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COMPOUNDS FOR FGFR INHIBITION

TECHNICAL FIELD
The disclosure relates o substituted pyrazolo pyridine compounds that act as
fibroblast growth factor receptor tvrosine kinase (FGFR) inhibitors. The disclosure also
provides compounds of formula (0), (T1A), (IB)}-(IB-3), (IC-a)-(1l~-a), JC-b)}-(1-b), ({H-a)-(113-
hy, (IV) or (IV-a) and pharmaceutically acceptable salts thereof and uses of the compounds

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

BACKGROUND

Fibroblast growth factors (FGF s} and their receptors (FGFRs) regulate a wide range
of physiclogic cellular processes. such as embrvonic development, ditferentiation.
profiferation, swrvival, migration, and angiogenesis. There are five FGFRs, of which four
{FGFRs 1-4) are highly conserved single-pass transmembrane {yrosine kinase receptors. The
binding of an FGF to an FGFR leads to receptor dumerization and transphosphorylation of
tvrosine kinase domains. Dysregulation of the FGF signaling system underlies a range of
diseases associaied with the increased FGF expression.

There rernains a need to discover FGFR nhibitors baving enbanced activity profiles
which may be useful for the treatment of FGFR mutation cancers or other proliferative

diseases or conditions.

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

Formula V)
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or stereoisomers, salts, or tautomers thereof, wherein R'. R% R’ A B, X and Y are as
defined herein.

To certain embodiments, provided herein as compounds having the following structure

~Or

of Formula (IV-a}:

oN

{IV-a),
or sterecisomers, salis, or fautomers thereof, wherein R? R*, A B and X are as definad
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) 10 a subject in need thereof (o treat a disease are
provided. fn some embodiments, the disease 1s associated with routations in FGFR2 or
FGFR3. In somie embodiments, the disease associated with mutations in FGFR2 1s a cancer or
craniosynostoic syndrome.

In other embodimeents, methods of treatruent by adninistering the foregoing
compounds of Formula (IV) or (IV-a) or the pharmaceutical compositions comprising a
compound of Formula {IV) or (IV-a) to a subject in need thereof to treat a disease are
provided, wherein the compound or pharmaceutical composition is highly selective for
FGFR2 over FGR1.

Various aspects and embodiments now will be described more fully heremafier. Such
aspects and embodiments make take many different forms and the exemplary ones disclosed
heremn should not be construed as limihing; rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully convey its 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 to 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 intended to convey any information
regarding the actual shape of the particular elements. and have been solely selected for ease
of recognition in the figures.
FIG. | shows p-FGFR inhibition cell 1Cso data and fold shift from FGFR2Z WT IC30.
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 corapound of the invention dosed in mouse, rat, dog, and
cynoraolgus monkey.
FIG. 4 shows a graph of inhibition of pERK with various dosages of a compound of the
fnvention,
FIG. 3 shows a graph of turnor growth inhibition with vartous doses of a compound of the

invention.

DETAILED DESCRIPTION
I Defimtions

For conventence, certain terms emploved in the specification, examples and claims
are collected here. Unless defined otherwise, all technical and scientific terms used in this
disclosure have the same meanings as cormmmonly 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 valus
between the upper and lower limit of that range and any other stated or intervening value in
that stated range is encompassed within the disclosure. For example, if arange of | pmto 8
pm is staled, it 13 infended that 2 py, 3 wm, 4 wm, 5 pm, 6 pm, and 7 pm are also exphieitly
disclosed. as well as the range of values greater than or equal to 1 um and the range of values
fess than or equal to 8 um.

"o

The singular forms “a," "an," and "the” include plural referents uniess the context
clearly dictates otherwise. Thus, for example, reference 1o a "polvmer” includes a single
polvmer as well as two or more of the same or different polvmers, reference to an "excipient”
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includes a single excipient as well as two or more of the same or different excipients, and the
hike.

The term “asbout,” particularly in reference to a given quantity, is meant 0 encoropass
deviations of plus or minus five percent.

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

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

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

" Amuno" refers to the -NHz, -NHR. or -NR» radical.

"Cyano” refers to the -UN radical.

"Hydroxyl" refers to the -OH radical.

"Imino” refers (o the =NH or =NR substituent.

"Nitro" refers to the -NO» radical.

"Ono" refers to the =0 substituent.

"Thio" refers to the =8 substituent.

"Triffuoromethyl” refers to the -CFz radical.

Hydrazido or hvdrazino refers to N-N substituent.

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

" Alkyl” refers to a linear, saturated, acyclic, monovalent hydrocarbon radical or
branched, saturated, acvclic, monovalent hydrocarbon radical, having from one 1o twelve
carbon ators, preferably one to eight carbon atoms or ove to six carbon atoms, and which is
attached to the rest of the molecule by a single bond, e.g., methyl, ethyl, #-propyl,
1-methylethyi (iso-propyl), #-butvl, n-pentyl, 1,1-dimethylethy] (~butyly, 3-methylhexyl,
2-methyihexyl and the like. An optionallyv substituied alky! radical s an alkvl radical that is
optionally substituted, valence permutting, by one, two, three, four, or five substituents
independently selected from the group consisting of halo, cyano, nitro, aryl, cycloatkyl,
heterocyclyl, heteroaryl, oxo, trimethylsilanyl, -OR, -OC(0)}-R, NR):, -C(OR", -C(O)OR,
SC{OINER o, -NEROICIOIOR™, -NRHC(GIR', -NRIS{ORR" (where 15 | or 2). -S{O}OR”
{(where tis | 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, alkvl, haloalkyl, cycloalkyl, eveloalkylatkyl, aryl,

aratkyl. heterocyclyl, or hetercarvl; each R” 15 independently hydrogen, cycloalbyl, arvl,
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heterocyelyl, or hetaroarvl; and each R" is independently alkyl. haloaikyl. eycloalivl, arvl,
heterocyelvl, or heteroarvi,

“Alkylene” 1s a divalent radical of an alky! group.

“Alkylatcohol™ or “alkyl alcohol” refers to an alkyvl group substituted with an alcohol
(~OH) group.

"Alkoxy" refers 1o a radical of the formula -OR. where Ra 18 an alkyl radical as
defined above containing one to twelve carbon atoms. The alkvl part of the optionally
substituted alkoxy radical is optionally substituted as defined above for an alky! radical.

"Alkoxvalkyl” refers to a radical of the formula -R.-0O-Ry, where Ra is alkylene and Ry
is alkyl as defined above. Alkyl and alkylene parts of the optionally substituted alkoxyalkyl
radical are optionally substituted as defined above for an alkyi radical and alkylene chain,
respectively.

“Aralky]” refers to aradical of the formula ~R.-Re, where R s alkylene and Ry 15 aryl
as described herein. Alkylene and aryl portions of optionally substituted aralkyl are
optionally substituted as deseribed herein for alkylene and arvl, respectively.

"Arvl® refers to an aromatic monocvcehe or multieyclic hvdrocarbon ring svstem
radical containing from 6 to 18 carbon atoms, where the multicvclic aryl ring svstem is a
bicvclic, tricyclic, or tetracyvclic ring system. Aryl radicals include, bui are not limited o,
groups such as fluorenyl, phenyl and naphthyl. An ophionally substituted aryl is an aryl
radical that is optionally substituted by one, two. three, four, or five substituents
independently selected from the group consisting of alkyl, akenvl. halo. haloalkyl,
hatealkenyl, cyano, nitro, aryl, heteroaryl, heteroarylalkyl, -R7-OR’, -R"-OC(O)-R |, -
R-NR Y. -R-COIR, -R7-C{OIOR], -R"-CEOMNR R, -R-N{RHC(OOR, -
R-NRICOWR™, -R7-N(RIS(ORR™ (where tis 1 or 2), -R"-S{O}OR" (where tis 1 or 2), -
R7-S(O)R'" (where pis 0, 1, or 2), and -R"-S(OMN(R ) {where t is 1 or 2), where each R is
independently hyvdrogen, alkyl, haloalkyl, cycloalkvl, aryl, heterocvelyl, or hetercaryl; each
R 15 mdependently a direct bond or a himear or branched alkyvlene or alkenylene chaing and
each R is independently alkyi, haloalkvl, cvcioalkyl. eycloalkylalkyl. arvl heterocyclyl, or
heteroarvi.

“Arylalkoxy” refers to a group of formula —0O-R, where R 15 aralkyl. An optionally
substituted arylalkoxy is an arvlalkoxy that is optionally substituted as described herein for
aralkyl In some embodiments, arvialkoxy is benzyloxy.

“Bicvelic” refers to aring svstem that features two joined rings with at feast two

common atoms. Bievelic compounds nclude, but are not limuted 1o, groups such as bieyclic
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arvl, bicvelic heteroaryl, bicvclic cveloatkyvl, and bicvelic heterocveloalkyl. Bicvclic
compounds may be, for example, fused (e, fused bicvelic), bridged (i.e., bridged bicyclic),
or spirocvehic,

"Cycloalkyl" refers to a stable non-aromatic monocyclic or polycvelic hydrocarbon
radical having from three to fifteen carbon atoms. preferably having from three o ten carbon
atoms, and which 18 saturated or umsatorated, and which aitaches 10 the rest of the molecule
by asingle bond. A polvevehic hydrocarbon radical 1s bicychic, tnicychic, or tetracyelic ring
svstem. An unsaturated cycloalkyi contains one, two, or three carbon-carbon double bonds
and/or one carbon~-carbon triple bond. Monocyche eycloatkyl radicals include, for example,
cyclopropyl, evelobutyl, cvelopentyl. cvelohexyl, cyelohepivi. and cvelooctvl, Polyveyche
cycloalkyl radicals include, for example, adamantyl, norbornyl, decalinyl, and the like. An
optionally substituted cycioatkyl is a cvcloalkyl radical that is optionally substituted by one,
two, three, four, or five substituents independently selecied from the group consisting of
atkvl. alkenyl, halo, haloalkvl. haloalkenvl, cvano, ntiro, oxo. aryl, aratkyl, cvcloalkyl,
heterocyelyl, heteroaryl, -R7-OR, -R"-OC(O)}-R, -R-NR o, -R"-C{OR, -R"-C(OHOR,
R-CEOMN(R )2, -R-NRHCOIOR™, -R7-NRYC(OR, -R"-NRIS(OHR™ {where tis 1 or
23, -R"-S(OWOR™ (where tis 1 or 2), -R"-S{O}R" (where p is 0, 1, or 2) and -
R7-S{O}N(R > (where tis 1 or 2) where sach R’ is independently hydrogen, alkyl, haloalkyl,
cycloalkyl, aryl, heterocyclyl, or heteroarvl; each R is independently a direct bond or a
linear or branched alkylene or alkenylene chain; and each R™ is independently alkyl,
haloalkyl, cycloalkyl, cycloalkvlalkyl, aryl, aralkyl, heterocyclyl, or heteroaryl

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

“Deuterated compounds™ are compounds where one of more bvdrogen atoms have
been replaced with a deuterium atom. Deuterated drugs mav be denvaives of an active
compound. Dcuterated drugs may be prodrugs. Deuteration may alter the physical
properties, metabolic properties, activity or safety of a drug.

“Dierivatives” are related chemical species that can be dertved {from a similar
compound via chemical reactions. They may encompass slight chemical modifications,
substitution of atoms with deuterated atoms, substitution of atoms with stable or radioaciive
isotopes or other modifications that imbue a compound with desivable properties.

"Fused" refers to any ning system described heren which is fused to an existing ring
structure in the compounds of the invention {e.g., fused bicvclic, fused heterocvelic). When
the fused ring svstem 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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"Halo" refers to the halogen substituents: bromo, chloroe, fluoro, and iodo.

"Haloalkvl" refers to an alkyl radical, as defined above, that is further substitated by
one or more halogen substituents. The nurmber of halo substituents included 1o haloalkyl is
from one and up to the total number of the hvdrogen atoms available for replacement with the
halo substituents {e.g.. perfluorcalkvl). Non-limiling examples of haloalkyl include
trifluoromethyl, difheoromethyl, trichloromethyl, 2,2, 2-triflucroethyl,
i-fluoromethyl-2-fluoroethyl, 3-bromo-2-fuoropropyl, 1-bromomethyl-2-bromosthyl and the
like. For an optionally substituted haloalky], the hydrogen atoms bonded to the carbon atoms
of the allkyi part of the haloalkyl radical may be optionally replaced with substituents as
defined above for an optionally substituted alkyl

"Haloalkenv!" refers to an alkenyl radical, as defined above, that is further substituted
by one or more halo substituents. The number of halo substituents included in haloalkenyl 1s
from one and up to the lotal number of the hydrogen atoms available for replacement with the
halo substituents (e.g.. perfluoroalkenyl). Mon-limiting examples of haloalkenyvl include
2. 2-diftuoroethenyl, 3-chloroprop-1-envl, and the like. For an optionally substituted
haleatkenyl, the hydrogen atoras bonded 1o the carbon atoms of the alkenyl part of the
haloatkeny! radical may be optionally replaced with substttuents as defined above for an
optionally substituted alkenvi group.

"Haloalkynyl" refers to an alkvnyl radical, as defined above. that is fugther substituged
by one or more halo substituents. The number of halo substituents included in haloatkvayl is
from one and up to the total number of the hydrogen atoms available for replacement with the
halo substituents {e.g., perfluorcalkynyl). Non-limiting examples of haloalkvny! include
3-chloroprop-1-voyl and the hike. The alkynyl part of the haloalkynvl radical may be
additionally optionally substituted as defined above for an alkynyl group.

“Heteroalkyl” refers to a linear, saturated, acyclic, monovalent hydrocarbon radical or
branched, saturated, acyclic, monovalent hydrocarbon radical, having from one to twelve
carbon atoms confaining a total of one to six heteroatoms independently selecied from the
group consisting of nifrogen, oxvgen, phosphorus, and sulfur. Heteroalkyl is optionally
substituted as described herein for alkyl

“Heteroarvialkyvl” refers to a radical of the formula -Ra-Ry, where Ra is alkylens and
R, 15 heteroary] as described herein.  Alkylene and heteroarvl portions of optionally
substituted heteroarvialkv! are optionally substituied as described herein for alkylene and
heteroarvi, respectively.

“Heterocycloatkyl” refers 1o 3- to 18-membered saturated ring system radical having
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the carbon count of two 10 twelve and containing a total of one to six heteroatoms
mdependently selected from the group consisting of nitrogen, oxygen, phosphorus, and
sulfur. A heterocycloalkyl radical is a monocychie, bieyclic, tricyclic, or tetracyclic ning
svstem. A bicyclic, tricyclic, or tetracyclic heterocycloalkyl is a fused, spiro. and/or bridged
ring system.

“Heterocycloatkyvlene™ 15 a divalent radical of a heterocveloatkvi group.

"Heterocy clyl” or “heterocyclic” refers to a stable 3- to 18-membered 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, oxygen,
phosphorus, and sulfur. A heterocvelyl radical 18 a monocvelic, bievelic, tricyclic, or
tetracyelic ring svstem. A bicvclic, tricvehic, or tetracyclic heterocyclyl is a fused, spivo,
and/or bridged ring system. The heterocyclvl radical may be saturated or unsaturated. An
unsaturated heterocyclyl contains one, two, or three carbon-carbon double bonds and/or one
carbou-~carbon triple bond. An optionallyv substituted heterocyclyvl 18 a heterocvelv] radical
that is optionally substituted by one, two, three, four, or five substituents independently
selected from the group consisting of alkyl, atkenvl, halo, haloalky!l, haloalkenvl, cvane, oxo,
thioxo, mitro, aryl, aralkyl, cycloaliyl, heterocyelyl, heteroaryl, -R7-OR’, -R"-QC(O)»-R, -
R7-N(R Y. -R'-CIOR, -R'-CLOJOR, -R-CLOM(R Y, -R-NRHYC(OIOR™, -
RO-N{RICOR™, -R7-N{RHSCORR" (where tis 1 or 2), -R7-S{OXOR™ {where tis 1 or 2), -
R7-S(O)R™ (where pis 0, 1, or 2), and -R"-S(OWNR ) {where tis 1 or 2), where each R ig
independently hvdrogen, alkyl, alkenyl, haloalkyl, cycloalkyl, aryl, heterocyelyl, or
heteroarvl; each R is independently a direct bond or a linear or branched alkylene or
alkenviene chain, and each R™ is independently alkvl, alkenvi, haloalkyvl, cveloalkyl, arvl,
heterocyelyl, or heteroarvl, The nitrogen, carbon, or sulfur atoms in the heterocyclyl radical
may be optionally oxidized (when the substituent is oxo and is present on the heteroatom);
the nitrogen atom may be optionaily quaternized {when the substituent is alkvi, alkenyi, aryi,
aralkyl, cveloalkyvl, heterocyclvl, heteroarvl, -R7-OR. -R"-QC{0)-R, -R"-N{R ), -
R-C(OR, -R7-CIOM0OR -R"-COMNRY,, -R-NRICOIOR" -R"-NEIYC(OWR'™ -
R-N(R)S(OWR™ (where tis T or 2), -R"-S{O)OR'" (where tis 1 or 2), -R"-8{0)R"" (where
pis 0, 1, or 2, and -R-S{OYN(R): (where tis 1 or 2), where R” is a linear or branched
alkvlene or alkenylene chain, and R and R are as defined above). Examples of optionally
substituted heterocvelyl radicals include, but are not himited 1o, azetidinvi, dioxolanvi,
thienvli 1.3 {dithianyl, decahydroisoquinolyl, imudazolinyl, imidazolidinyl, isothiazolidinyl,

wsoxazoliding], morpholingl, octabydroindolyl, octahydroisoindolvl, Z-oxopiperazinyd,
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2-oxopiperidinyl, 2-oxopyrrohidinvl, oxazolidinyl, pipenidinvl, piperazinyl, 4-piperidonyl,
pyrrolidinyl, pyrazohdinvl, thiazolidinyl, tetrahy drofuryl, trithianyl, tetrahydropyranyl,
thiomorpholinyl, thiamorpholinyl, -oxo-thiomorphohnyl, and 1, 1-dioxo-thiomorpholinyl.

“Heterocyelylene” refers to a heterocyclyl in which one hvdrogen atom is replaced
with a valency. An optionally substituted heterocyclviene is optionally substituted as
described herein for heterocyelyvl

"Heteroaryl" refers to a 5- to 18-ruembered rivg svstermn radical containing at least one
aromatic ring, having the carbon count of one to seventeen carbon atoms. and containing a
total of one to ten hetercatorns independently selected from the group consisting of nitrogen,
oxyeen, and sulfur. The heteroasvl radical 1s a monocvelic, bievelic, rievelic, or tetracvelic
ring system. The bicydlic, tricyclic, or tetracyclic heteroaryl radical is a fused and/or bridged
ring system. An optionally substituted heteroaryl is a heteroaryl radical that is optionally
substituted by one, two, three, four, or five substituents independently selected from the
group consisting of alkyl, atkenvl. alkoxv. halo. haloalkvl, haloalkenyl, cvano, oxo. thioxo.
nitro, oxo, arvl. aralkvi, cvcloalkyl, heterocyclyl, heteroarvi, or hetercarvialkyl, -R7-OR, -
R"-0OC(0)-R, -R7-N{R )z, -R7-C{OR, -R"-CEOHOR |, -R"-C(OMN(R )z, -R"-N(RYC{C)OR™,
SRNERICOWR, -RE-NRISOWR (where tis 1 or 2), -R7-S5(0)0OR" (where tis | or 2), -
R7-S{(OR™ (where pis 0, 1, or 2}, and -R"-S{OXN(R %, (where 1 is | or 2}, where each R is
independently hydrogen, alkvl, afkenvi, haloalkvl, cvcloalkyl, aryl, heterocyclyl, or
heteroaryi; each R” is independently a direct bond or a Hnear or branched alkylene or
alkenviene chain; and each R 1s alkyl, alkenvl, haloalkyl, eycloalkyl, arvl. heterocyciyl or
heteroarvl. The nitrogen, carbon, or sulfur atoms in the heterocyelyi radical mav be
optionally oxidized {(when the substituent is oxo and is present on the heteroatomy, provided
that at Jeast one ring in heteroaryl remains aromatic; the nitrogen atom may be optionally
quaternized {(when the substituent is alkvl, alkenyl, arvl, aralkyl, cycloalkyl, heterocyelyl,
heteroaryl, -R"-OR, -R"-OC(O)-R, -R"-N(R )2, -R"-C(OR, -R”7-C{OYOR’, -R"-C{OINR )2,
SR7-NRICIOIOR™, -R-NRYC(OR', -R'-N{RIS(OWR" {where 1 is | or 2), -
RI-S(OWOR" (where tis 1 or 2), -R"-S(O)R" (where pis 0. 1. or 2), and -R"-S{O)NR )
{(where tis 1 or 2}, where R is a linear or branched atkyieng or alkenylene chain, and R and
R are as defined above), provided that at teast one ring in heteroary] remains aromatic.
Exanples of optionally substituted heteroarvl radicals imclude, but are not limited 10,
arepinvl, acridinyl, benzimidazolyl, benzthiazolyl. benzindolvl, benzodioxolyvl, benzofuranvl,
benzooxazolyl, benzothiazolyvl, benzothiadiazolyl, benzofb (1 4{dioxepinvi,

1. 4-benzodiovanyl, benzonaphthofuranyl, benzoxarolyl, benzodioxolyl, benzodioxinyl,
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benzopyranyl, benzopyranonvl, benzofuranyl, benzofuranonyl, benzothienvi
{benzothiophenyl), benzotriazolyl, benzofd 6]imidazof 1 2-ajpyridinyt, carbazolyl, cinmolinyl,
dibenzofuranyl, dibenzothuophenyl, furanyl, furanonyl, isothiazolyl, imidazolyl, 1ndazolyl,
indolvl, indazolyl, isoindolyl, indolinyl, isoindolinyl, isoquinoiyvl. indolizinyi, 1soxazolyl,
naphthvl, naphthyridinyl, oxadiazolyl. 2-oxoazepinvl, oxazolyl. oxiranvl,
i-phenvi~1H-pyrrolyl, phenazinvl, phenothiazinyl, phenoxazinyl, phthalazingl, pteridinyl,
purinyl, pyrrolvl, pyrazolyl, pyridioyl, pyrazinyl, pyrimidinyl, pyvridaziny], pyvrrolyl,
quinazolinyl, qumoxalinyl, quinclinvl, quinuclidinyi, isoquinolinyl, tetrahvdroquinolinyl,
thiazolyl, thiadiazolvl, trazolyl, tetrazolvl, triazinyi and thiophenyl (e, thienyi}

“Heteroarviene” is a divalent radical of a heteroasyl group.

The phrase "pharmaceutically acceptable” is employed herein to refer to those
compounds, salts, compositions. dosage forms, ete.. which are--within the scope of sound
medical judgment-~suitable for use n contact with the fissues of haman beings and/or other
manoals without excessive toxicily, writation, allergic response, or other problem or
complication, commensurate with a reasonable benefit/nisk ratic. In some aspects,
"pharmaceutically acceptable” means approved by a regulatory ageuncy of the federal or a
state government, or histed in the U.S. Pharmacopeia or other generally recognized
pharmacopeia for use in mammals {e.g.. animals). and more particularly, in humans.

“Prodrugs” are compounds that after adnunistration are metabolized or otherwise
chemueally transformed into an aclive moiely. Prodrugs may be derivatives of an active
compound. Prodrugs may or may not be active prior to conversion into an active form in
Vivo.

The term "treating” i3 used herein, for instance, in reference, for example, to methods
of treating inflanumatory diseases or to a gastrointestinal 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., auloinymnune disease, inflammatory disorder,
gastrointestinal disorder) in a subject relative to a subject not recetving the compound or
composition. This can include reversing, reducing, or arresting the symptoms. clinical signs,
and underlving pathology of a condition in a manner o improve or stabilize a subject's
condition {e.g.. regression of syruptoms of an autotmruune or inflammatory disease such as
mprovement in the MAY O score in the treatment of ulcerative colitis},

The embodiments disclosed herein encompass all pharmaceutically acceptable
compounds of the compound of (I}, (TA), (IBY-(IB-3}, (IC-a)-({l-a}, (IC-b)-(11-b), (1H-a)}-(1Hi-
hy, (VY or (1V-a) being isotopicaily-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
incorporated mto the disclosed compounds include isotopes of hydrogen, carbon, nitrogen,
oxygen, phosphorous, fluorine, chlonine, and jodine, such as TH,YH, TP, B, PN, PN
B0 0, B0, S, Fp G ¥ S0 YL and P respectively. These radiolabeled
compounds could be usefud to help determine or measure the effectivensss of the compounds,
by characterizing, for example, the site or mode of action, or binding affinity to
pharmacologically important site of action. Certain isotopically-labelled compounds of (I},
(IA), (IB)-(IB-3), (IC-a)-(U-a), (IC-b)-(U-b), (1H-a)}-({-hy, {1V} or §V-a)}, for example, those
incorporating a radioactive isotope, are useful in drug and/or substrate tissue distribution
studies. The radioactive isotopes frittum, 1.6, “H, and carbon-14, L, Y*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 deuterium, i.e., “H, may afford certain
therapeutic advantages resudting from greater metabolic stability, for example, increased in
vive half-life or reduced dosage requirements, and hence roay be preferred in some
circumstances.

Substitution with positron emitting isotopes, such as HC, BF, 0 and N, can be
useful in Positron Emission Topography (PET) studies for examnung subsirate receptor
occupancy. Isotopicallv-iabeled compounds of (1}, (1A}, (IB)}-(IB-3), (IC-a)-(iI-a), (AC-t)-(I1-
by, (HI-ap-(11-h), (IV) or {IV-a} can generally be prepared bv conventional techniques known
to those skilled in the art or by processes analogous 10 those described in the Preparations and
Exarnples as set out below using an appropriate isotopically-labeled reagent in place of the
non-labeled reagent previously employved.

The embodiments disclosed herein encompass the i vive metabolic products of the
disclosed compounds. Such products roay result from, for exarple, the oxidation, reduction,
hydrolysis, anidation, esterification. and the like of the administered compound, primaridy
due o enzymatic processes. Accordingly. the disclosure includes compounds produced by a
process comprising adminisiering a compound of this disclosure {0 a mammal for a period of
time sufficient to yield a metabolic product thersof. Such products are typrcally identified by
administering a radiolabelled compound of the disclosure in a detectable dose to an animal,
such as rat, wouse, guinea pig. monkey, or to human, allowing sufficient time for metabolism
to occur, and isolating s conversion products from the wrine. blood or other biological
samples.

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

"Pharmaceutically acceptable acid addition salt” refers to those salis which retain the

1
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biclogical effectiveness and properties of the fres basas, which are not biologically or
otherwise undesirable, and which are formed with inorganic acids such as, but are not limited
10, hyvdrochioric acid, hydrobronue acid, sulfuric acid. nitric acid, phosphoric acid and the
like, and organic acids such as, but not limaited to, acetic acid, 2,2-dichloroacetic acid, adipic
acid, alginic acid, ascorbic acid, aspartic acid, benzenesulfonic acid, benzoic acid, 4-
acetamidobenzoic acid, camphoric acid, camphor-10-suifonic acid, capric acid, caproic acid,
caprylic acid, carbonic acid, cinnarmic acid, citric aad, cyclamic acid. dodecvisulfuric acid,
ethane-1,2-disulfonic acid, ethanesulfonic acid, 2-hvdroxyvethanesulfonic acid, formic acid,
fumaric acid, galactaric acid, gentisic acid, ghicoheptonic acid, gluconic acid, ghicuronic
acid, glutamic acid, glutaric acid, 2-oxo-glutaric acid, glycerophosphoric acid, glycolic acid,
hippuric acid, 1sobutyvric acid, lactic acid, lactobionic acid, lauric acid, maleic acid, malic
acid, malonic acid, mandelic acid, methanesulfonic acid, mucic acid, naphthalene-1,5-
disulfonic acid, naphthalene-2-gulfonic acid, 1-hydroxy-2-naphthoic acid, nicotinic acid, olgic
acid. orotte acid, oxalic acid, palroiic acid, pamoic acid, propiomc acid, pyroglutarme acid,
pyruvic acid, salicvlic acid, 4-amincsalicylic acid, sebacic acid, stearic acid, succinic acid,
tartaric acid, thiocyanic acid, p-toluenesulfonic acid, trifluorcacetic acid {TFA}, undecylenic
acid, and the hike.

"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 salis are prepared from addition of an inorganic base or an
organic base to the free acid. Salts derived from inorganic bases include, but are not limited
to, the sodium, potassium, lithium, ammonium, calcium, magnesium, iTon, zinC, copper,
manganese, aluminum salts and the hike. Preferred inorganic salts are ammonium, sodiun,
potassium, calciurn, and magnesiuro salts. Salts derived from organic bases include, but are
not linuted to, salis of primary, secondary. and tertiary anunes, substituted amines including
naturally occurring substituted amines, cyclic amines and basic ion exchange resins, such as
ammonia, isopropylamine, trimethylamune, diethvlamine, iriethyvlamine, tripropvlamine,
diethanolanune, ethanolamine, deanol, 2 diyethylaminoethanol. 2 diethyviaminosthanol,
dicyclohexviamine, fysine, arginine, histidine, caffeine, procaine, hydrabamine, choline,
betaine, benethamine, benzathing, ethyvlenediamine, glucosamine. methyiglucamine,
theobromine, tricthanolaroine, romethamine, purines. piperazine, piperidine. N
ethvipipendine, polvamine resins and the like. Particularly preferred organic bases are
isopropylamine, diethviamine, ethanolamine, trimethylamine, dicyclohexyiamine, choline

and caffeine.

e
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A "pharmaceutical composition” refers to a fornudation of a compound of the
disclosure and a medium generally accepted in the art for the delivery of the biologically
active compound to mammals, ¢ g, hummans. Such a medium mcludes all pharmaceutically
acceptable carriers, diluents and exciptents therefore,

"Effective amount” or "therapeutically effective amount” refers to that amount of a
compownd of the disclosure which, when administered to a mammal, preferably a human, 1s
sufficient to effect treatment n the mammal, preferably a human. 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
manoal to be treated, but can be determined routinely by oune of ordmary skl 1o the ant
having regard to his own knowledge and to this disclosure.

A "stereotsomer” refers to a compound made up of the same atoms bonded by the
same bonds but having different three-dimensional structures, which are not interchangeable.
The present disclosure contemplates various stereoisomers and mixtures thereof and mchudes
"enantiomers”, which refers to two steregisomers whose molecules are non-superimposable
migror images of one another. The present disclosure also contemplates "diastersomers”,
which refers to non-mirror image of non-identical sterecisomers. Dhiastereoruers occur when
Two or more stereoisomers of a compound have different configurations at one or more of the
aquivalent stereocenters and are not mirror images of each other.

A "automer” refers to a proton shift from one atom of a molecule (o another atom of
the same molecule. The present disclosure includes tautomers of any said compounds.

“Abnormal cell growth™, as used herein, unless otherwise indicated. means cell
growth that is independent of normal regolatory 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 seb-ranges or combinations of sub-ranges within the group, that can be
claimed according (o a range or in any sumilar manner, less than the full weasure of thig
disclosure can be claimed for any reason. Further, by reserving the night to provise out or
exclude any ndividual substituents, analogs, compounds, ligands, structures, or groups
thereof, or any members of a clatmed group, less than the full measure of this disclosare 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
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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 instance that there 1s any inconsisiency behween the patents,

patent applications and publications cited and this disclosure.

it Compounds
The compounds described herein are FGFR mhibitors.
In one aspect, provided herein is a compound having the following structure of

Formula VY

vy

or a stereoisomer of the compound, salt, tastomer, or prodrug of the compound thereof,

wherein:
27 s selected from the group consisting of ~CN. -C, -Br, -CHa, ~CFoH, and -CFs:
RY 15 5-6 memberad heteroarvi optionally substituted with 1 or 2 substituents each

wdependently selectad from the groep consisiing of halo, Ci-Co albvl, and C1-Cy haloalkyl;

R is selected from the group vonsisting of H, -OH, halo, {1-Ce allnl €)-Ce
heteroaikyvi, -CEOIRA -OOEMRY -NICRS, NRPCEORY, -NRICEMORS. -
CHLOEOINRINS, SNRORACHCEOINR NS, (CHNRICEOIRY, SSE0R-CHa, oxo,

phosphate, and ON, wherein the Oy alkyl s optionally substituted with one or wore -OH,
2% ig selected from the group consisting of -Ci-Ce allol, €:-Cs heteraativi, C4-C
gyvcloaibvl, and Ca-Ce heterocyeloalkvi, wherein the Uy alkyt or {4-Co oycloalind 3
opticually substitaied with cus or more -0OH or -NRRY,
R and R are, each independently. selected from the group consisting of H. (-

alkel, Ci-Cs alkyl aleohol, -S{-CHy, and CCs cveloatky i
X iz selected from the group consisting of «(CHzdow, <(CHRRO, (CHOH oo, ~

{CHOH 3o CH 2, {(CHOH - CH2 3O, {(CHOF o, -(CHCH OG-, «(CHCHCHa -,

and a divect bond:
Y is cefected from the group consisting of CHye, CCHOH:, (O{CHs Y-, -

{CHCEG)-, SNCH:~, and a divect bond,

14
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s an mteger between 1 and 4.

mt s an integer between | and 4;

B ie an intoger between O and 45

A5 1) 5-0 membered heteroarvlene having at most of 1w pitrogen atoins, whereln
the 5-6 membered hetercaryiene s optionally substituted with one or more substituents each

widependently ¢

Alected from the group consisting of 8-Ce alkvl, halo, ~ON-NH:, and (O~

Ces alkylene (T -Cp alkoxy), or

N
N
Ve
N Y/
f/ \\j\RE ) 3
B} , wherein

pvrazolopyrimidine core and * indicates a location of a bond to Y, wherein R? ig selected
from H, Ci-Us alkst and -NHo;

indicates a location of a bond to the

B s selected from the group consteting of Ca-Cx eveloatkviene, 5-6 membered

heterooveloalkyviene, and ~-CHy-, wherein the U5-Cs oveloalkyiene or 5-6 memberad

7

heterocyelnalkyiene is optiomally substitutad with one or more substitnents each
independently selected from the group consisting of Ci-Cy alkyl, -G, oxo, C-Cr alkoxy

hale, C1-C haloatkyl, and C-Cy alkyl alcohel;

aﬂl:o\f
i
N
wherein, when B ig , whersin ¢ mdicates a location of a bond to Y. ¥ indicates

alocation of a bond to RY, RYis H or -CN, and A is pyrazolviene, the pymz:oiyiene is
opticnally substituied with one or move balo, ~ON, -NHy, o5 (T 1~Cs alkvlene}-(C-Cy

atkowv); or two O~ alkvls and

vy

5§
]
[\/N\* $ 7
wherein, when B is , wherein ¥ ndicates a location of a bond to Y, *
indicaies a location of a bond to RY, and A is pyrazolylene, ¥ is 5-6 membered hetercarvi
substituted with hale, C1-Ce albvl, or C-Cs baloalivl
in another aspect, provided herein is a compound having the following structure of

Formuta IV
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{1V,

or a stereotsomer of the compound, salt or tautomer of the compound thereof, wherein:

2 i selecied from the group consisting of ~CN_ -Cl, -Br, -CHa, -CFaH, and -CFs;
R ig 5-6 memberad heteroarvi optionally substituted with 1 or 2 substiiuents each

wnidependently selected from the groap consisting of halo, 8-Cy atkyl, and C-Cy haloalkyl;

R is selected from the group consisting of H, -OH, halo, $r-Ce allyl, -G
heteroatkyl, -C=0RY -COEORY, DICRS, NRPCEOR?Y, NRICEOOR?, -
CHCE=0INRINS, NRORICH O 3NR,5N'<‘?, CHNRICEORY, -SE00-CHa, oxo,

phosphate, and CN, wherain the C-Cs allivl i¢ opmna?iy substituted with one or more ~OH,

kyh, CaeCls

14 is selected from the group cor

cycloaibyl, and Cys-Cy heterocycloatkyi, wherein the Uy-C J\x‘ or £4-C eycloalinl 1s

optionaliy substituted with one or more -0OH or -NRRS;

R* and R are, each independently. selected from the group consisting of H, Ci-Cs
alivl C-Co allyl aloohel, -8{0)-CH:, and €0 oveloalkyl;

X i3 selected from the group consisting of ~{THz o, «UH O, {UHTH ),
{CHOH: 3w (CH e, {CHOCH - {ICH O, CCHCR e, ((CHOH O o, {CHUHCH o,
and a direct bond;

Y is ssdected from the eroup consisting of «CHy-, <CHOH-, -C{CH -, -
{CH,CEG-, -NCHs-~, and a divect bond,

s an integer between 1 and 4;

nis an integer between | and 4:

v i3 an weger between 0 and 4,

Azt

} 5-6 membered heteroarviene having at most of {wo nitrogen aloroes, wherein

the 3-6 membered hetercaryiene i ophionatly substituted with one or more substituents each

independently selected from the group consisting of C4-Cs alkyvi, halo, <ON, -NH:, and «({y
s atkylene (€U alkoxy ), or

16
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N
N

| 3
/Nw.\w
wy , wherein ™ indicates a location of a bond to the
pyrazolopyrimiding core and * indicates a location of a bond to Y, wherein R? is selected
from H, Ci-Cs alkyl and -NHy;
B s selected from the group consisting of Ca-Cx oveloalkyviene, 5-6 memberad

heterocveloalkylene, and -CHo-, wherein the U5-Cs oveloalkyiene or 5-6 memberad

heterocvelnalkviene is optinnally substituted with one or more substituents sach
independentlv selected from the group consisting of CroCy alkyl, «OH, oxo, €-Cy alkoxy,

hale, C1-Ce haloathyl, and C-C albyl alcohel,

P
)
whertein, when B is ) . wharsin é mdicates a focation of a bond 10 Y, ¥ indicates

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

optionally sebstituted with oue ov move hale, <ON, NHy, or (OO albviene}(Cy

alkony); or two O3~Cs alkal and

ne

N.

‘ - “u 8 . . ;
wherein, when B s . wherein ¢ indicates a location of a bond to Y, *

indicates a location of a bond to RY, and A is pyrazolviene, ®? is 5-6 membered heteroarvi
s ed with halo, Ci-Ce alkyl, or £4-Cs haloatkyl

o some embodiments, R s ~CN

In some embodiments, R is 5-6 mermberad heteroary] optionaily substituted with
halo. In some embodiments, B is 3-6 membered hetercaryl optionaily substituted with F.

In sowme embodimenis, R is pyridiy? optionally substituted with halo.

in some embodiments, R is pyriding optionally substituted with ¥,

<

AN

\\\Y/ “
{it some embod;‘mems, B s sefectad from the group consisting of) .

Saleal el o

, , 8K
In some embodiments, R is seleciad from the group consising of H, -OH, halo, Ci-

o
3
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o alkvi, O1-Co hetaroalkyl, -CEOIRS, OCEDRY, CNROREWNRPCEOIRS, -
NRICE=ORE, CHCEOINRING, --NRvE@{?}-ig«:ﬁ(:::(,aj:mRm\ CHNRICE=0IRY, 8O-

{H:, oxo, and phosphate, wherenn the C-Ce alkyl is oplionally substituted with one or ymore -
OH. In some embodiments, R s selected from the wroup consisting of -OH, halo, C-Ce
atkvi, C-Cs heteroalind, -CEOIRY, -QUEDR SNRIREGNRPCHEOIR
NRICEGHIOR?, -CHOG0INRING, -N'R"R"CE-Eg(i(=:zrf)}NR,5N‘5, CHNRIOEOIRY, S0~
CHs, ovo, and phosphate, wherein the (-Ce albvl s optionally substituted with one or more -
OH.

In some embodiments, R is selectad from the group consisting of -H, -OF, halo, €-
Co alkyl, ~CEOIRY =NRS, SNRIRS, NRICHE=GIRY, oxo, and ON, wherein the C-Cs alkyl is
optionativ substituted with ong or more -OH. To some embodiments, B is selected from the
group consisting oft -H, -OH, halo, Ci-Us ally L -{EMRY =NRSNRIRE, NRPCHE=DRY,

~

and oxo, wherein the O

o~

~s alkvi i optionally subshiuted with one or more ~OH. In some
embodiments. R is selected from the group consisting of ~OH. hale, C-Cs alkyl, -CEOIRY,
=NRY, NRIRS ONRICEGRY, and oxo, wherein the £ aikyvi is optionally substituted with
one or more ~OH.

io some embodiments, RY 1s selected from the group consisting off H, -OH, C1-Ce
atkvh, and -CEOIRY, whersin the OO alkvi is optionally substituted with one or more -{H.
in some embodiments, R is selectad from the group consisting oft -0OH, C-Cs alkvl, and -
CEOIRY, whereln the €O allovl 15 optionally substituted with one or move -0

in some embodiments, the C-Cs altkyl at R is optionally substituted with 1,2, 0t 3 -
OH.

In some embodiments, R is selectad from the group consisting of -CHx, -CHROH, -
CHCH; YOH, CICH ROH, SCHETHICH INH, OO hetercalkvl, CoCs eveloallyd, and
{4~y heterooycloalivl, wheremn the Ca-Ce cyveloalkyl s optionally substituted with ong or
more -OH or NRRE

In sowme embodiments, RY 13 sefected from the group consisting of -CHa, -CHO0H, -
CHECHDOH, JCOHR0H, SCHICHCH N, and C0-Co ovddoalkyl, wherein the €Oy
eveloatkyl is optionally substituted with -OH or -NRR®,

T some embodiments, RY s -OHs oy -CECHDOH.

fn some embodiments, R and R® are. each independently, H or C-Cs alkyl

in some embodimenis, B and R ave HL

In some embodiments, X is selecied from the group consisting of ({CHCH

{CHCF e, {(CHCH O - and -(CHCHCH 3y

18
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in some embodiments, X is ~(CHCH: b

in some embodimenis, Y 15 a direct bond

o some embodiments, n g 1

in sone embodiments, A 15 3-6 membered heteroarviene having sl most of two

nitrogen atoms wheram the 5-6 memberad hateroarviene s optionally sebstituted with ong o

more substituents each mdependently selected from the group consisting of C1-Cs atkvl, halo,

SON, -NHy, and -0 -Cs alkvlene)-{C-Cs alko

v}
In some emmbodiments, A 18 3-6 membered beteroarviens having at most of two

nitrogen atoms wherein the 5-6 membered heteroarviene ts opnonally substitted with §, 2, or

3 substituents each independently selected from Chi-Co alkyl and ~NHs.

in some embadiments, the 5-6 membered heteroarviene is selecied from the group
CH: ;N\ NQ
Ny Naor ™y AR ]
w——N 4:~—-N o~ 3 P
e ; N (Y(g & / / f
consisting of! . R H3C . HaC . N L and
* N
A
E = rgs ]

N 5 & . -
. wherain * indicates alocatinn of abond o Y. and ¢ wndicates a locatton of a
bond to the pyrazolopyrimidime core.

i some embodiments, A i3

N
N

s

/N\\ff\ﬁa

;’xf"'u"‘

. wherain ¥

4 e
wiicaies a

indicatas & location of a bond to Y, an
tocation of a bond to the pyrazolopyvamidine cove, wherein R ¢ selected from the group
consisting of H. Cr-Cs alkvl and ~NHy,

in some embodiments, R 15 selecied from -CH; and -NH..

\

eycloalviens is

In some embodiments, B is U5-Cy cycloalbylens, wheremn the Cu-Cg ey
optionatly substituted with one or more substituends each independently selected from the
group consisting of U~y alkvl, ~OHL oxo, U-Us atkoxy, halo, Ci-Cg haloalkyl and C-Cs
atkvi aloshol

In some embodiments, B s C3-Cs oveloalkylene, wheretn the Ca-Cr cveloalkviens is

4
i

optionally substitated with C-Cs alkyl or ~OFHL

in some embodiments, B 15 5-6 membered heterocy cloatkvlene. wherein the 5-6
membsred heterocveloatkylene is optionally substituted with one or more substituents each
independently selected from the group conasting of U-Cy alkyl, -OH, oxo, C-C alkoxy,

9



WO 2025/034912 PCT/US2024/041350

halo, C1-Ce haloatkyl, and C-Cs alkyvl al

cohol.
in some embodiments, B i3 5.6 membered heterocycloatkylene, wherein the 5.6
red heterocveloalkylene is optionally substituted with Ci-Ce alkyl or -OHL

Jastei

in some embodiments, Bis -CHz-
In some embodiments, the compound is a compound having the followmg structure of

Formula (IV.a)

{IV-a),

or a steremsomer of the compound, salt or fautomer of the compound thereof

R7 is 5-6 membered heteromryt optionally substituted with halo:
R is HL -GHL halo, Ci-Cy albyl, -CEOIRS =NR®-NRIR®, -NRICEOIRT, oxo, and

N, wherein the €1-Ce alkvl s ophionally aubstituted swith one or more ~OH:

27 is selected from the group consisiing of ~C1-Ce alkvl, C1-Cs heteroalkyl, Cs-

3 :

cvcloaliyl, and Cy-Ce hoterooveloatkyl, whercin the

Hor Cg-Co oyclealiotss
optionatly sobstitoted with one o more -OH or \RR’
and R® are, each mdependsntiv, M, or Ci-Cs albv;

Xas {CHCH:R Y, -{CHCF ACHCHOH - and -{CHCHUH 3

o iz an nteger between 1 and 4;

Az pyrazolylene optionally substituied with one or move C-Ce alkel, halo, -ON| -
MH. or (Ui~ alkylene){(Ci-Cs alkoxv y and

B 1¢ selected from the group consisting of Ci-Cx oveloatkylene, 5-6 membered
heterocy cloalkvlene, and ~CHye, wherein the C3-Cs eveloalkylane or 5-6 membered
baterocvaloalkylene i3 optionally substituted with one or more substtoents each
independently selected from the group consisting of C1-Cg alkyl, ~OH, oxo. i-Ce alkoxy,

hato, 1-Cs haloalkyl, and C-Cq alky! alcohol,

20
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f)j
N.-

*

wherein, wheo B is . whersin ¢ indicaies a location of a bond {0 Y, * indicales
alocation of a bond to B, R8s Hoor -ONL and A is mmzfﬂymne, the pyrazolviene i3
optionally substituted with one or more halo, ~ON, -NHz, or Cr-Cs alksTenei-{Ci-Cs

atkoxy ;o two U-Cs alkvl; and

wans

. .(’N\*.;
wheren, when B 1g . whersin © indicates a locattion of abondio Y, ¥
indicates a location of & bond to RY, and A s pyrazolvlens, R¥ s 5-6 membered hateroaryi
substituied with balo, €3-Cs alkyl, or U=y haloalkyl.

in some embodiments, RY 15 pvnidiny optiomally substituted with halo.

It some embodiments, RY {s pyriding optionally substituted with F.

9
LN;\\\/LL
T some embodiments, B is selectad from the group consisting off % ,

Nr\ ‘?ZL .'!/N\ ‘ZAL "N\ ‘}é?_ N ‘?‘L

LE\C/ . & FF E & Land i} i =
o some embodiments, RY is selected from the groap consisting of M, -OH, halo, -
Cy allyl, -CEORY =NRY -NRRS -NRPC=0RY, and oxo, wherein the {:-C alkyl is
optionally sobstitated with one or more -OFL In some embodiments, RY is selected from the
AOMRY, =NRYNRIRE SNRICEGIRY, and

oxo, wheremn the -y alkyvl 1g optionally substinuted with one or more ~-OH,

group consisting of ~OH, hale, Ci-Cy albivl, -C

I some embodimants, R is selected from the group consisting of H, OH, C-Ce
allovl, and -CEOIRY wherain the C-Cs ally] s optionaily substited with one or move -OH
I some embodiments. R is selected from the group consisting of OH. {1-Ce alkyl, and -
CEOWE, wherein the C-Ce alkvl ts optionally substituted with ona or maore -OH.

In some embodimants, the C-Cs alks] at B i3 optionally substituted with 1, 2, 00 3 -

in some embodiments, RY is -{Hs. -CHOH. -CHY CH;:}()H, ~SCECHR p O -
CH{CH(CHap)NH,, and Ca-Ce eyeloatkvt, wheretn the £ cvelealivl 1s optionally
substituted with -OH or -NRIRY
1o some embodiments, B is -OHa or ~CHCHDOH.
21
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inn some embodiments, B and R” are, each independently, H or -CHa.
In some embodiments, RY and R are FL

In some embodiments, X iz (CHCHz )

in some embodiments, nis L

In some embodiments, A ts 5-6 membered heteroarviens is selected from the group

CH N Fal Pt
‘—N’NQ - N’N:‘: "N T\ *ﬁN\;L *_N\;\
\J\s N\ v y Y N ¥ 7Y
consisting off 3 . . 3¢ . Ha . FRN ,and

j\; ~

, wherein * indicaies a location of a bond 1o B, and $ indicaies a location of a
bond o the pyrazolopyrimidine core.
o some embodiments, B g O-Cy ovcloalbvlene, wherein the C:-Cy ovcloaliylene s

v sefected from the

optionaliv substituted with one or more substituents each independent

s hatoalkyl and O

group consisting of OOy alkyl, -OH, oxe, {5-0s alkoxy, halo,
atkvl aleohol.

in some embodiments, B 5 Us-Us cyvcloalkylens, wherain the Us-Cr evcloaliviens is
optionally substitited with €O alkvl or OHL

s somes embodiments, B is 5-6 membered heterocyeloalkylene, wherein the 80
membered hetercovaoalkylone is optionally subsitited with one or more substituents each

independently selected from the group consisting of C1-Cs alkyl, -OH, oo, O alk

fralo, Ci1-Cq haloalkyl, and C-Cs alkvl alcohol
in some embodiments, B 18 S8 membered heterocycloalkviens, wheremn the 3-6
membered heteroovcloalbylens is optionally substinuted with C3-Cs allyt or ~-OH

I some embodiments, the compound has one of the following structures.

N
o
N f? /'/i’i V4 / .
/5/ My, 0 ot FNL P Yy A
Y O N 7 ;\Ef DN o= N Ny N P
NN - N 3 N,/ N\ N\ N// \\\> \w D) N:’/ “\t N \
) ¥ ; Ve Nz Vems N ‘:{ \:_:) «\}\r e
4 '~ ’\/ 4 2
----- S F h 7 X — T
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N Lot 4 {
N N M-
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In some embodiments, the salt i3 a pharmaceutically acceptabie salt

In another aspect, a compound having a structure of Formnuda (1) 15 provided:

S S
ROARS
S N

Ri
A
)i(/’
RE
. W .
R -CON, -CL-Br ~CHs, ~CFHL or -CFy; RO arvl, heteroarvl, a fused bioyelie, Ua

'z cycloatiyl, or £2-Cp heterooyoloalkyl, RY is -H, -OH. -F, £5-Cs alkyl, €5-Cs beteroallvl, 2

25
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3-6 memberad hateroarvi, (3-U's hateroeveloallovl, -CEOIRT, -OCE=MRY, NRRS, -
NREFCEDRY, NRACEGORY, - OHOEDINRINS, INRIRCCHOEOINR NG, -
CHANRICE=ORY, sulfonyhoethane, ovo, phosphate, or a combination thereof, provided that

R 15 not -ONL RY 15 -CHs, -CHROH, -CH{CHYOH, -C{CH pOH, Ci-Ce heteroatiy, Co-Cs

gycloaiivh, or Us-Cs heteroovaloalial: R® and R® are, each independently, H, €-Cs alkyi, €-

¢ alkyl aleohol, sulfonylmethane, C5-Cs cyvcloalkyl, or 5-6 membered heteroaryl; Xig

(CFhem, (CHDO-, (CHO s om, (COHOH (O e, {CHOH 1 CH O, {CHOF e, -
(CHOHOH e, ~(CHCHZOH o, or a divect bond: Y is ~CHom, ~CHOHs, ~C(CH ), -

{CHo R CE0-, JNCH:-, or a divect bond, v s an ureger bebween | and 4, muis an infeger

between | and 4: pis an tteger between G and 4 A 15 an arvl, a 5-6 membered heteroarvl, a

halo, or a fused heteroovelics and B is Ci-Cy oveloallyl, 3-Cs heteroey cloalkyl. a fused

hicvelic, a bridged bioyclic, a spirocyelic, or absent, or a sterecisomer of the compound, salt
ot tautomer of the compound thereof.

In one embodiment, B 15 -CNL -CL -Br ~CFHL or -CF:. In some embodiments. B has one

§
of the foliowing struchwes: ©F  Br | CN CHy ~ CF; CFaH Iy some

[AYAVL VAl a!\ii‘u'\!‘

i
embodiments, Ri s 8 In some embodiments, Rlis  Br | Tn some embodiments, B!

av!xm *“‘!W ) 5 -
is CN | Insomeembodiments, 8'1s  “™  In some embodiments, R' is ©F3

T
CFH

,orf

n

some embodiments, R’ is

In one embodiment, the compound has the following structore of Foroola (1A

Y.

R3
\g N
=2 N

2 N \S
L CN
<«
L
g
({4}

or a stersotsomer, salt or tauiomer thereof.

o one embaodiment, X is ~{CH o~ (CHonO- {(CHOH - (CHEH n(CH me, -

26
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{CHOH n-{CHOIMO- S(CHOF e, {CHOHOH v, CCHOHC Ha e, o1 a divect bond. In

¥

some embodiments, X is {{CH:m- In some embodiments, X 1g «{CH G- o soms

embodiments, X is -(CHCH - In some embodimenis, Xis {CHCH n-(CH -, In some

embodiments, X is {CHOH n-(CH O~ I some erobodiments, X is {THCF: - In some
smbodiments, X is CHUHLOH -, In some ambodiments, X is {CHUFLUH - In some
ambodiments, X 1 a direct bond.

In one embodiment, 1 i3 an integer between | and 4. In sowe embodimenis, n is an

1

integer between | and 2. i some embodiments, nis an mieger of 1 or 2. Insome
embodimente, v is an ieger of 1. In some ervbodiments, v i3 an integer of 2,

in one embodiment. m i3 an mieger between | and 4. In some emboduments, mis an

integer between 1 and 2. In some embodiments. m 15 an miteger of L or 2. Insome
mbodimenis, mis an inieger of 1. In some embodiments, m s an integer of 2. Insome

N

smbodiments, X o CHCH - and nis 1 In some emnbodiments, X g «{(CHCF: Ju- and n is
1 In some embodimends, X is CHUHOH,- and nis 1 In some embodiments, X s -
{CHOMH U HR ) and s L

fv one embodiment, the compound has the following structure of Formula (8}

RB

R? ]

\\;//

(iB)
v a slersoisomer, salt or tautomer thereof,

in sonte embodiments, the compound has the folfowing structure of Formula (8-1%

=2
)
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©N

A

il
)
ﬁ%ﬁ!lil:u-<
hil

(IB-1)
ot g stercoisormer, salt or tautorner thereof
in some embadiments, the compound has the following structure of Fornwla (IB-2)

Y

R3

~

(o]
I

(1B-2)

or a stereoisomer, salt or tautomer thereof.
in some embodiments, the compound has the following structure of Formuda (18-3):

Yo

CN

&

~

(IB-3}
ot a stereoisomer. salt or tautomer thereof.
In one embodiment, A 18 a 5-6 memberad bateroarvi In some embodiments, the 3-6

28
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mambered heteroarvl of A ts 2 § membered hetercaryl, In certain embodiments, the 3
membered hetercarv is pyrazole or triazele. In some embodiments, the 5+6 membered
hetervarst of A 13 2 &5 membered heteroarvlt In certan embodiments, the & membered
hateroaryl is pyridine. fn some embodiments, the 5-6 membered heteroarv of A is optionally
substituted with -0 atkyl OOy heteroalbvl or balo. In some emnbodiments, the 3-6
semnbered heteroaryl of A i3 optionally sebstituted with methvl (G alkely, ovane (G
heteroalkyvly, methoxyleths] (s heteroallsd), fluore thalo), or chloro (halo). I some certan
embodinents, the 3-0 membered heteroarvl s S-methwlpyrarole

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

*N"\léi *N/ >:L\é5 e és Mmg\és

1l

* , OF N , whergin *

o
/
o N A Y&
/N'w-.n ﬁ E/ E \ N =l
N
= ég \N N N\’/



WO 2025/034912 PCT/US2024/041350

/N\
LU
:

ndicates a location of a bond to Y. In some embodiments, Ais . Insome
« / *N
smbodiments, A is ég . In some embodiments, As . Insome
S N
*N N!
embodiments, A is . In some embodiments, A is : . In some
A=
/N“Q:-N *N
*h e <SS
\/M/J\ és
embodiments, A 15 . I some embodiments, A is . Insome
Nag
Y
*N/
/
s ¢
JN\
B
O e
embodimenis, Als / . In some embodiments, A is . Insome
Ci CN
vN "‘N
o N
embodiments, A is . In some embodiments, A s . In some
M Ny
*N i
embodimenis, A is Hght . In some embodiments, A is FaN . Insome
/N\ /N\
«N *N
i i
embodiments, Ais  F . In some embodiments. Ais S . In some
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/N\ .
P 70
g a,

N
embodiments, Ais F . In some embodiments, A is

. . Insome
. N
embodiments, A is . In some embodiments, A is . In some
*
0 N
! *
N S
embodiments, A 18 . In some embodiments, A is . Insome
e}
N/
/N“"“ H
%N
P é;
embodiments, A is . In some embodiments, A is

! /

N WW %
g | N\ N =
R N N /

N : : , Y

* . In some embodiments, A s

. In zome

embodiments, A has one of the foliowing struciurss:

H== = AN Nawe *N"N\
e A T, —8
s{ é & N

>

N
*N/NQN /N\ *N/ = /N\
. o
\}//'*i\ - N\V;L 7/L:Ss N
H,N . Ggst or QSSN’

, wherein * mdicates g location of a bond o Y.
In one embodiment, A 18 a 5-6 memberad heteroary! and the compound has one of the

following structures of Formuala C-a)-{T-an
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T

8
o]

(IH-a)

{Hi-a)

or a sterepisomer, salt or lautomer thereof. In some embodiments, the compound has the

5]
951
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RZ

\E,./

Q

structure of Formula (IC-a): . Insome

embodiments, the compouand has the structure of Formuda (IB-a):

. In some embodiments, the compound

O

3

has the structure of Formula (IE-a): s

some embodiments, the compound has the structure of Formula (IF-a):

3

R o}

~

. In some embodiments. the compound
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)3

RE o]

N

has the structure of Formula (1G-a):
In some embodiments, the compound has the structure of Fornula (IH-a):

Y.

N

R3

/=

R2 s}

A
;o

has the structure of Fornuda {-a):
In one embodiment, ¥ 8 ~-CHo-) ~CHOH:-, -C{CH: k-, or a divect bond. In some
ambodiments, Y i ~CHo- In some embodiments, YV i3 -CHCOHz-. In some embodiments, Y
18 C{UHap~. In some embodiments, Y s ~{CHz (=0, whergin p i3 an mteger between
and 2. In some embodiments, the compound of any one of clatms 1-26, wherein Y 15 -NCHa-
I osomme smbodiments, Y s a direct bond.

In one embodiment, Y g a divect bond and the compound has one of the following

b

siructires of Formula (I

&

(5]
[
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RZ

~

(5]
NS



WO 2025/034912 PCT/US2024/041350

ON

(11-b)

or a sterecisomer, salt or fautomer thereof In some embodiments, the compound has the

structure of Formula (IC-b): . Insome

embodiments. the compound has the structure of Formula (ID-b):

RZ\?/

. Tn some embodiments, the compound
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R o}

N

has the structure of Formula (TE-b): . In

some embodiments, the compound bas the structure of Formula (IF-b):

RS/ A .

N

CN

. In some embodiments, the compound

R? s}

7

has the structure of Formula (JG-b): . In

some embodiments, the corapound bhas the structure of Formula (IH-b}):

39
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. In some embodiments, the compound

CN

A
N

has the structure of Formula (I1-b):
I one embodiment, Y is a divect bond and B s C-Ce oveloallvl, -Gy
heterocvcloalkyvl or absent, fn some cerlain embodiments, the compound has one of the

following structures of Formuala JH-a)-{ 00y

12 o}

~

(1li-a)

440
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(Ml1-c)

(1)

41
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SHE

(ii-g)

42
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(T1-h)

or a sterenisamer of the compound. salt or tautomer of the compound thereof, wherein R,
BPOR™ RF R R and R are, each independently, -H, -OF, -F, €=U alkol, £+
heteroalkyl. a 3-6 membered heteroarvl, Ca-Cs heterocyeloatkyl, ~<CEORY QUEGR?, -
PRORS, SNRICEORY NICCEMORY, CHCEOINRING, NRIRSCHCE=0INRING. -
CHANRICEOWY, sulfonyimethane, oxo, or phosphate. R R RY RS R RY or R of

Formuda {TT-a)-{111-h} 13 not -CN. In some embodimenis, the compound has the structure of

Rﬁa

)
B
&

Formula (31-a); . In some embodiments,
the compound has the structure of Formula (1-b)

R2 G

~

. In some embodiments, the compound
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A,
LV
O

has the stracture of Formula (¢}

some embodiments, the compound has the structure of Formmda (TH-d):

R{\v/o
E . In some embodiments, the compound
Rl
R:Sb
ez 5

RM

G

A

has the structure of Formula {I{l-e); CIn

sorme embodiments, the compound has the stnucture of Formula (TIT-):

44
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]
R

. In some embodiments, the compound

R?}a

R?2 el

\‘://

has the siructure of Formula (Jlf-g): cdn

some embodiments. the compound has the structure of Formula (1H-h):

in one embodiment, R s C-Co allyl, Ci-Cs heteroatkyl, anyl, beteromryi. a fused
bigyclic, Ca-Ca eveloalioyl, Co-Cs heterocycioalkyl, or -NR'RY. In some embodiments. the
aryl, heteroarvi, or fused bicvelic of RY is further substitutad with fluore, chlore, cvane,
methyl, anne, ~CFH, ~OF:, OO alkylaleohel, CCs alkoxyl, or a combination thereotl In
some embodiments, the arvl, heteroaryd, or fused Meyelic of R is mono-, di-, or tri-
substituted with Huore, chiore, evano, methyl, amine, -CFH, -CF;, €-Cs alkvlalechol, U0
alkoxyl, or a combination thereof. In some ervbodimnents, for example, the arvi, heteroaryl,

or fusad bicvelic of K7 is substituted with two flucro substituents. In some ervbodirnents, for

45
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example. the arvl, heteroarvi, or fised bicvclic of B is subetituted with two flnors

5

sstituents and one methy] substituent. In some embodiments, for example, the aryl,
heteroaryd, or fused bicyehic of R? is substituted with one Suoro substituent and ong cyano
substituent. In some embodiments, for example, the arvi, heteroarvi, or fused bicychic of R?
1s subsiituted with one methyvl, one cyano, and one fluoro substituents. I some
ambodiments, for example, the arvl, heteroaryl, or {used bicvelic of R? is substituted with one
foore substituent and one methy! substituent. In some ernbodiments, for example, the arvl,
heteroaryl. or fused ticyclic of R7 15 substituted with one chioro substituent and one cyano
substituend I some embodiments, for example, the arvl, hateroarvl, or fused bioychic of R
s substituted with two methyvl substiuents. In some embodiments. for example, the arvl
heteroaryl, or fused bicychc of R is substituted with one flucvo substituent and nne amino
substituent. In some embodiments, for example, the arvl, heteroaryl, or fused bicyche of RY

s subsiituied with one fluoro substiiuent and one deuterivn subsiituent. o some

embodiments. for exampie, the arvl, hetercarvl, or fused bicvehc of R? is substituted with one

fuore substituent and one methoxy sebsiituent. In some embodiments, for example, the aryl,
heteroarsl, or fused bicyelic of R? s substituted with two fluore substituenis and one

methosy substituent. I some ernbodirnens, for example, the aryl, heteroarv!, or fused
bigyclic of R? 13 substituted with one fluoro. one citoro. and one methyi substituent. I some
embodiments, for example, the arvi, heteroarvl, or fused hicvelic of R? is sebstituted with two
methyl and one fluore substituends. In some embodiments, for example, the arvl, heteroarvl,

or fused bicyclic of RY is substituted with one fluoro, one metho

A, and one mathyi

substituent. In some enibodiments, for sxample, the arvl, hetercaryd, or fused bioyche of R?

3

L

is substituted with one evano substituent and one wethoxy sabstitaent. fv some

embodiments, for example, the arvl, beteromyl, or d evelic of B2 1< substituted with one

cvang, one methoxyl, and one methyl substituents,

In one embodiment, the fused bicvclic of R has one of the foliowing siroctures:

ZONTR
N

._%;;

s . Oor

i some ernbodiments, the fused bicvelic of R” has oue of the following
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/
g NP SN
p N
NN N, A
Pra.y
siructures: © e . L, OF b . In some embodiments, the fused
/
R N L ,«‘N‘
> “ N
o N =
hiovetic of K215 ™M | In some embodiments, the fused bicyelic of R? i ¥

. T some erbodiments, the fused biovelic of R 8 . In some embodiments, the

N
! N
N. == N
fused bicvelic of R%is | . In some embodiments, the fused bicyclic of R¥ is
3] NH
Ny, 0 Dy

AV VeVl . . L - . Ny [EAVAvAV ol

: . In some embodiments, the fused bieyclic of Rots . In some

td
embodiments, the fused bicychic of R is

In one embodiment, the arvl of R* has one of the foliowing structures:

s /0 ] /m _
1 WakaWakaWak s W W,
/

NG . NG .oNd . F . NG
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i
é

ON_ or : . In some embodiments, the aryl of R s

=)

in some embodiments, the arvl of R%1x ~¢ . In some embodiments, the aryi
Ny H )
of R7is  ne . In some embodiments, the arvi of R is F . Insome

m’g\/

X\

embodiments, the anvi of R¥s w¢ . fu some embodiments, the anvi of B s
/ o
/
+ )
\ / \ 4
NC . In some embodiments, the arvl of R¥ i w¢ . In some
F

/

mg@

embodiments, the arvi of R¥is »¢ . In some embodiments, the arvl of R is

48
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R R
AW Y,
NC . Tn some embodiments, the anviof R7 s ne . Inosome

2,

embodiments, the arvi of R s ¢ F. In some embodiments, the arvl of R s

2, )

NC ¢ In some embodiments, the arvi of R¥ s & . Insome
embodiments, the arvi of R7 15w . In some embodiments, the aryl of R? s
¢ ,
+ N\ /
NG N . I some embodiments, the arvi of R%1s N . Insome
W
embodiments, the anl of RP s w¢ . In some embodiments, the arvi of K7 is
NG . In some embodiments, the arvl of RY 43 . Insome

+

embodirents, the anvi of R¥ is

NC . In some embodiments, the anvt of B is
/

4

/

. In some embodiments, the aryl of R¥ is o . Insome

SO

49
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embodiments, the anvl of R £ F. In some embodiments, the arvl of R? is
F

% o
F . In some embodiments, the arvl of R? is O . Insome

T\

embodirnents, the aryl of R¥ ig RS0 . To some embodiments, the arvl of R¥ s

0 . In some embodiments, the aryl of R% is / . In some
N\ /
o
N
embodiments, the anvi of B¥ ig / . In some embodiments, the arvl of R% s

né v—/m>
I )
o In some embodiments, the arvt of R is " .

In one embodiment, the hateroarvi of B has oue of the following structures:

Ao B B o4
Mo Y N N N NE
I e e @a *‘

50
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AN
oo R v ou'e
.
PN NN N T
,/0 /‘N\ 13?;: N\f% N\‘Zei N\j%{ F N L?.Zg (iﬁ‘:
FM\F,@CN'FMF,F@ U ,Ni\’/ N,
) "
O X 0 Y e
s on F_F F F ) F s # >
peB IR se P oL
# G &~ _Cl F i # ol N #
\@ﬁ HE%?:L H?Nﬁ\j?_l; HFQC\Efj?% cmw% Eij}l
i P ) ) & ) P ) P ) CFg’
C % G N Nk & e F -
(R 0 e O T O
o]
ok g F s U
s & » # g # . 0 ? o ’ \\\\V
R edededeiege
, o5 RN N S N . i Foor
cl N(\CFCE N ‘1&2
NZ »

. In some ervbodiments, the heteroarvi of R¥ 18 # | Insome

&
i -
L/;l . . Y
F . In some embodiments, the heteroaryl of R?

embodiments, the heteroary] of R? i3
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. . In some embodiments, the heleroaryl of B £, Insome

. In some embodiments, the heteroarv!

ot
-~ # F. In

F. In some embodiments, the heteroarvl of R7 is

N L,
'\\ 1%;:‘

. N ,/ .
some embodiments, the hetes © F. In some embodiments, the
‘(} . g 2',\ Von o : e St arconicd A f 02 e

cteroarvi of RT1g e F. In some embodiments. the heteroary] of R
N -
N Y. 2{
P e
= F
. Tn some embodiments, the heteroant of R7 is F . Insome

H N

.N\ Lﬁ;

#. In some embodiments, the

embodiments, the heteroary] of R is

N o

Ry

beteroanvi of RO o k. Tn some embodiments, the hetercaryl of R7 is

/N\ ‘-a’{ £, /N\ "’?g::
~ ¥, In some embodiments, the heteroaryl of R% ig ~ F. Insome
(rf
|
A
embodiments, the heteroaryl of B9 on . Tn some embodiments, the heteroarvl of

24
9]
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o N
e /\E{ N "
i\

1
w2 / . . /
Ris  F F. In some embodiments, the heteroaryl of R? 13 CN . In
N ‘?7{
E =
. + e I ) . )
some embodiments, the hetercaryl of R7is F F . In some embodiments, the

Ios aeu

. In some embodiments, the heteromvi of R is

D&

heteroaryi of RY g F

In some embodiments. the heteroanvt of R7 1 o In some embodiments, the
~
\i/A\\ K%L N
| B
. cra . s =7
heteroarvt of R 1s o, In some embodiments, the heteroarvl of R 15 F

N ‘ziL
BPS
< . N
F F . In some embodiments, the
¥ ‘Z%
N
N “?12- 3
E N 2
U . . ‘ s
F . In some embodiments, the heleroaryl of R is F

NG N‘L{L
3\

£

In some embodiments, the hateroaryi of R¥is

heteroaryl of R7 is

In some ernbodiments, the heteroarvi of R s . In some embodiments, the

i N‘Z{
E\

=P

eteroanvt of R ig . Int some embodiments, the heteroary! of R i
heteroarvi of Reis In some embodiments, the bateroarvl of Ro s

G;Iij% €] /E\N’jﬁ?i

. In some embodiments, the heteroary of R? is

&

Cl. In some embodiments. the heteroary} of R?

. In some

embodiments, the heteroarvl of R7 i3

N %ZE_‘ N -
E R E \‘2?1
& 7

is . In some embodiments. the heteroaryi of R is . Tnsome
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“3&@
|

embodinients, the heteroarvi of R? 13 F . In some embodiments, the heteroarvi of

0o

Ni‘}ﬂ
-~
N“;:L |

N

§

P
RYis #~  In some embodiments, the heteroarvl of R i3 . Insome
H N E N\"azi
embodiments, the hetercaryl of R7 is #  In some embodiments, the heteroarvi
HE,C 3 N\“lzi FoC f N\‘?Q’L
of R?is U . In some embodiments, the heteroarv] of R% g & In

Cjti?{

. £
some embodiments, the heteroaryi of Rt CFy . 1y some embodi ments, the heteroary

i O

of R%is N . 1n some embodiments, the Beteroaryl of B2 s~ Insome

st

N <z??:
N
U
embodiments, ihe hateroary! of R% s #  nsome embodiments, the heteroaryl of RS

L ;\.
N, & N
“*?% »
. f N ) . . 5. =
s . In some embodiments. the heteroaryl of R4 N
.
e

. X oy NN . .

embodiments, the heteromvt of R7 18 N . In some embodiments, the heteroarvi of

{%‘% NN

5 S N . . . § =N
R¥is N7™  Insome embodiments, the heteroaryl of B

. fsome

. Insome

\\C\\?{
o N N ﬂ
embodiments, the hetercaryl of R i3 & . In some embodiments, the hetercaryl of

F3C | \L;ﬁz‘ ﬁ
R¥is #N  nsome embodiments, the heteroaryi of R is #N  nsome
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N

N\
embodiments, the heteroanvl of R% 15 © . In some embodiments, the hetercarsyl of RE
e
Pl
[») SN \l\ E ﬁl

: HN i T '\/ :
1S & . In some embodiments, the heteroarvi of R 38 AN . Insome

g\ig.

N 2
) F
embodiments, the heteroary! of Re e . In some embodiments, the heteroarvi of R-
rd
i \{lit N \z*i
) N. = ) . R i L
18 F In some embodiments, the heigroarvt of R is . Insome
N \%

. Tn some embodiments, the heteroaryl of R?

s o

ig . In some embodiments, the heteroarvl of R? is

(T

- . f - ¢ ¥
embodiments, the heteroarvl of R?ig N F . Insome embodiments, the heleroaryl of R®

. Insome

SAAS
Ci Ci

N
»
is N

in one embodiment, the C+-Cs evcloalkyl or OOy heterocycloalivt of R has one of

&
. LI 7% | » |
the following structures: or . In some embodiments, the {3-Cs cycloalkyl

> 8

3
or Us-Cs heteracyeloalin of R s . In sorne embodiments, the Cs-Cs eveloatkyl or

-

C3-Cs heterocycloalio] of R¥ 1s C}f
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il

in one embodiment, R and R* are, each mdependently, H or C-Cy allyl. o some
embodirments, R and R are, each independently, H or Cr alhvl in some embodiments, RY
and R each are H. In some evobodimenis, R and R* each are Oy alkyvl In some
embodimenis, one of R or R¥ i H and the other one of B ar R 15 O alkvl In some
ambodiroents, £ alkyl of B” and RY is methyl (-CH:).

In one embodiment, B s OOy oy

{.saligyiv {5-Cs heterocveloatkyl, a fused bieyclic, a

bridged bicychic, a spiroeyelic, or absent. In some embodiments, the Ce-Cr oyeloalkvi, ©

o XY 5e

heterocveloalkyl, a fused bicvelic, a bridged bicvclic, oraspivocvchic of B

substityted with fluore (Fy, ~OH, or methvl («CH:) In some embodiments

eveloatkyl, OO hete loalkyl, a fused bicyclic, a bridged bicychic, or a s¢

ig pume-, di~, or tri-subsituted with Quore F), ~OH, or methyl (+CH:) For examy

{s

cveloatkvl, Us-Cs heteroeveloalkvl a fused bicvehic, a bridged bicvehe, ora spm;myciis of
B s disubstituted with <O, In some certan embodiments, the CaCr heteroeycloaibyl of B

s sulfoximine or sulfone. In some certaim embodiments, the Ca-Os heterooycloallni of B s

A
1
[i\j i
s
Z X, ( j
. A\
E . T soyne certain embodimens, the U3 heterooycloalivl of Bis © /\O In some

embodiments, B is Co-Cr oveloalkyl, Ca-Cs heterooy cloalksd, a fused bicyche, a bnidged

bicyehic, or a sprrocyclic. {n some specific embodiments, B s Ce evaloalkyl, Ca-Cs
heterocyeloalkvl, a fused tacvelic. a bridged aovelic, or a spirocvelic. in some embodiments,

the fused bioyclic of B e octahvdrocyclopentalelpyvirole, 3-azabicvelo]3 2. Otheptane, or 3-

i

arabioyelof3. 1 Ofhexane v some embodirnents, the bridged boyelic of B 3-

L2

asabicyelei3 2 Hoctane, B-azabiovelof3.2 Toctane, or 2-azabioyclof2 2 Hheptave, In some
smbodiments, the spircovelic of B is f-azaspivold Sidecans, 2-azaspivoid Sidecans, 3-

azaspira S S tundecane. 2-araspro{ 3. Snonane. Z-araspivo{d 3heptans, 7-

azaspirof3 Shhonane. -azaspiro{3 3theptane, or epiro[3 3theptane. In some embodiments. B

D
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i

F HO.

N e . .
. R . .or - . wherein * indicates the location of a bond to R°.
i |
R %a v el
In some embodiments, Bie « . In some emboduments, B g » . Iasome
| e
NS
embodiments, B is . In some embodiments, B i3 . . In some embodiments,
e N
N
Ny o \N

Bis . . In some embodiments, B is « . Insome embodiments, B s
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WAL N;f’\/’
HO. [Nj
. - R . N
. In some embodiments. Bag - . n some embodiments, B is . . Inosome
JV\EI\"
N
7 WA
N/
grmbodiments, B s . To some embodiments, B is fn some embodiments,
J\J‘Ef\"
izl SRS
.
N r
Bis + . In some embodiments, B ig v . Insome embodiments, B is
J!.J'\EA'\J"
I
— /
In some embodiments, B 1s . In some embodiments, B is + . In some
JU‘!I\P
N
N
J‘/\;J‘U’" J
/\ ST
e N A
\\ ] N [}
embodiments, 8 is N+ | In some embodiments, B is § . In some embodiments, B
|
[Pavataval
i
N l E
VAN ekt
N
//
0
aN N j
. K/, . - . * . - -
ig © 2. Insome embodimenis, B g 7 o some embodiments, Bz o7 | In
{
| e’
u‘\)\il\!‘
K
‘ . ( j . . N
some embodimenis, B 1§ o . In some embodiments, Bis + . In some
ad, /
e
—
. . N . ) R N .
embodiments, Bis - . In some embodimenis, Big  * . In some embodiments, B
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” ot
O O

N N o«
i o* . In some embodiments, Bis  « . Insome embodiments, Bis ~ . Insome

t O

y

e {

L N
embodiments, B is . In some embodiments, Bis » In some embodiments, B

5 j{
. . L N— . .
g . . In some embodiments, B is » . In some embodiments, B 1
{
VVW

%,
g

in some embodiments, B is substituted with one or more R, In some smbodimenis, B

» . In some embodiments, B s

stituted with one, two, threg, foar, five, six, or more RY. For exaruple, the compound of
Formuta (-am(i-h) has BY RF® RIS R % and B I this regard, B s substinuter
with R R R R RY and RY

In gome embodimants, B 15 absant. When B (s absent, Y s directly attached to R™

When B is absent and Y is a divect bond, A is atiached o R such a¢ the siructure of Formula
Wik-h), Tn some embodinents, R R R et g3 ,and B are, sach mdog\cnd ontly, -~

H, -0, -F C-Ca allod -0y heteroalkyl & mermbered heiez‘oa&;*L {4-Cs heterocveioalkyl, -
CEOWRS OCEMRY, CHRCEOIORY, NRIRE NRY :=0;R,4,-NR.5(.‘(:==(}}OR"'.,-
CHCEOINRINS, SRCRACHC EOINRING OHNRPCEOMRY, suifonyimethane, oxe, or

phosphate. In sorne embodimenis, the C-Cy ali;yi or £3-Cs heteroalivl of R, R R &3,

O
B¥*RM and R™ is substituted with ,or-OH. Insome

R¥RE R RM and RS

16 O~ deutros

embodiwents, the {y-Cs hateroatkvl of RS,
atkvl,

In some certain embodiments, the {4-Cs heterocycloalkyl of RY is pyrrolidine or 1-

61
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mathyi pyrrolidine. In some embodiments, R 1s C-Cs albivl, C1-Cy heteroatkyi, or Ca-Cs

heterocveloalkvl, In some embodiments, the Ch-Cy betaroalkel of RY is £4-Cy fluorcalkyl. In

N
7N\

sorae embodiments, the Ca-Ce hetercoveioalkyl of R is substituted with 0 , halo,

or -3H. T some certain embodiments. the (U heteroovaioallat of RY is substituted with

}57//\

a , ~F or <O In some embodiments, the Co-Cs heteroeycloall

N AN

B B
Ed

certain embodiments, the Cs-Cs heterooyeloalkyl of RY substituted with -F is v

substituted with . Insome

e

o

. In some certain embodiments, the Ca-Cs heterocycloalkyt of RY substitwied with -OH is

"o \—) In some embodiments, the Ce-Us cvcloalkvl of B 13 substituted with -NH,, In

¢
. . . . B o e ca oarrs . HaN
some certain embodiments, the Ci-Ce cycloatiovt of RY substituted with N, i3 77

e \\“““I\\
= \1

In some other ervbodiments, the €-Cs hetercalbyt of R NH,

In some certain embodiments, the -6 membered heteroary] of B &% R, piel g2,

;frs N

N 5,
7/N
/
N\)
B and B are =

. In some certain embodiments, the C:-Cx
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heterocyeloalkvl of B3 R¥* R™® R¥LR™ B and R are . Insome

O
i

: . ~ey 3§y ida 3 3l 3 34 38 o A :
embodiments, the oxo of RO, R R R R R and R are  §1 | In some certain

Ry

ol

Na

/s
I

\
./

o

embodiments, the phosphate of BY, ®™, R R g3

\e
o

s
p

R and BR¥ are or

@ f,p'f;r:'«o

&
0
in some embodiments, the {i-Ce alkvl or C2-Cs oveioalkyl of RY or RY is substituted
with -F, C2-Cs eycloativl, or 5-6 membered heteroarvl. In some embodiments, R® and R are,
each mdependently, H, Ci-C alkyl, €1-Cs alky! aleohol, atfonyimethane, U-Ca cvcloalion],

or 6 memwbered heteroarvl, In some other embodirents, the C-Cs alky or C5-Cy oycloalkyd

is substituted with -F or C-Cy oveloalkyl

In some embodiments, B2, R R 50 R RN and R, each independentlc, have

{ i s | ] i §i
e ../u\:n.ﬁ J\ﬁr\f‘ K W SR SRR g»‘,-}\!,vw
one of the following siruchares, H | OF | F | oH, CHy  CFy G o

it

J\Aa\«" i | | |
)\~ L P . /N\, PN \\//\\‘0:--:_ N

AR §

f ] g : e
(e aNa¥av ) B Ravata vl !

i | i HN ur
LN N Y4 :sz\ V4 b FIN \i"\\ . "N\\l

- ; } > £\ A
}/ v ™~ AN . \Q, < s CF;
|

.n.-{ev‘ HF!S .0 V'V}i""‘ - J\f\;f\r" d\ﬂifv‘
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Na of 0 | In sowe embodiments, RY R R WL R¥E R oy e
; J\I\E»\f
is W . Insome erobodiments, RS, RS PoorRTis o0 Insome
\N%J\f‘
smbodiments, R, RP R RS R™ R™ or B¢ £ | In some embodiments, RY R
W‘L’\»‘"

T P 3 e } R c o Iy 2: i vy i ) 4d Ga
RO g5 g3 orR%s o | Insome embodiments, R R, R R R R o p?e
i

AN i

i\ \1\!31\!‘
. B3 - 5 o

is oH . In some smbodiments, RS B3 R® R R R or R¥ s O n some
§

SN

embodiroents, RY, R R R R R or RY s . In some embodiments, RY, R

Rb piet gl In some embodiments, BY, ®BY, RP® p¥* R R o ¥

%fvlf\/"
Lor R¥ g //\, In some

: f i : w3 gpda g ot
18 0 . Insome embodiments, B0, R72OR®

%

embodiments, RS, R B R R RY or R s F o Insome embodimenis, RY

R R i RE2 R o R0 B Tn some embodiments, B R R R RS R or
il e

K RN o 3 Te N

SORMERY or R¥%is 7 N Insome

WSRO

|
N ) o
embodiments, BY, B™ R R ¥ R¥ or R s 7 i some embodimentds, B,

. NH M v
R¥is 7 . In sowne embodiments, B3, BRY R® R

>

At V)

E 5 e 38 Ak o ‘N\//\ | . ~ 1 % 3¢
R RWORM R RM o R s . In some embodiments, R7, R R™ R
RS R R RN R ar R s+ or. In some embodiments, R?, R, R Rt
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i
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.. HN
or B s \\//

. Insome embodiments, RY RY R® R

: 33 pda pib gid piel pid .mde . ' v
In some embodiments, B, R R pM R i grpieig o o i some

</
AN

embodimente, BT, R R R R™ RY v R¥ iy ¢ . Insome embodiments, R

‘.I\I‘;J\I‘
pib Rl piZ pid Gepieic In sonie embodiments, BY 108 g0 pivt gde
R7OR™BR™ R™ orR%1s . in somie embodiments, 7, R RS RO RO

]
HN

k3

R}a

U4 or R¥ g m n some embodiments, RY, B™ BY R B9 R or R* is
R or R in some embodiments, R

]
N o

% "

F.ofo some embodiments, RS, B R R @M R 4y R¥ s OFy . n
|

WA

i
HN 0

some embodiments, BY 15 R R¥L Y RE or R¥ s . In sevne embodiments.,

o {n some emnbodiments, R, B2 R RM

- NH;

3 PR i i 2 23 3b A 37 34 -
CRY orR® g Q . I some embodiments, RY, BT RY) R RW RY o
I aome embodiments, BT R, R® RS R R ar R%4s

© . In some embodimens, RS, B3 R R® R RY or BV s
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in some embodimenis, B BY R RS g3 R or R% s

o 3 pla pib piel pi? pid aopied
e . In some embodiments. R, R R, R RYR or B7%s

/“\> |
i {

0 20

oot « W e pib piol pdel pid .. pie;
“N\\/ o I some smbodiments, B, R7®RP° RS RS RS or R%%g
]

WML

O{{//

{n somie embodiments, R RY R, 270 137 8259 or R%is

- N 3 Ta h e T 3 Yo M
In some embodiments, RO, R R R RS RM or R¥ s ® e Insome

i
BRSNS

}\\/.cm
s . In some embodiments.

1S

3y e

smbodiments, &Y, R® RS g3 g7 gk

OH

R I

2 vala b owiel mRe? onsd . eside s RO RN R . z Za ol
BAORYORI el gORYM orR¥is ! . I some ernbodiments, RS, REORY
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R RN R oy R s . in some embadiments, B, RY R RS
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embodiments, RS, R® R 13 R® M or R s 7N In some embodimenis, R

!
wue

R R R R R o R NH; . In somme embodiments, B3 R¥ R R
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SN
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in some embodimentg, RY R Y R R RY ¢ . Insome

} o]
.
et /

ambodiments, B, R® P wi @37 g grrioig E . In some

embodiments, B, R R pi gl gid

SAARN

jew)

LR o RV s 7N some ernbodimends, R, B7ORT R RS,

R»zﬁ” Rnl’-} ERJC!W H

EATAY ATl

oy R i3 HogrR¥

z,

. o. . 1 3 3b el a7 wd Yo
18 ™S In some ambodunanis, R, R RS R RS R™ or R
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G
- 3 opra pdb podel i pid .. pde; SR T
some embodiments, BY, R R ¥ ¥ 8% o g 4 ™S In some embodiments,

rEER R 3h i o 362 gy 3¢ REETH o SO SRR SRR 2] 3a b3l 32
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R™ orR™is oH. In some embodiments. RY, B3 B Y g% gM arg¥is

A A

ok In some embodimenis, RY R R® RN RMR™ or R% g on o, In
i

(AN Y o

some embodiments, RY, R® R »W oH o osome embodiments,
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some embodiments, BY RS R RIU R RE or R¥ g S in some embodiments,
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B S M Jo 303 % e v O
. In some embodiments, B2, B 2% piL g3 RM or R¥ s -7 CIn
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A e

N
r o

2 . 3t Ty Y 4 e e O N
some embodiments, RS, R R 13 0% 19 oo R% s - . Insome
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\/\.f\;)\f"
Q /O
N
R*™ or R™is . In some embodiments, B R® R i g Lot R s
:?fj
o
\i\f\:}\f‘ Na / 5
g
o o} p=
~ \o/ N
/0
N Tny some embodiments, RY R® R RF B RM e R¥ g N In

some embodiments, &Y, R R 0¥ 3w or R4
in one embodiment, the compound of formula (1), (A}, (IB)-{B-3), (IC-a)-(-a}. (1C-
bi-(Ti-by, (H-a3-(Ill-h), (IV) or {IV-a) has one of the following structures shown in Table A

below.

Table A: List of Compounds of (3), JA), (IB)-{IB-3}, (IC-a)-{Il-a), (1C-b)-{IL-b}, ({l-a)-{1i1-
h), (TV} or (fV-a}

Compound number Structure {Chemical Name
1 P 4-F{1R}-1-{S-tluoro-2-pyridyliethoxy j-6-{ 1~
i ;‘ ,\(‘3\} {4-hydroxycyclohexyl}-5-methyi-pyrazol-4-
f) N ) viipyrazolo{l,5-ajpynidine-3-carbonitrile
T F

N
O

3]
Te

(R)-6-(1-(piperidin-4-yi}-1H-pyrazol-4-y1}-4-
{1-(pyrdin-2-vljethoxv)pyrazolof1.5-

N alpyridine-3-carbonitrile

~3
o
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3 ?:/“ﬁ {S)-6~{1-{piperidin-4-y 13- 1H-pvrazol-4-y13-4-
Pi,’ ’<}§ (0{; (1 ~{pyridin-2-vl)ethoxvpvrazolof 1,5~
N\u} N\:=/\\> alpyridine-3-carbonitrile
o
N
(”k
D,
H
4 Ph {R}-6-(3,5~dimethyl-1~{piperidin-4-y1)-1H-
n"é)\ 0\\-\"‘ pyrazob-d-v1-4-(1-(pyridin-2-
N~ -
NE{ N/}' \> viethoxy)pvrazolof1,5-alpyridine-3-
- ”/\ carbonitrile
N
()
H
5 ;,//?j* {R)-6-{5-methyi-1-{piperidin-4-y 13- 1 H-
(5”"< O~y pyrazol-d-yH-4-(1-{pyndin-2-
““‘3 ,\/’\\\\ vhethoxy)pyrazolofl S-ajpvrdine-3-
e .
_@ carbonitrile
-
»,
N
H
6 ;7’/‘5 (R}-6-(3,5-dimethvl-1-{{ -methyipiperidin-4-
i 4’0\‘ yh-TH-pyrazol-4-y-d-(1-(pyridin-2-
Noy % —
NL‘ i N’> Y vhethoxy jpyvrazolofl,S-ajpyridine-3-
=/
’ carbonitrile
_J\/N'E’
s
S
N
/
P (R)-6-{S-methyl-1-{I -methvipipendin-4-v1}-
S 0; ' 1H-pyrazol-4-y1-d-(1-(pvridin-2-
et
= FL:\) vhethoxy)pyrazolofl,5-ajpynidine-3-
""" ‘?;—«E.hi: carbonitrile
/’J\
\N,/
/
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8 P {(R}-4-(1-(3-fluoropyndin-Z-vhethoxy)-6-{1-
I3 \\,9‘\\ r {piperidin-4-y1}-1H-pyrazol-4-
YR
= Nx}j vDhpyrazolo]1,5-ajpvridine-3-carbonitrile
‘e
\N’N
®
H
9 ji" (R4~ 1-(3-fluoropyridin-2-yDethoxy }-6-(5-
I N\\ . 0*\;; \ E methyl-1-(piperidin-d-y{}-1R-pyrazol-4-
“"*«‘:’ e j vhpvrazolo{l,5-alpyridine-3-carbonitrile
_____ a
|t
D
H
10 (}f D_{;{F 4-({R)~1~{3-fuoropyridin-2-yethoxy 3-6-(5~
i \—y { e
b\av«»\{_\;% le_ Y methyl-1-{{8}-piperidin-3-v}-1H-pvrazol-4-
B ,\\N vhpvrarolo{1,5-afpyridine-3-carbonitrile
W
A
[\/,NH
£ (\/i” 6-{3.5-dimethyl-1-({S}-pipendin-3-vi}-1H-
iy — : .-
Nay” ‘ﬂ’o :\L F pyvrazob-4-vi-d-((R}-1-3-fluoropyndin-2-
s’ o \( . .
L yhethoxy)pyrazolof 1, 5-alpynidme-3-
vy
<:[§ carbonitrile
.—-i
e
N
12 ,7;“ 4-((R)~1~{5-fAuoropyridin-2-yHethoxy y-6-(5-
7
;\,-XT O moethyl-1-{(S)-piperidin-3-vh-1H-pvrazol-4-
“Nl N B2 - - g o
=, > \/ 3\ vhpvrarolo{1,5-ajpyridine-3-carbonitrile
7
-~
\,-NIH
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13 i 6-(F-{{S)-1-acetyipiperidin-3-v)-S-methvi-
/
Nﬁ’ J\\,‘\'g N)‘,---X\ 1H-pyrarol-4-v-4-((R)-1-(5-flucropyridin-2-
- N
Y \:<F yhethoxypvrazolo{l,S-ajpyridine-3-
& o
T carbonitrle
M
\"NY'
)i
14 P 4-({R}-1-(S-chloropyridin-2-yethoxy }-6-(5-
/ .
i *\\<O~\f methyl-1-((S}-piperndin-3-vi}-1H-pyrazol-4-
N.,Nx \ .V;}\? ‘ ’ , s ) )
s K \/ vhipyvrazolof !, S-alpyridine-3-carbonitrile
w()ﬁ o]
-
0y
MM
i35 R (R)-4-(1-(5-fluoropyridin-2-vhethoxy)-6-(6-
Ny
Qm\ N\'mz morpholinopy ridin-3-y Dpyrazolof 1,5~
7N, F ajpyridine-3-carbonitrile
W=,
N
Y
16 oS 6-(6-({28,6R)-2.6~
g\/ \_N\r\‘ dimethyl hohnojpyridin-3-yN-4-((R)-1
-~ \_J\) dimethylmorphohnojpyridin-3-yH-4-((R)-1-
{/xﬂ\\\ i (5-fluoropyridin-2-vDethoxy)pyrazolo| 1,5~
N
1”"‘}... alpyridine-3-carbonitrile
}-ro
17 P 4-((R)-1-(53-fluoropyridin-2-yhethoxv}-6-(1 -
;o
fg_{"“‘\___x ((8)-1-(2-hvdroxy-2-
ol N
Coad methylpropanoyhpipendin-3-yi)-3-methyl-
— F
4N 1H-pyrazol-4-vUpyrazolof 1, 5-alpyriding-3-
W
!/"\7 carbonitrile
\/\\'EE,Q
o
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18 P 4-{{R)-1-(S-fluoropyndin-2-vhethoxy }-6-{1-
/ &
((Sfo m‘)/_\\ {{($)-1-({S)-2-hydroxy propanoypiperidin-3-
Mal BN -
G y1y-5-methyl- 1H-pyrazol-4-y }pyrazolo{ 1,5~
- F
«”({N}\t ajpyridine~-3~carbonitrile
!/.»\‘
\,—Nvo
HO™
19 # . 4-({R}-1-(5-flucropyridin-2-y1 jethosy)-6-(1 -
i ¢
h/‘\‘;——--\ =y (1-{{S)-2-hydroxy propanoyipiperidin-4-y1}-
Y /\; N\m>
— N iH-pyrazol-4-yhpyrazoloi 1, 5-alpvridine-3-
)
\fﬁ"N carbonitrile
7N
(J
OA_]__“..
HO
20 " X (R)-6-(1 5-dimethyl-1H-pyrazol-4-y1}-4-(1-(5-
(H “ \ fuoropyridin-2-vhethoxy jpyrazolof 1.5-
Mo %N 3 ‘ "
=={ HF ajpyridine-3-carbonitrile
Ch
Oy
N
¥
o]
21 ;,;‘* 6(R}3-6-(1,5-dimethyl-1H-pyrazol-4-y[}-4-(1-
3 {5~-fuoropyridin-2-vljethoxy ypyrazolo[1,5-
ajpyridine-3-carbonitrile
22 ;‘,»? 4-{{R3-1-(3-fluoropyridin-2-vhethoxv)-6-(1-
i j} \xo \L {{1r.4R)-4-hydroxy-4-methvicvclohexyl}-5-
° d
\"“‘*(; ?“\;\} methvi-1H-pyrazol-4-vhpyrazolo] 1.5~
%El : alpyridine-3-carbonitrile
o
o'
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23

4-{{R)-1-(S-fluoropyndin-2-vhethoxy }-6-{1-
{{18.48)-4-hydroxy~d-methyicvelohexvl}-5-
methvi-1H-pyrazol-d-vBpyrazolo 1,5~

alpyridine-3-carbonitrile

24

4-((R)-1-{5-Huoropvridin-2-vhethoxv)-6-(6-
{(R)-3-(hydroxymethyl}-d-methyipiperazin-1-
yUpyrndin-3-yDpyrazolo[1,5-alpyndine-3-

carbonitrile

6-{6-((35,4R -3, 4-dihydroxypiperidin-1~
vhpyridin-3-y-4-((R}-1-(5-flucropyridin-2-
viethoxypvrazoiofl S-alpvridine-3-

carbontirile

26

6-{6-({3R 45 }-3 4-diby droxypipetidin- | -
vhpyridin-3-yD-4-((R}-1-(5-flucropyridin-2-
vhethoxy)pvrazolofl S-ajpyridine-3-

carbonitriie

6-(1-(S)-2,3-dihydroxypropyl}-5-methyi-1H-
pvrazol-4-v-d-((R)-1-{5-flucropvridin-2-
viethoxy)pyrazolofl,5-alpvridine-3-

carbomtrile

~3
=%
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28 Ph 6-(§-(S)-2,3-dthy droxypropvl}-3-methyi-1H-
ﬂ\_ o pyrazol-d4-v1}-4-({R)-1-(5-fluoropynidin-2-
Ny L
L~=‘>' N\: 3 yhethoxypvrazolo{l,S-ajpyridine-3-
‘a - WF carbonitrile
N
k/.nOH
"o
29 f,,N &-{S-amino-1-{(S}-piperidin-3-v1)-1H-pvrazol-
- 4oy Dd-{{R)-1-{S-fluoropyridin-2-
‘w,\) N\‘é yvhethoxy jpyvrazolofl,S-ajpyridine-3-
Hm—efﬁ 3 carboniirile
_
7Y
N’H
3¢ ;;5”’ (R)-6-{5-amino-1-methyl-1H-pyrazol-4-y1)-4-
,‘1’“\ - D‘> {1-(5-fluoropyridin-2-viethoxv)pyrazolof 1,5~
D I . L o
= NE_\" ajpyrnidine-3-carbonitrile
DA
R 7 i F
HN-iN_N
31 P (R)-6-(5~amino-1-(2-hvdroxyethy}-1H-~
rf.? "\}\ j"*i ' pyvrazol-d-v1}-4-(1-{S-flucropvrdin-2-
WO A : -
[ L vhethoxy)pvrazolo] 1. 5-alpyriding-3-
}\ % L
RN F casbonitrile
<\
/
He
32 ;,/" O-{ S-amuno-1-({1r, 4R }-4-hydroxycyclohexyl}-
k]g]"(\}\ ,0~\“°ﬂ 1H-pyrazol-d-vD)-4-{{R}-1-(5-Huoropyridin-2-
Y A
Ve NL\> viethoxy)pyrazolofl,5-alpyridine-3-
e carbonitrile
-
o
HE

~3
5]
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33 P (R)}-6-(1-(1, [-dioxadotetrahyvdro-2H-
7
Y \\/0\;" thiopyran-4-v1}-S-methyl-1H-pyrazol-d-y1}-4-
N \ //}.\ - -
‘§< N\\\“} {1-(5-fluoropyridin-2-yhethoxy)pyrazolo]1,5-
“{r-}q : ajpyridine~-3~carbonitrile
0y
5
o,
34 5;," {(R)-6-(5-amino-1-methvi-1H-1,2 3-tnazol-4-
o s1}-4-(1-(5-fluoropyridin-2-
M e o o
=" N} shethoxyypvrazolo{l.S-ajpvridine-3-
- -
Ml T carbonitrile
i
35 P (R}-6~(S-amino- L -methyl-1H-pyrazoi-4~-yi}-4-
/ .
FLo~ {(I-(pyridin-2-yDethoxy jpvrazolof 1,5~
N\N\l \g N'\f\’\\ alpvridine-3-carbonitrile
~..>~ o) ajp & o e
,,““
HzN—‘\/N:gEj
36 7 N-{{IR,4r)-4-(4-(3-cvano-4-((R)-1-(5-
4
o aranvridin-2-vDet ANy a.
“»{H N}\\ fluoropvridin-2-yiethoxyipyrazolof 1,3
““‘&’ 3) alpvridin-6-yl}-5-methvl-1H-pyrazol-1-
*;,gs - vijevelohexyljacetamide
~
N/
Oi;,-th
/
37 5 6-(1-((S)-1-((S)-2,3-
ffﬂé A dihvdroxy propy Dpiperidin-3-y1}-S-methyvi-
o g .
\"‘\“) N\%.ﬁ.‘«‘\‘ 1H-pyrazol-4-vh-4-({R}-1-(S-flaoropyridin-2-
__..</L"s] XF .
he viethoxy)pyrazolofl,5-alpvridine-3-
(ﬂ\' carbonitrile
,N\
HO\’J'
ke
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38 P 6-{1-{{8)-1-(1,3-dihvdroxypropan-2-
/ . .
e vhpiperidin-3-yh-3-methyl-1H-pyrazol-d-vi)-
X
\1¥ N\;\ 4-({(R)-1-{5-fluoropyridin-2-
“\; ;J F vhethoxypvrazolofl S-ajpyridine-3-
"5 carbontirile
N
Zy\OH
OH
39 /,“*‘ 6-{1-{1-{(8}-2, 3-dihrydroxypropyvlpiperidin-4-
I ’\>\ < ~ yi}-5-methyl-1H-pyrazol-4-v1}-4-((R)-1-(3-
ta ) N\/:“\ fluoropyridin-2-yDethoxy)pyrazolof 1,5~
----- ¢ L ¥ alpvridine-3-carbonitrile
-
<N
S.AQH
L
OH
40 i ) 4-({R)~1~{5-fluoropyridin-2-y Hethoxy 3-6-(1~
! B
g’\&_\/ﬂ '"\)/_ - {{8)-1-(1-hydroxyeyclobutane-1 -
N 7N
N‘\::{ NL—{) carbonyD)piperidin-3-yi}-S-methyl-1H-
5 F ) ..
-/Q/N,“&; pyrazol-4-yDpyrazolof1,5-a]pyridine-3-
: carbonitrile
41 4-((R})-1-{5-fluoropyridin-2-vhethoxv-6-{ 1~
(1-((S)-2-bydroxypropanoylpiperidin-4-y1}-5-
methyl- H-pyrazol-4-vhpvrazolol 1, 5-
alpyridine-3-carbontirile

30
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42 ,/57' N {R}-4-(1-(5-fluoropyndin-2-vhethoxy)-6-{1-
?1 ;}r_{j“;/ N (1-(2-hydroxyacetypipenidin-4-yi}-S-methyl-
L":g\ \““‘fF 1H-pyrazol-4-yDypvrazolo{1,5-afpyridine-3-
73 L.
N carbonitrile
r l\';
\N/
.
HO
43 ,/57' . (R3-6-(1-(§-(1-aminocyclobutans-1-
g’i\\.,*f* N\ carbonvlpiperidin-d-yi}-S-methvl-1H-
RN
= \z{\F pyrazol-d-v1-4-(1-(S-fluoropyridin-2-
) -
AW vilethoxy jpyrazoio{l,S-ajpvridine-3-
( j carbonitrile
N/J
N
Y,
N
44 P . &-(L-(1-{L-valyDpipenidin-d-v)-5-methvl-1H-
[ od
f{:}"{) N pyvrazol-4-vl-d-((R}-1-{5-fluoropyridin-2-
‘} \m(F vhethoxy)pyrazolo{1,5-ajpyridine-3-
) _
- r#»N carbonitrile
Y
L\'.\"J ;
O w“l\
N
45 ﬁ?‘ 4-({8)-1-(5-fluoropyridin-2-yDethoxy)-6-{ 1-
.
k&" 3 \0‘{ {{11,48)-4-hvdroxycyclohexyl)-S-methyi-1H-
Moy, 3
L\(\" NL}} pyrazol-d-vUpyrazolof 1,5-a]pyrdine-3-
TN F carbonitrile
Y
HO’
46 7 4-({R}-1-(S-flucropyndin-2-vhethoxy}-6-{1-
4?"‘\)_\ /O‘i {(18,48)-4-hvdroxycvclohexyl}-S-methyl-1H-
NN
b ’L} pyrazol-4-ypyrazolof 1,5-a|pyndine-3-
”‘(; F carbonitrile
oy
v
31
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47 Py {(R)-6~(3-amino-t-(1-cyanopipendin-d-vi)-1H-
blg? g\ O\L pyrazol-d-y1}-4-(1-(5-fluoropyridin-2-
N@} N\;} yhethoxypvrazolo{l,S-ajpyridine-3-
HZN—J\’)‘\E k carbonitrile
NN
A
L
-
i
N
48 _,7? 4-({R)~1~{5-fluoropyridin-2-y Bethoxy 3-6-(1~
7
\Q’@\ O~ {{83-1-{(R)-2-hydroxypropavoy Upiperidin-3-
NN , ‘ .
‘ezz N‘@ vi}-3-methvi-1H-pyrazol-4-yljpyrazolof §.5-
o - y
----- «{; F alpyridine-3-carbonitrile
{3
hes =Xe]
Ho-’l
49 Py 4-({(R)-1-(B-fluoropyndin-2-vhethoxy }-6-(1 -
!
rf N ,fo‘)" ({(R}-1-({8)-2-hydroxypropanoypiperidin-3-
v G
== N\; ) y1)-S-methyl- 1H-pyrazol-4-yl}pyrazolof 1,5+
‘(N HoF ajpyridine-3-carbonitrile
S
236]
HO
50 # 4-({S)-1-(3~-Thwropyridin-2-yDethoxy }-6-{ 1~
,f;"\é {0~ {(1s,4R}-4-hvdroxveyclohesy)-S-methyl-1H-
N\ 3 \‘\\ = .
N‘L-:{ N\i y pyrazol-4-yypyrazolof1,5-ajpynidine-3-
..... e E carbonitrile
N
=
{7
3
HO
51 ,/;“' 4-(1-(S-fluoropyridin-2-yhethoxy }-6-(1-
R QNi {{1r4r)-4-hvdroxyeyclohexyly-S-methyl-1H-
\N\Q\\ N ” \t) pyrazol-d-ypyrazolof1,5-a]pyridine-3-
7 = carbonitrile
_<N’E'i F
O
Hd

joc]

(393
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L
™D

4-(1-(5-fluoropyridin-2-vhethoxy}-6-(1-
{{1s.4s)-4-hydroxycevciohexyl}-S-methyi-1H-
pyrazol-4-yl}pyrazolof1,5-a]pyridine-3-

carbonitrile

W
w

(IR 48)-4-{4-C-cyano-4-((R)-1~(5-
Huoropyridin-2-yvhethoxy jpyrazolof 1.5~
ajpyridin-6-yl}-S-methyi-1H-pyrazol-1-

yljcyclohexyl L-valinate

54

G-(1-{{1r 4R)-4-bydroxycyclohexyl)-5-
methyl- 1 H-pyvrazol-4-v-4-((R3-1-{pyridin-3-
viethoxy)pvrazolof1,5-ajpyriding-3-

carbonitrile

55

4-((R)-1-{5-fuoropvridm-2-vhethoxv)-6-(1~
{{Ir 4R)-4-hydroxveyciohexyi)-1H-pyrazol-4-

vhpvrazolo]1,5-ajpyridine-3-carbonitrile
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56 P {R}-4-(1-(5-fluoropyndin-Z-vhethoxy}-6-{6-
.
i 1}_\ A= {4-hydroxy pipertdin-1-ybpyridin-3-
N‘N \ ,}/‘\ ’
W RO vhpyrazolo]1,5-ajpvridine-3-carbonitrile
AR \g
\.‘Nz:{’ '
My
L{/
o
87 ',/1!}‘ 6-{1-({1r 4R }-4-hvdroxveyclohexyl}-5-
ri'{ - O~> methyl-IH-pyrazol-4-v}-4-((R}-1-(pyridin-3-
N\Q:§ 4 3 vhethoxy)pyvrazolof1,5-ajpyriding-3-
Voo N .
______ .,//\ﬂ carbonitrile
O
HO
58 PN {R)}-4-(1-(5-fluoropyridin-2-vhethoxv}-6-{1-
.
o= {1-(methylimino)-1-oxidohexahy dro- G-
Ne s 8 L
N\=:/\> N\’/ W{\ thiopyran-4-vi)-1H-pyrazol-d4-vhpyrazolof1,5-
\ T
.\z//L hF ajpyridine-3-carbonitrile
NN
o”s\g
Fd
30 ) 4-((R}-1-(5-flucropvridin-2-vhethoxyv)-6-(1-
{,’{\}‘ o {(1r,4R}-4-hvdroxycyclohexy)-S-methyl-1H-
N N gy . -
N\.#J‘? ) 1,2, 3-triazol-4-vhpyrazolof 1.5-alpyridine-3-
..... <:’ Nk carhonitrile
oh
0Oy
o
HO
60 i/;‘* \ 4-({(R)-1-(S-fluoropyridin-2-vi}propoxy }-6-{ 1~
“’\<\ o {{1r,4R)-4-hydroxveyelohexyl)-5-methyl-1H-
N‘N‘j \:‘ﬁ e
\k.\)\\IN\i § pyrazol-d-vlipyrazolof 1, 5-a]pyridine-3-
7 itrile
_ﬁ(NL F carbonitrile
N
A
H
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61 ///,E'\J 4-{(R)-1-{5-fuoropynidin-Z-vhethoxv)-6-{1-
pﬂfﬂ\%\“\/a - > {(18.28)-2-hydroxycyclohexyl}-5~-methvl-1H-
\N\u} N\’ ‘3\) pyrazol-4-yl}pyrazolof1,5-a]pyridine-3-
/}\ﬂ ::‘ii;_ carbonitrile
TN
C}WOH
62 ;,f;" 4-((R)-1-(5-fluoropyridin-2-y Hethoxy 3-6-(1 -
;\ﬂ/\/ _ ,O\\-"“\ {{1R,2R)-2-hydroxycyclobexy)-S-methyl-1H-
N _\§ N\o’f? pyrazol-4-ylypyrazolof 1, 5-a{pyridine-3-
W ‘“\:F carbonitrile
N
Q/..@H
63 ;,f,“ 6-(6-((38,48)-3 4-dthvdroxypiperidin-1-
“"E"N\} }/ON;‘; vhpyridin-3-v-4-({(R})- 1 -(S-fluoropyridin-2-
Y N\::‘ 3 vhethoxy jpyvrazolo{l,S-alpyridine-3-
7y F carbonitrile
N\(\N“‘;_” ,
64 P 6-{6-((3R,4R}-3 4-dihydroxypiperidin-1-
\@j{)x G‘B\\ vhpvndin-3-vD-4-((R)-1-(8-flucropyndin-2-
N\zt \g !\I(. \) viethoxy)pvrazolo{l,5-ajpvridine-3-
(7& ‘?\\} \i‘p carbonitrile
N~<“M\
o
o
65 ) WO, 4-({S}-1-{5-tluoropyridin-2-yi}-2-
ﬂ,;\ o hy droxyethoxy -6-(1-((15,45)-4-
N‘N\:_;}() N//E: hydroxy ey clohexy3-8-methyi-1H-pyrazol-4-
. F vhpyrazolof 1, 5-alpyridine-3-carbonitrile
,.,(\/Nf\g}4
]
O
HO
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66 P A-{(R)-1-(S-fluoropyridin-2-y1}-2~
ﬂ\’f)&{,o‘i_\ hydroxyethoxy }-6-(1-({1r,4R}-4~
\:) N <\’ hydroxycy clohexyi)-5-methyi-1H-pvrazol-4-
/N’%“ ¢ vhpyrazolofl,5-alpyvridine-3~carbonitrile
by
67 //?‘ X 4-((R)~1~(5-fluoropyridin-2-yBethoxy y-6-(1-
(gk_{p-—«f&_\ {{(18,38)-3-hvdroxycyclohexyl}-S-methvi-1 H-
N\N\E:(\\“ "‘i____} pyrazol-4-yhpvrazolof 1,5-a{pyndine-3-
B __é’N—.\‘é} F carbonitrile
e
\/L’aﬁ
68 P 4-((R)~1~{5-fluoropyridin-2-yhethoxy }-6-(1-
n—'ﬁ;\ ) <0 - {{(1R 3R)-3-hvdroxveyclobexy}-5-methyl-1H-
" \N'EN\/ N\/:_j pyrazol-4-ylpyrazolof1,5-a]pyridine-3-
H{: },\‘q F carbonitrile
é
“OH
oY é“ . G-{1-{{1r,48)-4-hvdroxyeyclobexyl)-5-methyl-
e \<r [H-pyrazol-4-y D-4-((S)-2,2 2-tnifluoro-1-(8-
N\NE:\ ;}\\ fluoropvridin-2-yilethoxyypyrazolo{1,5-
¢ :; ) L\\\/F‘ ajpyridine-3-carbonitrile
Y
§J
HO
70 //f,“‘ . r G-(1-{(1r 4R})-4-hydroxycyclohexyl}-5-

methyl-1H-pyrazol-4-v1)-4-((R)-2,2,2-
wifluoro-1-{S-flucropyridin-2-
vhethoxv)pyrazolo{l,5-alpyndine-3-

carbonitrile
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7 4-{{R)-1-(S-fluoropyridin-2-vDethoxy)-6-{1 -
{{18,3R})-3-hyvdroxyeyclohexvl)-5-methvi-1H-
pyrazol-d-yDipyrazolof1,5-a]pyridine-3-
carbonitrile
72 4-({R}-1-(5-flucropyridin-2-y1 jethoxy y-6-(1 -

{{1R 38)-3-hvdroxycyclohexyly-5-methvi-1H-
pyrazol-d-yhpvrazolof 1, 5-ajpyndine-3-

carbonitrile

As can be appreciated, the ionizable lipids described herein enable the development of
new therapies for disease without the need for exotic chemustry or specialized reagenis or
manufacturing techniques
i Pharmaceutical compositions

Other embodiments are directed to pharmaceutical compositions. In an embodiment,
the pharmaceutical composition comprises any one {or more) of the foregoing compounds
and a pharmaceutically acceptable cammer. In some embodiments, the pharmaceutical
composition is formulated for oral admunistration. 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-hmiting examples of such additional therapeutic agents are
described below.

Suitable routes of admirastration include, but are not imisted to, oral, intravenous,
rectal, aerosol, parenteral, ophthaloyc, pulmonary, transmucosal, transdermal, vaginal,
optical. nasal. and topical administration. In addition, by way of example only, parenteral
delivery inchides inframuscular, subcutaneous, infravenous, intrameduallary injections, as well
as infratheeal, direct intravenincuolar, fntraperitoneal, intralymphatic, and intranasal
imjections.

In certain embodiments, a compound as described herein is administered in a local

87
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rather than systemic manner, for example. via injection of the compound directlv into an
organ, often in a depot preparation or sustained release formulation. In specific ernbodiments,
long acting formulations are adounistered by implantation {for example subcutaneously or
intramuscularly) or by intramuscular injection. Furthermore, in other embodiments. the
compound is delivered in a targeted drug delivery syvstem, for example. in a liposome coated
with and organ specific antibody. In such embodiments, the liposomes are targeted to 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 intermediate release formwlation. Tn yet other
embodiments, the coropound described herem s admmuistered fopically

In treatment methods according to embodiments of the disclosure, an effective
amount of at least one compound of Formula (I), (1A), (IB)-(IB-3), {IC-a)-(li-a), (IC-b)-(1l-
b}, (II-ay-(IE-h), (IV) or {IV-a} (s administered to a subject suffering from or diagnosed as
having such a disease. disorder. or medical condition. Effective amounts or doses may be
ascertained by methods such as modeling, dose gscalation studies or clinical trials, e g, the
mode or route of administration or drug delivery, the phasmacokinetics of the agent, the
severily 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 to
0.1mg 05t 3mg 05t 10mg 0.01-10mg, 0.1 10 10 mg, 10 to 5000 mg, 100 to 5000 mg,
1000 mg io 4000 mg per day, or 1000 t0 3000 mg per day are examples of dosages that are
used in some embodiments. The exact dosage will depend upon the route of administration,
the form in which the compound 15 administered, the subject to be treated, the body weight of
the subject o be ireated, and the preference and experience of the atiending physician.

In some embodiments, compounds of the disclosure are adminisiered in a single dose.
In an embodiment, the single dose 1s admimstered orally. In another embodiment, the single
dose ts administered topically. However, other roules are used as appropriate. In some
embodiments, compounds of the disclosure are administered in multiple doses. In some
embodiments, dosing 1s about once, twice, three times, four times, five fimes, six fimes, or
more than six times per dav. In other embodiments, dosing is about once a month, once
avery two weaeks, 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 par day. In another embodiment the administration of
compouonds of the disclosure and an agent continues for less than about 7 days. In vet another
embodiment the adnunistration continues for more than about 6, 10, 14, 28 days, two months,
six months, or one vear. i some cases, conitnuous dosing is achieved and maintained as long
as necessary.

Administration of compounds of the disclosure may continue as long as necessary. In
some embodiments, compounds of the disclosure are admunistered for more than 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, 3, 4, 3, 2, or 1 day. In some embodiments, compounds of the disclosurg
are adunistered chroracally on an ongoing basis, e.g., for the treatment of chronic effects.

In some embodiments, the compounds of the disclosure are administered in individual
dosage formas. 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 embodiments, the compounds described herein are formulated into
pharmaceutical compositions. In specific embodiments, pharmaceutical compositions are
formudated in a conventional manner using one or more physiologically acceptable carriers
comprising excipterds and auxiliaries which faciittate processing of the disclosed compounds
into preparations which can be used pharmaceutically. Proper formulation is dependent upon
the route of admimistration chosen. Any pharmaceutically acceptable techniques, carriers,
and excipients are used as suitable to formulate the pharmaceutical compositions described
herein: Remington: The Science and Practice of Pharmacy, Nineteenth Ed (Easton, Pa.. Mack
Publishing Company, 1995). Hoover, John E | Remington’s Pharmaceutical Sciences, Mack
Publishing Co., Easton, Penngvivama 1975; Liberman, H A, and Lachroan, L., Eds,,
Pharmaceutical Dosage Forms, Marcel Decker, New York, NY ., 1980; and Pharmaceutical
Dosage Forms and Drug Delivery Systems, Seventh Ed. (Lippincott Williams &

Wilkins 1999},

Provided herein are pharmaceutical composiiions comprising one or more compounds
of Formuda (1}, (14A), (IB}-(IB-3). (AC-a}-(¥{-a). (IC-b3-(1-b), (M-a3-(Ji1-h), (V) or (TV-a), and
a pharmaceutically acceptable carrier. Also provided herein are pharmaceutical compositions
comprising one or more compounds selected from compounds of Formuda (F), A}, IB)-(IB-
3y, (1C-a)-(ii-a), AC-b)~(li-b), (li-a)~(1ii-hy, (IV) or (IV-a} and pharmaceutically accepiable
diluent(s). excipient{s). and carrier(s). In certain embodiments, the compounds described are
administered as pharmacewtical compositions in which one or more compounds selected from

compounds of Formula (I3, JA), (IB(B-3), (JC-a}-(11-a), JC-b)-(I1-b}, {(HI-a}-(I-h), V)
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or {IV-a} are mixed with other active ingredients, as in combination therapy. Encompassed
hersin are all combinations of actives set forth in the combination therapies section below and
throughout this disclosure. In specific erwbodiments, the pharmaceutical compositions mclude
one or more compounds of Formula (1), (1A}, (1B)-(1B-3). (IC-a)-(H-a}. (1C-b)-(11-b). (IH-a)-
(HI-h), (IV) or {IV-a}.

A pharmaceutical composition, as used herein, refers to a8 mixture of one or more
compounds selected from compounds of Formula (1), (TA), (IB)-(IB-3), (IC-a)-(-a), JC-b)-
(II-b), (Lii-a)-(Hi-h), (1Y} or (1V-a} with other chemical components, such as carriers,
siabilizers, diluents, dispersing agents, suspending agents, thickening agents, and/or
exciptenis. fn certain embodiments, the pharmaceutical compostiion facilitates admirustration
of the compound to an orgamism. In some embodiments, therapeutically effective amounts of
one or more compounds selected from compounds of Formula (1), (1A), (IB)}-(IB-3), (C-a)-
(I1-3}, AC-b)-(11-b), {TH-a)-(T1-h), V) or (IV-a} provided herein are administered in a
pharmaceutical composition to a marmnmal having a disease, disorder or medical condition to
be treated. In specific embodiments. the mammal is 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 herein are used singly or in combination with one or more therapeutic
agents as components of mixtures.

in one embodiment, one or more compounds selected from compounds of Formula
(). dA). (dB)-(IB-3), (IC-ap-(i-a}. C-by-(ii-b), (TE-a3-(1H-h), (IV) or (IV-a} are formulated
in aqueous solutions. In specific embodiments, the aqueous solution 1s selected from, by way
of example only, a physiologicallv compatible buffer, sach as Hank’s solution, Ringer’s
solution, or physiological saline buffer. In other embodiments, one or more cornpounds
selected from compounds of Formuda (1), (IA), (IB)-(1B-3), (C-a)-(li-a), (IC-b)-(1i-b), (¢~
a-(Tl-hy, (V) or (IV-a) are formulated for transmucosal administration. In specific
embodiments, transmucosal formulations include penetrants that are appropnale to the barrier
to be permeated. In still other ernbodiments wherein the compounds described herein are
formudated for other parenteral injections, appropriate formulations include aquecus of non-
agueous solutions. In specific embodiments, such solutions include physiologically
compatible butfers and/or escipients.

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

compounds with, e g, pharmaceutically acceptable carriers or excipients. In vartous
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embodiments, the compounds described herein are formulated in oral dosage forms that
mchade, by way of example only, tablets, powders, pills, dragees, capsules, liquids, gels,
syrups, ehxirs, slurries, suspensions and the like.

In certain embodiments, pharmaceuiical preparations for oral use are obtained by
mixing one or more solid excipient with one or more of the compounds described herein,
optionally grinding the resulting mixture, and processing the mixture of granules, after adding
suttable auxiliaries, if desired, to obtain tablets or dragee cores. Suitable 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, potalo starch,
gelatin, guro tragacanth, methylcellulose, microcrvstaliing cellulose,
hydroxvpropvimethvicellulose, sodium carboxymethylcellulose; or others such as:
polyvinylpyrrolidone (PVP or povidone) or calcium phosphate. In specific embodiments,
disintegrating agents are optionally added. Disintegrating agents include, by wav of example
only, cross liuked croscarmellose sodiwm, polyvinvlpyrrolidone, agar, or alginic acid or a salt
thereof such as sodium alginate.

In one embodiment, the oral dosage forms, such as a pill, capsule or tablet, comprises
one or more suitable layers or coatings. In specific ernbodirnents, concentrated sugar
solutions are used for coating the dosage form. The sugar solutions. optionally contain
additional compenents. such as by way of example only, gum arabic, talc.
polyvinylpyrrolidone, carbopol gel, polyethylene glycol, and/or titanium dioxide, Jacquer
solutions, and switable organic solvents or solvent mixtures. Dyestuffs and/or pigments are
also optionally added to the coatings for identification purposes. Additfionally, the dvestuffs
and/or pigments are optionally wilized to characterize different comnbinations of active
compound doses,

In certain embodiments, therapeutically effective amounts of at feast one of the
compounds described herein are formulated into other oral dosage forms. Oral dosage forms
nclude push fit capsules made of gelatin, as well as soft, sealed capsules made of gelatin and
a plasticizer, such as glveero! or sorbitol. In specific embodiments, push fit capsules contan
the active ingredients in admixture with one or more filler. Fillers include, v way of
example only, factose, binders sach as starches, and/or Tubricants such as talc or magnesiom
siearate and, optionally, stabilizers. In other erobodiments, soft capsules coniain one or more
active compound that is dissolved or suspended in a switable liguid. Suitable liquids include,
by way of example only, onte or more fatty oil, liquid paratfin, or liquid polyethylene glycol.

To addition, stabilizers are optionally added.

91



WO 2025/034912 PCT/US2024/041350

In siill other embodiments, the compounds described herein are formulated for
parental injection, including formulations suitable for bolus injection or continuous mfusion.
In specific embodiments, formulations for injection are presented i unit dosage form {e.g., in
ampoules) or in multi dose containers. Preservatives are, optionally, added to the injection
formulations. In still other embodiments, the pharmaceuntical compositions are formulated in
aform auniable for parenteral injection as sterile suspensions, sohitions or emualsions in oily
ot aqueous vehicles. Parenteral injection formulations optionally contamn 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), (1A), (IB)-(IB-3), (IC-a)-(1l-a),
(C-by-{1-b), (Hi-ay-(Ill-h}, AV} or (IV-a} are prepared as appropriate olly injection
suspensions. Suitable lipophilic solvents or vehicles for use in the pharmaceutical
composttions described herein include, by way of exarople only, fatty ouls such as sesame oil,
or svnthetic fatty acid esters, such as ethvl oleate or triglycerides, or Hposomes. In certain
specific embodiments, aqueous injection suspensions contain substances which increase the
viscostty 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. Alternatively,
in other ernbodiments, the active ingredient is in powder form for constitution with a suitable
vehicle, e.g., sterile pyrogen-free water, before use.

Pharmaceutical compositions include at least one pharmaceutically acceptable carrier,
dituent or excipient, and one or more compounds selected from compounds of Formula (1),
JA), (IB)-(0B-3), (IC-a)-(If-a)., (JC-b)-(J1-b), (T-a)-(11-h), (V) or (}V-a} as an active
ingredient. The active ingredient is in free-acid or free-base form, or in a pharmaceutically
acceptable salt form. In addition, the methods and pharmaceutical compositions described
herein inchude the use of N-oxides, crvstalline 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 mcluded within the scope of the compounds prasented
herein. Addifionally, the compounds descnibed herein encompass unsolvated as well ag
solvated forms with pharmaceutically acceptable solvents such as water, ethanol, and the like.
The solvated forms of the compounds presented herein are also considerad to be disclosed
herein. In addition, the pharmaceutical compositions optionally include other medicinal or

pharmacewtical agents, casriers, adjuvants, such as preserving, stabilizing, wetling or

9
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emulsifving agents, solution promoters, salts for regulating the osmotic pressure, buffers,
and/or other therapeutically valuable substances.

Methods for the preparation of compostiions comprising the compounds described
herein include formulating the compound(s) wiih one or more inert, pharmaceutically
acceptable excipients or carriers to form a sohid. semi-solid or liguid composition. Solid
compositions include, bt are not Himited {o, powders, tableis, dispersible granules, capsules,
cachets, and suppositories. Liquid compositions mclude solutions in which a compound is
dissolved, emulsions comprising a compound, or a solution containing liposomes, micelles,
or nanoparticles comprising a cornpound as disclosed hergin. Semi-solid compositions
include. but are not linated to, gels, otutments, suspensions and creams. The form of the
pharmaceutical composttions described herein include liquid solutions or suspensions, solid
forms suitable for solution or suspension in a liguid prior to use, or as emuisions. These
compositions also optionally contain minor amounts of nontoxic, awxiliary substances, such
as wetting or eroulsifying agents, pH bullenng agents, and so forth

In some embodiments, pharmaceutical compositions comprising one or more
compounds selected from compounds of Formuda (I, (IA), (IB)}-(IB-3), (IC-a)-(I1-a), IC-b}-
{ii-b), (-a)-(Hi-hy, (V) or (IV-a) llustratively takes the form of a liguid where the agenis
are present in solution, in suspension or both. Tvpically 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 is present in particulate form, in suspension in a liquid matrix. In some
embodiments, a iquid composition includes a gel formulation. In other embodiments, the
liquid composition is aqueous.

In certain embodiments, agqueous saspensions contain one or more polymers as
suspending agents. Polyvmers nclude water-soluble polymers such as cellulosic polvmers,
e.g.. hydroxypropyl methylcellulose, and water-insotuble polymers such as cross-linked
carboxyi-containing polymers. Certain pharmaceutical compositions described herein
comprise a mucoadhesive polvimer, selected for example from carboxymethylcetinlose,
carbomer {acryle acid polvmer). poly(methvimethacrviate). polyacrylanude, polvcarbophil,
acrylic acid/butyl acrylate copolvimer, sodiwm alginate and dextran.

Pharmaceutical composilions also, optionally, include solubilizing agents to aid i the
solubility of one or more compounds selecied from compounds of Forraula (1), (A}, (4B)-
(iB-3), (AC-a3-({i-a), QC-by-(1i-b), (ql-ap-(HHi-h), (IV) or {IV-a). The term "solubilizing agent”
generally includes agents that result in formation of a micellar solution or a true solution of

the agent. Certain acceptable nomonic surfactants, for example polysorbate 80, are useful as
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solubilizing agents, as can ophthalmicallv accepiable glvcols, polvglycols, e g, polvethviene
glveol 460, and glveol ethers.

Furthermore, pharmaceutical composttions optionally inclade one or more pH
adjusting agents or buffering agents. including acids such as acetic, borig, citric, lactic,
phosphoric and hydrochloric acids; bases such as sodium hvdroxide, sodium phosphate,
sodium borate, sodiurn citrate, sodium acetaie, sodium lactate and tris-
hydroxymethylaminomethane; and buffers such as citrate/dextrose, sodium bicarbonate and
ammontura 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 salts in an amount required to
bring osmolality of the composition into an acceptable range. Such salts include those having
sodiwm, potassium or ammonium cations and chlornide, citrate, ascorbate, borate, phosphate,
bicarbonate, sulfaie, thiosuifaie or bisulfiie anions; suiable salts include sodium chionde,
potassium chloride, sodium thiosulfate, sodium bisulfite and ammonium sulfate.

Other pharmacewtical compositions optionally include one or more preservatives to
jubibit microbial activity. Suitable preservatives include mercury -containing substances such
as merfen and thiomersal; stabilized chlorine dioxide; and quaternary armsmonium compounds
such as benzalkonium chioride, cetylirimethylammoniurm bromide and cetvipyridinium
chloride.

Compositions may include one or more surfactants to enhance physical stability or for
other purposes. Suitable nonionic surfactants include polyoxyethylene fatty acid glycerides
and vegetable oils, e.g.. polvoxvethylene (60) hvdrogenated castor oil; and polvoxvethylens
alkylethers and alkyvipheny! ethers, e.g., octoxynol 10, ocloxvaol 40.

Compositions may include one or more antioxidants to enhance chenucal stability
where required. Suitable antioxidants include, by way of example only, ascorbic acid and
sodium metabisulfite.

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

Tn aliernative embodiments, other delivery systems for by drophobic pharmaceutical
compounds are eraploved. Liposomes and emulsions are examples of delivery vehucles or
carriers useful herein. In certain embodiments, organic solvenis such as N-methvipyrrolidone
are also emploved. In additional embodiments, the compounds described herein are delivered

using a sustained release systern, such as semipermeable matrices of sohid hydrophobic
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polvmers containing the therapeutic agent. Various sustained release materials are usaful
hersin. In some embodiments, sustained release capsules release the compounds for a few
weeks up to over 100 days. Depending oun the chemical nature and the biological stability of
the therapeutic reagent, additional strategies for protein stabilization are emploved.

In certain embodiments, the formulations described herein comprise one or more
antioxidants, metal chelating agents, thiol containing compounds and/or other general
stabilizing agents. Examples of such stabilizing agents, mclude, but are not bmoited to: (a)

n’

about 1.5% to about 2% w/v glycerol, (b} about 0.1% to about 1% w/v methionine. {c} about
0.1% to about 2% w/v monothiogiycerol, (d) about | mM to about 10 mM EDTA, (¢} about
0.01% to about 2% w/v ascorbic acid, ()} 0.003% to about 0.02% w/v polysorbate 80, ()
{3.001%% to about 0.05% w/v. polvsorbate 20. (h) argimine, (1) heparin. (§) dextran sulfate, (k)
cyclodextrins, (1) pentosan polysulfate and other heparinoids, (m) divalent cations such as
maguesium and zine; or (n) combinations thereof.

in some embodiments, the concentration of one or more compounds selected from
compounds of Formula (1), (IA), (IB}-(IB-3}, (IC-a)-(11-a), (AC-b)-(i1-b), (11-a)-(If-h). (IV)
or (IV-a} provided in the pharmaceutical compositions is greater than 90%, 80%, 75%, 70%
65%, 60%. 55%., 50%, 40%, 30%, 20%, 19.75%, 19.50%. 19.25% 19%, 18.75%. 18.50%.,
18.25% 18%. 17.75%. 17 .50%, 17.25% 17%, 16.75%, 16.50%, 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%

109%. 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%, 3.73%. 5.30%, 35.253%, 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%,
(.39, 0.2%, 0.1%, (.09%, 0.08%, 0.07%, 0.06%, 0.05%, 0.04%, 0.03%, 0.02%, (.01%,
(.009%, 0.008%, 0.007%. 0.006%, 0.005%. 0.004%, 0.003%, 0.002%, 0.001%, 0.0009%,
(.0008%, (.0007%, {.0006%, (.0005%, (.0004%, .0003%, 3.0002%, or 0.0001% w/w. w/v,
or v/v. In another embodiment, the amount of a compound selected from compounds of
Formula (1), JA), (IB)-(IB-3), (1C-a}-(I-a), JC-by-(1-b), (l-a)-(1-h), (IV) or (IV-a) in the
pharmacentical compositions 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 w/w%, 1-30 wiw%, gic.

In some embodiments, the concentration of one or more compounds selected from
compounds of Formula (1), (1A). (1B)}-(IB-3), (IC-a)-{II-a). (AC-b)-({I-b), (lL-a}-({i1-h), OV)

or {1V -a) provided in the pharmaceutical compositions of the present disclosure is in the

range from approximately ¢.0001% to approximately 50%, approximately 0.001% to
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approximately 40 %, approximately 0.01% to approximately 30%. approximately 0.02% to
approximately 29%, approximately $.03% {o approxamately 28%, approximately 0.04% to
approximaiely 27%, approximately 0.05% to approximately 26%, approximately 0.06% to
approximately 253%, approximately 0.07% 1o approximately 24%. approximately 0.08% to
approximately 23%, approximately 0.09% to approximately 22%, approximately ¢.1% to
approximately 21%, approximatelv 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 9.7% to
approximaiely 13%, approximately (1.8% to approximately 14%, approximately 0.9% to
approximately 12%, approximaiely 1% to approximately 10% wiw, wiv or v/y,

In some embodiments, the amount the one or more compounds selected from
compounds of Formula (I3, (1A}, (IB)}-(IB-3), (IC-a)-(I1-a), C-b)-(11-b}, (HI-a}-(H-h), IV)
or (IV-a) provided in the pharmaceutical compositions of the present disclosure is equal to or

lessthan [0 g, 95290285, 800 758702652608 552, 50g.45840¢g,3.5

2302252202 152102, 0952 092, 085¢g, 08¢0 075g,07g 065g 06g,0.55
2,055 045g,042,0352, 035,025 02p.015g,012009g,008g,0072,006g,

0.035 ¢, 0.04 g, 0.03 g, 0.02 g 0.0 g, 0.009 g, 0.008 g, 0.007 g, 0.006 g. 0.005 g, 0.004 g,
0,003 g, 0.002 2. 0.001 g, 0.0009 g, 0.0008 g, 0.0007 g. 0.0006 g 0.0005 2. 0.0004 g, 0.0003
g, 4.0002 g or Q.O00T 2

In some embodiments, the amount of the one or more compounds selected from
compounds of Formula (1), (IA), (IB)-(IB-3), (IC-a)-(Il-a), (IC-b)-(1-b}), (Li-a)-(Hl-h}, (V)
or {{V-a} provided in the pharmaceutical conmpositions of the present disclosure is in the
range of 0.0001-10 g, 0.0005-9 g, 0.0601-8 g, 0.005-7 2, 0.01-6 ¢, 0.05-5¢, 0.1-4 9,054 ¢ or
1-3g

Packaging materials for use in packaging pharmaceutical compositions described
herein inciude those found in, e g, U.S. Pat. Nos. 5,323,907, 5,052.558 and 5,0633,252.
Examples of pharmaceutical packaging matenials include, but are not livnited to, blister packs,
botiles. tubes, inhalers, pumps, bags, vials, confainers, svringes, boitles, and any packaging
material suitable for a selected formulation and intended mode of administration and
treatment, For example, the container{s) includes one or more compounds described herein,
optionally in a compostiion or in corobination with another agent as disclosed herein. The
container{s} optionally have a sterile access port (for example the container is an mtravencus
solution bag or a vial having a stopper pierceable by a hypodermic injection needle}. Such

kits optionally comprise a compound with an identifving description or label or instructions
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relating to its use in the methods described herein.

For example, a kit typically inchudes 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 comumercial and user standpoint for use of a compound described
herein. Non-limiting examples of such materials include, but not limited to, buffers, diluents,
filters, needles, syringes: carrier, package, container, vial and/or tube labels listing contents
and/or instructions for use, and package inserts with instructions {or use. A set of wmstructions
will also typically be included. A label is 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 etched to the container itself, a label 15 associated with a contamner
when #f 1S present within a receptacle or carrier that also holds the container, e.g.. as a
package mnsert. In addition, a label is used to indicate that the contents are to be used for a
specific therapeutic application. In addition, the label indicates directions for use of the
contenis. such as vt the methods described herein. In certain ernbodiroents. the
pharmaceutical composttions are presented in a pack or dispenser device which contains one
or more unit dosage forms containing a compound provided herein. The pack for example
contains metal or plastic foil, such as a blister pack. Or, the pack or dispenser device is
accompanied by nstructions for administration. Or, the pack or dispenser is accompanied
with a notice associated with the container in form prescribed by a governmental agency
regulating the manufacture, use, or sale of pharmaceuticals, which notice s reflective of
approval by the agency of the form of the drug for human or veterinary administration. Such
notice, for example, is the labeling approved bv the U8, Food and Drug Administration for
prescription drugs, ot the approved product insert. In some embodiments, compositions
contaming a compound provided herein formulated in a compatible pharmaceutical carrier
are prepared, placed in an appropriate container, and labeled for treatment of an indicated
condition.

As mentioned above, the compounds and compositions of the disclosure will find
utitity i a broad range of diseases and conditions mediated by protein kinases, including
diseases and conditions mediated by kinase. Such diseases may include by way of example
and not lumitation, cancers such as lung cancer, NSCLC {(non small cell lang cancer), cat-cell
cancer. bone cancer, pancreatic cancer, skin cancer, dermatofibrosarcoma protuberans. cancer
of the head and neck, cutaneous or intraocular melanoma. uterine cancer. ovarian cancer,
colon-rectal cancer, cancer of the anal region, stomach cancer, colon cancer, breast cancer,

gynecologic tumors {e.g., utering 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
vulva), Hodgkin's Disease, hepatocelhilar cancer, cancer of the esophagus, cancer of the
small intestine, cancer of the endocrive system {e.g., cancer of the thyroid, pancreas,
parathyroid or adrenal glands}, sarcomas of soft tissues, cancer of the urethra, cancer of the
penis, prostaie cancer {particularty hormone-refractory), chronic or acute feukemia, solid
tumors of childhood, hypereosinophilia, lymphoceytic lvmphomas, 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
Ivmphoma, spinal axis tumors, medulloblastoma, brain stem ghiomas or pituitary adenomas),
Barrett's esophagus {pre-malignant svndrome), neoplastic cutancous disease, psoriasis,
mycoses fungoides, and benign prostatic hypertrophy, diabetes related diseases such as
diabetic retinopathy, retinal 1schemia, and retinal neovascularization, hepatic cirrhosis,
angiogenesis, cardiovascuolar disease such as atherosclerosis, immunological disease such as
autotmroune disease and renal disease.

In some embodiments, a pharmaceutical composition has a compound described
above and a pharmaceutically acceptable carrier including, for example, anv adjuvast, carrier,
exciptent, glidant, sweeterung agent. diduent, preservative, dye/colorant, flavor enhancer.
surfactant, wetting agent, dispersing agent, suspending agent, stabilizer, isotonic agent,
solvent, or emulsifier which has been approved by the United States Food and Drug
Administration as being acceptable for use in humans or domestic animals.

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

In some embaodiments, the compounds of the present disclosure mav have enhanced
solubility, ADME profile (e.g.. permeability, metabolic stability), pharmacokinetics,
selectivity against hERG, selectivity against FGFR1, and/or selectiviiy against anti-targets as
compared io other FGFR inbibitors. 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 nead thersof. In some embodiments, the
subject is an anirnal. In some embodiments, the subject is a human. In some embodiments,
the disease associated with mutations in FGFR2 15 a cancer or craniosynosioic syndrome. In
some certain embodiments, the cancer is intrahepatic cholangiocarcinoma, hepatocellular
carcinoma, breast cancer, prostate cancer, hung squamous cell carcinoma, thyroid cancer,

gasiric cancer, ovarian cancer, endometrial cancer, non-small cell ung cancer, urothelial
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cancers, colorectal cancer, colon cancer, metastatic cholangiocarcinoma,
cholangiocarcinoma, osteosarcoma, gastroesophageal junction adenocarcinoma, biliary tract
cancer, anaplasiic thyrotd carcinoma, ganglioglioma, pancreatic intraductal tubulopapillary
neoplasm, gallbladder carcinoma, renal cell carcinoma. myxoid lipocarcinoma. triple
negative breast cancer, or recial cancer. In some certain embodiments, the craniosynostoic
syndrome i3 crantosynostosis, bent bone dvsplasia, crouzon syndrome, apert svndrome,
pfeiffer svndrome, antley-bixler, beare-stevenson syndrome, jackson-weiss syndrome, or
seathre-chotzen-like syndromes. In some embodiments, the disease associated with
muitations 1 FGFR3 1¢ systermic selerosis. fibrosis, pulmonary fibrosis, achondroplasia,
thangtophoric dvsplasia, severe achondroplasia with developmental delay and acanthosis
nigricans {SADDAN svndrome). muenke syndrome. FGFR3 associated cancer.

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

v Methods of Preparation and Examples

Preparation methods for the above compounds and compositions are described herein
below and/or knrown 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 suntable protecting
groups. Such functional groups include hydroxy, amine, mercapto and carboxyvhic acid.
Suitable protecting groups for hydroxy include triathvisitvl or diarylalkylsilyl {for example, t-
butyldimethyisilvl. t-butyldiphenvisiivi or frimethylsilyl), tetrahydropyranyl. bensvl, and the
like. Suitable protecting groups for aming, anudine and guanidine include -butoxycarbonyl,
benzyloxyearbonyl, and the like. Suitable protecting groups for mercapto include —C{(3)-—
R” (where R" 15 alkyl, aryl or arylalkyvl}, p-methoxybenzy], trityl and the like. Saitable
protecting groups for carboxyhic acid include alkyl, arvl or arvialkyl esters. Protecting groups
may be added or removed in accordance with standard techniques, which are known to one
skilled in the art and as described herein. The use of protecting groups is described in detail in
Green, T. W, and P. G M. Wutz, Protective Groups in Organie Syuthesis (1999), 3rd Ed.,
Wiley. As one of skill in the art would appreciate. the protecting group mav also be a
polvmer resin such as a Wang resin, Rink resin or a 2-chlorotritvi-chioride resin.

1t will afco be appreciated by those skilled in the art, although such protected
dertvatives of compounds of this invention may not possess pharmacological activity as such,
thev may be administered to a manunal 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”™.

mchaded within the scope of the invention.
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All prodrugs of compounds of this invention are

Furthermore, all coropounds of the jovention which exist in free base or acid form can

be converted to their pharmaceutically accepiable 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 invention can be converted to their {ree base or acid form by standard

technigues.

Syntheses for the compounds of Formula (I} are described below.
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Intermediate 1

6-bromo-4-[{1R}-1-(5-fluoro-2-pyridyijethoxy ipyrazolof .3~
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Step A, (18)-1-{5-fluoro-2-pvridvliethanol. To a 500 mi. three-necked round-bottom flask

equipped with a magnetic stir bar was added (3aR)-1-methyvi-3,3- diphenyi-33,4,5,6-
tetrahydropyrrolol t,2~¢] [1,3,2] oxazaborole (1 M, 35.94 mL) followed by the addition of
THE (100 mL). The flask was then evacuated and backfilled with nitrogen three times. The
mixture was cooled to 0°C. BH3-MeoS (10 M, 3.539 ml) was added dropwise and the reaction
mixture was stirred for 1 b The mixture was cooled to -20°C, 1-(5-fluoro-2-pyridyliethanone
(5 g, 35.94 mmol) dissolved in THF (20 mL) was added dropwise over 0.5 h. The mixture
wag stirred at -20 °C under an atmosphere of nitrogen for | h. The mixture was guenched by
slow addition of 1 M HCL (100 mL}, the pH of mixture was adjusted to pH=8 by using
saturated aqueous sodium bicarbonate. The resulting mishure was extracted with
dichloromethane (100 mwL x 3). The combined organic layers were dried over ashydrous
sodium sulfate, filtered, concentrated under reduced pressure and purified by silica ge
column chromatography {5-20% ethvi acatate in petroleum sther) to give the desired product

{18)-1-(S-fluoro-2-pyridvijethanol (4 g, 74% vield) as a coloriess oil.

Step B. [{(183-1-(8-fluore-2-pyndyvhiethvl] methanesulfonate. To a 100 mwl round botiom flask
equipped with a magnetic stir bar was added (18)-1-(5-fluoro-2-pvridyl}y cthanol (800 mg,
3.54 mmol} followed by the addition of BCM (16 mL). TEA (1.9 mL, 13.34 mmol) was
added dropwise. The solution was cooled to 0 °C. Methylsulfonyl methanesulfonate (1,43 g,

8 21 nwnoly in DCM (10 mL) was added dropwise. The mivture was allowed 1o warm to 25
°C and stir for 1 h. Water (20 mL) was added to the reaction and the mixture was transferred
to a separatory furmel and the aqueous layer was extracted with dichloromethane (30 mL x

33. The combined organic layer was dried over anhvdrous sodium sulfate, filtered,
concentrated under reduced pressure affording the residue as a brown ail, [(183-1-(5-fluoro-2-
pyridyhethvi] methanesulfonate (1.2 g, crude product) and used into the next step without

further puntfication.

Step C. 6-bromo-4-I(1 R}-1-(5-fluoro-2-pyridyethoxyipvrazolol L. 5-alpyriding-3-

carbonitrile. To a 40 mL vial equipped with a magnetic stir bar was added 6-bromo-4-
hydroxy-pyrazolof1.5-alpyridine3-carbontinie {450 mg, 1.89 mmol) and [{1S)-1-(5-fluoro-2-
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pyridyliethyl] methanesuifonate {600 mg. 2.74 mmol) followed by the addition of DMF (&
ml). KoCOs (765 mg, 5.54 mmol) was added into the mixture at 25 °C. The mixture was
stitred at 90 °C for 1 h. The mixture was guenched by slow addition of H20 (15 mL). The
resulting mixture was extracted with ethyl acetate (15 mb x 3} The combined organic layers
were washed with brine (15 mL x 3}, dried over anhvdrous sodium sulfaie, filtered,
concentrated under reduced pressure and purified by silica gel columm chromatography (8-
1296 ethyl acetate o petroleum ether} {o give 6-bromo-4-[(1R)-1-(5-fluoro-2-
pynidyliethoxyjpyrazoio(1,S-alpyrdine-3-carbonitrile (1.25 g. 91% vield} as a colorless oil.
LCMS (MM-ES+APCE Posy: mvz 360.8 (M+H).
Iniermediate 2
4-[{1R}-1-{5-fluoro-2-pyridyljethoxv|-6-(4 4,5 5-tetramethyl-1.3,2-dioxaborolan-2-

vhpvrazolo[1.5-ajpvridine-3-carbontrile

N
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Step A. {R)-4-(1-(5-fluoropvridin-2-viethoxy)-6-(4.4.5 S-tetramethyi- 1.3 . 2-dioxaborolan-2-

yhpvrazolol . S-alpvridine-3-carbonitrile To a 40 mbL vial equipped with a magnetic stir bar

was added 6-bromo-4-[{1R}-1-(S-fluoro-2-pyridy Dethoxy lpvrazolo{ 1,5-alpyridine-3-
carbonitrile (1 g, 2.74 mumol), 4,45, 5~ tletramethyl-2-(4,4, 5 5-tetramethyl- 1,3, 2-dioxaborolan-
2-v1}-1.3.2-dioxaborolane (1.04 g, 4.11 mmol} followed by the addition of dioxane {20 mL).
{2-¢2- Aminoethyiphenyl-chloro-paliadium: dicyclohexyl-2-(2.4.6~
tritsopropyiphenylphenyliphosphane (101 mg, 0.13 mmol), XPhos (131 mg, ¢.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 min. The mixture was stirred at 100 °C under an atmosphere of nitrogen
for 1 h. Water (30 mL) was added to the reaction and the mixture was transferred {o a
separatory funnel and the aqueocus fayer was exiracted with ethvi acetate (20 b # 3). The
combined organic layer was washed with brine (65 mL), dried over anhydrous sodium
sulfate, fillered, concentrated under reduced pressure and purified by silica gel column
chromatography (25-30% petrolenrn ether/ethyl acetate) to give 4-J (1R} 1-(5-fuoro-2~
pvridyhethoxyi-6-(4.4,5 S-tetrarnethyl-1,3 2-dioxaborolan-2-vpvrazolo[ 1 5-ajpyvridine-3-
carboniirile (900 mg, 76% vield) as a yellow ail. LUMS (MM-ES+APCT, Posy m/z 326 8
(M+H).
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Intermediate 3

t-Butyl 4-{4-(4-bromo-3-cyano-pvrazole| 1 S-alpyridin-6-y13-5-methvl-pvrazol-1-

viipiperidine-1- carhoxylate
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Step A, -Butvl 4-{d-1odo-3-methvl-pyrazol-1-v1) piperidine -1 ~carboxyvlate, To a round-

botton flask equipped with a magnetic stir bar and a reflux condenser was added 4-iodo-5-
methyi-1H-pyrazole (10 g, 48 mmol}, tert-butyl 4-methvisulfonyloxypiperidine-1-carboxylate
(26 g, 72 mmol) and cestum carbonate (31 g, 96 mmol) followed by the addition of N, N-
dimethyformamide (300 ml}. The mixture was stitred at 90 °C for 4.5 hr. Water (600 mL)
was added to the reaction and the nixture was transferred to a separatory funnel. The aqueous
layer mixture was extracted with ethvl acetate (200 ml x 3). The combined organic layers
were washed with brine (800 ml}, dried over anhvdrous sodiom sulfate, filtered,
concentrated under reduced pressure and purified by silica gel column chromatography (0-
60% EtOAc/petroleum ether} to give tert-butyl 4-(4-iodo-5-methvl-pyrazol-1-y1) piperidine -

2RO

I-carboxylate (4.4 g, 23% vield} as a white solid.

Step B. -Butvl 4-[S-methyl-d~(4. 4. 3, 5- tetrampethvi-1, 3, 2-dioxaborolan-2-v1) pvrazol-1-vi]

pipendine-1-carboxvlate, To a 250 mL round-bottom flask equipped with a magnetic stir bar

was added teri-butyl 4-(4-todo-S-methyl-pvrazoi-1-vi} pipeniding -1-carboxylate (4.4 g, 11.3
mmol} followed by the addition of THF {120 mL). Isopropyimagnesium chioride (2 M, 23
mi., 45 mumol) was added to the mixture and stivred for 1 h at 23 °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 L} was added to the reaction and the mixture was transferved to a
separatory funnel. The aqueous mixture was extracted with ethyl acetate (3x100 mL). The
combined organic layers were washed with brine (400 mb x 3), dried over anhvdrous sodium
sulfate, filtered. concentrated under reduced pressure and purified by silica gel column
chromatography (0-10% EtQAc/petroleum ether) to give tert-batyl 4-{5-methyl-4-{4, 4, 5, 5~
tetramethyl-1, 3, 2-dioxaborolan-2-v1) pyrazol-1-vi} pipenidine-1-carboxylate (1.9 g, 40%
vield) as a whute solid. LCMS (MM-ES+APCL Pos): m/z 392.4 (M+H).

Step C. -Butyl 4-[4-(3~cvano~-4-hyvdroxy-pyrazolol 1 5-alpvndin-G-v}-3-methvl-pvrazol-1-
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ylipipenidine-1- carboxviate. Synthesized according to Intermediate 2. Step A, subsiituiing

tert-butyl 4-f5-methyi-4-{4, 4, 5, 5- tetramethyi-1, 3, Z-dioxaborolan-2-y1) pyrazol-1-yi]
piperidine-1-carboxylate for teri-butyl (38)-3-[4-(4,4.5 5-tetramethyi-1,3.2-dioxaborolan-2-
viypyrazol-1-ylipiperidine-1-carboxviate to give tert-buty! 4-{4-(3-¢cyano-4-hy droxy-
pyrazolof 1. 5-ajpyndin-6-vi}-3-methyi-pyrazol-1-yi|piperidine-1- carboxvlate (10 2, 80%
vield) as a white solid. LCMS (MM-ES+APCI, Posy: /7 367.0 (M~1But+H).

Intermediate 4

teri-butyl (385)-3-[5-methvl-4-(4 4,3 S-tetramethyi-{.3, 2~dioxaborolan-2-yDpyvrazol-1 -
viipiperidine-1-carboxylate
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Step A. tert-butyl (383-3-[S-methyl-4-(4.4.5 S-teramethvi-1.3.2-digxaborolan-2-vipyvrazol-1-

vlipiperidime-1-carboxvlate. To a 250 mL three-necked round-bottom equipped with a

magnetic stir bar and a reflux condenser was added teri-butyl (3R}-3-

methvisulfonyloxy piperidine-1-carboxylate {R.0 g, 28.84 mmol) followed by the addition of
DMF (20 mL). 5-Methyl-4-(4.4,5,5-tetramethyl-1,3.2-dioxaborolan-2-y1}-1H-pyrazole (2.0 g,
9.61 mmol) and Cs:CO: (18.8 g, 57.67 mmol) were added into the mixture dropwise at 23
°C. The nuxture was heated to 90 *C and stirred for | b, Water (20 rol.) was added to the
reaction and the mixture was transferred 1o a separatory furmel. The agueous nuxture was
extracted with ethyl acetate (4x10 mL). The combined organic lavers were washed with brine
{20 mL), dried over anhydrous sodivm suffate, filtered, concentrated under reduced pressure
and purified by silica gel colunm chromatography {0-50% petroleum ether/ethy! acetaie) to
give teri-butyl (38)-3-{S-methvi-4-{4,4 3 S-tetramethyi-1,3,2-dioxaborolan-2-ypyrazol-1-

viipiperidine-1-carboxyvlate (200.0 mg, 5% yield} as an orange oil.
Intermediate 5

tert-butvi-dimethvi-[4-[S~-methvl-4-{4 4 5 S-tetramethyl-1,3. 2-dioxaborolan-2-yUpyrazol-1-

vljevelohexoxyisiiane
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Step A. 4-[ert-buty] (dimethyvDisuvi] goxyevelohexancl, To a 1000 mi round-bottom flask
equipped with a magnetic stir bar was added cyclohexane-1.4-diol (25 g, 215.22 mmol} and
imidazole {29 30 g, 430,45 mmol) followed by the addition of THF (300 mL}. The solution
was cooled (o 0 °C. Tert-butyl-chloro-dimethyl-silane (21.2 mb, 172.18 munol) dissolved in
THF (100 mL) was added dropwise. The nuxture was allowed to warm to 25 °C and stir for 2
h. Water (50 mbL}) was added to the reaction and the mixture was fransferred 1o a separatory
funnel. The aquecus mixture was extracted with peiroleum ether (358 mL). The combined
organic lavers were washed with bune (20 mil. x 3), dned over anhvdrous sodium sulfate,
filtered, concentrated under reduced pressure and purified by silica gel column
chromatography (5-20% ethvl acetate/petroleum ether) to give 4-{tert-butyl {dimethyDsilvl]

goxyevelohexanol (25 g, 34% vield) as a colordess oil.

Step B. M-[tert-butvi{dimethvhisilvlioxvevelobesyvl] 4-methvibenzenesulfonate. Five parallel

reactions. To a 230 mL three-necked round-bottom equipped with a magnetic stir bar was
added 4-{tertbutyi dimethvhsilvljoxycvelohexanol (20 g 86.80 mmoi) followed by the
addition of pyridine (80 mL}. The solation was cooled {0 ¢ °C. 4-Methylbenzenesulfony!
chloride {(33.10 g, 173.60 mmel) was added imto mixture. The mixture was allowed to warm
to 25 °C and stir for 16 h. The mixture was poured into H20 (6000 mL) and stirred for 69
min. The solids were filiered, washed with water, and dried under vacuum to give a light
yvellow solid. The light vellow solid was suspended in hexanes (80 ml} and heated to veflux.
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 o get [4-{tert-
butyl{dimethyisilyljoxycyclohexyl] 4-methyibenzenesulfonate (29 4¢, 17% yield) as a white
solid.

Step C. tert-butvi-{4-(4-1odopvrazol-1 -vhevelohexoxvi-dimethvi-silane. To a 230 mb round-

bottom flask equipped with a magnetic stir bar was added 4-iedo-1H-pyrazole (1.98 g, 10.22
mmwol) and [4-{tert-butyl{dimethyvDsilvtjoxy ey clohexyl} 4-methyibenzenesulfonate (8 g,

12 .49 mumol) followed by the addition of DMF (60 mL). Cs2C03 (7.41 g, 22.73 mumol} was
added into the muxture at 25 °C. The minture was heated {0 20 °C and stirred for 16 h. The
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mixture was quenched by slow addition of H20 (250 mL}. The resulting mixture was
transferred to a separatory funnel, and the aquesus laver mixture was extracted with ethyl
acetate (150 mL x 3}. The combined orgamic layers 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 column chromatography (10-20% ethyl
acetate/petrolenm sther) to give tert-butyl-{4-(4-iodopvrazol-1 -y cyclohexoxy|-dimethy -

silane {875 g, 43% vield) as a colorless oil. LCMS (MM-ES+APCI, Pos): m/z 407.2 (M+H).

Step D. tert-butvl-{4-(d-iodo-5-methvi-pvrazol-1-vhcvclohexoxyi-dimethvi-silane To a 250

mL threg-necked round-bottom flask equipped with a magnetic stir bar was added tert-butvl-
[4-(4-iodopyrazol-1-vijeyciohexony]-dimethyl-silane {5.75 g, 12.18 mmol) followed by the
addition of THF (100 mL}. The solution was conled to -75 °C. The flask was then evacuated
and backfilled with mitrogen for three times. LDA (2 M. 9.50 mb. 19 mmol} was added
dropwise. The mixture was stirred at -75 °C for 1 h. Todomethane (1.14 mL, 18 27 mmol} was
added dropwise. The nuxture was stirred at -75 °C for 1 h. The mixture was quenched by
siow addition of HzO (50 mL)}. The resulting nuixture was transferred to a separatory funnel,
and the aqueous laver mixture was exiracied with ethyl acetate (100 mL x 3}. The combined
organic layers were washed with brine {30 mL}, dried over anhydrous sodium sulfate,
filiered, concentrated under reduced pressure and purified by silica gel column
chromatography (5-10% ethvl acetate/petroleum ether) to give tert-butyl-f4-{4-1iodo-5-

methyi-pyrazol-1~vhcyclohexoxy f-dimethyl-silane (3.75 g, 73% vield) as a colorless oil.
LEMS (MM-ES+APCL, Posy: m/z 421.0 (M+H).

Step E. teri-butvi-dimethvi-f4-[3-methyl-4-(4 4.3 S-tetramethvi-1.3 2-dioxaborolan-2-

vipvrazol-1-vijevelohexoxvisilane. To a 250 mL three-necked round-botiom flask equipped

with a magnetic stir bar was added tert-butyl-[4-(4-10do-5-methvi-pyrazol-1-
yhevelohexoxy]-dimethvi-silane (5 g, 11.89 mmol) followed by the addinon of THF (100
mL ). The flask was then evacuated and backfilled with nitrogen for three times. 1-PrMaCl (2
M, 25 mL, 48.63 mmol} was added dropwise. The mixture was stirred at 25 °C under an
atruosphere of nitrogen for T h. 2-Methoxv-4.4.5, 5-{etramethyi-1,3,2-dioxaborslane (940 g,
59.47 mumol} was added dropwise at 25 °C. The mixture was stirred at 25 °C under an
atmosphere of nitrogen for 1 h. The mixture was guenchead by slow addition of NHC1 (33
mi)y and H2O (33 mi.). The resulting mixtare was transferred to a separatory funmel, and the
agueous layer maxiure was exiracted with ethyl acetate {33 mL x 3}, The combined organic

layers were washed with brine {33 mL), dried over anhvdrous sodium suifate. filtered,
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concentrated wnder reduced pressure and purified by silica gel column chromatography (3-
5% ethyvl acetate/petrolenm etherto give teri-butyl-dimethvl-[4-[S-methvi-4-(4,4,5 5~
tetramethyl-1,3,2-dioxaborolan~-2-vhpyrazoi-1-vlevclohexoxyisilane (6.2 g, 36% yield) as a

white solid. LCMS (MM-ES+APCL Pos)y: m/7 421.0 (M+H).

Example 1

4-[{(1R}~1-(5-flucro-Z2-pyridyljethoxy]-6-{ 1 -{4-hydroxveyclohexvl)-5-methyl-pyrazol-4-
vlpvrazolof1,5-ajpyridine-3-carbontitrile {1)
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Step A &-{1-{4-[tert-butvi{dimetiavistivlioxveyelohexyll-S-methyv-pvrazol-4-vi]-4-[(1R}-1-

(5-fluoro-Z-pyridvhethoxyipyrazolol 1, S-ajpvrding-3-carbonitride. To a 40 mL vial equupped

with a maguoetic st bar was added Intermediate 1 (256 mg, 0.68 amol} followed by the
addition of dioxane (5§ mi) . KoCO: (190 mg, 1.37 mmaol), CATACXIUM{R) A PD G: (30
mg, 4.07 mmol), tert-butyl-dimethyl-{4-{5-methyl-4-(4,4,5 5-tetramethvi-1,3 2-dioxaborolan-
2-yDpyrazol-1-ylevclohesoxyisilane, Infermediate 5 (453 myg, 1.01 mupol}, H20 (1 mL) was
added o the roixture at 25 °C. The vial was purged with nitrogen for three min. The
mixture was heated to 90 °C under an atmosphere of mitrogen for 1 h. Water (5 mL) was
added to the reaction and the muxture was transferred to a separatory funnel. The aqueous
laver was extracted with ethyl acetate (10 mL x 3). The combined organic favers were
washed with brine (5 mL), dried over anhydrous sodium sulfate. filtered, concentrated under
reduced pressure and purified by silica gel column chromatography (25-45% ethyl
acetate/petroleum ether) to give 6-{1-{4-{tert-bulyl{dimethy DsilyHoxvevclohexyl]-S-methyl-
pyrazol-d-y1-4-[(1R}-1-(5-fuoro-Z-pyridyDethoxy jpyrazolo[} . 5-ajpyndine-3-carbonitrile
{352 mg, 87% vield} as a yellow oil. LOMS (MM-ES+APCY, Pos): nvz 5751 (M+H).
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Step B. 4-1GR)-1-(5-fluore-2-pvridy hethoxy [-6- 1-{4-hvdroxvevelohexv)-3-methvi-pyvrazol-

4-viipvrazolo[1.5-ajpvndine-3-carbonitrile. To a 100 mL round-bottom flask equipped with a

magnetic stiv bar was added 6-{1-[4-ftertbuty l{(dimethy Dsilvljoxyeyvelohexy}-5-methyi-
pyrazol-4-yij-4-{(1R)-1-{5-fluoro-2-pyridviethoxy {pyrazolofl,5-ajpyridine-3-carbonitrile
(342 mge. 0.58 mmol} followed by the addition of DCM (3 mL}. HCVdioxane (4 M, 3 mL}
was added into the mixture at 25 °C. The muxiure was stirred at 25 °C for 0.2 b The maxture
was concerdrated under reduced and purified by preparative HPLC: (22%-32% acetonitrile /
0.08% agueous ammonia hvdroxide + 10 mM NHHCO;). After lvophilization, 4-[(1R}-1-(5-
fuoro-2-pyridvhethoxy]-6-{ 1-(4-hy droxyeyclohexyl)-S-methvi-pyrazol-d-viipyrazolo] 1,3-
alpvridine-3-carbonitrile (161 3 mg, 60% vield) was obtained as white solid. LCMS (MM-

ES+APCI Pos): m/z 460.9 (M+H).
Example 2
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6-{ S-methyl-1-{4-piperidy Dpyrazol-4-y H-4-[{ 1 R)-1-2-pvndyhethoxy jpvrazolo{ 1, 5-

alpyridine-3- carbonitrile (5)
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Step A tert-butvl 4-14-[3-cvano-4-{(1R)-1-(2-pyrdvhiethoxy ipvrazolol 1, 5-alpvridin-6-vil-5-

methvl-pvrazol-1-vlipiperidine-1-carboxylate. To a 40 mL vial equipped was added {{1S)-1-

(2-pyridyhethyl] methanesulfonate (143 mg, 0.71 mmol), tert-butvi 4-{4-(3-cyano-4~
hyvdroxy-pyrazolof 1.5-alpyvridin-6-v1}-S-methvi-pyrazol- -viipiperidine- L-carbosyiate,
Intermediate 3 (200 mg, 0.473.40 mmol), Cs2C0;5 (308 mg, (.95 mmol) and DMFE (5 mL). the
reaction mixture was stirred at 90 °C for 12 hr. The minture was transferred to a separatory
funneld, and the aqueous laver mixture was exiracied with DCM (50 mL x 3). The combined

organic layers were dried over anhydrous sodium sulfate, filtered, and concentrated under
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reduced pressure and purified by silica gel column chromatography {30-50% petroleum
ether/ethivl acetate} {0 give tert-butyl 4-[4-[3-cvano-4-{(1R}-1-(2~

pynidvlethoxyipyrazolo[ 1, S-ajpvridin-G-y1}-5- methyl-pyrazol-1-yijpiperidine-1-carboxylate
(208 mg, 83% yield) as a yellow o1l

Step B. 6-{3-methvi-{-{4-piperidvDpyrazol-d-vH-4-[{1 R}- | -(Z-pyvridvDethoxvipvrazolof 1 5-

alpvrdine-3- carbonitrile, To a 50 mL round-bottom flask equipped with a magnetic stir bar

was added HCVdioxane (1 mL) followed by the addition of DCM (4 ). Tert-butyl 4-[4-[3-

cvano-4-{(1R}-1-(2-pyndyhethoxyipyrazolof1.5-alpyridin-6-v1}-5- methyl-pyrazol-1-
ylipiperidine-1-carboxylate {200 mg, 0.38 mmol) was added into the mixture at 25 °C. The
muxiure was stirred at 25 °C for § hr. The reaction mixture was concenirated and purtfied by
prep-HPLC {5-353% Acetonitrile /water (FA)]. After lyophilization, 6-{5-methyl-1-(4-
pipenidyhpyrazol-4-y1}-d-{{(1 R)-1-(2-pyridyliethoxy {pyrazolo{ 1, 5-alpyridine-3- carbonitrile
(65.1 mg, 40% yield) was obtained as a white solid. LCMS (MM-ES+APCI, Pos). mv/z 428.2
{(M+H).

Example 3
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6-1 3, 5-dimethyl- 1 -(1-methyi-4-pipendvhipvrazol-4-y{-4-F (1 R}~ 1-(2-

pyridviethoxyipyrazolof 1, 5-alpyridine-3-~ carbonitnle {6}
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Step A. 6-{3.S-dimethyl-1-(1-methvi-4-pipendyhipvrazol-4-v1-4-I(R)- (2~

pyrdyDethoxy ipyvrazolo[ . 3-alpvadine-3- carbomtnle. To a 50 mi round-botiom flask

equipped with a magnetic stir bar were 6-{3.3-dimethyvl-I-(d-piperidylypyvrazol-4-yli-4- [(1R})-
1-Z-pyridy Dethoxvipvrazolof 1, S-alpyridine-3-carbontirile {120 mg, 0.27 mmol) followed by
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the addition of Me(OH (3 mL). (HCHO (44 mg. 1.36 mmol), acetic acid (0.016 mL, (.27
ramoly and MNaBHON (34 myg, .54 mmol} was added into the mixtwre at 25 °C. The mixture
was stirred at SO °C for 2 b, The nuxture was concenirated and purified by preparative HPLC
{8-38% acetonitrtie /water (FA)), the purified solution was fyophilized to give 6-{3,5-
dimethyi-1-{1-methvi-4-pipendy Dpyrazol-4-y1]-4-{{ IR)-1-(2-pvnidybethoxy pyvrazolo{1,5-
alpyridine-3- carbonitrile (46.49 mg, 38% yield) as a white solid. LCMS (MM-ES+APCE,
Posy: mvz 436.4 (M+H).

Example 4

f’&
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!

5

(R3-4-(1-(3-fluoropyridin-2-y Dethoxy }-6-(1 (piperidin-d-vi- 1H-pyrazol-d-vhpyrazolo] 1 .5-

ajpyndine-3-carbonitrile (8)
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Step A. tert-buty] 4-{4-(3-cvano-4-hydroxyvpvrazolol L S-alpyridin-6~vh- 1 H-pvrazol-1-

ypiperidine-1-carboxvlate. To a solution of Intermediate 1 (5.0 2, 21.0 mmol) in 4.1

dioxane water (70 mL) was added tert-butyl 4-(4-(4,4.5 S-tetramethy]-1,3,2-dioxaborolan-2-~
y-1H-pyrazol-1-yDpiperidine -2-carhoxylate (14.3 g. 37 ¥ nunol) and Na2C03 (4 45 g. 42.0
mmol). The reaction was capped, purged with Argon for 5 minutes. PACI2{dpph) (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 h. The maxtore was allowed to cool o 1t,
quenched slowly with water (106 mbL). 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/hex) o give tert-buiyi 4-(4-(G-cyano-4-
hydroxypyrazolof 1, 5-alpyridin-6-y - H-pyrazol-1-yDipiperidine- | ~carboxvlate {(1.16 g, 13%

vield). LCMS (MM-ES+APCL Posy. m/z 353.2 (M+H - (Bu).

I§1)
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Step B. tert-butyl {(R¥-4-(4-(3-cvano-4-(1-3-Huoropyridin-2-vilethoxvipvrazol | Salpvridin-

&-yi}1H-pvrazol-1-yDpiperidine-1-carboxylate. Triphenviphosphine (193 mg, 0.73

mmol} was added to a solution of tert-butyl 4-(4-(3-cyano-~-4-hydrosypyrazoto[1.53-alpyridin-
6-y1}-1H-pyrazol-1-yDpiperidine-1-carboxylate (100 mg, ©.24 mmol} and {18)-1-(3-
fluoropyridin-2-vhethan-1-ol (1.8 mg, 0.237mmol} in DUM (3 mL). After stirring at 0°C
for 15 mun, di-tert-butyl diazene-1,2-dicarboxylate (BBAD) (113 mg, .49 mmol) was added
dropwise. The mixture was allowed to stiv at vt for 18 h. The mixture was diluted with EA (10
mb) and water (10 L), aqueous was extracted with EA (3 x 10 ml), combined extracts were
filtered through 1PS paper, evaporated in vac and purified by silica gel chromatography (0-
100% EA/bex) to give tert-butyl (R)-4-(4-(3~cvano-4-(1-(3-fluoropyndin-2-
viethoxypyrazo|1.Sajpyridin-6-vi}-1H-pyrazol-1-yDpiperidine- 1 -carboxylate {76 mg. 59%

vield). LCMS (MM-ES-+APCI, Pos): m/z 532.25 (M+H).

Step C. (Ry-4-(3~(3-fluoropyridin-2-vilethoxy }-6-(1 -{piperidin-d-v -1 H-pyrazol-4-

yhpyrazolol 1.5-alpyndine-3-carbonitnile. Svuthesized according to Example 2, Step B

substituting tert-butyl 4-{4-{3-cyano-4-{(1R)- 1-(2-pyridyhethoxy |pvrazolof 1,5-alpyridin-6-
vli-5- methyl-pyrazol-1-ylpipendine-i-carboxylate for teri-butyl (R3-4-(4-(3-cyano-4-(1-{3-
Aooropyridin-2-vDethoxy)pyrazol 1, Salpyridin-6-y1 - 1 H-pyrarol-1-yDipiperidine- i -
carboxvlate to give (R)-4-(1-(3-fluoropyridin-2-yhethoxy j-6-{1~{piperidin-4-y1}- I H-pyrazol-
4-yhpyrazolof1,5-a]pyridine-3-carbonitrile (34 mg, 42% yield). LCMS (MM-ES+APCL
Posy mv/z 432.2 (M+H).

Example 3

.
r/l]\EH

~
4-{(R)-1-B-fluoropyridin-2-y Dethoxy}-6-(5-methyl- 1-{({S)-pipertdin-3-y )- TH-pyrazol-4-

vhpvrazolof1,5-alpyridine-3-carbominle (10)
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Step A. teri-buty] (83-3-(4-(3~cvano-4-{{R}- 1 -3-flucropyrdin-2-viethoxyinvrazolol 13-

alpvridin-6-v1}-S-methvi-1H-pyrazol- 1 -vhpiperidine- 1 -carboxylate. Svnthesized according to

Example 4. Step A substituting tert-buty] 4-(4-{4,4.5,5~tetramethyl-1,3,2-dioxaborolan-2-v1}-
1H-pyrazol-1-yUpipendine -2-carboxyvlate for tert-butyl (8)-3-(5-methyl-4-(4,4.5,5-
tetramethvi-1,3 2-dioxaborolan-2-yh-1H-pyrazol- 1 -ylpiperiding -1- carboxvlate to give tert-
butyl {§)-3-{4-(3-cvano-4-((R)-1-(3-fluoropvridin-2-yDethoxy ypyrazolol L, S-ajpyridin-6-y1)-
S-methvl-1H-pyrazol-1-vDpiperidine-1-carboxylate (88 mg, 93% vield). LCMS (MM-
ES+APCH, Posy: mv/z 546.3 (M+H).

Step B. £-Buivi (38)-3-14-3-cyano-4-{(3-fluore-6-methvi-Z-pvridylisulfanyiipvrasg

alpyridin-6-viipvrazol-1-yiipiperidine- 1 - carboxylaie, Svnthesized according to Example 2,
Step B substituting tert-butyl 4-{4-{3~cvano-4-[(1 R)}-1-(2-pvridyDethoxyipyrazolo{ 1.5~
alpyridin-6-vi}-5- methyl-pyrazol-1-vijpiperidine- | -carboxylate for tert-butyl (8)-3-{4-(3-
oy ano-4-{{R}-1-(3-flucropyridin-2-yDethoxy pyrazolof 1, S-alpyndin-6-v1}-5-methyi-1H-
pyrazol-1-yDpiperidine- | ~carboxylate to give 4-((R)-1-(3-Buoropyridin-2-yljethoxy }-6-(5-
methvi-1-((S)-piperidin-3-y1}- 1 H-pyrazol-4-yDpyrazolof 1,5-a]pynidine-3-carbonitrile (36 mg,
81% vield) LCMS (MM-ES+APCE, Posy mvz 446.2 (M+H).

E;gampie 6
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o-(1-{(8}-I-acetylpipendin-3-vi)}-3-methyi- 1 H-pyrazol-4-y13-4-({R)- 1 -{5-Auoropyridin-2-

vhethoxvipyvrazolo] 1, S-alpyridine-3-carbountirile (13}
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Step A 6-(1-({8)-1-acetvipiperidin-3-v-5-methvl-1H-pvrazol-4-vi-4-((R)-1-(5-

fuoropvridin-Z-vhethoxvipvrazolof 1. 5-alpvridine-3-carbonitrile To a solution of 4-((R)-1-

(5-fluoropvridin-2-viethoxy }-6-S-roethyl-1-{(8)-piperidin-3-y1 - IH-pvrazol-4-

12
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vhpyrazolof 1. 5-alpyridine-3-carbonitriie (28 mg. 0.06 mmol) in DCM ((1.5 mL) at 0°C was

added acety] chloride (0.005 miL, 0.069 mmwol) and DIEA (0.044 wmL, 0.25 mimol). The

reaction was warroed to tf and stirred for 18 bours. The reaction was partitoned 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 were filtered through [PS paper and

purified by silica gel chromatography (0%-25% (20%MeOH/DCM with 2% NH40OH n

DCM to give 6-(1-((8)-1-acetylpiperidin-3-v-3-methy - 1H-pyrazol-4-v1)-4-((R)-1-(3-

fluoropyndin-2-yljethoxy ypyrazolof 1. 5-ajpyridine-3-carbonitrile {25 mg. 82% yield). LCMS

{(MM-ES+APCL Pos): m/z 488.25 (M+H).

Example 7

4-{{R)~1~(S-fluoropyridin-2-vDethoxy }-6-{6~({R}-3-(hv droxymethyl}-4-methvipiperazin-1-

yhpyrdin-3-vipyrazoto[ 1. S-alpyridine-3-carboratrile (24)
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Step A, 6-{6-fluore-3-pyridvi-4-[{1R}-1-(5-fluoro-2-pvridvijethoxvipvrazolol 1. 3-ajpvridine-

3-carhonitrile. Synthesized according to Example 4, Step A substituting tert-butyl 4-(4-

(4,4.8,5-tetramethvl-1,3, 2-dioxaborolan-2-y1}- 1 H-pyrazol- 1 -y Upiperidine ~2~-carboxylate for

2-fluoro-5-(4.4,5,5-tetramethyil,3,2-dioxaborolan-2-vpyridine to give 6-{6-flucro-3-

pyridy D-4-{{1R}-1-(S-fluore-2-pyridylethoxy ipyrazolo| 1, 5-alpyridine-3-carbonitrile (470
mg, 90% vield). LCMS (MM-ES+APCE, Posy w/z 3779 (M+H}.
Step B. tert-hutvl (2R )}-4-[3-[3-cvane-4-[(1R)-1-(5-fluore-2-pvridyethoxyipvrazole[ 1.5~

alpvndin-6-vii- Z-pvridvi]-2-thydroxymethypiperazine-1 -carboxvlate. To a 40 mL vial

equipped with a magnetic stir bar was added 6-{6-fluoro-3-pyridy}-4-[(1R)-1-(5-Auoro-2-

pyridyijethoxy fpvrazolol L. 5-alpyridine-3-carbonitrile (240 mg, 0.63 ramol} and tert-butyl
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{2R}-2~ (hydroxyvmethv])piperazine-1 -carboxyiate {0.14 g, 0.66 mmol) followed by the
addition of DMSQO (5 mL). DIEA (0.23 mL, 1.30 mmol} was added into the mixture at 25 °C.
The mixture was stirred at 100 °C for 39 b 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 €20 mL 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 column chromatography (60-80% ethyl acetate in petroleum ether) o give the
desired product tert-butyl {(2R}-4-{5-[3-cvano-4-[(1R)-1-(5-fluoro-2-

pyridvijethoxy fpvrazolol L, S-alpyridin-6-y1}- 2-pyridvl]-2-(hvdroxymethy Dipiperazine-1-
carboxvlate (250 mg, 69% yield) as a brown solid. LOCMS (MM-ES+APCH, Posy nvz 381 8
(M+H).

Step C. 4-{{1R}-1-(5-fluore-2-pvridvl} ethoxy|-6-[6-{{3R)-3- (hvdroxvmethyilpiperazin-1-

vii-3-pyndvilpvrazolol 1. S-alpvridine-3-carbouniirile. Synthesized according o Example 2,

Step B substituting tert-buty] 4-[4-[3-cvano-4-{{(1 R}~ 1« 2-pynidvDethoxyipyrazolo[1.5-
a|pvridin-6-y1j-5- methyl-pyrazol-1-yljpiperidine-1-carboxylate for tert-butyl (2R3-4-[5-{3~
cvano-4-[(1R)-1- (S-fluoro-Z-pyridy Dethoxy jpyrazolo{ 1, 5-alpy ridin-G-y1]-2-pyridyi}-2-
{(hydroxymethyDipiperazine- 1 -carboxylate to give 4-[(1R)-1-(5-fluoro-2-pyridvl) ethosy}-6-
[6-](3R}-3~ (hydroxyvmethvipperazin-1-v1}-3-pyridylipyrazolof . 5-ajpvridine-3-carbornitrile
(55 mg, 26% vield). LCMS (MM-ES+APCL Pos): my/z 4483 (M+H]}.

Step D T-Butvl{38)-3-[4-[3-cvano-4- 1 -(2-trimethvisiviethoxvmethvindazol-T-viisulfanv]-

pyrazololl. S-alpvndin-o-vHpvrazol-1-viipipending-1-carboxviate. Synthesized according fo

Example 2, Step B substituting teri-buty} 4-{4-[3-cyano-4-[{(1R)-1-(2-
pyridviethoxyipvrazolol 1, S-alpyridin-6-y1}-5- methvl-pyrazol-1-vipiperidine-1-carboxylate
for 4-J(AR}-1-(S-fluore-2-pynidyhethoxy |-6-[6-[(3R)-3~ (hydroxymethyDpiperazin-1-y1}-3-
pyrdylipyrazolo| 1. 5-alpyridine-3-carbonitrile to give tert-butvl{35)-3-[4-[3-cyano-4-{1-(2-
trimethylsilylethoxymethyYindazol-7-vijsulfanyl-pyrazolof 1,5-ajpvridin-6-vijpyrazol-1-
vlipiperidine-1-carboxylate (0,13 g, 36% vield). LOMS (MM-ES+APC], Posy m/z 671.5
(M+H).

Example &

{R)}-6-(5~amino-1-methyl-1H-pyrazol-4-y1}-4-(1~(5-fluoropvridin-2-vijethoxylpyrazolof1, 5-
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alpvridine-3-carbonitrife (30)
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Step A. 4-iodo-2-methy

nvrazol-3-anune. To a 40 mL vial equipped with a magnetic stir bar
was added 2-methyipyrazol-3-amine (500 mg, 5.15 mmol) followed by the addition of DCM
{6 mL). NiIS (1.39 g, 6.18 mmol) was added into the mixture at 25 °C. The mixture was
stirred at 25 °C for 0.5 h. Water (3 mL) was added (o the reaction and the mixiure was
transferred to a separatory funnel. The aqueous layer was extracted with ethyl acetate (50 mL
x 33. The combined organic layers were washad with brine (50 mL), dried over anhydrous
sodium sulfate, fillered, concentrated under reduced pressure and purified by silica gel
column chromatography {10-30% petroleum ether/ethyl acetate) to give 4-10do-2-methyl-
pyrazol-3-amine (860 mg, 73% vield} as a red solid. LCMS (MM-ES+APCL. Pos). m/z 224.0
(M),

Step B. N-{4-10do~-Z2-methvi-pyrazol-3-vhcarbamate. To a 100 ik round-botiom fask

equipped with a magnetic stir bar was added 4-iodo-2-methvl-pyrazol-3-amine {860 mg, 3.76
mmol}, TEA {1.05 mi, 7.52 mmol} and DMAP {45.93 mg, 0.38 mmol) followed by the
addition of DCM (9 mL}. Boc:O {1.23 g, 5.64 mmol) in DCM (1 ml} was added dropwise.
The nuxture was stirred for 16 h at 28 °C. Water {10 mL) was added to the reaction and the
mixture was transferred to a separatory funnel. The aqueous laver was extracted with ethvl
acetate (S0 mL x 3}, The combined organic lavers were washed with brine (50 mb.}, dried
over anhydrous sodium sulfate, filtered, concentrated under reduced pressure and purified by
silica gel column chromatography (10-20% ethyl acetate 1n petroleum ether) to give tert-butyl
N-{4-iodo-2-methvl-pyrazol-3-vijcarbamate (430 mg. 29% vield) as a vellow solid. LCMS
(MM-ES+APCE, Posy: m/z 324.0 (M+H).

Step C. tert-butvl N-[4-[3-cvano-4-[{(1 R)-1~{S-fluoro-2~-pvridvhiethoxylpvrazolof 1.5-

alpyndin-6-vii-2-methvi-pyrazol-3-vijcarbamate. To a 40 mi vial equipped with a magnetic

stir bar was added tert-butyl N-(4-iodo-2-methyi-pyrazol-3-yl)carbamate (55 mg. .14

mnoly, 4-[{ IR}~ 1-(5-fluoro-2-pyridyvhethoxy -6-(4,4,5,5-letramethyl- 1,3, 2-dioxaborolan-2-

vhpyvrazolof1,5-alpyridine-3-carbonitrile. Intermediate (78.70 mg, 0.19 mmol), K2COa (38.06

mg, 0.27 mmol) and XantPhos Pd G3 (13.06 mg, .614 mmol} followed by the addition of
i3
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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 Celute. The Celite pad was eluted with ethyl acetate
(10 mL}. The organic phase was concentrated under reduced pressure and purified by
preparative TLC (1.1 petroleum ether/ethyvi acetate) to give tert-butvl N-{4-{3-cyang-4-{(1R)-
i-(5~-fhaoro-2-pyridy Dethoxy pyrazolof 1, 5-ajpyndin-6-vi|-2-methvi-pyrazol-3-vijcarbamate

(18 g, 13% yield) as yellow o], LCMS (MM-ES+APCL Pos)y: m/z 4783 (M+H).

Step D. 6-(S-aming-1-methvi-pvrazol-4-v1-4-[(1 R)-1-(5-fuoro-2-

pyrdyDethoxyipvrazolo|1.5-alpvridine-3-carbonitrife. Synthesized according to Example 2,

Step B substituting tert-butyl 4-{4-[3-cvano-4-[{1R}- 1-(C-pyridyDethoxyipyrazolof 1.5~
alpyridin-6-vi]-5- methyl-pyrazol-1-viipiparidine- I -carboxviate for

tert-butyl N-{4-[3-cyano-4-[(1R)-1-{5-fluoro-2-pynidvhethoxyipyrazotof 1. 3-alpyridin-6-vi}-
Z-methvl-pvrazol-3-vljcarbamate o give 6-(S-amino-i-methyl-pyvrazol-4-y13-4-{{ 1R} 1-{5-
fAuoro-Z-pyridyliethoxvpyrazolof 1, 5-alpyridine-3-carbonitrile {2.83 myg, 42% vield). LCMS

{(MM-ES+APCI, Pos): m/z 378.1 (M+H).

Example 9

4-{(R)-1-(5-fluoropyridin-2~-yDethoxy }-6-(1-((S)-1-(2-hvdroxy -2-methy ipropanoy hpiperidin~

3-y1j-5-methyl-1H-pyvrazol-4-yhpyrazolo{l,5-ajpyridine-3-carbontirile (17)
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Step A 6-

S-Methvi-1-1{(3S)-3-pipendviipvrazol-d4-vii-4-(3-pyrdyvisuifanv])

alpyndine-3-carbonitrile. To a solution of 4-({R}-1-(S-fluoropy ridin-2-y1)ethoxy }-6-{5-

tazolol1.3-

methyl-1-((S)-pipenidin-3-y )}~ IH-pyrazol-4-y Dpyrazolof 1, 5-a]pynidine-3-carbonitrile (17 mg,
116
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0.04 mmol) in DMF (1 mL) was added alpha-hyvdroxvbulyric acid (4.77 mg, 0.046 mmol},
HATU (14.5 mg, 0.038 mmol) and DIEA (0.03 mL, 0.19 mmol). The muxiure was stirred at
507C for 18 h. The mixiure was difuted with 20% MeOR/DCM (10 mi) and water {10 mL),
agqueous exiracted with 20% MeOH/DCM (3 x 15 mL}, organic layer filtered through 1 PS
paper, evaporated in vac and purified by silica gel chromatography (0-20% MeOH/DCM
with 2% NH40H) to give 4-((R)}-1-5-Huoropyridin-2-y1jethoxy 3-6-(1-((5)-1-(2-hvdroxy -2-
methvlpropanoy Dpipendin-3-v1)-3-methyi-1H-pyvrazol-4-yDpyrazolof 1,5-alpyndine-3-

carbonitrile {8 mg, 38% vield). LCMS (MM-ES+APCL Pos): m/z 532.3 (M+H).

Example 10

{R)-6-(1-{1, 1-dioxidotetrahy dro-2H-thiopyran-4-y1)-5-meathyl- IH-pvrazol-4-y1}-4-(1-(5-

flucropyndin-2-ylethoxy ypvrazolo{ 1, 5-alpyridine-3-carbontrile {33)
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Step A. Tetrahvdrothiopvran-4-vl methanesulfonate. To a 3¢ ml round-bottom flask with g

magnetic stir bar was added tetrahydrothiopyran-4-o0l {1 g, 8.46 mmol} and TEA (2.36 mL,
16.92 munol) followed by the addition of DCM (5 mL}. Methylsulfonyl methanesulfonate
{2.93 g, 16.92 mmol} was dissolved inio DCM (3 mL} and added dropwise to the mixture at 0
°C. The mixture was allowed 1o warmi 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 aqueous layer was
extracted with ethyvl acetate (15 mL x 3}, The combined organic layers were washed with
brine {15 mL), dried over anhydrous sodium sullate, {iltered, concentrated under reduced
pressure and used into the next step without further purification. Compound

tetrahy drothiopyran-4-y1 methanesuifonate (1.5 ¢, crude) was obtained as a yellow oil.

17



WO 2025/034912 PCT/US2024/041350

Step B. 4-1odo-1-tetrabivdrothiopyran-d-vi-pyrazole, To a 30 mL round-bottom flask

equipped with a magnetic stir bar was added 4-iodo-1H-pvrarole {(1.48 g, 7.64 mumol) and
tetrahydrothiopyran-4-y1 methanesulfonate (1.5 g, 7.64 mumol) followed by the addition of
DMF (20 mL). Cso00; (4.98 g, 15.28 mmol} was added into the muxture at 25 °C. The
mixture was stirred at 90 °C for 3 h. Water (50 mbL} was added to the reaction and the
mixture was transferred to a separatory fummel. The aqueous laver was extracted with ethyl
acetate (30 mL x 3). The combined organic layers were washed with brine (30 mL), dried
over anltydrous sodium sulfate, filtered, concentrated under reduced pressure and purified by
slarry in ethyl acetate {3 ml) at 25 °C for 10 min. After filivation and drying under vacuum,
4-~i0do- | -tetrabvdrothiopvran-d-vi-pyrazole {1.05 g, 46% vield) was obtaned as a white

solid. LOMS (MM-ES+APCT, Posy nvz 294 9 (M+H).

Step C. 4-10dg-5-methvl-1-tetrahvdrothiopvran-4-vi-pvrazole. To a 100 mL three-necked

round-bottom equipped with a magnetic stir bar was added 4-1odo- 1 -tetrahy drothiopyran-4-
yl-pyrazole (800 mug. 2.71 nunol) followed by the additton of THF (10 mbL), LDA (2 M, 2.71
mk, 5.42 mmol} was added dropwise into the mixture at ~78 °C under Ny atmosphere. The
mixture was stivved at -78 °C for 1 h. Mel (0.33 mL, 5.42 mmol} was added dropwise at -78
. The mixture was stirred at ~78 °C for 1 h. Water (20 mL) was added 1o the reaction and
the mixture was transferred to a separatory funnel. The aqueous layer was extracted with
ethvl acetate (1¢ mL x 3}, The combined organic layers were washed with brine (16 mL),
dried over anhydrous sodium sulfate, {iltered, concentrated under reduced pressure and
residue recrystallization from ethyl acetate (3 mb) at 25 °C for 5 min. After filiration and
drying under vacuum, the desired product was obtained 4-10do-5-methyl-1-

tetrahy drothiopy ran-4-vi-pyrazole (700 mg, 83% vield) as a white solid. LCMS (MM-
ES+APCI, Posy: my/z 308.1 (M+H).

Step D. 4-{4-10do-3-methvi-pyrazol-1-vDthiane 1. 1-dioxide, To a 100 mL round-hottom flask

equipped with a magnetic stir bar was added 4-iodo-5-methvi-1-tetrahyvdrothiopvran-4-vi-
pyrazole {700 mg, 2.26 mumol) followed by the addition of THF (10 mL) and H0 (2 mL).
Potasstum oxidooxy hydrogen sulfate (1.90 g, 11.29 mmol) was added into the mixture at 0
°C. The nuxture was stirred at 25 °C for 2 br. The muxture was quenched by sfow addition: of
saturated sodivum sul{ite solution {10 mL) and transferred to a separatory funnel. The aquesus
Tayer was exiracied with dichloromethane (10 mL x 3}. The combined orgamc lavers wers
washed with brive (15 b}, dried over anhydrous sodium sulfate, filtered, concentrated under
reduced pressure and purified by slurry in ethyl acetate (5 mL) at 25 °C for 10 nun. After

filtration and drying under vacuum, 4-{4-iodo-S-methyvi-pyrazol-1-vijthiane 1 1-dioxide (730
%
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mg, 91% vield) was obtained as a white solid. LCMS (MM-ES+APCL Pos): m/z 3411
{MH).

Step E. 6-{1~(1. I -dioxothian-4-v1}-S-methvi-pysazol-d-vij-4-[{(1R}-1-(3-Huoro-2-

pvndvhethoxvipvrazolol L. S-alpviidine-3-carhomtnle. To a 40 mi vial equipped with a

magnetic stir bar was added 4-{(1R)}1-{5-fluoro-2-py ridvethoxy |-6-(4,4,5, 5-tetramethyl-
1.3,2-dioxaborolan-2-yDipvrazolof 1, S-alpyridine-3-carboniinile (110.33 mg, 0.2 mmol} and 4-
{4-10do-S-methvi-pyrazol-1-viithane 1,1-dioxade (71 mg, 0.2 mmaol) followed by the addition
of dioxane {3 mL} and H:0 {0.3 mL). KoCUO: (56.88 mg, 0.411 mmol) and CATACXIUM(R)
APD G3 (14.99 mg, (.021 mmol} was added into the nuxture at 25 °C. The vial was
backfilied with rutrogen for three min. The mixiure was heated (0 90 °C and stirred for 0.5 h,
Water (3 mL} was added to the reaction and the mixture was transferred 1o a separatory
funnel. The agueous layer was extracted with ethyl acetate (3 mbL x 3} The combined organic
lavers were washed with brine {5 L}, dried over anhydrous sodium sudfate, filtered,
concenirated under reduced pressure and purified by preparative HPLC (32%-62%
acetonutrile / 6.04% aqueous ammonia hvdroxide + 10 mM NHMHCO;). After Ivophilization,
6-11-(1, 1 -dipxothian-4-y1 -5-methvl-pvrazol-4-y1}-4-[(1R)-1-(5-fluoro-2-
pyridvljethoxyipvrazolol 1, S-afpyridine-3-carbomirile (50 mg, 49% vield) was obtained as a

white solid. LCMS (MM-ES+APCY, Pos): m/z 495.1 (M+H).

Example 11

(R)-6-(5~-amino- I-methvi-1H-1,2.3-trtazol-4-y1}-4-(1-{ 3-fluoropyridin-2-

vhethoxy)pyrazolo} 1, 5-alpvridine-3-carbonitrile (34)
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Step A, S-bromo-3-methvi-triazole-4-carboxyiic acid. To a 1060 mL three-vecked round-

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

g, 8.30 mmol} followed by the addinion of THF {25 mL). The solution was cooled to -78 °C.
119
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The flask was then evacuated and backfilled with nitrogen three times. n-Buli {25 M, 3.63
mk., 9.13 mmol) was added dropwise. The mixiure was stisred at -78 °C and for 1 h. CO: {dry
ice) was added in one portion. The mixture was allowed to warmito 25 °C and stir for 15 h.
Water (40 mL} was added to the reaction and pH adjusted to 3 by using hydrochioric acid (1
M3, The resulting mixture was transferred to a separatory funnel, and the agueous laver
mixture was extracted with ethyl acetate (30 mL x 3}, The combined organic layers were
washed with brine (30 mL), dried over anhydrous sodium sulfate, filtered, and concentrated
under reduced pressure affording the 5-bromo-3-methyl-triazole-4-carboxylic acid (650 mg,
38% vield) as a vellow solid. More product was obtained from the water phase from
lvophihzation affording S-bromo-3-methyl-trigzole-d-carboxylic acid (1 ¢, 4.85 mmol.
58.47% vield) as a vellow solid. The crude product was used into the next step without

further purnification.

Step B. fert-butyl N-(8-bromo-3-methvi-tnarol-4-v]) carbamate. To a 40 mL Schienk tube

with a magoetic st bar was added 5-bromo-3-methyl-triazole-4-carboxylic acid {600 mg,
2.91 numol}, t+-BuOH (1.39 mL, 14.56 mmol) and TEA (0.81 mL. 3.83 mumol) followed by the
addition of toluene (12 mL). DPPA (0.75 mL, 3.50 mmol) was added into the mixturs at 25
°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 {0-25% Ethvl acetate/Peiroleumn
sther) to give tert-buty! N-(S-bromo-3-methvi-triazol-4-y1} carbamate {560 mg, 69% yield}
as a white solid. LCMS (MM-ES+APCE, Pos): m/z 279.0 (M+H).

Step C. tert-hutyi NAlS-13-cvano-4-[(I R -1 -(5-fluore-2-pvridviethoxvipvrazolol 1.5-

alpyndin-6-vii-3-methvi-triazel-d-vllcarbamate. Synthesized according to Examople 10, Step

E substituting 4-(4-1iodo-3-methyl-pyvrazol-I-vijthiane 1,1-dioxide for tert-butyl N-(5-bromo-
3-methvi-triazol-4-yhcarbamate to give tert-butyl N-{5-[3-cyano-4-[(1R}-1-(5-flaoro-2-
pynidvlethoxypyrazolo[1,S-alpyridin-6-y1}-3-methyl-triazol-4-vljcarbamate (98 mg, 33%

vield} as a vellow oil. LUMS (MM-ES+APCH, Pos): mvz 479 2 (M+H).

wridvl) ethoxv

F-methvi-irazol-4-v)-4-[(1R S-flucro-2-

Step D. 6-(5-amino-

1. 3-a} pvsidine-3-carbomtrile. Synthesized according {o Example 2, Step B substituting tert-
butyl 4-{4-[3-cvano-4-[(1 R}~ 1-Z~pyndyhethoxylpyrazolol L. S-alpyridin-G-v1}-5- methvl-
pyrazol-1-yi|piperidine-1-carboxylate for tert-butyl N-[5-{3-cyano-4-[{1R}-1-(5-fluoro-2-
pyridyvijethoxy ipyvrazolo[1,S-alpyridin-6-y1}-3-methyl-triazol-4-vijcarbamate 1o give 6-(5-
amino- L-methyl-triazol-d-v}-4-[{(1R3- 1 -(5-flaoro-2-pynidyl}) ethoxy | pyvrazolo [, 5-a]

pynidine-3-carbonitriie (24.5 myg. 46% yield) as a white solid. LCMS (MM-ES+APCE, Pos):
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m/z 379.1 (M+H).

Example 12
N

S-(E-({S)1-((8)-2,3-dthy droxy propy Dpiperidin-3-y1}-S-methyi- 1H-pyrazol-4-v1-4-((R - 1-(5-

fluoropyridin-2-vhethoxyypvrazolo{1,3-alpyridine-3-carbonitrile (37}
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Step A, 6= 1-{(38)-1-1{48)-2 . 2-dimethvi-1 3-dioxolan-d-v} Imethy]-3-piperidvi}-S-methv i~

pyrazol-d-vii-4-[(1R-1-(5-fluoro-2-pyridviiethoxvipviazolol 1 S-ajpvrdine-3-carbomutrile,

To a40 mb vial equipped with a magnetic stir bar were added 4-{(1R)-1-(5-flucro-2-
pyridyhiethoxy -6-{ S-methy1-1-{(38)-3-pipendyl]pyrazol-d-ylipyrazolo[ 1, S-alpyridine-3-
carborutrile (161 rog. 0.36 mmol) and (4R)-4-(chloromethvl}-2.2-dirvethyl-1,3-dioxolane
(161.19 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 1o a separatory funmel. The agueous laver was
extracted with ethyl acetate (10 mL x 4). The combined organic lavers were washed with
brine (20 mL}, dried over anhydrous sodium sudfate, filtered, concentrated under reduced
pressure and punfied by preparative TLC (0-10% petroleum cther/ethy] acetate) to give 6-{1-
[(38)-1-{{{48)-2,2~dimethyl-1,3-dioxolan-4-vmethvi]-3-piperidvi}-5-methyl-pyrazoi-4-vij-
4-{{1R}-1-(S-fluoro-2-pyridviethoxy ipyrazolo{ 1, 5-ajpyridine-3-carbonitrile (65 mg, 29%
vield) as a vellow gum. LCMS (MM-ES+APCH, Pos): iz 560.3 (M+H).

Step B 6-{1-({8)-1-((8)-2.3-dihvdroxypropyDpiperidin-3-vD-3-methvl- 1H-pyvrazol-4-vi1-4-

121
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{{R}-1-(5-fluoropvridin-2-vhethoxv)pyvrazolol 1 5-alpvridine-3-carbonitrile. Synthesized

according to Example 2, Step B substituting tert-butyl 4-{4-{3-cvano-4-[{1R}-1-(2-
pynidvlethoxyipyrazolo[ 1, S-ajpvridin-G-y1}-5- methyl-pyrazol-1-vijpiperidine-1-carboxylate
for 6-[1-{{38)-1-[[{45}-2,2-dimethyi-1,3-dioxolan-4-y]imethy H-3-pipentdyi]-3-methyl-
pyvrazol-4-yH-4-{(1R}-1-(5-fluoro-2-pyridviethoxy {pyrazolof | . 5-alpvridine-3-carboniirile to
give 6-{1-({8}-1-((8)-2.3-dihvdroxypropyhptperidin-3-yi}-5-methy - H-pyrazol-4-v1)-4-((R )
i-(5-fluoropyridin-2-y Dethoxy ypyvrazolol |, S-ajpyridine-3-carbonitrile (16 mg, 30% yield).

LCMS (MM-ES+APCH, Posy: nvz 526.3 (M+H).

Example 13

(R}-6~(S-amino-~ (1 -cvanopiperidin-d-vi)- 1 H-pyrazol-d-y1}-4-(1 (S fluoropyridin-2-

vhethoxy)pvrazolo{1.5-alpvridine-3-carboniirile {47}
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Step A. Compound tert-butvl 4-(4-bromo-S-mitro-pyvrazol-1-vipiperidine-1-carboxvlate. To a

100 oL three-necked roand-bottom fask equipped with a magnetic stir bar was added 4-
bromao-S-mitro-1H-pyrazole (1 g, 5.21 ramol), tert-butyl 4-hvdroxypiperidine--carboxviate
{1.57 g, 7.81 mmol) and PPh; (2.73 g, 10.42 mmol} followed by the addition of THF {20
mk). The flask was then evacuated and backfilled with nitrogen three times. The solafion was
cooled to 0 °C. DIAD {2 mL 10.42 mmol} was added dropwise. The nmuxture was altowed to
warr o 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-buivi 4-(4-bromo-S-nitro-pyrazol-L-vijpiperidine-1-carboxviate (1.5 g, 76% vield) was

obtamned as a vellow ail. LCMS {(MM-ES+APCY, Posy nvz 318.9 (M+H).

Step B. tert-buivl 4-{4-{3-cvano-4-[{1R}-1-{5-fluoro-2-pynidvhethoxvipyvrazolof 13-

alpyridin-6-vii-S-miro-pvrazoi-1-vi] piperidine-1-carboxylate. Synthesized according to
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Example 10, Step E substititing 4-(4-iodo-5-methyl-pyrazol-1-yythiane 1,1-dioxide for tert-
butvl 4-(d-bromo-S-nitro-pyrazol-1 -y Dpipenidime-~ 1 -carboxylate to give tert-butyl 4-[4+{3-
cyano-4-[(1R)-1-(5-fluore-2-pyridyDethoxy Jpyrazolo[ 1, 5-alpyndim-6-vii-5-nitro-pyrazol-1-
vii piperidine-1-carboxylate (169 myg, 47% vield) as a green oil. LCMS (MM-ES+APCE
Posy: myz 377.3 {(M+H).

Step C. 4-[(1R - 1-(8-flucro-Z-pvridyhethoxv }-6-f S-nilro-1-(4-piperidyDpvrazol-4-

vlpvrazolo [1.5-alpvndine-3-carbonunle. Svnthesized according to Example 2, Step B

substituting tert-butyl 4-{4-[3-cyano-4-[(1R)-1-(2-pvridvhethoxy |pyrazolo[ 1.5-a]pviidin-6-
y1}-3- methy-pyrazol-1-ylpiperidine- I -carboxylate for tert-butyl 4-{4-[3-cvano-4-{(1R}-1-
{S-fluoro-2-pyridyDethoxypyrazolol 1, S-ajpyridin-6-v1}-S-mitro-pyrazol-1-yljpiperidine-1 -
carboxviate to give 4-{(1R}-1-(5-fluoro-Z-pvridvlathoxy }-6-{ S-nttro-1-(4-piperidy Dpvrazol-

4-yijpyrazolo {1 S-ajpyridine-3-carbonitrile (110 mg, quantitative vield).

Step D 6-{1-(1-cvano-4-pipendvh-S-nitro-pyrazol-d-vii-4- {1 R)}-1-{5-flucro-2-

pyvridyDethoxy] pyrazolol . S-alpvridine-3-carbonitrife. To a 40 mL vial equipped with a

magnetic stir bar was added 4-{(1R}-1-(5-flucro-2-pyridyljethoxy]-6-{S-rutro-1-{4-
piperidvhpyrazol-4-vlipyrazolo {1,5-alpyridine-3-carbontirile {100 mg, 0.2 mmol} and
KoCOs (162 mg. 117 munol) followed by the addition of ACN (4 mL). The sohution was
cooled to 0 °C. Carbononitridic bromide (0.03 mi., 0.4 nunol} was added. The mixture was
allowed to warm to 25 °C and stir for 2 b The pH of muxture was adjusted to 9 by using
saturated sodiom bicarbonate. The resulting mixture was extracted with DCM {4 mL = 3},
combined organic layvers washed with brine (4 ml.), dried over anbhwvdrous sodium sulfate,
filtered, conceniraied under reduced pressure and purified by flash silica gel chromatography
{0~33% Ethylacetate/Petroleum ather}. Compound 6-[1-(1-cyano-4-piperidy1}-S-nitro-
pyrazol-d-yi}-4- [{(1R}-1-(S-fluoro-2-pyridyljethoxy] pyrazolofl, 3-ajpvridine-3-carbonitrile
{105 mg, 95% vield) was obtained as a green ol LOMS (MM-ES+APCI, Pos) m/z 502.2

{(M+H).

1-{1-cvano-4-piperidvlipyrazol-4-vij-4-l{iR}-1-{5-fluoro-2-

Step E. 6-{ S-amino-

pyvridvDethoxyvipyrazolo[ 1. 5-alpvrdine -3-carbonitrile. To a 40 mL vial equupped with a

maguoetic stir bar was added 6-[1~(1-cvano-4-piperidyl}-3-nitro-pyrazol-d-y-4-[ (1 R)-1-(5-
fluoro-2Z-pyridyDethoxy [pyrazolof 1, 5-ajpyridine-3-carbonitrile (90 mg, .17 mmol), NH(1
{75.03 mg, 1.40 mmol) followed by the addition of Water {1 miL) and THF (8§ mL). Then Fe
{78.34 mg, 1.40 sumol) was added mto the mixture. The muxiure was heated (0 60 °C and

stirred for 30 min. The suspension was filtered and the filter cake was washed with EtOAc (&
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mk.}. The filtrate was diluted with Ho( {5 mL), transferred to a 40 mL vial, the aqueous laver
minture was extracted with ethyl acetate {5 mL = 3), combined organic layers washed with
brine (10 ral.}, dried over anhydrous sodium 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-cyans-4-pipenidylpvrarol-4-y1j-
4-{ 1R~ 1-(S-fluoro-2-pyridyljethoxy Ipyrazoloft, S-ajpyridine -3~ (34.6 mg, 42% yield} was

obtained as an off-white solid. LCMS (MM-ES+APC, Pos): m/z 472.2 (M+H).

Example 14
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Step A. Tetrahvdrothiopyvran-4-vl methangsulfonate. To a solution of tetrahyvdrothiopyran-4-

ol {2 g, 16.92 mmol} in DCM (20 mL) was added TEA (7.07 mL 50.8 mmol). Methylsulfonyl
methanesutfonate (5.90 g, 33.84 mmol) was slowly added to the mixture. The mixture was
stirred at 25 °C for 16 h. The mivture was added to DCM (20 wl). The resulting nuxture was
transferred to a separatory funnel, organic layers were washed with H2O (15 mb x 3), dried
over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure affording
tetrahvdrothiopyvran-4-y1 methanesulfonate {3.35 g, crude) as brown oil, and used into the

next step without further purification.
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Step B. 1-tetrahvdrothiopvran-4-vipvrazole. To a solution of tetrahvdrothiopy ran-4-vi
methanesulfonate (3.35 g, 17.1 mmol) in DMF (30 mL) was added C2C0; (111 g, 34,13

mmol} and 1H-pyrarole (1.16 g, 17.07 nuvol). The muxture was stirred at 80°C for 2 hr. The
mixture was added to H2O (100 ml). The resulting mixture was transferred to a separatory
funnel, and the agqueous layer mixiure was extracted with ethyvl acetate (30 mL x 3),
combined orgamic layvers washed with HoO (30mL x 3}, brine (40 mL)}, dried over anhydrous
sodium sulfate, filtered, concentrated under reduced pressure and purified by flash silica gel
chromatography (10~15% Ethylacetate/Petroleum ether) to give 1-tetrahydrothiopvran-4-
vipyrazote (1.1 g, 37% vield) as a vellow solid. LCMS (MM-ES+APCI, Pos}: myz 169.1
{M+H),

Step C. N-{4-{4-bromopvrazol-1-vinhian-1-vlidenel-2.2. 2-triflugro-acetanude, Toa 100 mL

round-bottom flask equipped with a magnetic stir bar was added 1-tetrahvdrothiopyran-4-
vipyrazole (1.10 g, 6.40 munol} and 2,2 2-trifluoroacetamide (724 mg, 6.40 mmol) followed
by the addition of MTBE (6 mal.). The solution was cooled 10 0 °C. -BuOK (110 g, 9.60
mmol} was added in portions, the reaction was stirred at 0 °C for 1 h. Next, a solution of 1,3~
dibromo-5.3-dimethvi-imidazolidine-2 4-dione {(4.60 g, 16.0 mmol) in THF {6 mL} was
added dropwise. The mixture was stirred at 0 °C for 1 h. The reaction mixhure was quenched
by slow addition of saturated aqueous sodium bisulfuie (15 mL) The resulting mixiure was
transferred to a separatory funnel, and the agueous layer mixiure was extracted with ethyl
acetate €10 mL x 3), combined orgamc lavers 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% Ethylacetate/Petroleum ether). N-{4-(4-bromopyrazol-1-
ylyhian-1-vhdene]-2,2 2-trifluors-acetamide (1.4 g. 61% vield) was obtained as a Hight

yvellow solid.

Step D. 4-{4-bromopyrazol-1-vi)-1-imino-thiang 1-oxide. To a 100 k. round-bottom flask

equipped with a magnetic stir bar was added benzyi N-{4-{4-bromopvrazol-1-vhithian-1-
viidene}-2.2, 2-trifluoro-acetamide (1.4 g, 3.91 mumol} followed by the addition of MeOH (8
wh), HoO (0 mb), KoCO; (1.08 g, 7.82 mmoly and ACN (8 mL). G, (2 mb, 21.79 mmol)
was added dropwise into the mixture at 25°C. The muxture was stirred at 25 °C {for 2 h. The
reaction mixture was quenched by slow addition of saturated aqueous sodium bisuifite (10
mk) and stirred for 0.5 h. The reaction muxture was concentrated, diluted with ethyl acetate
{10 mL), travsferred {0 a separatory funnel, aqueous layer mixture was exiracted with ethyl
acetate (10 mL x 3}, combined organic layers washed with brine {10 mL), dried over

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

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

Step E. 4-(4-bromopyrazol-1-vh- I-methvimino-thiane {~oxide. To a 40 mL vial equipped

with a magnetic stiv bar was added 4-{4-bromopyrazol-1-vl)-1-imino-thiane 1-oxide (600 mg,
2.16 mmol), TFA (1.6 mL, 21.57 mmol), (HCHO), (694 mg, 21.57 mmol} and triethylsilane
(3.45 mL, 21.57 mmol, 3.45 mL) followed by the addition of ACN (13 mL}. The mixture was
stirred at 25 °C for 16 h. The pH of maxture was adjusted to 8 by using saturated agueous
sodium bicarbonate. The nuxture was concentrated under reduced pressure, residue was
added to Hz0 (20 mL} transferred {o a separatory fuanel, the aqueous layer mixture extracted
with EA {15 mL x 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 bv recrystallization from PE (20 mb} at 25 °C
for 0.5 h. After filtration and drying under vacuum, the desired product was obtained as a
white solid. 4-¢4-bromopyrazol-1-y1)-{-methylimino~-thiane 1-oxide (320 mg. 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-ylipvrazol-1-v1ithiane

1-oxide. Svnthesized according to Intermediate 2, Step A substitting 6-bromo-4-[{1R)-1-(5-
fluoro-2-pyridyhethoxylpyrazolof 1. 5-a]pyridine~3-carbonitrile for 4-(d-bromopyrazel-1-yi}-
1-methvlimino-thiane 1-oxide to give a solution of 1-methylimino-4-[4-(4.4,5,5-tetramnethyl-
1,3.2-dioxaborolan-2-yypyrazol-1-yljthiane I-oxide (313.0 mg, crude) in dioxane {6 mL}) as

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

Step G. 4-1(1 R)-1~{5-fluoro-Z2-pyridvhethoxy]-6-{1 -} -methy limino- L-oxo-thian-4-

ylipyvrazol-4-yllpvrazotof 1.5-alpyridine-3-carbonitrile. Synthesized according to Example 4.

Step A substituting tert-buty! 4-(4-(4,4,5 S-tetramethyl-1,3 2-dioxaborolan-2-y13-1H-pvrazol-
1-yDpiperidineg -2-carboxylate for L-methylimimo-4-[4-(4.4,5 S-tetramethyi-1,3,2-
dioxaborolan-Z-yDpyrazol-1-yljthiane 1-oxide to give 4-{{1R)-1-{5-fluoro-2-pynidy Dethoxy |-
6-{ 1~{1-methylimino-1-oxo-tuan-4-vipyrazol-4-yiipvrazolo{ 1, S-alpyridine-3-carbonitrile
(106.3 mg, 34% vield) as an off-white sohd. LCMS (MM-ES+APCT, Pos): /7 4942 (MAH)

Example 15



WO 2025/034912 PCT/US2024/041350

4-[{1 R)-1-{5-fluoro-2-pyridy Dethoxy -6~ L -(4-hv droxveyclohexyi)-S-methvi-triarol-4-

viipyrazolo[1,5-a|pyridine-3-carbonstrile
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Step A (d-azidocvelohexoxy)-teri-bulvi-dimethyl-silane, To a 100 ml three-necked round-

botiom equipped with a wmagnetic stir bar was added {4-[tert-
butyl{dimethvlistiyjoxyevclohexyl] 4-methvibenzenesuifonate (1.5 ¢, 3.90 mmol} followed
by the addition of DMSO (15 mL). NaN3 (740 mg, 11.38 mmol) was added into the mixture
at 25 °C. The mixture was heated to 635 °C and stivred for 16 h, After cooling 10 25 °C, the
solution was diluted with HoO (500 mL). The pH of mixiure was adjusted to 9 by using
saturated aqueous sodium bicarbonate. The resulting muxture was transferred to a separatory
funnel, agqueous layer mixture extracted with ethyl acetate (250 mL x 3}, combined organic
lavers washed with H20 (100 ml x 3}, brine (100 mb.), dried over anhwdrous sodium sulfate,
filtered and concentrated to give (4-azidocyclohexoxy)-tert-butvi-dimethyi-silane (990 mg,

crude} as yellow o1l

Step B. Ethy] 1-{4-{tert-butyl{dimethyDsilyHoxveyclohexyvil-S-methvi-triazole-4-carboxyviate,

A mixture of (4-azidocvelohexoxy-tert-butvl-dirnethyvl-silane (650 mg, 2.54 momol}, ethvl 3-
oxcobutancate (0.48 mE, 3.82 mmal) and K2CO: {(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 Nz atroosphere. The muxture was quenched by slow addition of H20 (30 mb). The
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resulting mixture was iransferred 1o a separatory funnel, the aqueous fayer muxture 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% Ethvlacetate/Petroleum ether) to give ethyl 1-[4-
{tert-butvi{ dimethvisilvifoxy cvelohexyli-S-methyi-triazole-4-carboxylate (480 mg, 50%
vield) as a white solid. LCMS (MM-ES+APCI, Posy: /7 368.2 (M+H).

Step C. $-H-lten-butvi(dimethvlsiiviloxvevclohesvli-S-methvi-tnazole-4-carhoxviic acid,

To a 40 mL vial equipped with a magnetic stir bar was added ethy! 1-f4-[teri-
butvil{dimethyvlisdyljoxycyclohexyll-5-methyl-triazole-4-carboxylate (350 mg, 0.9 mmol)
and KOH {155 mg, 2.77 womol} followed by the addition of H>O (3 wmil ). The mixture was
stitred at 30 °C for 16 h. The mixture was quenched by slow addition of H2O (100 mL}. The
resulting mixture was transferred to a separatory funnel. agueous laver mixture extracted with
sthvl acetate (30 mi. x 3), combined organic lavers washed with brine (100 mL), dried over
anhydrous sodiom sulfate, filtered, and concentrated under reduced pressure affording 1-[4~
[tert-buvl{dimethvsilvijoxvevclohexyli-S-methyvi-triazole-4-carboxylic acid (306 mg, 98%
vield} as a veliow solid, which was used into the next step without further punfication.
LCMS (MM-ES+APCI, Posy: m'z 340.1 (M+H).

Step D, [4-(4-bromo-S-methvi-triazol-1-vDevelohexoxyl-tert-butvl-dimethyvi-silane. To a 20

mL Schienk tube equipped with a magnetic stir bar was added 1-{4-{tert-

butyl(dimethy Dsilyljoxycvclohexyl-5-methvi-triazole-4-carboxviic acid (200 mg, 0.59
mimol} followed by the addition of KOH (60.2 mg, 1.97 ol and HaO (2 mi). Brp (0.07
mi., 118 mumol} was added nio the mixture. The mixture was stivred at 40 °C for 4 h. The
mixture was quenched by slow addition of HzO (100 mil}, resulting mixture was transferred
1o a separatory furmel, agueous layer mixture exiracted with ethyi acetate (20 mL x 3},
combined organic layvers washed with brine {(100mL), dried over anhydrous sodium salfate,
filtered, and concentrated under reduced pressure affording | 4-{4-bromo-5-methvi-tnazol-1-
vievelohexoxy {-tert-butyvi-dimethyl-sifane {122 mg, 53% vield} as yellow oil, which was
used inio the next step without further purification. LCMS (MM-ES+APCE, Pos) wm/z 374.1
{(M+H).

Step E. 6-{1-[4-{tert-buryl{dimethvDsilvHoxvevelohexyl-S-methy I-triazol-4-vi-4-T(1R3-1 -

{S-fluoro-Z-pyridviethoxyipvrazololl S-alpvridine-3-carbonitrife. Svnthesized according to

Example 10, Step E substituting 4-(4-10do-5-methyl-pyrazol-tyDthiane 1, -dioxide for |4-

{4-brome-S-methyl-triazol-1-vieyclohexoxv]-tert-butyl-dimethyi-silane to give 6-[1-{4-{tert-
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butvi{dimethylisilyfjoxycvclohexyl]-5-methyl-triazol-d-vi}-4-[ (1 R}~ 1-{5-fluoro-2-
pyridyhethoxyipyvrazolo{ !, S-ajpyridine-3-carbowmirile €113 mg, 51% vield) as vellow o1l

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

Step F. 4-[{1 R)-1-(53-Huoro-2-pyridy Dethoxv]-6-F i -{4-hvdroxyevelohexy -5 -methvi-triazol -

4-vilpyrazolol 1. S-alpyridine-3-carbonitrile. To a 40 mL vial equupped with a magnetic stir

bar was added 6-[1-[4-[tert-butyl{dimethyDsilvljosycyclohexy]-3-methyl-triazol-4-vi}-4-
[(IRy-1-{5-fluoro-Z~-pyridyethoxyipyrazolof 1. 5-alpyridine-3-carbonitrile (113 mg. 0.13
mmol} followed by the addition of DCM (2 mbL}). HCVdioxane (2 M, 1.5 mL) was added into
the nuxture. 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 / agueous
ammonia hydroxide + [0mM NHHCO:). After lvophilization, 4-[{1R)}-1-(5-fluoro-2-
pyvnidvhethoxy{-6-{ 1-{d-hydroxvevelohexyl)-5-methyl-triazol-d-vljpyrazolo| 1, S-alpyridine-
3-carbonitrile (31.5 mg, 50% vield) was obtained as a white sohid. LCMS (MM-ES+AP(CH,
Posy nvz 462.2 {M+H).

Example 16
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4-f(1R)~1~(5-fluoro-2-pyridvhpropoxy |-6-{ L -{(4-hy droxycy clobexyly-3-methyi-pyrazol-4-

viipyvrazolo[1,5-ajpyridine-3-carbontirile
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Step A 1-{5-fluoro-2-pvridvlpropan-1-one, To a 250 mi 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 (50 mL), and the mixture was evacuated and backfilled
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with nitrogen three times. The solution was cooled to -78 °C, n-BuLi (2.5 M, 13.64 mL) was

added dropwise at -7 °C and stirred for 0.5 h. N-methoxy-N-methyl-propanamide (4.00 g,

q

3415 mmol} was added into the nuxture dropwise at-78 °C. The mixture was stirred al -78

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

ol LOMS (MM-ES+APCE Pos): m/z 154.1 (M+H).

Step B. (18)-1-(5-fluore-2-pynidvhipropan-1-ol. To a 100 mbL three-necked round-botiom

flask equipped with a magnetic stir bar was added (3aR}-1-methy!-3,3-diphenyi-3a.4.5,6-
tetrahydropyrrolo1,2-¢}{1.3.2joxazaborole (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 0 °C. BHa-MexS (10 M, .96 mL) was added dropwise and the reaction
mixiure was stirved for th, The mixtuwre was cooled to -30 °C, 1-(5-fluoro-2-pyridyDipropan-
T-one {1 g, 6.39 ramol) dissolved 1o THF (4 ml.) was added dropwise over .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 1 M HCI (30 mL). The pH of mixture was adjusied to pHSE by using
saturated aqueous sodium bicarbonate. The resulting musture was exiracted with
dichloromethane {50 mL x 3), combined organic lavers dried over anhvdrous sodium sulfate,
filtered, concentrated under reduced pressure and purified by silica gel column
chromatography (20-50% ethyl acetate in petroleum ether) to give {15)-1-(5-fluoro-2-
pynidvipropan-~ -0l (360 myg, 35% vield} as colorless oil,

Step C. 6-bromo-4-{(AR-1-(5-fluoro-2-pyridvhipropoxyipvrazelof 1. S-alpyridine-3-

carbonitrile. To a 40 mb vial equipped with a magnetic stir bar was added 6-bromo-4-
hydroxy-pyrazolof 1,S-alpyridine-3-carbonitrile (150 mg, 0.63 mmol) followed by the
addition of DCM (3 mL.}. PPh: (330.00 mg, 1.26 mmol) and (18)-1-(3-fluoro-2-
pyridylipropan-1-ol {160 mg. 1.03 munol) were added mnto the mixture at 25 °C. The vial was
then evacuated and backfilled with nitrogen for one minute. The nuxiure was cooled 10 0 °C,
DBAD (300.00 mg, 1.30 mmol) m DCM (3 mL) was added dropwise. Finally, the mixturs
was allowed to warm to 25 °C and stir under an atroosphere of nitrogen for 1 h. The mixture
was quenched by slow addition of F(0 (10 mL). The resuiting mixture was transferred to a

separatory funnel, and the aqueous layer mixiure was exivacted with dichloromethane (10 mL
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x 33 The combined organic layers were dried over anhydrous sodium sulfate, filterad,
concentrated wnder reduced pressure and puwrified by silica gel column chromatography (10~
30% ethyl acetate in petroleum cther) to give 6~-bromo-4-[(1R}-1-(3-fluoro-2-
pyndyijpropoxyipyrazolof1,5-ajpynidine-3-carbonitniie (220 mg, 91% yield) as colorless oil.
LCMS (MM-ES+APCE Pos): mvz 374.9 (M+H).

Step D 6-{1-[4-[tert-butvl{dimethyDsilyljoxveyclohexyl-5-methyl-pyrazol-4-y1]-4-[ (I R}-1-
(3-fluoro-2-pyridylpropoxypyrazolof 1,5-alpyridine-3-carbonitriie. Svnthesized according to
Example 4, Step A substituting tert-butyl 4-(4-(4.4 5 5-tetramethyl-1.3 2-dioxaborolan-2-v1}-
1H-pyrazol-1-viipiperidine -2~carboxylate for tert-butyl-dimethvi-{4-] S-methvi-4-(4,4,5.5-
tetramethyl-1,3,2~-dioxaborolan~-2-yDipvrazol-T-viicvelohexoxy silane and tert-butyl 4-¢4-
(4.4.5,5-tetramethvi-1.3.2-dioxaborolan-2-vi)- 1 H-pyrazol- I -vDpiperiding -2-carboxvlate for
s-bromo-d-{{(1R}-1-{3-flucro-2-pyridvDpropoxy jpvrazolof 1, 5-ajpyridine-3-carbontirile to
give 6-] 1-{4-[tert-buty {dimethy Detivl]oxy ey clohexyi]-S-methyl-pyrazol-4-y-4-{(1R}-1-(5-
Huoro-Z-pyndy Dpropoxylpyrazolo{ 1, 5-alpyridine-3-carbonitrile (100 mg. 64% vield) as

yellow oil. LUMS (MM-ES+APCI, Pos): nvz 5893 (M+H).

Step E. 4-{(1R}-1-(5-fluoro-2-pyridviipropoxy -6-{1-{4-hydroxvevelohexy}-5-methyi-

pyrazol-d-vlipyrazolof L. S-alpvridine-3-carbontriie. To a 100 mb round-botiom flask

equipped with a magnetic stiv bar was added 6-[1-{4-[tert-
butyl{dimethyDstiyHoxyeyclohexylj-S-methyvi-pyrazot-4-vi}-4-[ (1R}-1~{5-fluoro-2-
pyridyijpropoxy jpyrazolof1,5-ajpyridine-3-carbonitrife (100 mg, 0.17 mmol) followed by the
addition of DCM (| i) HCVdioxane (2 M, 10 mL) was added into the mixture at 28 °C.
The muxture was stirred at 25 °C for 0.5 b The mixture was concentrated under reduced
pressure and purified by preparative HPLC (32%-62% acetonitrile / 0.04% aqueous ammonia
hydroxide + 10mM NH.HCGOs). The residoal aqueous solution was lyophilized to give 4-
[(1R)-1-(3~fluoro-2-pyridyDpropoxy}-6-[ 1 ~{4-hyvdroxyey clohexy-5~methyl-pyrazol-4-
viipyrazolof1,5-ajpyridine-3-carbonitriie {57.2 mg. 72% yield) as a white solid. LCMS (MM-
ES+APCE Posy m/z 4752 (M+H).

Example 17
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4-HIR)-1-(S-fluoro-2-pynidyhethoxy |-6-f 1-{(18.28)-2-hydroxycyclohexyl]-5-methyl-

pyrazol-d-vljpyrazolof 1,5-ajpyridine-3-carbonitrile
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Step A, 2-{4-1odopvrazol-1-vijevclohexanol To a 250 mL three-necked round-bottom flask

equipped with a magnetic stir bar and a reflax condenser was added 4-iodo-1H-pyrarole
{2.00 g, 10.3 numol} followed by the addition of DMF (25 mbL). 7-oxabicvelol4. 1.0theptane
(1.25 mL 12.4 mmol) and C2C03 (5.04 g, 15.5 mmol} were added into the mixture dropwise
at 25 °C. The maxture was heated (o 80 °C and stirred for 16 h. The mixture was quenched by
slow addition of H20 (100 mL). The resulting muxture was transferred to a separatory funnel,
aqueous fayer mixture extracted with ethyl acetate (100 mL x 3), combined organic layers
washed with brine (20 mL). dried over anhvdrous sodium sufate, filtered, and concentrated
under reduced pressure affording 2-(4~1odopvrazol~-1~yhevelohexanol (3 g crude) as yellow

oil. LOMS (MM-ES+APCL Pos): m/z 292.9 (M+H),

Step B. tert-butvi-[2-(4-iodopvrazol-1-vhcveclohexoxvi-dimethvi-silane. To a 100 mL round-

bottom flask equipped with a magnetic stir bar was added 2-(4-iodopvrazol-1-
yhevclohexanol (2.80 g, 9 59 nunol) followed by the addition of DMF (20 mL) and
inudazole (2.61 ¢, 38.3 mmol). TBSCI (3.54 mb, 2% 8 mmol} was added into the mixture at
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25 °C. The mixture was stirred at 25 °C for 5 mun. The mixture was quenched by slow
addition of Ha{ {100 mL). The resulting mixture was transferred to a separatory funnel, and
the agqueous layer mixture was extracted with ethy] acetate (100 mL x 3). The combined
organic layers were washed with brine {20 mbL). dried over anhydrous sodium sulfate,
filtered, concentraied under reduced pressure and purified by flash silica gel chromatography
{0~5% Ethylacetate/Petroleum ether} to give tert-butyl-| 2-(d-iodopyrazol-1-vDevclohexoxy]-
dimethvi-silane (3 4 g, 86% vield, 98.5% punity) as a white solid. LCMS (MM-ES+APCI,

Pos): nv/z 4072 (M+H).

Step C. tert-buty [ 2-(4-10do-S-methyl-pyrazol-1-vlicvelohexoxyi-dimethyl-silane, To a 100

mL threg-necked round-botiom flask equipped with a magnetic stir bar was added tert-butyl-
[2-{4-1odopyrazol-1-vheyclohexoxy]-dimethyi-silane (1.2 g, 2.91 mmol} followed by the
addition of THF (5 mL}. The solution was cooled to -78 °C. LDA (2 M. 3.64 mL} was added
dropwise. The mixture was stirred at -78 oC for T h. Mel {0.54 mL, 8.73 mumol) was added
dropwise. The mixture was stivred 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 organie lavers were washed with brine (10
ml), dried over anhydrous sodium sulfate, filtered, concentrated under reduced pressure and
purified by flash silica gel chromatography (0~8% Ethyvlacetate/Petroleum ether) to give tert-
butyl-{2-(4-iodo-5-methyl-pyrazol-1-yhicyelohexoxy -dimethyl-silane (500 mg, 38% vield)
as ayellow oil. LCMS (MM-ES+APCL Pos): m/z 4211 (M+H).

Step D. tert-buvi-dimethvi-[2-[5-methvi-4-(4.4.5 S-tetrarpethvl-1.3. 2-dioxaborolan-2-

vipyrazol-1-vHevelohexoxvlsilane, To a 100 mi. three-necked round-bottom Hask equipped

with a magpetic stir bar was addedtert-butyi-{2-(4-todo-S-methvl-pyrazol-1-v1l}cyclohexoxy -
dimethyi-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 into the mixture at 25 °C. The nuxiure was stirred at 25 °C for | 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 muxture was stirred at 25 °C under an atmosphere of nitrogen for 1 h. The
mixture was quenched by slow addition of Hz0 (20 mL}. The resulling mixture was
transferred 1o a separatory funnel, and the aqueous laver mixture was exiracted with ethyl
acefate (20 mL x 3). The combined organic layers were washed with brine (10 mL), dried
over anhydrous sodium sulfate, filtered, concentrated under reduced pressure to afford tert-

butyl-dimethyl-{2-{ S-methyl-4-(4,4,5 5-tetramethyl-1.3.2-dioxaborslan-2-vhpyrazol-1-
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vljcyclohexoxvisilane (530 mg, crude) as vellow otl. LCMS (MM-ES+APCI, Posy m/z
421.4 (M+H).

Step E. 6-{1~[2-[tert-butvi{dimethvDisitvljoxvevclobesyi-3-methvi-pvrazol-4-y 1 -4~ {(1 R}~1 -

{S-fluoro-Z-pyndyvlethoxyipyvrazololl S-alpvridine-3-carbomtrile. Synthesized according to

Example 4. Step A substituting tert-butvl 4-(4-(4,4,5, S-tetramethyvi-1,3 2-dioxaborolan-2-yi)-
1H-pyrazol-1-vDpipendine -2-carboxvlate for teri-butyvl-dimethy - 2-[ 5-methy}-4-(4,4.5 -
tetramethvi~-1.3 2-dioxabaorolan-2-vhpvrazol-1-vijcvclohexony Isilane to give 6-[1-{2-[tert-

butyl{dimethylistiyljoxyeyclohexyl}-5-methyl-pyrazof-4-v1}-4-[(1R)-1-(5-fluoro-2-
pyvridyDethoxy jpyrazolo| 1, 3-ajpyridine-3-carbonitnile {140 mg, 419 vield) as a vellow solid.
LCMS (MM-ES+APCH, Pos) ovz 575.4 (M+H).

Step F. 4-[(1R¥-1-(5-fluoro-2-pvridyliethoxv}-6-11-(2-hvdroxyevelohexy -5 -methvl-pyvrazol-

4-viipyrazolol 1.5-ajpvridine-3-carbonitrile. Svnthesized according to Example 16, Step E

substituting 6-] L-{4-[tert-buivi{dimethyvDsilyHoxveyelohexy}-8-methvl-pyrazol-d-yi]-4-
[(1R)-1-(S-fluoro-2-pyridy Dpropoxyjpyrazolof 1. 5-ajpyridine-3~carbonitrile for 6-[1-{2-[tert-
butyl{dimethy DsilyHoxveyclohexyl-5-methyi-pyrazol-4-v-4-[( 1R}- 1 -(5-fluoro-2-
pyridyBethoxy jpyrazolo[ 1, 5-alpyridime-3-carboniinie io give 4-[(1R)-1-{5-fluoro-2-
pyvrdyhethoxy]-6-[ 1-{2-hvdroxvevelohesyl)-3-methyl-pyrazol-4-ylipvrazolof1,5-alpyndine-
3-carbonitrile {80 mg, 79% vield, HC) as a yellow solid. LOMS (MM-ES+APCT, Pos): nv/z
461.2 (M+H).

Step G. 4-{(1Ry-1-(5-fluoro-2-pvridyethoxv-6-{1-[{(1S.28)-2-hvdroxvevelohexvif-5-

methvl-pvrazol-d-viipviazololl S-alpvadine-3-carboniirile. 4-[R)-1-{5-flugio-2-

pyndviethoxy i-6-1 1-{2-hvdroxvevelohexvlh-3-methyil-pyrazol-4-vlipvrazolol i.5-alpvridine-

3-carbonitrile. The racemate 4-[{1R}~1-(5-fluoro-2-pyridyliethoxy|-6-{ 1-(2~
hydroxveyclohexyly-S-methyl-pyrazol-d-vlipyrazolof 1, 5-a]pyridine-3-carbonitrile (80 mg,
(.17 nwool} was separated by SFC {(46% [CO-E1OHO. 1 9NH:H03]). After Ivophilization,
4-{(1R 3-1-(5-fluoro-2-pyridylethoxy {-6-{ 1-{{1§,28}-2-hv droxy cy clohexyl}-5-methyi-
pyrazol-d-vlipvrazolof 1.S-alpvridine-3-carbonitrile (25 mg, 30% vield) was obtained as a

white solid. LCMS (MM-ES+APCE, Pos): w/z 461.2 (M+H)

Example 14
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HO
4-[(18}3-1-(S-fluoro-2-pynidyi}-2-hydroxy-ethoxy |-6-[ 1-(4-hy droxyey clohexyl)-5-
methvipyrazot-4-yHpyrazolol |, S-ajpyndne-3-carbonitnle

HO. MO 7983 T88% ™G

Oy l / S
N/}\?\ o \d 0:{) Ossy HC\\ M50~~<
b T ) S - D )
Y [ FN 7 s %
L%{ Siop & \e{\,\) Step B N\z\} Sp @ N\«\-> Siep D “\}/‘»‘; SwpE N\\\
¥ 3 % ¥ 3 \g
7
s § o
Ry 3
Yo,
N N N
N 7 Tesn [/ W RG
i - ) { } 4 P
¢ e "‘)‘ ) /f‘*{ S o
s M., e Roy? ™%
Ny LN Ny X
RCEs <0 pas
58S oy o \xy
"""" P o e 1 L ¢
P \, 4 2 - Srep H &
N N -,
- {7 -
TBSG RO HO

Step A. 2-(5-fluoro-2-pyvridyi}-2. 2-dimethoxy-ethanol. To a 40 mL vial equipped witha

magnetic stir bar was added 1-<(5-fuoro-2Z-pyridyDethanone (2 g, 14.38 mmol} followed by
the addition of MeOH (30 mL). PRI{OAC): {9.26 g, 28.75 mmol) and KOH (1.65 g, 2941
mmol} was added mnto the nuxture 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, Ho0O (80 mL) was added into the mixture, the resulting
mixture extracted with dichloromethane (50 mL x 3}, combined organic lavers washed with
Wax{U(: (10 mL }, dried over anhvdrous sodivm sulfate, filtered, concentrated under reduced
pressure and was purified by silica gel column chromatography {30-40% ethvl acetate in
petroleum ether) to give 2-(5-fuoro-2-pyridy-2, 2-dimethoxy-sthanol (630 mg, 22% vield)

as a brown solid.

Step B. 1-(5-fluore-Z-pvridviy-2-hvdroxv-ethanone. To a 50 mi round-bottom equipped with

a magnetic stir bar and a reflux condenser was added 2-(S-fluore-2-pyridy1)-2,2-dimethoxy -

ethanol (326 mg. 1.59 munol) followed by the addition of THF (9 ml} and H20 (3 wl).

TsOH (54400 mg, 3.16 mmol} was added into the nuxture at 25 *C. The mixture was stirred

at 70 °C for 1 h. The mixture was quenched by slow addition of H0O (10 mb), pH adjusted to
i35
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pH8 with saturated aqueous sodrum bicarbonate. The resulting mixture was extracted with
ethyl acetate (10l # 3), combined organic layers dried over anhvdrous sodium sulfate,
filteved, concentrated under reduced pressure |-(3-fluoro-2-pyridv)-2-hydroxy-ethanone

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

Step C. 2-ltert-butvl{dimethylisilviloxy-1-(3-fluore-2-pyvridyliethanone. To a 50 mL round-

bottom flask equipped with a magnetic stir bar was added1-{S-fluoro-2-pyridyl)-2-
hydroxvethanone (250 mg, 1.61 nunol} and imudarole {625.00 mg, 9.18 ramol) followed by
the addition of THF (10 mL). The solution was cooled to 0 °C. Tert-butyl-chlioro-dimethyl-
silane (0.6 mL, 4 81 mmol) was added. The mixture was allowed to warm to 23 °C and stir
for 2 h. The mixiure was quenched by slow addition of H;0 (20 ml), transferred io a
separatory funnel, the agueous layer mixture extracted with ethyl acetate 20 mL x 3). The
combined organic lavers were dried over anhvdrous sodium sulfate, filtered, concentrated
under reduced pressure and purified by silica gel column chromatography (0-10% sthyi
acetate in petroleum ether) to give 2-Herl-butyl{dimethyDisiivloxy-1-(8-fluore-2-
pvridvilethanone {590 mg. 71% vield) as a white solid. LCMS (MM-ES+APCI, Pos): m/z
270.1 (M+H).

Step B. 2-[tert-butvi{dimethyhsitviloxy-1-(5-fuoro-2-pvridvllethancl. To a 100 mi round-

bottom Jask equipped with a magnetic stiv bar was added 2-[iert-buty l{dimethyDsitvloxy-1-
(5-flucro-2-pyridyljethanone (290 mg, .06 numol) followed by the addition of E#OH (3 mL).
The flask was then evacuated and purged with nitrogen three times. The solution was cooled
to 0 °C. NaBH: (30 myg, 1.32 nunol) was added into the mixture. The mivture was allowed 1o
warm {0 25 °C and stir for 1 h. The mixture was quenched by slow addition of saturated
agueous ammonium chioride (5 mL), transferred 1o a separatory funnel, and the aqueous
layer mixture extracied with ethyl acetaie (10 mL x 3). The combined organic lavers were
washed with brine (10 mL), dried over anhydrous sodium sulfate, filiered, and concentrated
under reduced pressure affording 2-{tert-butyl(dimethvjsilvljoxy-1-{3-fluorg-2-
pyridyethanol {290 mg. 98% vield) as a colorless gum. LUMS (MM-ES+APCT, Pos) nv/z

2721 (MHHD.

Step B. [2-ltert-butvi{dimethv Dsilviloxy-1-(5-fluoro-2-pyridvhethvl] methanesulfonate. To a

10 mL round-bottom flask equipped with a magnetic stir bar was added 2-ftert-
butyvl{dimethyisilyljosy-1-(3- fluoro-2-pyridviiethanol (150 mg, 0.54 nynol) and TEA (0.22
mi, 1.61 mmol) followed by the addition of BCM ¢1.5 mL). The solution was cooled 1o ¢

“C. Methylsulfony! methanesulfonate (140 mg, 0.8 mumol) in DCM (1.5 mL) was added
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dropwise. The mixture was allowed to warm to 25 “C and stir for 1 h. The muxtwe was
quenched by slow addition of HoO (8 mL). The resuiting mixture was extracted with DCM {5
ml # 3}, combined organic layers washed with brine (5 mbL), dried over ashydrous sodium
sulfate, filtered, and concentrated under reduced pressure atfording {2-{tert-
butyli(dimethyDsilyHoxy - 1-{5-fuoro-2-pyridviethyl] methanesulfonate {185 me, crude)as a

yellow gum.

Step F. o-11-[4-Hert-butvl{dimethyDsiivioxvevelobexvli-3-methvl-pvrazol-d-vil-4-1 2-{tert-

butvl{dimethvhisiivHoxv-1-(5-fluoro-2-pvridviethoxvipvrazolof 1.5-alpyridine-3-carbonitrile.

Synthesized according to Intermediate 1, Step A substituting 6-bromo-4-hydroxy-

pyrazolol. S-alpyridine3-carbonitrile for 6-f I -{4-{lertbutvl{dimethyDsilvljoxycyclohexyl]-5-
methvi-pyrazol-4-vi}-4-hydroxy-pyvrazolof 1.5-a]pvridine-3-carbonitrile and [(18)-1-{5-
fluoro-2-pyvridylyethyi] methanesulfonate for [2-{tert-butvl{dimethyDsilvljoxy -1 -(5-fluoro-2-
pyridyDethvl] methanesulfonate to give 6-[1-[4-{tert-buty l{dimethy DsilyHoxvey clohexyl]-3-
methyl-pyrazol-d-v1}-4-[2-[tert-butyl(dimethy Dsily Hoxy - 1 -(5-fluoro-2-
pyvridviethoxyipvrazolo[1,3-alpyvridine-3~carboniirile (195 mg. 67% vield) was obtained as a

yvellow gum. LOMS (MM-ES+APCI, Posy nv/z 461 2 (M+H).

Step G. 4-{1-(S-flyoro-2-pyridvi}-2-hvdroxv-ethoxvi-6-{ 1-{4-hvdroxveyclohexyiy-S-methvi-

pvrazol-d-vHpvrazolol L.S-alpyridine-3-carhomtrile, Svnthesized according to Example 16,

Step E substituting 6-{1-[4-{tert-butvl{dimethy Usilvljoxy ey clohexyi]-3-methyl-pyrazol-4-y1}-
4-{{IR)-1-(5-fluoro-2-pyridyl)propoxypyrazolof 1,5-a]pyridine-3-carbonitrile for 6-{1-{4-
[tertbuty i dimethvDsibvijoxvevelohexvl]-S-methyvl-pyrazol-d-y1}-4-{2-[tert-
butyi(dimethyDsily Hoxy~1-{5-fluoro-2~-pyridyvDethoxyipyrazolof 1, 5-a]pyridine-3-casbonitrile
to give 4-[1-(5-flucro-2-pyridyl}-2-hy droxy-ethoxy |-6-1 1 -(4-hvdroxy cvelohexyl}-S-methyi-

pyrazol-4-yHpyrazolof 1,S-ajpyridine-3-carbonitrile (40 mg, 34% yield) as a white sohd.

Step R 410831 -8 -fluoro-2-pvndvil-2-hvdroxy-ethoxv]-6-1 1 -{4-hvdrovyevelohesvi)-3-

methvipvrazol-4-vlipvrazololl. S-alpvriding-3-carbonitrile. The racemate 4-{1-(5-fluoro-2-

pyridyl}-2-hydroxy-ethoxy|-6-f 1-{4-hvdroxvevelohexyl-S-methvl-pyrazol-4-
viipyrazolof1,S-alpyridine-3-carbonitsile {40 mg, 0.09 mmol} was separated by SFC (20%
[CO-MeOH(0.1%NHH20). After vophilization, 4-[(1R)}-1-8-fluoro-2-pyndyhethoxy |-6-
[1-1(18.28)-2-hydroxy cyclohexyl}-S-methyi-pyrazol-4-ylipyrazolo[1,5-alpyridine-3-
carbonitrile (25 mg, 30% vield) was obtained as a white solid. LCMS (MM-ES+APCT, Posy:
/7 4772 (M+H).

Example 19
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6-11-(4-hydroxy ey clohexyly-5-methvi-pyrazol-4-y1}-4-[(15)-2,2 2-triflucro-1 (5~ fluoro-2-

pyridylyethoxyipyrazolof 1. 3-alpyridine-3-carbomtrile

Step A. 2.2.2-trifluoro-1-(S-fluore-Z-pyndyvhiethanel. To a 50 mL Schlenk tube equipped with

a maguetic stir bar was added S-fluoropyndine-2-~-carbaldehyde (300 mg, 2.40 mmol)
followed by the addition of THF {5 mL}. The solution was cooled to 0 °C.
Trimethyl(trifluoromethy silase (511,49 mg, 3.60 mynol) was added dropwise to the mixture
at 0°C. After stirring at 0 °C for 30 min, TBAF (1 M, 6.00 mL} was added dropwise to the
mixture at § °C. The mixture was allowed to warm to 25 °C and stir for th. The mixture was
guenched by stow addition of H2O (10 mL}. The resulting mixture was transferred to a 40 mL
vial, aqueous layer mixture extracied with ethyl acetate (S miL x 3}, combined organic lavers
washed with brine (5 mL), dried over anhvdrous sodium sulfate. filtered, concentrated under
reduced pressure and purified by silica gel column chromatography (0-30% ethyl acetate
/petroleum ether) to afford 2,2, 2-tnfluoro-1-{5-fluore-2-py ridviethanol (330 mg, 65% yield)

as avellow oil. LCMS (MM-ES+APCL, Pos): vz 196.0 {(M+H).

Step B. [2.2.2-trifluoro-1-(S-fluore-2-pyndyvethyl] tnfluoromethanesulfonate. To a 40 mL

vail equipped with a magnetic stir bar was added 2.2, 2-trifluoro-1-{5-fluoro-2-pyridyethanol
(300 mg, 1.41 mmol} followed bv the addition of THF (5 mL). The vial was purged with
vitrogen for 2 min. The solution was cooled to 0 °C, Nal (112.91 mg, 2.82 mmol, 60%
purity} was added into the mixture at 0°C. The mixiure was stirred at 25 °C for 30 min.
Trifluoromethanesulfonyl chionde (0.3 mL, 2.82 mmol) was added into the mixture at 25 °C.
The mixture was stirred at 25°C for 30min. The mixture was quenched by slow addition of

H20 (10 mL), transferred to a 40 ml vial, the aqueous laver misture extracted with ethyl

13%
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acetate (5 mL x 3). The combined organic lavers were washed with brine {5 mL}. dried over
anhydrous sodium sulfate, filtered, concentrated under reduced pressure and punified by silica
gel coluron chromatography (0-5%6 ethy] acetate /petroleurn ether) 1o give [2.2,2-trifluoro-1-
{5-fluoro-Z-pyridy Dethyll miflucromethanesulfonate (330 myg. 70% vield} as a vellow oil.

LCMS (MM-ES+APCE Pos): mvz 328.0 (M+H).

Step C. &-[1-[4-lteri-butv dimethy DsilvHoxvevclohexvl-S-methvi-pyvrazol-4-vil-4-[2.2.2-

tmifluore-1-5-fluore-2- pyvridvDethoxyipyvrazololl S-alpvndine-3-carbonifrde, To a 40 oL

vial equipped with a magnetic stir bar was added 6-{1-[4-[tert-
butvl{dimethyvistyljoxycyclohexyl}-5- methyl-pyrazol-4-vl{-4-hy droxy-pyrazolof 1,5~
alpyridine-3-carbonitrile (3060 myg, 0.63 mmmol) and [2,2.2- trifluoro-1-(S-fluore-2-
pyvrnidyhethvl] wrifluoromethanesultonate (253.30 mg, 0.75 mmol} followed by the addition of
Me(U'N (5 mL). KoCO:2 (173,49 mg, 1.26 mmol. 2 eq) was added mto the mixture at 25 °C.
The muxiure was stirred at 30 °C for Thr. The mixture quenched by slow addition of H20 (10
mb), transferred to a 40 ml vial, the aqueous layer mixiure was extracted with ethyl acetate
{5 mL x 3). The combined organic lavers were washed with brine (5 mL), dried over
anhydrous sodium sulfate, filtered, concentrated under reduced pressure and purified by silica
gel cobumn chromatography (0-5%6 ethyl acetate /peirolenn ether) to give 6-f 1-{4-{tert-
butyl{dimethyDsilyHoxycyclohexyl}-5-methyl-pyrazol-4-yi}-4-[2.2 2-triflacro-1-(S-fluoro-2-
pyridyhethoxy jpyrazolo[ 1, 5-ajpvridine-3-carbonitrile (270 mg, 66% vield) as a black brown
solid. LOCMS (MM-ES+APCT, Pos): w/z 629.3 (M+H).

Step D. &1 -(d-hvdroxvevelohexyD-S-methvl-pvrazol-d~-vii-4-[2.2 2~-mfluoro-1-(8-fluoro-2-

pyridvhethoxyvipvrazolol L 3-alpvndine-3-carbonituile, Svothesized according 1o Example {6,

Step E substituting 6-1-[4-{tert-butvl{dimethv}silvlfoxycyclohexyl]-5-methyl-pyrazol-d-yi}-
4-[(IR)-1-(5-fuoro-2-pyridy Dpropoxy Ipyrazolof 1,5-alpyridine-3-carbonitrile for 6-f1-{4-
[lertbutyl{dimethyhsitvlovyevclohesvi]-3-methyl-pyvrazol-4-y1}-4-[ 2,2 2-trifluoro-1-(5-
fluoro-2- pyridyhethoxy fpyrazolo| 1.5-a]pyridine-3-carbonitiile to give 6] 1-{4-
hydroxyevelohexyly-S-methyl-pyrazol-d-y1{-4-{2.2 Z-trifluoro-1-{3-fluoro-2-
pyridyDethoxyipyrazolo[ 1 5-ajpvridine-3-carboniinle (180 mg, 81% vield) as a brown solid.

LCMS (MM-ES+HAPCHE Pos): vz 515.0 (M+H).

Step E. 6-{1-(4-hvdroxveyelohexy)-S-methvi-pyrazol-4-v1]-4-[(18}-2.2 2-trifluoro-1-(5-

fuore-2-pvridvhethoxyvipyrazolof 1. S-alpvridine-3-carbonitrile. The racemate 6-{1-{4-

hydroxvey clohexyl}-3-methy l-pyrazol-4-y1]-4-{2.2 2-infloore- 1-(5-tluoro-2-

pynidvljethoxyipvrazolo 1 S-ajpyridine-3-carbonstrite (180 mg, 0.38 mmol) was separated by
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SFC (45% [CO-EtOH(0. 1%NHH2O0)M). After Ivophilization, 6-f {1-{4-hydroxvevclohexyi)-5-
methyi-pyrazol-d-vi{-4-{{18)-2,2 2-trifluoro-1 (3~ fluore-2-pyridyliethoxy jpyrazolo{1,5-
alpyridine-3-carbonitrile (78.2 mg, 45% vield) was obtained as a white solid. LCMS (MM-

ES+APCI, Pos): m/z 515.2 (M+H).
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v Methods oF Use

FGER wild tvpe and mutani enzvine assavs

Activity agamnst FGFR wild type and mutant enzymes were determined in
biocherical assays using purified jutracellular domains of the respective isoforms using
HTRF KinEASE-TK assav technology from CisBio. now PerkinElmer. (Catalogue number
62TKOPEC). Briefly test compounds were tested in 11 point 1.3 serial ditutions, typical
final concentration range from 10,000nM to 0.17nM. Test compounds were dissolved in
DMSO and added to assay plates using acoustic transfer. Frnzyvme was pre-incubated with
test compound for 30 nunutes and the assay was initiated by addition of ATP and TK-
peptide substrate. After 60 nunutes at room temperaturs the reaction was quenched with
detection reagent and incubated for an additional 60 moinuies at room temperature. The
plates were read using a nwltimode reader and the emission ratio of 665 nnito 6135 nm was
determined. This ratio was converted to percent of control {POC). {1-(high controf-sample
signal ¥/thigh control-low control)|* 100, Wells without compound were used to determine
high control values and wells without enzyme were used to determine low control values.
The POC values were it using a four-parameter logistic model and the value where the fit
curve was equal to 50 POC was reported as the 1C30 using the Signals VitroVive software
package (PerlanElmer) Final assay condifions were: 50 mM HEPES pH7 5, 16 mM MgClZ
1 mM EDTA, 0.01% Brij-35, 2 miM Mn{12, 1 oM DTT. and 0.5uM TK-peptide. The
enzyme source, catalogue number, final enzyme conceniration, and final ATP concentration

can be found n the tables 1-2 below.

Table 11 A summary of FGFRI-FGFR4 enzyme assay

Enrvme FGFR1 FGFR2 FGFR3 FGFR4
Fnzvime . Cama Cama Cama

- fovitrogen | . ST ] A
SQuIce Bioscience | Bioscience | Bioscience
Caialog PV4I0S | 08-134 08-135 08-136
Number
Enzvmeconc. | 0.020M | 0.03nM 0.03 oM 0.13 aM
ATP conc. 40 uM 2 uM S uM SO uM
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Table 2. A summary of FGFR1-FGFR4 enzvme assav

Fnzvme FGFRE FGFR2 FGFR2 FGFR2 FGFR3

- V56IM IN349H V564F V3641 V5355M
Enzyme Camna Carmna SignalChem | Cama Cama
SOUICE Bioscience | Bioscience | Biotech Bioscience | Bioscience
Catalog
Number 08-536 08-532 FOS5-12FG | 08-540 (18-543
Enzvme conc. | 0.13 nM .02 oM .02 oM 0.02 nM .01 nM
ATP conc. 1.4 uM 0.9 uM 1.5uM 0.4 uM 1.5 uM

Detection of phosphorylated FGFR (pFGFR 1} and FGFRZ {pFGFR2).

Phosphoryviated FGFRI (pFGFR1) Cell Assay

KG-1 cells were grown in IMDM supplemented with 20% fetal bovine serum. KG-1
cells were plated into a 384-well ai 10 x10° cells/25 pl/well. Cells were treated with
compound using three-fold serial dilutions af final concentrations ranging from 10 uM 10 0.5

nM. Compound was incubated on cells for 1 hour af 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 (TYRG653/654) Detection
Kits {CisBio, cai # 04FGFRIYOPEG). § pL of cell Ivsis buffer (dx) supplied with 1x
Phospheo and Total protein blocking reagent (CisBio, cat # GAFGFRIYOPEG, CisBio, cat #
64K B1AAC) was then added 1o the well. Cells were incubated with lvsis buffer for 40
minutes at 4°C under shaking conditions. Plates were centrifuged at 1500 rpm for 3 min ther
16 uL. of cell vsate was transferred from the cell-culture plate to a small volume detection
plate with the added premixed antibody solutions (4pL) (CisBio, cat # 64FGFRIYOPEG)
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 nmultimode plate reader via HTRF daal
wavelength detection. One hundred percent of control (POC) was deternuned using DMSO
treated samples, and O POC was determined using a control compound. A 4-parameter
logistic curve was fit to the POC values as a function of compound concentration and the

1Cse value 1s the point where the curve crosses 50 POC.
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Phosphorviated FGFR2-WT (pFGFR2-WT) Cell Assay

KATOIH cells were grown in the appropriate growth medium, IMDM supplernented
with 20% fetal bovine serum. Cells were seeded 1nto a 384-well at 1 x10° cells/25 pL/well.
Cells were treated with compound using three-fold serial dilutions at final concentrations
ranging from 10 uM to (.5 nM. Compound was incubated on cells for 1 hour at 37°C, 5%
COn.

Following the 1-how incubation with compounds, celi lysates were prepared and
phospho FGFR2 was measured using the HTRF Phospho-FGFRZ (TYRG653/654} Detection
Kits (CisBio. cat # 64FGFR2ZYGPEG). 8ub of cell lysis buffer (4x} supplied with Ix
Phospho and Total protemn blocking reagent (CisBio, cat # 64FGFRZYGPEG, CisBio, cat #
64KB1AAC) was then added to the wells. Cells were incubated with lysis buffer for 40
minutes al 4°C under shaking conditions. Plates were centrifuged at 1500 rpm for 3 min and
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 {(4ul) (CisBio, cat #
CAFGFRZYOPEG). Plates were centrifuged at 1000 rpm for 1 mun then incubated at 25°C for
120 min, then overnight at 4°C. Plates were read on the EnVision multimode plate reader vy
HTRF dual wavelength detection. One hundred percent of control {POC) was determined
using DMSQ freated samples. and 0 POC was determined using the top concentration of a
controf compound. A 4-parameter logistic curve was fit to the POC values as a function of

compound concentration io determune the ICso value.

Phosphorviated FGFRZ-mutant (pFGFR2-mutanty Cell Assay

HEK-293 cells were engineered to express FGFRZ-V564F/1/L or FGFR2-N549K
mutations with constructs obtained from GenScript. Cells were grown in appropriate growth
mediom DMEM supplemented with 10% fetal bovine serom and 150 pg/mL hygromycin,
Cells were plated in 96-well poly-D-lysine coated flat bottom plate at 7x10° cells/well and
allowed to aftached overnight at 37°C, 5% CQOq. Cells were treated with compounds using
three-fold serial dilutions at final concentrations ranging from 1 uM 1o .05 nM. Compound
wags incubated on cells for 1 hour at 37°C, 5% CO:. Cells were stimulated with 100 ng/ml
aFGF/bFGF (gibco, cat # 13241-013, gibeo cat # 13256-029) for 10 min at 37°C, 5% CO».

Medium was removed, and cells were fvsed with Iysis buffer contamning phosphatase and
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protease inhibitors {Sigma, cat # P8340-5ML, Sigma, cat # P5726-5ML). Phospho FGFR2

was measured by ELISA (R&D Svstems, cat # DYC6843. Optical density was measured for

each well using the BioTek Cytation 5 at wavelength of 450nm. One hundred percent of

control (POC) was determined using DMSO treated samples, and 0 POC was deternmined

using a conirol compound. A 4-parameter logistic curve was {it 1o the POC values as a

function of compound concentration and the ITsp value is the point wherg the curve crosses

50 POC

Table 3: FGFR cellular assay results

Compound FGFR2 FGFR2 FGFR2 FGFR2 FGFR2Z V3564l
Number Enz (nM) WT cell N349H V364K Enzyme (nM)
[§ 0% Enzyvme (aM) | Eozyme (nM}

i G3 3.4 0.4 i 1.4
2 0.16 2.5 0.05 (.14 6.24
3 21 128

4 1 26 2 3 4
3 0.25 5 0.7 i 1.4
6 i 15 24 4 43
7 0.3 5% 0.3 i 1
& 0.2 2 0.03 .62 0.1
G (.3 0.3 i H
114 33 5 0.53 0.8 1
11 1.4 23 4.6 4.4 5.8
iz 0.45 4.7 0.7 i3 i3
i3 6.5 38 0.6 L6 2
14 12,3 267 14 13 3%
15 0.4 6 04 i 1
i6 0.5 8 0.3 0.8 H

7 0.6 3.4 0.5 i 1.7
18 (.5 4 0.5 i 2
19 015 1.25 0.1 03 .4
20 0.14 1.7 0.1 0.3 0.3
21 1.7 24 3 6 1t
22 6.3 2.7 0.4 ¥ i4
23 G4 4 0.6 i 2
24 G.3 3 03 I i
25 0.3 3 0.25 0.7 i
26 g5 4 0.3 i 1
27 3 23 ] il 17
28 3 17 3 10 12
29 0.3 4 0.6 1.4 i3
30 1 9 2 37 6
31 1 7 2 3 56
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32 0.4 2.5 0.3 1 1
33 1 & 0.7 2 3
34 2.6 17 3 10 12
35 i 5 i 2 2.7
36 0.4 4 0.3 1.3 2
37 0.5 5.6 0.3 I 1.6
38 0.4 5 0.3 i i3
3y 8.3 5.5 0.4 i i
40 1 6.7 0.6 2 3
41 G5 4 0.7 2 2
42 0.6 4 0.65 1.7 2
43 1 9 i 3 3
44 0.3 8 0.4 i 1.5
43 6.3 6t 7 13 23
46 03 3 03 1 i
47 6.3 4 0.4 I 1
48 .4 3 0.4 i i
49 2.6 i35 3 8 10
56 53 57 6 it 20
51 1 6.3 i 2 4
52 0.7 Y i 24 3
53 0.3 3 0.5 i 1.5
54 6.4 12 0.3 i i
35 0.2 16 .13 03 0.6
56 0.2 34 0.2 0.6 i
57 0.4 12 0.5 1 i
38 0.15 1.6 13 0.45 1
39 4.3 57 I 3 3
50 0.4 3.8 0.5 1.3 2
61 6.3 3 0.4 § 1.3
62 7 438 9 215 30
63 0.3 33 0.3 i 1
64 33 4 0.2 0.6 0.7
63 3 21 33 9.3 106
66 105 793 106 139 369
67 0.4 4 0.4 i i4
08 1 8 i 3 4
69 0.4 2 i L6 1.6
70 i10 790 160 219 420
71 1 4.5 i 2 3
72 0.4 3 43 I 13
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Kinome Selectivity Assav Procedure

A compound of the present disclosure was screened at 10X its enzyme IC50 for FGFR2
against 394 kinases using the KinSight Quantitative Kinome Profiling Service at
AssayQuant, which is performed at cellular ATP concentrations of ImM. The compound
showed 78% mnhibition of FGFRZ and only 2 other kinases were inhibtted more than 50%
{FGFR3, ROS1).

Tabie 4. p-FGFR inhibition cell ICs data or fold shift from FGFR2 WT IC30

Assay 1056 or Fold
Shuft from
FGFR2ZWT
FOGFRZWT 2 ndg*
FGFRI WT 140X
FGFRZ N349K 4x
FGFRZ-V5641 4x
FGFR2-V564F £5,¢
FGFR2-VS64L 1.5X

*Denctes FBS shifted IC50 value

A compound of the invention showed 140x selective for FGFR2 over FGFRI,
exhibits low nM potency on FGFR2Z WT and retains activity across FGFRZ mutations.

A compound of the invention was profiled at 10X the enzyme 1Cs for FGFR2
against a panel of 371 kinases. FGFR2, FGFR3, and ROST where the only kinases that

showed >50% target inhibition. Partial kanome tree shown m FIG. 2.

Pharmacokinetics of a compound of the invention 1n animals

The absorption and pharmacokinetics of a compound in the invention was
mvestigated in biogvatlability studies in mice, rats, dogs, and monkeys. CDH Mice and
Sprague-Dawley Rats were dosed at 3mpk 1V while Beagle Dogs and Cynomolgus Monkevs
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were dosed at | mg/kg IV, CD1 Mice, Sprague-Dawlev Rats, Beagle Dogs and Cynomolgus
Monkeys were dosed at 10 mg/kg Oral Admunisiration. Blood samples were taken at various
itme poiats 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

Proten precipitation (PPT) operations were done for all collected plasma samples.
An aliquot of calibration standard, quality control (if any}, dilution guality control (if any),
single blank and double blank samples were added to a 96-well plate respectively. Each
samiple {except the double blank, quenched with blank crash solution) was quenched with
mternal standard spiked crash solution and the nuxture vortex-mixed for 5 min and
centrifuged for 10 min. All wnknown samples were quenched with mternal standard spiked
crash solution and the mixture vortex-mixed.

An aliquot of supernatant was transferred 1o a clean 96-well plate containung diluent
and the plated samples injected for LC-MS/MS analysis. Plasma concentration versus time
data was analyzed by non-compartiental approaches using appropnate PK modeling

software. Related PK parameters were calculated according to dosing route for all routes.
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Table S: A sammary of PK of a compound of the invention dosed in mouse, rat, dog, and

cynomolgus monkey

PR Mouse Rat Dog Cvno

Time (b} with Cplasma, free > Cell
>24 =24 =24 >24

{Can
112 (hr) 32 33 22 21
F (%) >140 8t >100 | 94
CL Gol/mmvkg) 3.6 53 53 0.8
VD, (L/kg) 1.2 1.3 2.2 1.0

A compound of the invention was used to study bicavatlability across species
mcluding mouse, tat, dog. and eynomolgus monkey, PK studies of a compound of the
mvention dosed in mouse, rat. dog, and cvnomolgus monkey at 1 or 3 mg/kg IV and 10
mg/kg PO were conducted and the results are summarized in FIG. 3. A compound of the
inveniion showed 24-hour coverage of the ree fraction adjusted WT FGFR2 cellular 1Cso
across spectes. PK studies across species showed a compound of the invention to be a low
clearance compound with high oral bicavailability.

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-relaied effects were observed on the
inhibition of ERK phosphorylation (4 br post dose administration). A compound of the
mvention showed that more than 38% inhibition of pERK was observed when dosed at or
above 3mg/kg PO. FIG. 4 shows Inhibition of pERK with various dosages of a compound of
the mvention.

in one embodiment method of treating a disease associated with mutations in FGFR2
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



WO 2025/034912 PCT/US2024/041350

dav intravenously or orally. In some embodiments, the therapeutically effective amount 18
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 composiiion of the
present disclosure in the amount of about 1-10 me/kg per day intravenously or orally. In
some embodiments, the therapeutically effective aroouni is about 1-5 myg/'kg per day
mtravenously or orally. In some certamn embodiments, the therapeutically 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 32106
AN3 CA cells (111, PBS: Matrigel). Following randonuzation by tumor volume. animals
were dosed with a compound in the invention at (-5 mg/kg PO, QD for two weeks. Tumor
volumes were measured three times per week and groups reaching an average tumor volume

>2000mun3 were euthanized.

AN3CA PK/PD Study Besign

Female NCr nu/nu mice (7-8 weeks) were subcutaneously implanted with 5x106
AN3 CA cells (111, PBS:Matrigel). Following randomization by tumor volume, animals
were adninistered a single oral dose of a compound in the invention (0-] Omg/kgy and
tumors and plasma were harvested 4 hours post dose. Plasma was analvzed for drug
concentrations; tumors were homogenized and evaluated for pERK normalized to GAPDH
via Westem Blot and expressed as percent of vehicle-treated control tumors.

A compound of the inveniion was dosed once daily by oval gavage at |, 2.5, 0r S
mg/kg for 14 davs in AN3 CA K310R/MNS49K wmor-bearing muce. Dose-related tumor
growth mhibition was observed, and complete tumor regression occurred at 5 mg/kg QD. In
rats, no increase in serum phosphate levels were observed at the matched efficacious plasma
concenirations of a compound of the nvention. FIG. 3 shows the resulis of a tumor growth
mhibition 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. It 1s therefore intended that the following appended claims and claims
hereafter introduced are interpreted to include all such modifications, permutations, additions

and sub-combinations as are within their true spitit and scope.
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Lisung of Claims:

CLAIMS

L. A compound having the following structure of Fornwia (V)
/3 -

{1V},
or a stereotsomer of the compound, salt or tawtomer of the compound thereof, wherein

R is selected fror the group consisitng of -CN, -CL, -Br, -CH;, -CFH, and -CFs;

% s 5.6 membered heteroarvi optionally substrhuted with 1 or 2 substituents each
mdependently selected from the group consisting of halo, O-Cs alkyl, and €:-Cs haloalivt
ng of H, ~OH, halo, C-Cs alkyl, T-Ce
heteroatkyl, -CEQIRY -OCEOIY, =NRY, ANRRS, -ANRNCEOIR -NIPCEOORY, -
CHCEOINRNE, -NRIRSCHACG=0NRING SCHNRICED IR, -S(00-C s, oxo,

R} g selocted from th

E¥OUp OO

phosphate, and CN, wherein the $1-Cs allovtis optionally substinied with one or more <OH:
R* is selected from the group consisting of ~03-Cs alkvl, C3-Ce beteroaikyl, Ca-Cs
cycloalbvl, and Ca-Ce heterocveloalkyl, wheretn the U-Us adkyi or {4-Ce cycloaibvl is

optionally substituied with one or move -OH or -NR'RS

K and R are, sach indepondently, selected from the group consisting of H, (-
alkvi, C1-Ce aliovl aleohol, -8{0-CH2, and C-Ce eveloalkyl
X s selected from the group consisting of ~(CHude, -{TH O, -(CHCH -, -

{CHOH o {CH s, S CHOH -(CH O, (CHCF 3, ~(CHOHOH -, ~(CHCHCH )0,

and a divect hond
Y is sedected from the group consisting of U, ~CHOH {CH; b, -
(CHCEQ ), NCOH:-, and a divect bond,

11§ an integer betwoeen | oand 4
015 an misger between { and 4
£ 18 an integer behween tand 4;
A 31} 56 membered heteroarviene having at most of two retrogen atoms, wherein

EL

w S-0 membered heteroarylene 1 optionally substiiuted with one or more substituents each
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mdependently selected from the grovp consisting of Ci+Ce allvl, halo, <CN, NHz, and «{Cs-

m
'

<
22

5

%
)
=3
o
e

U atkonyy, or

e

2
" i . wherein ™ mdicates a focation of a bond to the pyrazolopyrimidine
core and ¥ indicates alocation of' a bond 10Y, wherain R is celecied from H, Ci-Cs alkivl
and -NHz;

B 1s selected from the group consisting of {5-Cs cyclnatkylens, 5-6 membered

heterocycloativiene, and ~{Ha-, wherein the {5

“p cyeloalkviens or 5-6 membered

ene is oplionally substituted with one or more subsiituents each
independently selected front the group consisting of U-Cs alkvl, -OHL oxo, Ti-Cs alkoxy,

hato, Ci-Us haloalkvl, and €i-Ce alkyt aleohol;

sy

J

. . * . B . R .
wherew, when B g . wherein ¢ wdicates 4 location of a bond toY, * wndicates

—Z

atocation of a bond to B, RY s H or -ON, and A 15 pyrazolviens, the pyrazolviens is

optionally subsiituted with one or more halo, -UN, -NHz. or {C-Cg allkyvienay{Cy-Cs

iy
¥

alfoxs k. or two O+ alkivl; and

A

&
. . * N : 3 P Foosk
wherein, when B is wherein ¢ indicates a location of a bond to Y, ®

indicates a location of a bond to R, and A is pvrazolyviene, R? is 5-6 membered heteroaryl

substitutad with halo, Ci-Cs atkyl, or G-Cs hai@ai'i\'y?

2 The compound of claim 1, wherein R 15 -CN
3. The compound of claim 1 or 2, wherein R is 3-6 membered heteroaryi optionally

substituted with halo.

4. The campound of any one of claims 1-3, wherein R” s pyridiny! optionaily

substiigted with halo,
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5. The compound of any one of elaime 1-4, wherein R is pyriding] optionally

substitwted with F.

6. The compound of any one of claims 1-4, whersin R” is selected from the group
2, .
ENj/ll N /‘\\}._/}1" 5 N\ P’;_ i N\\\/e?z i N\\"T}a
i P B
o . 2 = z =
consisting off N F F L pd o
7. The compound of any one of claims 1-6, wherein R® is selected from the group

consisting of H, ~OH, halo, Ci-Cs alkyl, Ci+Cs heteraalkvl, ~Ce=0RE, -OCEGIRY, =NR?, -
NRIRE NRICEORY, NRICEQORY, -CHOEDINRING, -NRIRPCHAOE0INRIN?, -
CHNRIC=00RY, SS(01-CHs, oxo, and phosphate, wherein the {i-Ce alkyl is optionally

substituted with one or move -OHL

K. The compound of any one of claims 1-6, wharein R’ is selected from the group
consisting of -OH, halo, C-Cs alksl, Ci-Cs heteroalbyi, SC{=RY, SOCEOIRY, =NRT -

NRIRS, NRICEOIRY, NRICENOR?, -CHCE0INRINE, -NRICHCE0INRINS, -
CHNRICE=0IRY, -8{0)-CHs. oxo. and ph

wisphate, wherein the C-Us alkyl s oplionally

substituted with one or more ~OH.

D

The compound of any one of claims 1-6, whersin R is selected from the group

consisting oft -H, -0, halo, C-Cs alkyl, -Ce=0iRE =NRT -NRIRE, NRPCHEORY oxo, an

CN, wherein the C-Cs allovl 13 optionally substituted with one ov move <O

10, The compound of any one of claims -6, wherein B is selecied from the group
consisting of -H, -OH, halo, C-Cs allvl -CEORY, =R, ANRIR®, -NRICEOR?, and ox

wherein the O;-Cs aik}fi s optionatly substinsted with one or more ~OH

1

pani

The compound of any one of claims 1-6, wherein R7 is selected from the group

f=NRY SNRRS SNRPCEOIRY, and oxo,

consisting of. ~OH, hale, O alkvi -
wherein the €-Cs alkyl is optionally substituied with one or move ~OHL

12, The compound of any one of claims 1-6, wherein R is selected from the group
congisting oft ¥, ~OH, C-Cy alky], and -CEOIRY, wherain the C-Cs albyvl is opiionally

substituted with one or more -OH.
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13 The compound of any one of claime 1.6, wherain R {c selected from the group
consisiing oft ~OH, U1-Cs alkyl, and -C( O}R“, wherein the C-Cs allyl iz opt

substitutad with one or more -OH.

14, The compound of any one of claims 1-13, wherein the Cy-Us alkvl at R s optionally
subsituted with L 2, or 3 -OH

{5, The compound of any one of clabns 1-14, wherain RY is selacied from the group

congisting of ~UHy, -CHOH, ~CHRCHDOH, -COCH pOHL -CHRICHICH e INH, -G
heteroalkyl, Cy-Cs ovaleallvl, and Cu-Cs heterpoveloatkyl, wheretn the Ci-Cg eycloalkyl s

optionatly substituted with ong or more -0OH or -NR'RE

16, The compound of any one of claims 1-15. whersin RY is selected from the group
congisting of ~CHa, -CHROH, CHCHHOH, (CCH ROH, CHCHOH: 1)NH2, and Ca-Ce
eveloalkyl, wherein the Ca-Cs cycloalkyl is optionally substituted with -0OH or -NRPR®,

7. The compound of any oue of claims 1-16, whersin R 18 -CHy or -CH{CH:0H.

s, The compound of any one of claims 1-17, wherein R and R® are, each

mdependentiy, H or {-Cs alkyl

19 The compound of anv one of dlaims 1-18, wherain R” and RS ave H.
20, The compound of any one of claims 1-19, wherein X is selected from the group

consisiing of «{UHCH a-, «(CHOF o, (CHOHOH - and < CHUHCH

21 The compound of any one of clatms 1-20, wheremn X s ~{THCH: 3~

22, The compound of auy one of claime 1-21, wherein Y is a direct bond.

23 The compound of any one of clatms 1-22, whersinnis 1

24, The compound of any one of dlaims 123, wheratn A 18 5-6 membered heteroarviens
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having at most of two nitrogen atoms wherein the 5-6 membered heteroarviens is optionally
substifuted with one or more substituents each independently selacted from the group

consisiing of C-Cs aliyl, hale, -ON, -NH,, and (U0 albylene}-(Ci-Cy alko ),

25, The compound of any one of dlaims 1-24, wherein A 13 5+6 membered heteroarviens
having af most of two nitrogen atoms whersin the 5-6 membered hateroaryiene is optionally

subsittnted with B2, or 3 substituents each independently selecied from €:-Cy alkyl and -

26, The compound of claim 23, wheren the 5-6 membered heteroarviene 13 selected from
CH:
N / Q‘. /N\ 3
PR E Rt i % cmne N
’MN\;\ N, \f\ PN N
- i of ¥ ¥ H c Yond F
the group consisimg of . 3 . 3

JN\
Ry
~g

H;_:N 5

,and ¢ wherein * indicates a location of abond o Y. and ¢

wdicates & location of a bond to the pyrazolopynmiding core.

27 The compound of any one of claims 1223, wherem A 18

:

Ty/f

Jiﬁ

N
/
N
-~ \W-..,{};V'\Ra
* . wherain ¥ mndicates a location of a boud 1o ,s:sd ndicates a focation
of a bond 1o the pyrarolopyrimidine core. wherern R is selecied from the group consisiing «

HL. (3T atkvl, and -NH:.
28 The compound of claim 27, wherein R* 15 selected from ~-CHs and -NH.

0
4‘.,%3',

The compound of anv one of elaims 1-28, wherain B ts C5-Cq oycloativliene, whersin

the Ca-Us oveloalkylene i3 optionally substituled with oue or move substiiuents each

mdependently selected from the group consisting of Ci-Cs aliyl, -OH, oxa, T-Cs alkoxy,

hato, Ci-Cs haloaliovl, and C1-Cs alkyl alcohol.

The compound of any one of clatms 1-29. wherain B is Ca-Cs cyvcloalkviene, wherain
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the C:-Cx oveloalkylane ix optionally subsiituted with Ci+Cs alled or <G

31 The compound of any one of clairos 1-28, wherein B 15 5-6 mombered
heterocycloaliiylene, wherein the 5-6 menthered heterocyelnalkyviene 15 opticrally substituted

with one or more substituents gach ndependently selected from the group consisting of Ci-
Ca atlvl, -OH, oxo, C-Cs alkovy, hale, C1-Cs haloalld, and C-Cy alkyt alcohol.

32 The compound of any one of elaims 1-28 and 31, wherein B 5 5-6 membered
heterocyeloalbviens, wheraln the 3-6 membered hetevoovcloalkviene 15 optionally substituted

with O1-Co albyl or -OH

33 The compound of any one of claims 1-28, wherein B 15 «CHze
34, The compound of claim 1, wherein the compound is a compound having the

following structure of Fornnida (TV-a}

IV -a},
or a sterenisoner of the compound. salt or tautomer of the compound thereof, wherein:
R? is 5-6 membared hetemarﬁi optionaliy sobstitetad with halo;

R s H, <O hato, €1-Co albvl, ~CEORY, =NRPNRIRS, NRICEHEORY, oxo, and

O, wherein the Cy-Ce alkyt 1s optionally substituted with one or more ~OH;

¥ s selected from the oroup consisting of -C1-Ce allwl, Ci-Ce heternaikyl, ¢

cycloalbyvl, and Cy-Cy heterocyeloatkyi, wherein the U)-s atky Zs eycloalbvl is
optionally substituted with one or more -0 or -NR'R®

R* and R® are, each independently, H, or C1-Cg alkyl:

Xis «{CHCH b, (CHCF e, {CHOHOH - and ({CHOHCHS)

i3 an nteger between { and 4,

substituted with one or move C-Cs alky ], hale, -ON, -

A s pyvrazolylene optionally
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NHz, or «{Ci-Co alkviene(Ci-Ce alliony ) and
B 15 selected from the group consisiing of {3-Uy eycloalkviens, 5-6 membered

H

heterocycloaliviene, and -CHz- wheren the C5-Ce evcloallviens or 5-0 mombered

ne 18 opiionally substituted with one or more substituenis sach
wdependently selected from the group consisting of Uy-Cs alkvl, ~OHL oxe, O -Os alkoxy,

&
halo, Ci-Ce haloallovl, and Ci-Ce alkyt afeohol,

AR
I
wherein, when B 1s ., wherem ¢ indicates a location of a bond to Y. * mudicates

alocation of a bond 1o R ¥ s H oor -CN, and A is pvrazolyiene, the pyrazoiviens is
optionaily substituted with one or more halo, ~ON, -NHz, or «{C-Cs alkvlensi-{C1-Cs

atkoxyk or two Cr-Cs atkvl; and

Fvy

~ §
. - . * . L
th:,rcm., W E“aL?:) s R '\\"&Si’i’.lﬁi‘: ¢ mehcates a omi;(m “E:u bOQG 0 ‘J

indicates a location of a bond to R, and A is pvrazolviene, R* is 5-6 memibered heternaryl

substtinted with balo, C-Cs alkyl, or Ci-Cq haloalkyl

35 The compound of claim 34, wherein R? is pyridiny! optionally substituted with halo.

36, The compound of claim 34 or 35, wheren B¥ is pyridinyl optionally substituted with

¥

37 The compound of any one of clains 34 or 35, wheretn R? is selected from the group
%

Y

o8 N”\’}L [I L/ UH
% FoF . aa O

38 The compound of anv one of claims 34-37, wherain R7 is selecied from the gronp

consisting of!

conaisting of H. -OH, halo, C1-Ce alkvl, -CEOIRY, =NRCNRORS, NRCEGIRG, and oxa,

wherein the O-Cy alkvl 1o optionally substitited with one or more ~OH,

39 The compound of any one of claims 34-37, wherein R° is selected {rom the group
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consisting of -OH, halo, {Cs kv, -O{=0RY, =NR7, JNEPRS, NRPCEOWRY, and oxo,

wherein the C-Cy atkvl s optionally substituted with one or more -GH.

3 The compound of any e of clabms 34-37, whersin R is selected from the group
consisting oft H, OH, C-Us alkyl, and -C=0iR, wherein the Ci-Ce alkel 18 optionally

substituted with one or wore ~OHL
41 The compound of any one of claims 34-37, wherain R is selacted from the gronp
consisting off O, C1-Ce alkvl, and -CEORY, whersin the Cr-Co alkyl is optionally

substituted with one or move -OH

42, The compound of any one of claims 34-41, wherein the O-Cs alkyl at R s
optionally substituied with 1, 2 ov 3 -0H

43, The compound of any one of clams 33-42. wherein R¥is -CHa, -CHOH, -

CH{CHHDOH, -COH: 0, -CHICHWH N, and Co-Cs oveloa

eveloalkyl is optionally substituted with -OH or -NR'RS,

.

44, The compound of any one of claims 33-43, whersin R¥ s -CHs or -CHCH:OH

45 The compound of any one of clatms 33-44, wherein R and R® are, each
mdependently, H or -{H:
46, The compound of any one of clabms 33-45, wherain R and R® are H.

47, The compound of any one of claims 33-46, wherein X s ~({CHCH e

Ny

44, The compound of any one of clatms 3347, wheretnn s L

49 The compound of any one of elaims 33-48, wherain A 15 5-6 membered

Nl‘:-. N\. CH3
*—-—-N E *—N‘
(N (N
T

heoteroaryiene is selecied from the group consisung of! . & .
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Naw N, -OHs N
Al AL
NPy Y Lls
HC , HyC . HaN and ¢ wherein * indicates a location

S The compound of any one of clanms 33-49, whererns B s Ca-Up cveloalkviens,
whaerein the Ca-Ca cvcloalkviene is optionally subsututed with one or more substinuents each

sisting of C1-Ce alkivl, ~OH, oxo, Ci-Cy alkoxy,

+-Cg haloalkyvl, and C-Co albyl alcobiol

relaatkylene,

1 The compound of any one of claims 33

wherein the Uiy oveloaikyiene is optionally sebstitoted with €0k iﬁky§ or -4

32, The compound of any one of clatms 33-49, wherein B 18 5-6 membered
heterocycloatkyiene, wharein the 5-6 memberad haterocy cloatkviene 18 optionally substituted
with one or more substituents each independently selected from the group consisting of -

Ce alkyl -OH, oxo, €)~Ce alkoxy, balo, €O haloalky], and C3-Cs alky! aleohol

53, The compound of any one of claims 33-49 and 52, wherein B i 5-6 membered
heterocycloativiene, wherein the S-6 membered heterocycloalbvlene is optionally subsiitute

with €-Cs alky! ar -QHL

54 The compound of claim 1 wheran the compound has one of the foltowing

structures:
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550 The compound of any one of claimas 1-34, wherem the salt 3 a pharmaceutically

accepiable salt

36. A pharmaceutical cornposttion comprising the compownd of any one of clairos 1-35

of a pharmaceutically acceptable sali thereof and a pharmaceutically acceptable excipient.

37, The pharroaceutical composition of claim 536, vherein the composition further

comprisas ancther therapeutic agent.

S8 The compound of any one of clayms 135 or the pharmaceutical composition of claim

187
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56 or 37 for use in treating a disease associated with mutations in {ibroblast growth factor

receptor 2 (FGFRIZ} or fibroblast growth factor receptor 3 {FGFR3

59, A mathod of treating a disease associated with nuttations i FGFRZ or FGFR3,
comprising: adnunistering the compound of any one of claims 133 or the pharmacewtical

composition of claim 56 or 87 1o a subject in need thareof

60, The method of claime 59, wherain the subyect is an anumal.

61, The method of claim 39 or 60, wherein the subject is a buman.
62, The method of any one of claims 39-61, wherein the disease associated with

mutations in FGFR2 13 a cancer o craniosynostioie svadrome,

63, The method of any one of claims §9-62, wherein the cancer 15 intrahapatic
cholangiocarcinoma, hepatocellular carcinoma, breast cancer, prostate cancer, hung
squarmous cell carcinoma. thyroid cancer. gasing cancer, ovarian cancer, endometrial canger,
non-snall cell fung cancer, wrothelial cancers, colorectal capcer, colon cancer, metastatic
cholangiocarcinoma, cholangiocarcinoma, osteosarcoma, gastroesophageal junction
nglioglioma,

adencearcinoma, biltary tract cancer, anaplastic thvroid carcinoma,

pancreatic idraductal tubulopapiflary neoplasmy, galibladder carcinorna, renal cell carcinony

mvxoid {ipocarcinoma, triple negative breast cancer, or rectal cancer.

wherein the crantosvoostoic syndrome s

64, The method of any one of claimg 58-8%,

craniosyiostosis, bent bone dysplasia, crouzon syndrome, apert syndrome, pfaller
syndrome. anfley-bixler, beare-stevenson syndrome, jackson-weiss syndrome. or seathre-

chotzen-like syndromes.

65 The method of any one of claims 5961, wherein the disease associated with
mugations in FOFRY §s svatemice selerosis, fibrosis, pubmonary ﬁ:;‘l’i},jis, achondroplasia,

thanatophoric dvsplasia, severe achondroplasia with developroandal delay and acanihosis
nigricans {SADDAN syndrome). muenke syndrome, FGFR3 associated cancer,

hvpochondroplasia, FGPFR3 related craniosynostosis, LADD svndrome, or Alzheimer
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G5, A method of treating a disease associated with mutations in FGFRZ, comprising

admirsstering the compound of any one of claims 1-33 or the pharmaceutical composition of

claim 36 or 8 h

wherein the coropound or the pharmaceutical composition is hughly selective

for FOFRZ over FOFRL

7
I

=

67 A method of treating a disease associated with mutations i FGFR2 comprising

providing a therapeutic effective amount of the compound of anv one of clavws 1255 or the

pharmaceutical composition of claim 6 or 87, wherein the therapeutically effective amonnt
of the compound or the pharmaceutical compaosition shows dose responsive inhibitton of

priviein kinase R-like endoplasmic reticulum Kinase (pERK ).



