyDstlane (511.49 mg, 3.60 mmol) was added dropwise o the mixture
at 0°C. After stirrmg at 0 °C for 30 min, TBAF (I M, 6.00 vl was added dropwise to the
mixture at O °C. The mixture was allowed to warm to 25 °C and stir for 1h. The mixture was
guenched by slow addition of H20 (10 mb}. The resulting mixture was transferred to a 40 mb
vial, agueous layer muxiure extracted with ethyl acetate (S mL x 3), combined organic layers
washed with brine (5 mL), dried over anhydrous sodium sulfate, filtered, concentrated under

(VA

reduced pressure and purified by silica gel column chromatography (0-30% ethy! acetate
/petrolenm ether) to afford 2.2, 2-tnifluoro-1-(5-fluoro-2-pyridvhethanel (330 mp, 65% yield)

as avellow oil, LOMS (MM-ES+APCI, Pos) vz 196.0 (M+H),

Step B. [2.2.2-triflucro-1-(8-fluoro-Z-pyndviiethvi] mfuoromethanesulfonate. To a 40 mL

vail equipped with a magnetic stir bar was added 2,2, 2-tniffuore-1-(5-fluoro-2-pyridviethanol
(300 mg, 1.41 mmol} followed by the addition of THF {5 mL). The vial was purged with
nitrogen for 2 min. The solution was cooled 1o 0 °C, Nal (112,91 mg, 2.82 nwuol, 60%
puriiy} was added into the mixture at 0°C. The mixture was stirred at 25 °C for 30 min,
Trifluoromethanesuifonyl chionde (0.3 mi, 2.82 mmol) was added into the mixiure at 25 °C.
The mixture was stirred at 25°C for 30min. The mixture was quenched by stow addition of

H:O (10 mL), transferred to 2 40 wl vial, the agueous laver mixture exiracted with ethyl
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acetate (5 mL x 3). The combined organic lavers were washed with brine {5 mL)}, dried over
anhydrous sodium sulfaie, filtered, concentrated wnder reduced pressure and purified by silica
gel coluron chromatography (0-53% ethyl acetate /petroleum ether) 1o give [2,2,2-trifluoro-1-
(5-fluoro-2-pyridyliethvl} nflucromethanesulfonate (330 mg, 70% vield) as a vellow oil.

LCMS {(MM-ES+APCE, Posy: vz 328.0 (M+H).

Step C. 64 1-[4-{tert-butvi{dimethylsitvHoxveyclohexvii-5-methvi-pyrazol-4-vil-4-{2.2 2-

trifluore-1-(5-fluore-2- pvndvhisthoxvipvrazolel L 3-alpvndine-3-carboniirde. To 2 40 miL

vial equipped with a magnetic stir bar was added 6-{1-[4-{tert-
butvl{dimethylstiyljoxveyclohexyli-5- methvl-pyrazol-4-vi{-4-hydroxy-pyrazolof1,5-
ajpyridine-3-carbonitrile (300 mg, 0.63 mwol) and [2,2.2- triflaoro-1-(S-fluoro-2-
pynidyDethyl] triffuoromethanesuifonate (253 30 mg, 0.75 mmol} followed by the addition of
MeON (S mL). KoCO: (173,69 mg, 1.26 mmol, 2 eg) was added mto the mixture at 25 °C.
The muxture was stirred at 80 °C for Thr. The mixture quenched by slow addition of H20 (10
mb), transferred to a 40 ol vial, the aqueous layer nuxture was extracted with ethyl acetate
{5 b x 3). The combined organic lavers were washed with brine (5 mb), dried over
anhydrous sodiwm sulfate, filtered, concentrated wnder reduced pressure and purified by silica
gel colurnn chromatography (0-5% ethvl acetate /petroleum ether) to give 6-{1-{4-{tert-
butyl{dimethysilvioxveyclohexyl]-5-methyl-pyrazol-d-y1}-d-[ 2,2 2-niffuoro-1-(5-fluoro-2-
pyridy Dethoxy ipyrazolo] 1. 5-a}pvriding-3-carbonitrile (270 mg, 66% vield) as a black brown

solid. LOMS (MM-ES+APCI, Posy: m/z 629.3 (M+H).

Step D. 6-{ I-(4-hvdroxvevelobexvD-3-methvl-pvrazol-d-vi]-4-12.2 2-tnifluoro-1-(5-fucro-2-

pyvridvDethoxyipyrazolell S~-alpvndine-3-carbonitnile. Svathesized according to Example 16,

Step E substituting 6-] 1-[4-{tert-buty K dimethy)silvijoxy cyclohexyl}-5-methyl-pyrazol-d-vl{-
A-J(IRy-1-(5-fluoro-2-pyndyDpropoxry lpyrazolof §, 5-a]pyridine-3-carbonitrile for 6-{1-[4-
Heributyl{dimethyDsilyHoxyeyelohexyi}-3-methyi-pyrazol-4-y1}-4-12.2 2-trifluoro-1-(5-
fluoro-2- pyridyljethoxvipyrazolof1.5-ajpyrnidine-3-carbonititie to give 6-[1-{4-
hydroxyevelohexyli-S-methyl-pyrazol-d-yii-4- 2.2 Z-triftuoro-1-{5-fluoro-2-

pyridyDethoxy ipyrazolo] 1, 5-alpyridine-3~carbonitrile (180 mg, §1% vield) as a brown solid.

LCMS (MM-ES+APCH, Posy nv/z 515.0 (M+H}.

Step E. 6-[1-(4-hvdroxveveiohexvl)-S-methvi-pyrazol-4-vii-4-{(18)-2,2.2-rifluoro-1-(5-

fhuoro-2-pyridvhethorvipyrazolol 1.5-alpyridine-3-carbenitrile. The racemate 6-1-{4-

hydroxveyelohesyly-3-methyl-pyrazol-4-91}-4-{2,2.2-tnflooro-1-(5-fluoro-2-

pyndylethoxy pyrazolol | 5-ajpyridine-3-carborutrile (180 mg, (.38 mmaol)} was separated by
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SFC (45% [CO-EtOH(0.1%NH:H0)). After Ivophilization, 6-f 1-{4-hydroxveyclohexyl)-5-
methyl-pyrazol-4-yij-4-[{18})-2,2 2-trifluoro-1-(5- fluoro-2-pynidylethoxypyrazolof1,5-
ajpvridine-3-~carbonitrile (78.2 mg, 45% vield) was obtamed as a white solid. LCMS (MM-

ES+APCE, Pos) m/z 3152 (M+H).
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v Methods oF Use

FGFR wild tvpe and mutant enzvine assavs

Activity agamst FGEFR wild type and mutant enzymes were determined 1o
biochernical assays using puritied intracellular domains of the respective isoforms using
HTRF KimEASE-TK assay technology from CisBio, now PerkinElmer. (Catalogue number
62TKOPEC). Briefly test compounds were tested in 11 pomt 1:3 serial dilutions, typical
final concentration range from 10,000nM to 0.17nM. Test compounds were dissolved in
DMSO and added to assay plates using acoustic transter. Envyme was pre-incubated with
test compound for 30 minutes and the assay was imtiated by addition of ATP and TK-
peptide subsirate. After 60 minutes af room temperature the reaction was guenched with
detection reagent and mcubated for an additional 60 minutes at room temperature. The
plates were read using a multimode reader and the emission ratio of 663 nm to 615 nm was
determined. This ratio was converted to percent of control {POC). [1-(high control-sample
signal)/thigh control-low control}}* 100, Wells without compound were used to determing
high control values and wells without enzyme were used io determine low conirol values.
The POC values were fit using a four-parameter fogistic modef and the value where the fit
curve was equal to 50 POC was reported as the IC30 using the Signals VitroVive software
package (PerkanElmer). Final assay condifions were: 50 mM HEPES pH7 S, 10 mM MgCl2,
1 mM EDTA, 0.01% Brij-35, 2 mM MnCi2, 1 mM DTT. and 0.5uM TK-peptide. The
enzyme source, catalogue number, final enzyme concentration, and final ATP concentration

can be found in the tables §-2 below.

Table I A summary of FGFRI-FGFR4 enzyme assay

Enzyme FGERI FGFR2 FGFR3 FGER4
Ensyme _ Carna Cama Cama

- fovitrogen § . . N T
SOUIce Bioscience | Bioscience | Bioscience
Calalog PV4IOS | 08-134 | 08135 | 08136
Number
Enzvmeconc. | 0.020M {1 0.03nM 0.03 M 0.13 aM
ATP con, 40 uM 2uM SuM 80 uM
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Table 2: A symmarv of FGFR1-FGFR4 enzvme assav

Buzyme FGERI FGFRZ FGFRQ }”GFRZ FOFRS

: V561M N549H Y 564F V5641 V355M
Enzyme Carna Carna SignalChem | Cama Cama
soures Bioscience | Bioscience | Riotech Bioscience | Bioscience
(atalog
Number 08-336 (8-332 FOS-12FG | 08-5346 (8-343
Enzyme conc. | 0.13 oM (.02 sM .02 nM 0.02 nM 0.01 nM
ATP conc. F.4uM 0.9 uM 1.5uM 0.4 uM 1.5 uM

Detection of phosphorylated FGFR1 (pFGFR1) and FGFRZ {pFGFRZ).

Phosphorylated FGFR] (pFGFRY) Cell Assay

KG-1 cells were grown in TMDM supplemented with 20% fetal bovine serum. KG-1
cells were plated into a 384-well at 10 %107 celis/28 pL/well. Cells were treated with
compound using three-fold serial dilutions at final concentrations ranging from 10 aMto 0.5

nM. Compound was incubated on cells for 1 hour at 37°C, 5% CO

Following the 1-hour incubation with compound, cell lvsates were prepared and
phospho FGFR1 was measured using the HTRF Phospho-FGFR1 (TYR653/654) Detection
Kits {CisBio, cat # 5S4FGFRIY6OPEG). 8 ul of cell tysis buffer (4x) supplied with Ix
Phospho and Total protein blocking reagent (CisBio, cat # 64FGFRIY6PEG, CisBio, cat #
G4KB1AAC) was then added to the well. Cells were incubated with lysis buffer for 40
rnutes at 4°C under shaking conditions. Plates were cenirifuged at 1500 rpm for 3 mun then
16 uL of cell lvsate was transferred from the cell-culture plate to a small volume detection
plate with the added premixed antibody solutions (dul} (CisBio, cat # 64FGFRIY6PEG).
Plates were centrifuged at 1000 rpm for 1 min then incubated at 25°C for 120 min, then
overnight at 4°C. Plates were read on the EnViston mudtimede plate reader via HTRF dual
wavelength detection. One hundred percent of control (POC) was determuned using DMSO
treated samples, and 0 POC was determined using a control corapound. A 4-parameter
logistic curve was fit to the POC values as a function of compound concentration and the

1Cs value 15 the point where the curve crosses 30 POC.
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Phosphorylated FGFR2Z-WT (pFGFR2Z-WT) Cell Assay

KATOHI cells were grown in the appropriate growth medium, IMDM supplemented
with 20% fetal bovine serum. Cells were seeded mto a 384-well at 1 x10° cells/23 pLiwell.
Cells were treated with compound using three-fold serial dilutions at final concentrations
ranging from 10 uM to 0.5 oM. Compound was incubated on cells for 1 hour at 37°C, 5%

COn.

Following the 1-hour incubation with compounds, cell lvsates were prepared and
phospho FGFR2 was measured using the HTRF Phospho-FGFRZ (TYR653/654) Dietection
Kits (CisBio, cat # 64FGFRIYOPEG). 8ul of cell fysis buffer (4x) supplied with Ix
Phospho and Total protein blocking reagent (CisBio, cat # 64FGFRZY6PEG, CisBio, cat #
64KBIAAC) was then added to the wells. Cells were incubated with lysis buffer for 4¢
minutes at 4°C under shaking conditions. Plates were centrifuged at 1500 rpm for 3 min and
then 16 pl of cell lvsate was trans{erred from the cell-culture plate to a small volume
detection plate with the added premaxed antibody solutions (4ul.) (CisBio, cat #
GAFGFRZYGPEG). Plates were centrifuged at 1000 rpm for 1 min then incubated at 25°C for
120 min, then overnight at 4°C. Plates were read on the EnVision multimode plate reader via
HTRF dual wavelength detection. One hundred percent of control (POC) was determined
using DMSO treated samples, and 0 POC was determined using the top concentration of a
control compound. A 4-parameter fogistic curve was {it to the POC values as a function of

compound concentration o determine the ICso value.

Phosphorviated FGFRZ-mutant (pFGFRZ-mutant) Cell Assay

HEK-293 cells ware engineered to express FGFRZ-V364F/1/L or FGFR2-N349K
rutations with constructs obtained from GenScript. Cells were grown in appropriate growth
mediom DMEM supplemented with 10% fetal bovine seram and 150 ug/mL hygromyein,
Celis were plated in 96-well poly-D-lysine coated flat bottom plate at 7x10° cells/well and
atlowed to attached overnight at 37°C. 5% CO,. Cells were treated with compounds using
three-fold serial dihutions at final concentrations ranging from 1 uM 1o .05 oM. Compound
was incubated on cells for | hour at 37°C, 5% COx. Cells were stimulaied with 100 ng/ml
aFGF/bFGF (gibeo, cat # 13241-013, gibeo cat # 13256-029) for 10 mn at 37°C, 5% CO.

Medium was removed, and cells were lysed with lysis buffer containing phosphatase and
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was measured by ELISA (R&D Svetems, cat # DYC684), Optical density was measured for

each well using the BioTek Cytation 5 gt wavelength of 450nm. One hundred percent of

control {(POC) was determined using DMSO treated samples, and ¢ POC was determined

using a control compound. A 4-parameter logistic curve was fit to the POC valugs as a

function of compound concentration and the ICs value 15 the point where the curve crosses

S0 POC.

Table 3: FGFR cellular assay results

Compound FGFR2 FGER2 FGFR2 FGEFR2 FGEFR2 V564l
Number Enz (nM) WT cell N349H V64F Enzyme (nM)
{av) Enzyme (aM) | Enzvime (nM)

i 6.3 3.4 0.4 i 1.4
2 0.16 2.5 (.05 (.14 (.24
3 21 128

4 i 26 2 3 4
3 0.25 5 0.7 i P4
6 i I3 24 4 473
7 0.3 5 0.5 i i
& 62 2 0.035 (.08 0.1
9 0.3 7 0.5 i i
16 0.3 5 {155 0.4 1
i 14 23 4.6 44 58
12 0.45 4.7 0.7 1.3 1.8
13 0.5 38 0.6 Le 2
14 12,3 257 14 15 3%
5 0.4 6 0.4 i i
16 0.5 8 0.3 0.8 1
17 0.6 34 0.5 i 1.7
13 0.5 4 0.5 i 2
9 0.15 1.25 0.1 03 .4
20 0.14 1.7 .1 0.3 ¢.3
21 1.7 24 3 6 11
22 0.3 27 0.4 1 1.4
23 (.4 4 0.6 i 2
24 0.3 3 3.3 i 1
25 0.3 3 0.25 0.7 1
26 0.5 4 03 i i
27 3 23 3 11 17
28 3 17 3 10 12
29 0.3 4 0.6 1.4 135
30 i G 2 37 6
31 i 7 2 3 36
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32 0.4 2.3 0.3 1 i
33 i 6 0.7 2 3
34 2.6 17 3 10 12
35 i 5 i 2 2.7
36 04 ) 0.5 15 2
37 0.5 5.6 03 i 1.6
38 0.4 ) 0.3 I 1.3
39 0.3 5.8 0.4 1 i
40 1 6.7 0.6 2 3
41 G5 4 0.7 2 2
42 0.6 0.65 17 2
43 { 9 I 3 3
44 0.5 & 0.4 i 13
43 6.5 60 7 13 23
46 0.3 3 0.3 i i
47 0.3 4 0.4 i i
48 0.4 3 0.4 i 1
49 2.6 i35 3 8 10
30 3.3 57 6 11 20
51 i 6.5 1 2 4
52 0.7 b I 24 3
53 0.3 3 0.5 1 1.5
34 0.4 12 0.5 i i
53 0.2 1.6 (13 03 0.6
36 0.2 34 0.2 0.6 i
57 04 12 0.3 i i
58 0.15 1.6 013 0.45 i
59 0.5 57 i 3 3
o0 04 3.5 0.3 1.3 2
61 0.3 3 0.4 i 1.3
62 7 43 9 213 30
63 0.3 33 03 i i
64 03 4 0.2 0.6 .7
63 3 21 33 9.5 10.6
66 163 793 106 13% 369
67 0.4 4 0.4 1 14
68 i 8 1 3 4
69 0.4 2 1 Le 1.6
70 110 79 160 219 420
71 i 4.5 I 2 3
72 0.4 3 (145 1.3
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Kinome Selectivity Assav Procedure
A compound of the present disclosure was screensed at 10X its enzyme TC50 for FGFR2
against 394 kinases using the KinSight Quantitative Kinome Profiling Service at
AssavQuant, which is performed at cellular ATP concentrations of ImM. The compound
showed 78% inhibition of FGFRZ and only 2 other kinases were inhibited more than 50%

(FGFR3, ROS1).

Table 4 p-FGFR inhibition celi ICso data or fold shift from FGFR2Z WT IC50

Assay IC50 or Fold
Shift from
FGFR2 WT
FOFRZWT 2 nM*
FGFRIWT 140X
FGFR2 NS49K 4x
FGFR2Z-V5641 4x
FGFR2-VS64F 3X
FGFR2-VS64L 1.5X

*Denotes FBS shifted IC30 value

A compound of the mvention showed 140x selective for FGFRZ over FGFRI,
exhibits low nM potency on FGFRZ WT and retans activity across FGFRZ mutations.

A compound of the 1nvention was profiled at 10X the enzyme ICso for FGFR2
against a panel of 371 kinases. FGFRZ, FGFR3, and ROST where the only kinases that

showed >50% target iohibition. Partial kinome tree shown m FIG. 2.

Pharmacokinetics of a compound of the invention in animals

The absorption and pharmacokinetics of a compound in the invention was
mvestigated n broavailability studies in roice, rats, dogs, and monkeys. CD1 Mice and
Sprague-Dawley Rats were dosed at 3mpk IV while Beagle Dogs and Cynomolgus Monkeys
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were dosed at | mp/kg IV, CD1 Mice, Sprague-Dawleyv Rats, Beagle Dogs and Cynomolgus
Monkevs were dosed at 10 mg/kg Oral Administration. Blood samples were taken at various
time points and processed for plasma. The plasma samples were further processed using the

procedure below for analysis.

General Sample Processing Procedure for Pharmacokinetic and Efficacy Studies

Protemn precipitation (PPT) operations were done for all collected plasma samples.
An aliquot of calibration standard, quality control (if any). dilution quality control (if any ).
single blank and double blank samples were added 1o a 96-well plate respectively. Each
sample {except the double blank, quenched with blank crash solution} was quenched with
mternal standard spiked crash solution and the mixtwre vortex-mixed for 5 min and
centrifuged for 10 min. All unknown samples were quenched with internal standard spiked
crash soluion and the mixture vortex-mixed.

An aliquot of supermatant was transferred 1o a clean 96-well plate containing diluent
and the plated samples injected for LC-MS/MS analysis. Plasma conceniration versus tims
data was analyzed by non-compartmental approaches using appropriate PK modeling

software. Related PK pararoeters were calculated according to dosing route for all routes.
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Table S: A summary of PK of a compound of the inveniion dosed in mouse, rat, dog, and

cvnomolgus monkey

1 Mouse  {Rat Dog Cvng

Tiine (b} anh Cpiasma, free > Ce“
>4 >24 >24 >24

1Cso
t12 (hr) 52 33 22 21
F (%) >0 81 >100 | 94
CL {ml/mivkg) 3.6 51 53 0.8
VB, (Likg) 12 13 22 1.0

A compound of the invention was used 1o study bicavatlability across species
mcluding mouse, ral, dog, and cynoolgus monkey. P studies of a compound of the
mvention dosed in mouse, rat, dog, and cynomolgus monkey at 1 or 3 me/kg IV and 10
mg/ke PO were conducted and the resulis are summarsized in FIG 3. A compound of the
mvention showed 24-hour coverage of the free fraction adjusted WT FGFRZ cellular 105
across species. PK studies across species showed a compound of the invention to be a low
clearance compound with high oral bicavatiability .

A compound of the invention was dosed by oral gavage at 0.3, 1, 3, or 10 mg/kg in
AN3 CA {K310R/NS49K) tumor-bearing mice. Dose-related effects were observed on the
mhibition of ERK phosphorylation {4 hr post dose administration}. A compound of the
imvention showed that more than 88% inhibition of pERK was observed when dosed at or
above 3mgkg PO, FIG. 4 shows Inhibition of pERK with varicus dosages of a compound of
the vention.

in one embodiment method of treating a disease associated with mutations in FGFRZ
comprises providing a therapeutically effective amount of the compound or the
pharmaceutical composition of the present disclosure in the amount of about 1-10 mg/kg per

173

SUBSTITUTE SHEET (RULE 26)



WO 2025/034912 PCT/US2024/041350
dav mtravenously or orallv. In some embodiments, the therapeutically effective amount is
about 1-5 mg/kg per day. In some certain embodiments, the therapeutically effective amount
is about 1-3 mg/kg per day.
in one embodiment, a method of treating a cancer comprises providing a
therapeutically effective amount of the compound or the pharmaceutical composition of the
present disclosure in the amount of about 1-10 mg/kg per day intravencusly or orally. Tn
sore embodiments, the therapeutically effective amount 1s about 1-5 mg/kg per day
mtravenously or orally. In some certain embodiments, the therapeuticaily effective amount

of the compound or the pharmaceutical composition achieves a complete tumor regression,

AN3CA TGI Study Design

Female NCr nu/nu mice (7-8 weeks) were subcutaneously implanted with 5x106
AN3 CA cells (111, PBS: Matrigel). Following randomization by tumor volume, aniroals
were dosed with a compound in the mvention at (-5 mg/kg PG, QD for two weeks. Tumor
volumes were measured three times per week and groups reaching an average tumor volume

>2000mm3 were suthanized.

AN3CA PK/PD Study Design

Female NCr nu/nu nuce (7-8 weeks} were subcutaneously implanted with 5x106
AN3 CA cells (1:1, PBS:Matrigel). Following randomization by tumor volume, animals
were admimstered a single oral dose of a compound in the invention (0-10mg/kg) and
tumors and plasma were harvested 4 hours post dose. Plasma was analvzed for drug
concendtrations; tumors were homogenized and evaluated for pERK normalized to GAPDH
via Western Blot and expressed as percent of vehicle-treated control tumors.

A compoand of the invention was dosed once daily by oral gavageat 1,25, or §
mg/ke for 14 days in AN3 CA K31OR/NS49K tumor-hearing mace. Dose-related tumor
erowth mhibition was observed, and complete tumor regression occurred ai 5 mg/'kg QD In
rats, no increase n serum phosphate levels were observed at the matched efficacious plasma
concentrations of a compound of the vention. FIG. 5 shows the results of a turnor growth
minbition study with various doses of a compound of the invention.

While a number of exemplary aspects and embodiments have been discussed above,

those of skill in the art will recognize certain modifications, permutations, additions and sub-
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combinations thereof. Tt is therefore intended that the following appended claims and claimg
hereafter introduced are interpreted to inchude all such modifications, pernutations, additions

and sub~combinations as are within their trug spirit and scope.
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Listing of Claims:

CLAIMS

i A compound having the following structure of Fornuda (1)
& ¥

. M/N\

b

R!

{1V},
oF a stereotsomer of the c‘.s‘;mpouﬂd alt ot tamtomer of the compound thereof, wherain,
R is selectad from the group consisting of -ON, -CL -Br, -CHs, -CFH, and -UFs;
R i 5-6 membered heteroaryi optionally substihuted with 1 or 2 substifusnts each
wndependently selected from the group consisting of halo, Cr-Us alkyl, and Oi-Cs haloalkvl;
R s selected from the group consisting of H, ~OH, halo, Ci-Ce alkyvl, C1-Cs
heteroalkyl, -C{E=OIRS, -OCEOIRY, =NRS, -RRIR®, -NRICEOIRS, -NRIOEOORY, -
CHaC=0INRIN®, NRIRSCHOEOINRING SCHNRICEORY S0 Hs, oxo.
phosphate, and CN, wherein the C-C alkvl s optionally substituted with one or more -OH:
R is selected from the group consisting of -01-Cs alkvl, $1-Co heteroaiks ], Co-Cs

cycloalkvl, and Ca-Ce heterocveloalkyi, wheretn the C-Us alkyl or U-Cs oyvcloalbvl is

optionally substituted with one or move -OH or -NRRY,

&

R® and B® are, each independently, selected fron the group consisting of H, (-
alioyl, C-Ce alit aleohol, -S{0)-CHz, and Ca-Ce oveloalkyl

X 15 selected from the group consisting of ~(CHz e, ~(THz G-, {CHCH Y, -
{CHOHD e CH o, S CHOH O CH W O, (CHOR by, S({CHCHOH ), < CHOHCH
and a divect bond;

Y is selected from the group consisting of «CHae, ~CHOH, <O(CH v,
{CHCEOR, SNCH;-, and a divect bond;

1S an integer between Fand 4;

mis an tnieger between 1 and 4

D I8 an weger between U and 4,

A 131} 5-6 membered heteroarvione having at most of o mirogen atoms, whersin

the S-6 membered heteroarviens 1 ophonally substituted with one or more substituents each
L6
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mcifspem:ienziy selected from the group consisting of C1-Cr alll, halo, -CN, NHp, and (-

atkviene}{{y-Cs alkoxy), or

N
Tﬂ;ﬁ
N P g
d \J\R‘“‘
i . wherain & mdicates a focation of a bond 1o the pyrazolopyrimidine
core and * indicates a location of a bond to Y, wheretn R is selected from H, C-Cy alid

and -NHy;
8 1s selected from the group consisting of Us-Us eycioalkylens, 5-6 membered
heterocy cloalkviene, and «CHa-, wheretn the U5-Uy cvcloalkyviene or 5-6 membered

heterocyeloalkylene is optionally substituted with one or more substiluenis sach

imdependently selected from the group consisting of Ci-Cs allyl, -OH, oxa, U-Us atkoxy,

halo, Ci-Cs haloall

and Ci-Cs alkyl alechol;

J

. . x® . -
wherent, when Big . wherein ‘j widicates a focation of a bond oY, ¥ ndicates

atocation of a bond to RS, R is H or ~ON, and A s pyrazolviene, the pyrazolviene is

opticnally substifuied with cue or more halo, -UN, -NHz, or -{C-Cs alkyienay-{Ci-C
aftoxy}; or two C-Cq alkvl; and
Puny
/N\* P
wherein, when B is wherein © indicates a loeation of 2 bond fo Y, F

indicates a focation of 2 bond to B, and A is pvrazolviene, R is 3-6 membered hetoroarvl

substifuted with halo, Ci-Cs alkyl, or C-Ce haloalkyl,

&

The compound of clatm 1, wherein R s -CN

[

3 The compound of claim 1 or 2, wherein R” s 5-6 membered heteroaryt optiomally

substifuted with halo,

4. The compound of any one of clairs 1-3, wherein R* is pyridinvi optionally

substituted with halo.
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5. The compound of anv one of claims 1-4, wherein R” is pyridingl optionally

substituted with F

6. The compound of any one of claires 1-4, wherein R” 1s selected from the group

. 5 N A Ny Ng
. L Yz P e
comsisting of ™ | NF FF ,

The compound of any one of claims 1-6, wherain R 15 selected from the group
J = s

_and ©

consisting of H, -OH, kale, C-Cs allvl, Ci-Cs hetercalkyl, -CERS -OCEOIRY, =NR®, -
NRORS, -NRPCEORY, -NRCEQOR?, -CHOE0INRING, -NRROCHCEOINRING, -
CHONRICE=0RE, S0 -CH:, oxo, and phosphate, wharein the C1-Cs alkyl is optionalfy

substituted with one or more ~OH.

8 The compound of any one of claims 1-6, wherein R” is selected from the group

consisting of -OH, halo, Ci-Cs alkyl, C-Ce heteroalkyl, -Ce=0RY -0CEOIRY,
NRIRS SNRICEOIRY, -NRICEOORY -CHCEOINRING, -NRIRCHCEOINRNS, -
CHNRMCE=0IRY, -8(0)0-CHa, oxo. and phosphate, whersin the C-Cs alkyl s optionaliy

substituted with one oy more -OH.

g The compound of any one of clairs -6, wherein R is selected from the group
consisiing of -H, -OH, halo, Ci-Cs alkyl, LR =NR® NRRE NRPCEORY one, and

ON, wherein the Ci+Cg alkvl 13 optionally substituted with one or move ~<OH

16, The compound of anv one of elaims 16, wherein R is selected from the group
consisting of -H, -OH, halo, C1-Cy allvl, -CEORY =NR®NROR®, NRICE=ORY, and oxa,

wherein the Ci-Ce alkvhis optionally substinuted with one or more ~OH.

11 The compound of any one of claims 1-6, wherein R is selected from the group
consisting of -OH. halo, {1-Cs alkyl ~Cf=RY =NR®, NRIR®, NRICEOWRS, and oxo,
whetein the C-Ce alkyl 15 optionally substituted with one or more -OH.

12, The compound of anv one of claimus 1-6, wherein R is selected from the group
consisting oft H, <0H, C1-Cs alkvl, and «CEHEOIR?, sherein the $-Cs allovl s optionally

substituted with one or more ~-OH.
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13, The compound of anv one of claims 1-6, wherain ™ i selected from the group
consisting of ~OH, Ci-Cs atkvlh, and -CEORY, wherein the C1-Cs alkyl is optionaily

substituted with one or more -OH

. The compound of any one of clatms 1413, wherein the £5-Cs alkvi at R §s optionally

substituted with 1. 2. 0r 3 -OH

15 The compound of any one of clairas 1-14, wherein RY is selected from the group
consigting of «CHy, ~CHOH, ~CHICHOOH, ~CICH: R OR, -CHICH{CH INH, 5-Cs

hateroalkyl, C4-Cs eveicallyl, and Co-Cy heterooycloalkyl, wherain the C4-Cs oveloalioyl s

optionatly substituted with ong or more -OF or -NRRS

16, The compound of any one of clatms 115, wherein R is selected from the group
consisting of «CHa, ~CHOH, CCHCHOH, -CECHR0H, -CHICHICH: 1NH,, and Ca-Ce

eveloatkyl, whereln the Ca-Cs cycloalkyl e optionally substituted with O or -NRR®,

17, The compound of any one of claires 1-14, wherein R 15 -CH; or -CH{CH0H.

18, The compound of any one of claums 1-17, wherein R and R® are, sach

k]

wdependently, H or {-Us alky

9. The compound of any one of dlaims 1-18, wherein " and R® ave H.

4

28, The compound of any one of claims 1-19, wherein X is selecied from the

group

consisting of (CHCH oo, (CHOF Jom, {(CHOHOH - and CHUHCH e

(o]

tnnna

The compound of any one of claims 1-20, wheren X s ~{CHUH j

22 The compound of anv one of claims 1-21, wherein Y is g direct bond.

23, The compound of any one of claires 1-22, whersinn s 1

24 The compound of any one of claims 123, wherein A 18 5-6 membered heteroarylens
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having af most of two nitregen atoms whereln the 5-6 membered heteroarviens i optionally
substituted with one or more subsiituents each independently selacied from the group

consisting of C-Us alkvl, halo, -ON, -NH:, and «C-Cs allvlens{C-Cs alkoxy),

25, The compound of any one of claims 1-24, wheretn A 13 5-6 membered heteroarviens
having at wost of two nivogen atoms whersin the 5-6 membered heteroaryiene i3 optionally
subshivted with L, 2, or 3 substituents each mdependently selected from Ci-Cg alkyl and -

26, The compound of claim 23, wherain the 5-6 roombered hetercarviese is selected from

N CHy
H 7 ;:1
R e S U
\’;\j N 7’ \g‘s / ;‘K
the group consisting of! s ¢ . HyC , Hale
*"‘“N N\
/
Fpht ,am‘z *’ . whersin * mudicates a location of abond to Y. and ¢

wndicates a location of a bond {o the pyrazolopyninmiding core.

~

7. The compound of any one of claims 123, wheramn A s

N
N

e

AN,

Jé.ﬁ

. whersin * indicates a locatton of a bond o Y, and O .n{i cates a focation

£ 9 hend the 'y
of a bond 1o the pyi

solopyrimidine cove, wherein R% s selected from the group consisting of
H, O alkyl, and -NH:,

~

28 The compound of claim 27, wherein R* 13 selected from ~-CHs and -NH.,

2% The compound of anv one of claims 1-28, wherain B 1s C3-Cy oycloalbiviene, wherain
the C3-Cx oveloalkylane is optionally substituted with one or more substitnents each
independently selected from the group consisting of Cr-Cs alkvl, -OH, oxa, T-Cs alkoxy,

. and Ci-Cs allyl aleohol.

halo, Ci-Cs haloalk

3. The compound of any one of claims 1-29. wheremn B 18 -y cycloalkylene, wheram
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the C:-Cr oviloalkylane s optionally substituted with Ci-Cs alkysl or <OH

31 The compound of any one of claims 1-28, wherein B s 5-0 membered
hateroeycloaliviene, wheren the 3-6 memberad heterocyeloalkyiene s optionally substituted
with one of move substituents gach independently selected from the group consisting of Ci-

Co atkvl, <OH, oxo, C-Cs alkoxy, hale, C-Ce haloalkvl, and C-Ce alkyl alcohol.

32, The compound of any one of claims 1-28 and 31, wherein B 15 5-6 membered
heterocyeloalkyviens, wherein the 5-6 membered heteroeycloatkylene s optionally substituted
with C1-Ce alkyl or -OH.

33 The compound of any one of claims 1-28, wherein B iz -CHy-

3. The compound of claim 1, wherein the compound iz a compound having the

following structure of Formuda {1V -a):

(IV-a),

or a sterecisanner of the conpound, sall or tautoner of the conpound thereof, wherein

R? is 5-6 membered heteroary opticnally substiteted with halo;

R 15 H, -OR, halo, O-Cyalkyvl, -CEOIRY, =NRS, -NRORS, NRYCEOR', oxo, and
CMN, wherein the C;~Ce alkyl s optionally substituied with one or more -OH;

R is selected from the group consisting of -C1-Ce alkvl, Ci-Ce heteroalkyl, {s-Cs
cycloatkvl, and Ca-Cs heterocveloatkyl, wherein the Oy-Os atkyi or Ua-Cs cyvcloalbvl is
optionally substituted with one or more -OH or -NR'R®,

R® and R® are, each independently, H, or Ci-Cg alkyl;

X3 ~{CHCH: b, ~{CHCFshye, {{CHCH O H 3 and {{CHCHUHa e

i3 an witeger between | and 4;

A s pyrazolylens optionally substituted with one or more C-Cs sl halo, <CN, -
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NH:, or {C1-Ca allvlene}-{Ci-Ce alliony ), and
B 15 selecied from the group consisiing of Us-Uy cvcloatkviens, 5-6 membered
heterocycloalkylene, and -CHy- wherein the Cs-Ce oycloalbviene or 5-6 membered
hateroeycloalioylens is optionally substitiied with one or more substituenis gach
mdependently selected from the group consisting of Cr-Cs alkvl, “OHL oxo, {-Cs alkoxy,

halo, Ci-Ce haloathsd, and Ci-Ce alkyl aleohol,

naRe

. - e * . . N . . ~ [ .
wherein, when B is . wherein $ wdicates a location of abond to Y, * mndicates
alocation of a bond to BY) R is Hoor «ON_ and A i pyvrazolviene, the pvrazolviene is
optionally substiiited with one or more halo, ~ON, <NHz, or {Chi-Cs albvieng){C1-Cy

atkoxy}; or two C-Cs alkvl; and

l//\/N\
wherein, when B is heren & indicates a focation of a bond 10 Y, *
idicatzs a location of a bond 0 Rf', and A is purazolviene, R” is 5-6 membered heteroaryl
subshiuted with halo, €-Cs alkyl, or Ci-Ce haloalkyl.

5

35, The compound of claim 34, wherein R 1s pyridiny! eptionatly substituted with halo.

36, The compound of olaim 34 or 35, wherein R is pyriding} optionally substituted with

9

()
-3

The compound of any one of claims 34 or 35, wherein R% is selected from the group
N2 N N
oy [;C U U
. i | = //i S
of ™F N 7 F F and G

38, The compound of anv one of claims 34-37, wherain R is selecied frorm the group

consisting of H, -OH, halo, C1-Cs alkvl -CEORY, =RRT-NRIRS, -NRICEOIR?, and oxe,

consisiing

wherein the C-Cs alkvlis optionally substinated with one or wiore ~OH,

The compound of any one of claires 34-37, wherein R is selected from the group
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consisting of -OH, halo, -0 alkyvl, -CE=0RY =NR NEOR®, NRPCEORS, and oxe,

wherein the C1-Cs alkyl is optionally substituted with one or more -OH,

45, The compound of any one of claires 34-37, wherein R is selected from the group
consisting of H, OH, €-Cs alkyl, and -C=01RE, wherein the Ci-Ce alkyl 15 optionally

substifuted with one or wore ~OHL

41, The compound of anv one of claims 34-37. wherein B is selected from the group
cousisting oft OH, C1-Cs allvl, and -CEORY, wherein the Cr-Ce alkvlis optionally

substituted with one or more -OH.

42, The compound of any one of claims 34-41, wherein the {y-Cy atkyl at R s

optionally substitited with 1, 2, or 3 -0,

43 The compound of any one of claims 3342, wherewn RY {5 -CHa, -CHOH, -
FHCHOH, ~COCH: 2O, ~CHICHITH ) NH:, and Ca-Cs oveloalkyl, wherein the {4-Us

evcloalky! is optionally substitwted with -OH or -NR'RY

44, The compound of any mie of claims 33-43, whersin R* 15 -UH: or -CH{CHOH.

45 The compound of any one of claims 33-44, wherein R® and R® are, each

wdependently, H or -{Hs.

46, The compound of any one of clairs 33-43, wherein R® and R® are H.

47, The compound of any one of claims 3

4%, The compound of any one of claims 3347, whereinnis 1

4% The compound of anv one of claims 33-48, whersin A is 3-6 membered

CH
M, N 79
N i N
\&”‘;\ \\4/ LY
. g s ¥
hoteroarvione 13 selected from the group consisting of ©
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P — M -
e N\?":: f N ; HNV\L\ LL

HaC . HaC L and . wheremny ¥ indicates a location

of a bond o B, and ¢ mdicates a location of a bond 10 the pyrazolopynmidine core.

330 The compound of any one of clams 3349, wheran B 5 CaCp cveloalkyleng,
whetein the £3-Ca cveloalkvione is optionally substituted with one or more substituents each
mdependently selected from the growup consisting of Cr-Ce allyl, ~OH, oxo, Ci-Ce alkoxy,
halo, Ci-Ce haloalkyl, and Ci-Cs atkvl aleohol.

51 The compound of any one of claims 33-50, wherein 8 15 8-y cveloatkylene,

wherein the Ca-Cx cveloatkviene is optionally sebstiteted with Ci-Cg alkyl or <OH

32, The compound of any one of claims 33-49, wheran B is 5-6 membered
heterocy cloalkviene, wheretn the 56 memberad heteroevcloalkyvlene 18 optionally substiiuted
with one or e substitents each independently selected from the group conaisting of Ci-

Co allol ~OH, oxo, C-Ce alkoxy, halo, C-Cs haloalkyl, and C1-Cs alkyl lechol

33, The compound of any one of claims 33-4% and 52, wherein B 13 5-6 membered
heterocycloaliviene, wherein the 5-6 roembered heterocycloalkylene is optionally substituted
with {3-Ce alkyl or ~OHL

A

34 The compound of claim 1, wheren the compound has one of the following

LA

structures:

N
g N
4 4
[ e Bl Jt
P i o T
N\ o~ Ko . Y N
’“N)““S >‘w 'S NN Ny
e N3 i e . /
= [ J Nezzaz/
"2 2 4
W\N'ﬂ* ) (\N“N ;"\y‘j
™ ﬁ{\ N
J (N/ / \N_ ,
HO . H oA
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35, The compound of any oue of claitas 1-54, whereit the salt 15 a pharmaceutically

acceptable salt.

35, A pharmaceutical composition comprising the compound of any one of claims 1-33

or a pharmacewticaity acceptable sall therzof and a pharmaceutically acceptable excipient.

37 The pharmacsuiical composition of claim 36, wherein the composition further

comprises anather therapeutic sgent.

S8 The compound of any one of claims 1433 or the pharmaceutical composition of claim
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\}Z

56 or 37 for use in freaning a disease assoctated with mutations in fibroblast growth factor
receptor 2 (FGFRI} or fibroblast growth factor receptor 3 {(FGFRE),

39 A method of treating a disease assoctated with nuxtations m FGFRZ or FGFRE,
comprising: adnunistering the compaound of any one of claims 1-55 or the pharmaceutical

<

1 56 01 87 10 a subject in need therent,

composition of clanm

&0, The method of claim 59, whevein the subject i3 an arumat,

61, The method of claim 59 or 60, wherein the subject is a human.

62, The method of any one of claims 39-61, wherein the disease associated with

mutations in FGFRZ i3 a cancer or eraniogynosiowe svadrome,

63, The method of any one of claims 5962, wherein the cancer 15 intrahepatic

cholangrocarcinoma, hepatocelthnlar carcinoma, breast cancer, prostate cancer, hing
squarous cell carcinoma, thyroad cancer, gastnic cancer, ovarian cancer, endometial cancer,
nov-amai cell hung cancer, nrothelial cancers, colorectal cancer, colon cancer, metastatic
cholangiocarcinoma, cholangivearcinoma, osteosarcoma, gastroesophageal junction
adencearcinoma, biliary fract cancer, anaplastic thvrod carcinoma, ganglioglioms,
pancreatic idraductal tubulopapifiary neoplasm, galibladder carcinoroa, renal cell carcinoma,

myxoid lipocarcinoma, triple negative breast cancer, or rectal cancer

64, The method of any one of claims 59-62, wherein the crantosynosiois syndrome 1§
Craniegynosiosis, bent bone dysplasia, crouron syndrorae, apert syndrome, piatlier
syndrome, antley-bixler, beare-stevenson syndroms, jackson-weiss syndrome, or seathre-

chotzen-like syndromes,

65 The method of any one of claims $9-61, wherein the disease associated with
mnstations in FGFRI is svstemic selerosis, fibrosts, polmonary Sbvosis, achoudroplasia,
thanaiophoric dvsplasia, severe achondroplasia with developmental delay and acanthosis
nigricans {SADDAN syndrome}, muenke syndrome, FGFR3 associated cancer,
hvpochondroplasia, FGFR3 related crantosynostosts, LADD syndrome, or Alzheimer

disease.
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66, Amethod of treating 2 disease assoctated with mutations m FGFR2, compriging
adminstering the compound of any one of clatme 1-33 or the pharmacewical composition of

claim 36 or 87, whersin the compound or the pharmaceutical composition s highly selsctive

for FOFRY over FOGFRL

oF. A method of treating a disease associated with mutations m FGFR2 comprising
providing a therapeutic effective amount of the compound of any one of claims 1-55 or the
pharmacentical composttion of clairs 56 or 87, wherein the therapeutically effective amount
of the compound or the pharmaceutical compasition shows dose responsive inhibition of

protein Kimase R-like endoplasmoic reticulum kinase {(pERK).
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