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COMPOUNDS AND COMPOSITIONS AS RAF KINASE INHIBITORS

FIELD OF THE INVENTION

{3661} The wnvention provides compounds that inhibit Raf kinases, and are
accordingly useful for treating certain disorders associated with excessive Raf kinase activity,
including cell proliferation disorders such as cancers. The mvention further provides
pharmacoutical compositions containing these compounds and methods of using these

compounds to treat conditions including cancer.

BACKGROUND
002} Protein Kinases are involved i very complex signaling cascades that regulate
most cellular functions, mcluding cell survival and proliferation. These signaling pathways
have been heavily studied. particalarly in the context of disorders cansed by dysregulated
cellular founction, such as cancer. The mitogen-activated protein kinase (MAPK) cascade has
been studied extensively, for example, and kinases in this pathway {(e.g.. RAS, RAF, MEK,
and ERK) have been exploited as target sites for drug discovery. Mutated B-Raf s found m a
significant fraction of malignancies {over 30% of all tumors and 40% of melanomas), and
several drug candidates that inhibit a common B-Raf mutant (V6O0E, an activating mutation
found m many cancers, particularly in cutancous malignant melanoma, thyvroid cancer,
colorectal cancer, and ovarian cancer) have been reported, including GDC-0879, PLX4032,
and PLX4720, while other inhibitors targeting C-Raf or B-Raf (or both) inchude sorafenib,
XL281 RAF263, and BAY43-9006. These examples demounsirate that compounds that inhibit
B-Raf or C-Raf are useful to treat various cancers.
(0603} The MAPK signaling cascade moludes RAS, Raf, MEK and ERK kinases,
cach of which 1s actually a group of related proteins. These proteins function collectively as a
signal transduction cascade where the number of distinct kinases and their varving substrate
specificitics croate a complex and highly branched pathway. Raf, for example, consists of
monomers referred to as A-Raf, B-Rat, and C-Raf (also called Raf-1), cach of which
fimetions primanily as a dimer. The RAF complex imeludes heterodimers as well as
homeodimers of these three species, bringing the total number of dimeric species i the Raf
group to six, with each of these having a nuwmber of sites where phosphoryvlation ai senne,
threoming or tyrosme can cause either activation or inhibition. Duc to the complexity of the
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pathway and its regulation, 1t has been reported that inhibitors of B-Raf can cause paradoxical
activation of the pathwav, apparently due to conformational effects on the kinase domain of
Raf that affect dumerization, membrane localization, and interaction with RAS-GTP. In
particular, ATP-competitive mlubitors can exlubit opposing offects on the signaling pathway,
as either inhibitors or activators, depending on the cellular context. As aresult, B-Raf
whubitors effective against tumors having the activating B-Raf mutation VOU0E may not be
as effective as expected in tumors havisg wild-type B-Raf or KRas mutations.

[B084] The present invention provides novel intubitors of Raf kinases, including A-
Raf, B-Raf and/or C-Raf, and ose of these compounds to treat disorders associated with
excessive or undesired levels of Raf activity, such as certain cancers. The compounds of the
invention minimize undesired pathway activation effects, and thus can be more efficacious
and more predictable in vive than the B-Raf inhibitors that cause paradoxical pathway
activation cven when they have similar in vitro potoncy. The compounds of the mmvention
bind in a DFG-out mode, making them type 2 inhubitors, which have been reported to be less
prone to induce paradoxical activation. The compounds are suited for treatment of BRaf

wild-type and KRas mutant tumors, as well as B-Raf V600E mutant tumors.

SUMMARY OF THE INVENTION

{3605} In one aspect, the mvention provides compounds of the formula I and 11

L 1s selected from —NHC(O)— and ~C{O)NH—;

(6006

i i Y 1s selected from N and CH;
3668} Y, 15 selected from N and CH;
i i Y3 1s selected from N and CH;

S
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{6616 Y. ts selected from N and CRg; wherein Ry is sclected from H, hyvdroxy-
ethoxy, 3-hydroxyoxetan-3-vl, 2 3-dihydroxypropoxy, hvdroxy-cthyl-amino, 4-amino-4-
methylpipenidin-1-vl, 2-oxooxazolidin-3-vl, methoxy and methvl;

36113 Y 1s selected from N and CR; or R and the nitrogen of Y, form a 5 member
unsaturated ring containing and additional heteroatom sclected from N, O and S; or Ry and Ry
together with the ring to which they are both attached form 2H-benzo[bii1 4loxazm-3(4H)-
one substrtuted with one to two Ry groups independently selected from methyl and hydroxy-
ethyl; or By and Y5 together with the ring io whach they are both attached form 1H-
benro[dhimidarole substituted with methyl;

[6612] Ry ig selected from H, ethoxy, isopropoxy. methoxy-ethyvl-amino, (2-
hydroxyvethy Y{methyDamino, (1-hvdroxypropan-2-viYamino, methoxy-ethoxy, hydroxy-
gthoxy, methoxy, (2-hvdroxypropyhamine, (tetrahvdro-2 H-pyran-4-vhoxy, (tetrahvdro-2H-
pyran-4-vhoxy, (1-sthvipipenidin-4-yloxy and pvrazolyl; wherein said pyrazelvl can be
unsubstituted or substituted with 1 to 2 methy] groups; each

{36133 Ry, 1s independently selectod from hydrogen and OH;

[Bi4] Ry 18 selected from H, methyl, halo, fluoro-methyl, hydroxy, hyvdroxymethyl,

diftuoromethyl, formayl, methoxy and cyvano;

[0615] R 1s selected from:
- Rae .
Rﬂ!‘ R, 5 ; ;i ~ "~
2N Rﬂé \]/ N
Ris
ﬁw/\]/ ; R15 \(fg \N N RTS
O T A
N NG F R 0PN
R ‘V H
16
\N \ . \;\/\YR‘:S
;PN ; L\/ ;
h NH
Ris
i WAV =N
/ Ris and NH
Rig '
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ES
3616} wherein indicates the point of attachment with L)
[6817] Ry 18 selected from H, methyl, hvdroxy-ethvl, hydroxy-propyl and 2.3~
dibvdroxypropyl;
0618} Ris 18 selected from ~CFa, methoxy, ~C{CH;)F, ~CF,CHF, ~C(CH 0N, ~

C{CHRF,, ~CHF, ~C{CHR)0H, t-butyl, F-oyanocyclopropyi, 2-
{triffucromethyDeyvclopropyl, ~C{F ) H:, methyl-sulfonyi, 4-cthylpiperazin-1-v1, —
C{CHa ) NH; and dimethyl-amino-methyl,

[B319] Rie 18 selected from H, halo, hvdroxy, dimethyi-amino, hydroxyv-methyvl,
amino-methyl, -C{CH,»NH, and ~CF;; with the proviso that a compound of formula H 15 not
2-(2-cyanopropan-2-v1)-N-(4-methvl-3-(1 -methyvl-6-oxo0-5-(tetrabvdro-2H-pyran-4-y1)-1,6-
dibvdropyridazin-3-vlphenyhisonicotinamide or 2-(2-flucropropan-2-y1-N-(4-methyl-3-(1-
methyl-6~oxo-5-{tetrahydro-2 H-pyran-4-vi)-1,6-dihy dropyridazin-3-
vDpheavhisonicotinamide.

[6626] In a second aspect, the present invention provides a pharmaceutical
composition which contains a compound of Formula I or Il or a N-oxide denivative,
mdividual isomers and mixture of isomers thereof, or a pharmaceutically acceptable salt
thereof, 1n admixture with one or more suitable excipients.

[B0621] In another aspect, the compounds of Formula I or [T are inhibitors of Raf
kinases as shown by data hereimn, and are accordingly useful to treat conditions such as
melanoma, breast cancer, sarcoma, Gl tumors such as gastromiestinal stromal tumors, ovarian
cancer, sarcoma, Gl tumors such as gastromntestinal stromal turaors, and other malignancies
associated with excessive Raf pathway activity, particularly in cancers driven by Ras
mutations. In addition, the compounds of the invention exhibit low levels of paradoxical
agctivation of the Raf pathway.

622} In another aspect, the nvention provides pharmaceutical compositions
comprising a comnpound of Formula 1 or I admixed with at feast one pharmaceutically
acceptable carmer or excipient, optionally admixed with two or more pharmaceutically

acceptable carriers or excipients.
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{3623} In addition, the mvention ncludes combinations of a compound of Formula 1
or I with a co-therapeutic agent, optionally inchuding one or more pharmaccutically
acceptable carriers, and methods of treatment using a compound of Formulal or I 1n
combination with & co-therapeutic agent. Suitable co-therapeutic agents for use in the
mvention include, for example, cancer chemotherapeutics including but not lunited to
miunbitors of PI3K, other inlubitors of the Raf pathway, paclitaxel, docetaxel. temozolomide,
platins, doxorubicins, vinblastins, cyclophosphamide, topotecan, gemcitabine, tfosfamide,
ctoposide, wrinotecan, and the like.

0624} In another aspect, the mvention provides a method to treat g condition
characterized by excessive or undesired levels of activity of Raf, especially B-Raf and/or C-
Raf, which comprises administering to a subject in need of such treatment an effective
ammount of a compound of Formula T or 1] or any subgenus thercof as described herein, or a
pharmaceutical composition comprising such compound. The subject can be a mammal, and
is preferably a human, Conditions treatable by the compounds and methods desonbed herein
mclude various forms of cancer, such as solid tumors, melanoma, breast cancer, tang cancer
(e.g., non-small cell lung cancer), sarcoma, Gl tumors such as gastrointestinal stromal tumors,
ovarian cancer, colorectal cancer, thyvroid cancer, and pancreatic cancer. The imveniion thus
includes compounds of Formula I or [T and the subgenera thereot that are disclosed herein,
including cach species disclosed herein, for use i therapy, particularly for use to treat cancers
such as melanoma, breast cancer, lung cancer, bver cancer, sarcoma, GI tumors such as
gastromtestinal stromal tumors, sarcoma, GI tumors such as gastrointestinal stromal tumors,
ovarian cancer, colorectal cancer, thyroid cancer, and pancreatic cancer. The invention also
includes use of such compounds for manufacture of a medicament for treating these
conditions.

0625} The mvention includes compounds of Formula [ or H and the subgenera of
Formula I or If described herein, and all stereoisomers (including diastercoisomers and
enantiomers), tautomers and isctopically enriched versions thereof (including deuteriur
substitutions), as well as pharmacentically acceptable salts of these compounds. In particular,
where a heteroaryl ring containing N as a ring atom is optionally substitoted with hydroxyl,

e.g., a 2-hydroxypyndine ring, tautomers where the hydroxyl is depicied as a carbonyl (e g,
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Z-pyridone) arc included. Compounds of the present invention also comprise polymorphs of

compounds of formula [ {or sub-formulae thereof) and salts thercof.

DETAILED DESCRIPTION

08026 The following defimitions apply unless otherwise expressly provided.
&
Ba27 Asused h(’)i’(’)im the term “halogen™ (or haio) refers to ﬂum‘in& bmmine%
g AY

chlerine or 1odine, in particular flacrine or chlorme. Halogen-subsirtuted groups and moictics,
such as alky substituted by halogen (haloalky!) can be mono-, poly-~ or per-halogenated.
6028} As used herein, the term “hetero atoms™ refers o nitrogen (M), oxvgen (O) or
sulfur (8} atoms, m particular nifrogen or oxvgen, unless otherwise provided.

36253 As used herein, the term “atkyl” refers to a fully saturated branched or
unbranched hydrocarbon motety having up to 20 carbon atoms. Unless otherwise provided,
atkyl refers to hyvdrocarbon motetics having 1 to 10 carbon atoms, 1 to 6 carbon atoms, or 1 o
4 carbon atoras. Typically, alkyl groups have 1-6 carbon atoms. “Lower allyl” refers to
atkyl groups having 1-4 carbon atoms. Representative examples of alkyl include, but are not
fmited to, methyl, ethyl, n-propvl, iso-propyl, n-butvl, sec-butyl, iso-butyl, tert-butvl, n-
pentyvl, isopentyl, neopentyl, n-hexvl, 3-methvthexvl, 2.2- dimethvlpentyl, 2.3~
dimethylpentyl, n-heptyl, n-octyl, a-nonyl, n-decy! and the hke.

036 A substituted alkyl 1s an alkyl group contaming one or more substituents in
place of hydrogen, such as one, two or three substituents, or 1-4 substitucnts, up to the
number of hydrogens present on the unsubstituted alkyl group. Suitable substituents for alkyl
groups, if not otherwise specified, may be selected from halogen, CN, oxo, hydroxy,
substituted or unsubstituted Ci. alkoxy, substituted or unsubstituted Cs cvcloalkyl,
substituted or unsubstituted Ca heterocveloalkyl, substituted or unsubstituted phenyl, amino,
(g alkvbammo, dCy alkyDamino, (4 atkyithio, Cy alkylseHonyl -C(=0)- O alkyl,
COOH, COO(C 4 alkyl), -O{C=0)- €4 alkyl, ~-NHC(E=OYC 4 alkyl and -NHCEOY OO,
alkvl groups; wherein the substituents for substituted C,.4 alkoxy, substituted Ci.6 cycloalkyl,
(s hetercoycloalkyl, and substibuted phenvl are up to three groups selected from halo, 1y
atkyl, Cy.ohaloalkyl, Ciqalkoxy, amino, hydroxy, and CN. Preferred substituents for alkyl
groups include halogen, N, oxo, hydroxy, Cia alkoxy, Csscycloalkyl. phenvl, amino, (T4

6
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atkyliamine, d{C; alkyhammo, T, altkyvithio, Ty, alkylsulfonyl, -CE=G- O alkyd,
COOH, -COO(C 4 alkyl), -O(C=0)- Cryalkyl, -NHCE=O) C, alkyl and ~NHCEGO Cy.
atkyl groups.

[6631] Ag used heremn, the term “alkylene” refers to a divalent alkyl group having 1
to 10 carbon atoms, and two open valences to attach to other foatures. Unless otherwise
provided, alkylene refers to moisties having 1 to 10 carbon atoms, 1 to 6 carbon atoms, or 1
to 4 carbon atoms. Representative examples of atkylene include, but are not limited to,
methyiene, ethylene, a-propylene, iso-propylene, a-butyviene, sec-butyiene, iso-butviene, tert-
butviene, n-pentylene, isopentylene, neopentylene, n-hexviene, 3-methythexylene, 2.2-
dimethylpentylene, 2,3-dimethyvipentylene, n-heptvlene, n-octviene, n-nonylene, n-decvlene
and the ke, A substituted alkyiene is an alkviene group containung one or more, such as one,
two or three substituents; unless otherwise specified, suitable and preferred substituents are
sclected from the substituents described as suitable and preferred for alkyt groups.

0632} As used herein, the term “haloalkyl” refers to an alkyl as defined herein,
which is substituted by one or more halo groups as defined herem. The haloalkyl can be
raonohaloalkyl, dihaloalkyl, trihaloalkyl, or polvhaloalkyl including perhaloalivl. A
monohaloatkyl can have one 1ode, bromo, chioro or fluore within the alkyl group. Chioro
and fluoro are preferred on alkyl or cveloalkyl groups; fluore, chloro and bromo are often
preferred on aryl or heteroarvl groups. Dihaloalkyt and polvhaloalkyl groups can have two or
more of the same halo atoms or a combination of different halo groups within the alkyl.
Tvpically the polvhaloalky] contams up to 12, or 10, or 8, or 6, or 4, or 3, or 2 halo groups.
Non-limiting examples of haloalkyl include fluoromethyl, difluoromethvi, trifluoromethyi,
chloromethyl, dichloromethvl, trichloromethyl, pentatluorocthyl, heptatluoropropyl,
difhuorochloromethyl, dichlorofluoromethyl, difluoroethyl, diftucropropyl, dichlorcethyl and
dichloropropyi. A perhalo-alkyl refers to an allyl having all hyvdrogen atoms replaced with
halo atoms, ¢.g, trifluoromethyl.

[6633] As used herein, the term “alkoxy™ refers to alkyl-O-, wherein alkyl is defined
above. Representative examples of alkoxy include, but are not hmited to, methoxy, ethoxy,
propoxy, 2-propoxy, butoxy, tert-butoxy, pentyvloxy, hexvloxy, and the bike. Typically,

alkoxy groups have 1-10, or -6 carbons, more commonly 1-4 carbon atcms.

~3
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[B634) A “substituted atkoxy™ 15 an alkoxy group containming one or more, such as
one, two or three substituents on the alkyl portion of the alkoxy. Unless otherwise specified,
suitable and preferred substituents are selected from the substitucnts listed above for alkyl
groups, except that hydroxyl and amino are not normally present on the carbon that s directly
attached to the oxygen of the substituted ‘alkvi-0’ group.

{3635} Similarty, cach allyl part of other groups like “alkyvlammocarbonyl”,
“atkoxyalky]l”, “alkoxycarbonyl”, “alkoxy-carbonylatkyl”, “alkylsulfonyl”, “alkylsulfoxyl”,
“alkylamino™, “haloalkyl” shall have the same meaning as described 1n the above-mentioned
defination of “alkyl”. When used n this way, anless otherwise indicated, the alkyl group is
often a I-4 carbon alky! and 1s not further substituted by groups other than the component
named. When such alkyl groups are substituted, snitable substituents are selected from the
suitable or preferred substituents named above for alkyl groups unless otherwise specified.
3636} As used herein, the term “haloalkoxy™ refers to haloalkyl-O-, wherein
haloalkyl is defined above. Representative examples of haloalkoxy include, but are not
Emited to, fluoromethoxy, diffuoromethoxy, triflucromethoxy, trichloromethoxy, 2-
chloroethoxy, 2.2, 2-trifluoroethoxy, 1,1,1.3.3 3-hexaflnoro-2-propoxy, and the like,

Typically, haloalkyl groups have 1-4 carbon atorms.

PESCRIPTION OF PREFERRED EMBODIMENTS

6637} The present invention provides compounds, compositions and methods for the
treatment of kinase related disease, particolarly Raf kinase related diseases; for example:
various forms of cancer, such as solid tumors, melanoma, breast cancer, lung cancer (c.g.,
non-small cell lung cancer), sarcoma, Gl tumors such as gastrointestinal stromal tumors,
ovarian cancer, colorectal cancer, thyvreid cancer, and pancreatic cancer. Various
embodiments of the mvention are described herein. It will be recognized that features
specified in each embodiument may be combined with other specified features {o provide
further embodiments of the present invention. The following embodiments are representative
of the invention.

0638} In one embodiment, with reference to compounds of formula | or H are

compounds of formula la:
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Ris
Wi
Ia
639} i which: L 18 selected from —NHC(O ) and —-C{OMNH—; Y| 1s selected from

Nand CH; Y, is selected from N and CH; Y5 is selected from N and CH; Y, 15 selected from
N and CRy; wherein Ry is selected from H, hydroxy-ethoxy, 3-hydroxyoxetan-3-v1, 2.3~
dibvdroxypropoxy, hvdroxy-ethyl-amino, 4-ammo-4-methylpiperidin-1-vl, 2-oxooxazolidin-
3-vl, methoxy and methvl; Ys1s selected from N and CRy: R 15 selected from H, ethoxy,
hydroxy-ethoxy, methoxy, (tetrahydro-2H-pyran-4-vlloxy and pyrazolvl, wherein said
pyrazolyl can be pusubstituted or substituted with 1 to 2 methyi groups; Ry, 18 selected from
H, methyl, halo, fluoro-methvl, hvdroxy, diftuoromethyl, formvl, methoxy and cyano; Rys1s
selected from —CF;, methoxy, —C{CH; L F, ~CF,CH,F, -C(CH:;LON, —C(CH3)F,, —-CHF., -
C{CH: R OH, t-batvl, F~evanocyelopropyl, 2-(tnfhuoromethvhevclopropvl, ~C{FCHs,
methyl-sulfonyl, 4-ethyipiperazin-1-vl, -C(CH; ), MNH; and dimethyl-ammo-methyl; or the
pharmaceutically acceptable salt thereof.

[B040) In a further embodiment are compounds, or a pharmaceutically acceptable salt

thereof, selected from:
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G841} In another embodiment are compounds of formula b
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0642} it wiuch: L is selected from ~NHC(O)- and ~C{O)NH—-; Y s selected from
Nand CH; Y, 15 selected from N and CH; Y: 15 selected from N and CH; Yy, 15 selected from
N and CRg; wherein Ry is selected from H, hydroxy-ethoxy, 3-hydroxyoxetan-3-v1, 2.3-
divdroxypropoxy, hydroxy-ethyl-amino, 4-ammo-4-methylpipendin-1 v, 2-oxooxazolidin-
3-v1, methoxy and methyl; s 1s selected from N and CRy; R, 15 selected from H, ethoxy,
hydroxy-cthoxy, methoxy, (tetrabydro-2H-pyran-4-vljoxy and pyrazolyl, wherein said
pyrazelyl can be unsubstituted or substituted with | to 2 methy! groups; Ry 1s selected from
H, methyl, halo, fluoro-methyl, hyvdroxy, diftucromethyl, formyl, methoxv and cyano; Rys 15
selected from —CF;, methoxy, ~C{CHapF, ~CFCHF, ~C(CH ) CN, ~C(CH:)F,, ~CHF;, -
CCH L OH, t-butyl, t-cyanocyclopropyl, 2-(triflucromethyhevelopropyl, —C(FHCoHs,
methyl-sulfonyl, 4-ethylpiperazin-1-y1, ~C(CH; pNH; and dimethyl-amino-methyl Rig is
selected from H, halo, hydroxy, dimethyl-amino, hydroxy-methyl, ammo-methyl, -
C{CHa}NH, and -CF;5; or a pharmaceutically acceptable salt thereof,

[B0643) In a further embodiment are compounds, or the pharmaceutically acceptable

salt thereof, selected from:

16
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0644} In another embodunent are compounds of formula Ic:

1
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Ris
NN
4
Ris
Ic
[6845] i which: L s selected from ~NHC(O)}- and ~C(O)NH-; Y s selocted from

Nand CH; Y, 15 selected from N and CH; Y: 15 selected from N and CH; Yy, 15 selected from
N and CRg; wherein Ry is selected from H, hydroxy-ethoxy, 3-hvdroxyoxetan-3-vl, hydroxy-
ethyl-amine, methoxy and methyl; Ys is selected from N and CR,; R is selected from H,
cthoxy, hydroxy-cthoxy, methoxy, (tetrahvdro-2H-pyran-4-vloxy and pyrazolvl;, wheren
said pyrazolyl can be unsubstituicd or substituted with 1 to 2 methyl groups; Ry, is selected
from H, methyl, halo, fluoro~-methy!, hvdroxy, difluoromethyl, formyi, methoxy and cvano;
Rys is selected from —CF;, methoxy, ~C(CH; ) F, ~CF,CHLF, <C{CH3»CN, -C(CH;)F,, -
CHF,, ~C{CH,)CH, t-butyl, -cyanccyclopropyl, 2-{(friffucromethylcvclopropyl, —
C(F)CoHs, methvl-sulfonyl, 4-cthyvipiperazin-1-vl, “C{CH;):NH; and dimethyl-amino-
methyl; Rys is selected from H, halo, hydroxy, dimethyl-amino, hydroxy-methyl, amino-
methyl, ~-C(CH3),NH; and -CF;; or a pharmaceutically acceptable salt thereof.

06046} In a further embodiment are compounds, or the pharmaceutically acceptable

salt thereof, selected from:
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[6847) In another embodiment are compounds of formula Id or le:

0648} m which: Y is selected from N and CH: each Ry 1s mdependently selected

from methyl and hydroxy-cthvl; and R; is selected from:
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R1a H

[38493 wherein mdicates the point of attachment with L; Rys 15 sclected from
—CFs, methoxy, “C{CH;»F, ~CF,CHRF, -C(CH;),CN, —C{CH1)F,, -CHF,, -C{CH;},0OH, t-
butyl, 1-cvanocyclopropyl, 2-(triflucromethyDeyvelopropyl, —C(F )T, Hs, methyl-sulfonyl, 4-
cthylpiperazin-1-vl, -C(CH;3,NH, and dimethyl-amino-methyl; and Ry s selected from H,
halo, hydroxy, dimethyl-amino, hydroxy-methyl, ammo-methyl, -C(CH; ,NH; and -CF5; or a
pharmaceutically acceptable salt thercof.

0056 In a further embodiment are compounds, or the pharmaceutically acceptable

salt thereof, selected from:
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3651} In another embodiment are compounds of formula If:

9
'
36523 m which: Yy 1s selected from N and CH; Y, is selected from N and CH; Y2 18

selected from N and CH; Y, 15 selecied from N and CRg; wherein Rg 1s selected from H,
hydroxy-ethoxy, 3-hydroxyoxetan-3-vl, bisthvdroxy-cthvly-amine, 4-hydroxy-piperidinl -yl
2, 3-dihydroxypropoxy, hydroxy-ethyl-amino, 4-ammo-4-methylpiperidin-1-yi, 2-
oxooxazohdin-3-vl, methoxy and methyl: Y: 15 selecied from N and CRj; or Ry and the
nitrogen of Y, form a 5 member unsaturated ring containing and additional heteroatom
selected from N, O and S; or R, and Rg together with the ring to which they are both attached
form 2H-benzoiblil 4joxazin-3(4H)-one substituted with one to two Ry groups
mdependently selected from methyl and hydroxy-ethyl: or Ry and Y together with the ring to
which they are both attached form 1 H-benzo[d jimudazole substituted with methvl, Ry 18
selected from H, ethoxy, 1sopropoxy, methoxy-ethyl-amino, 2-hvdroxyvethylimethyhamino,
(1-hydroxypropan-2-yvhamino, methoxy-cthoxy, hydroxy-ethoxy, methoxy, (2-
hydroxypropyhamino, {(tetrahydro-2H-pyran-4-yvioxy, (tetrahydro-2H-pyran-4-yDoxy, {1-
cthylpiperidim-4-yhoxy and pyrazolvl;, wherein said pyrazolyl can be unsubstituted or
substituted with 1 to 2 methyl groups; Ry, 18 selected from hvdrogen and OH: Ry 15 selected
from H, methyl, halo, fluorc-methyl, bydroxy, hydroxymethyi, diftuoromethyl, formyl,

methoxy and cyano; R; 1s selected from:
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[B653] wherein mdicates the point of attachment with L; Ry 15 selected
from —CF;, methoxy, -C{CHz ), F, -CF,CH,F, -C(CH:)CN, -C(CH3)F,, -CHF,, -

CCH L OHL t-batyl, F-cyanocyelopropyl, 2-(rifhuoromethvhcyclopropvl, ~C(F G Hs,
methyl-sulfonyl, 4-ethylpiperazin-1-yl, -C(CH; ,NH; and dimethyl-ammo-methyl; Ryg s
selected from H, halo, hydroxy, dimethyl-amino, hydroxyv-methyl, amino-methyl, -
CLCHR ) NH, and -CFs; or a pharmaceutically acceptable salt thereof.

36543 In a further embodiment are compounds, or the pharmaceuticallv acceptable

salt thereof, selecied from:
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[0035]

thereof, sclected from:

In another embodiment are compounds, or a pharmaceutically acceptable salt
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0656} In another embodiment are compounds, or a pharmaceutically acceptable salt

thereof, selected from:
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{3657} Each of the Example compounds having a measured IC-30 (B-Raf) of less
than or equal to 8.01 pM, and a measured IC-530 {(c-Raf) of loss than 8.005 uM as shown
Table 3, below, 15 a preferred compound of the mvention. The compounds of Examples
having a measured 1C-30 (B-Raf) of less than or equal to 0.01 pM and measured 1C-30 (c-
Raf) fess than or equal to 0.002 uM according to Table 3 are especially preferred. Thus the
use of any one of these compounds for treatment of a condition selecied from melanoma,
breast cancer, fung cancer {e.g., non-small cell lung cancer, lung adenocarcinoma}, sarcoma,
GI tumors such as gastrointestinal stromal tumors, ovarian cancer, colorectal cancer, thyroud
cancer, and pancreatic cancer is an embodunent of the mvention.

{3658} As used herein, the term “an optical 1somer” or “a stercoisomer”” refers to any
of the various sterco 1someric configurations which may exist for a given compound of the
present invention and includes geometric isomers. It 1s understood that a substituent may be
attached at a chiral center of a carbon atom. The term "chiral” refers to molecules which have
the property of non-superimposability on their mirror nmage partner, while the term "achiral”
refers to molecules which are superimposable on their mirror image partner. Therefore, the
wvention includes enantiomers, diasterecracrs or raceraates of the compound. “Enantiomers”
are a pair of stereoisomers that are non- superimposable mirror images of each other. A 1.1
nuxture of a pair of enantiomers is a "racemic” mixture. The term is used to designate a
racemic mixiure where appropriate. "Diasierooisomers” are stercoisormers that have at least
two asymmetric atoms, but which are not mirror-images of each other. The absolute
stereochenustry 1s specified according to the Cahn-lngold-Prelog *R-8” system. When a
compeound is a pure cnantiomer, the sterecchenusiry at each chiral carbon may be specified
by either R or S. Resolved compounds whose absolute configuration s unknown can be
designated (+) or (-} depending on the direction (dextra- or levorotatory) which they rotate

plane polanized hght at the wavelength of the sodium D line. Certain compounds described
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herein contamn one or more asymmeiric centers or axes and may thos give rise (o cnantiomers,
diastercomers, and other stereoisomeric forms that may be defined, n terms of absolute
stereochemistry, as {R)- or {S)-.

[0659] Depending on the choice of the starting materials and synthesis procedures,
the compounds can be present in the form of one of the possible isomers or as mixtures
thereof, for example as pure optical isomers, or as isomer mixtures, such as racemates and
diastereoisomer mixtures, depending on the number of asymmetric carbon atoms. The present
invention is meant to wnchude all such possible isomers, mcluding racemic muxtures,
diasteriomeric mixtures and optically pure formas. Optically active (R}~ and (S)- tsomers may
be prepared using chiral synthons or chiral reagents, or resolved using conventional
techniques. If the compound contains a double bond, the substituent may be E or 7
configuration unless specified. H the compound contains a disubstituted cycloalkyl, the
cycloalky! substituent may have a cis- or trans-configuration, unless otherwise specified. All
tautomeric forms are also intended to be wcluded.

6468} In many cases, the compounds of the present mvention are capable of forming
acid and/or base salts by virtue of the presence of amino and/or carboxyl groups or groups
simalar thereto, As used herein, the tenus “salt” or “salts” refers to an acid addition or base
addition salt of a compound of the iwvention. “Salts” include i particular “pharmaceoutical
acceptable salts”. The term “pharmaceutically acceptable salts™ refers o salts that retain the
biological effectiveness and propertics of the compounds of this invention and, which
tvpically are not biclogically or otherwise undesirable.

{3661} Pharmaceutically acceptable acid addition salts can be formed with morganic
acids and organic acids, ¢.g., acetate, aspartate, benzoate, besvlate, bromide/bvdrobromide,
bicarbonate/carbonate, bisulfate/sulfate, camphorsulfonate, chloride/hvdrochloride,
chlorotheophyllonate, citrate, ethandisulfonate, fumarate, gluceptate, ghuconate, ghicuronate,
hippurate, hvdroiodide/iodide, 1scthionate, lactate, lactobionate, laurylsulfate, malate,
maleate, malonate, mandelate, mesylate, methylsulphate, naphthoate, napsylate, nicotinate,
nitrate, octadecanoate, oleate, oxalate, palmitate, pamoate, phosphate/hydrogen
phosphate/dihvdrogen phosphate, pelygalacturonate, propionate, stearate, succinate,
sulfosalioylate. tarirate, tosviate and trifhioroacetate salis. Lists of additional switable salis can
be found, ¢.g., in “Remington's Pharmaceutical Sciences™, 20th ed., Mack Publishing

43
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Company, Baston, Pa., (1985); and 1n “Handbook of Pharmaceuotical Salts: Properties,
Selection, and Use” by Stahl and Wermuth (Wiley-VCH, Weinheim, Germany, 2002).
0662} Inorganic acids from which salis can be denived 1aclude, for example,
hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid, and the like.
3863} Organic acids from which salts can be derived include, for example, acetic
acid. propromc acid, ghycobic acid, oxalic acid. maleic acid, malonic acid, succme acid,
fumaric acid, tartaric acid, citric acid, benzoic acid, mandelic acid, methanesulfonic acid,
cthanesulfonic acid, toluenesulfonic acid, sulfosalicylic acid, and the like.

0664} Pharmaceutically accepiable base addition salts can be formed with morganic
or organic bases and can have morganic or organic counterions.

[0065] Inorganic counterions for such base salis include, for example, ammonium
salfts and metals from colomns T to X1 of the periodic table. In certain embodunents, the
counterion is selected from sodmum, potassium, ammonim, alkvlammonium having one to
four C1-C4 alkyl groups. calcium, magnesium, ron, silver, zing, and copper; particularly
suitable salts melude ammonrum, potassium, sodism, calcium and magnesium saks.

066} Organic bases from which salts can be derived include, for example, primary,
sccondary, and tertiary amines, substituied amines including naturally ocourring substibuted
amines, cyclic amines, basic ion exchange resins, and the bke. Suitable organic ammes
include isopropviamine, benzathine, cholinate, diethanclamine, diethvlamine, lysine,
meglumine, piperazine and tromethaming.

6867} The pharmaccutically acceptable salts of the present mvention can be
svathesized from a basic or acidic moicty, by conventional chemical methods. Generally,
such salts can be prepared by reacting free acid forms of these compounds with a
storchiometric amount of the appropriate base (such as Na, Ca, Mg, or K hydroxide,
carbonate, bicarbonate or the bike), or by reacting free base torms of these compounds with a
stowchiometric amount of the appropriate acid. Such reactions are tvpically carried out
water or in an organic solvent, or in a mixture of the two. Generally, use of non-aqueous
media like cther, ethyl acetate, tetrahydrofuran, toluene, chloroform, dichloromethane,
methanol, cthanol, isopropanol, or acetonitrile is destrable, where practicable.

0668} Any formuia given herein 1s also mntended to represent unlabeled forms (e,
compounds wherein all atoms are present at natural 1sotopic abundances, and not isotopically
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cariched) as well as isotopically enriched or labeled forms of the compounds. Isotopically
enriched or labeled compounds have structures depicted by the formulas given herein except
that at least one atom of the compound is replaced by an atom having an atomic mass or mass
number different from the atomic mass or the atomic mass distribution that cocurs naturally.
Examples of isotopes that can be incorporated into enriched or labeled compounds of the
mvention mclude isotopes of hvdrogen, carbon, nitrogen, oxygen, phosphorous, fluorine, and
chlorine, such as “H, *H, UC, “C, ¥C, PN, ¥F *'p, P, S, *°CL "I respectively. The
invention includes various isotopically labeled compounds as defined herein, for example
those in which radicactive isotopes, such as °H and *C. or those in which non-radioactive
isotopes, such as "H and "C, arc present at levels significantly above the natural abundance
for these sotopes. These sotopically labeled compounds are useful 10 metabolic studies (with
“C)Y, reaction kinetic studies (with, for example “H or "H), detection or imaging techniques,
guch as positron emission tomography (PETY or single-photon emission computed
tomography (SPECT) mcluding drug or subsirate tissue distribubion assays, or in radicactive
treatment of patients. In particular, an *°F or labeled compound may be particularly desirable
for PET or SPECT studies. Isotopically-labeled compounds of formula | or I can generally
be prepared by conveniional technigues known to those skilled in the art or by processes
analogous to those described i the accompanying Examples and Preparations using an
appropriate isotopicaliv-labeled reagents 1o place of the non-labeled reagent previously
emploved.

3668} Further, substitution with heavier isotopes, particularly deuterium (i.e., "H or
D}y may afford certain therapeutic advantages resolting from greater metabolic stability . for
example increased i vive half-life or reduced dosage requirements or an improvement in
therapeutic index. It 18 understood that deuterium in this context is regarded as a substituent
of a compound of the formula I or If. The concentration of such a heavier isotope, specifically
deuterium, may be defined by the isotopic enrichment factor. The term "isotopic enrichment
factor” as used herein means the ratio between the isotopic abundance and the natural
abundance of a specified isotope. If a substituent m a compound of this invention 1s denoted
denterium, such cormpouad has an isotopic enrichment factor for cach designated deuteriom
atorn of at least 3500 (52.5% dewternnn incorporation at each designated deuteriumm atom ), at
cast 4000 (60% deuterium mcorporation), at least 4500 (67.3% deuterium mcorporation), at

45



WO 2016/038582 PCT/IB2015/056989

feast 3000 (75% deuterivum incorporation), at least 3500 ¢ o devterium incorporation), at
feast 6000 (30% deuterium mcorporation), at least 6333.3 (95% deuterium incorporation), at
least 6466.7 (37% deoterium incorporation), at least 6600 (99% denteriom incorporation), or
at least 6633 3 (99.5% deuternnn mcorporation ).

G678 Pharmaceutically acceptable solvates in accordance with the imvention mclude
those wherein the sclvent of crystallization may be isotopically substituied, e.g. DO, d°
acetone, d°-DMSO, as well as solvates with non-enriched solvents.

[6671] Compounds of the mvention, 1.¢. compounds of formula I or I that contain
groups capable of actling as donors and/or accepiors for hydrogen bonds may be capable of
forming co-crvstals with suitable co-crystal formers. These co-crystals may be prepared from
compounds of formula I or T by known co-crystal forming procedures. Such procedures
mclude grinding, heating, co-subliming, co-melting, or contacting i solution compounds of
formula 1 or H with the co-crystal former under crystallization conditions and isolating co-
crystals thereby formed. Suitable co-crystal formers include those described in WO
2004/078163. Hence the mvention further provides co-crystals comprising a compound of
formula I or [1.

[B672) As ased herein, the term "phanuacentically acceptable carrier” imchides any
and all solvents, dispersion media, coatings, surfactants, antioxidants, preservatives (e.g.,
antibacterial agents, antifungal agenis), isotonic agents, absorption delaying agents, salts,
preservatives, drug stabilizers, binders, excipients, disintegration agents, lubricants,
sweetening agents, flavoring agents, dyes, and the like and combmations thereof, as would be
known to those skilled in the ari (see, for example, Remington's Pharmaccotical Sciences,
18th Ed. Mack Printing Company, 1990, pp. 1289- 1329). Except msofar as any
conventional carrier is incompatible with the active ingredient, its use i the therapeutic or
pharmaceutical compositions 1s contemplated.

{6673} The torm "a therapeutically effective amount” of a compound of the prosent
mvention refers to an amount of the compound of the present invention that will elicit the
biological or medical response of a subject, for example, reduction or inhibition of an enzyme
or a protein activity, or ameliorate symptoms, alleviate conditions, slow or delay disease
progression, of prevent a disease, otc. In one non-himiting embodiment, the term “a
therapeutically effective amount” refers to the amount of the compound of the present
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mvention that, when adimimstered 1o a subject, is effective to (1) at least partially alleviate,
mhubit, prevent and/or ameliorate a condition, or a disorder or a discase mediated by a Raf
kinase such as B-Raf or C-Raf, or associated with activity of a kinase such as B-Raf or C-Raf,
or {2} reduce or inlubit the activity of a kinase such as B-Raf or C-Raf in vivo.

674} In another non-limiting embodiment, the term “a therapeutically effective
amount’ refers to the amount of the compound of the present invention that, when
administered to a cell, or a tissue, or a non~cellular biological matenal, or a medium, 1s
effective to at feast partially reduce or inhibit the activity of a kinase such as B-Raf or C-Raf,
or at lcast partially reduce or alleviate a symptom or a condition associated with excessive
Raf kinase activity.

[0675] As used herein, the term “subject” refers to an animal. Tvpically the anuual is
amammal. A subject also refers to for example, primates (e.g., humans, male or female),
cows, sheep, goats, horses, dogs, cats, rabbits, rats, mice, fish, birds and the like. In certain
embodiments, the subject 1s a primate. In specific embodiments. the subject 18 a human.
(8876} Ag used herem, the term “miubit”, "inhibitton” or “inhibiting™ refers to the
reduction or suppression of a given condition, symptom, or disorder, or disease, ora
sigmificant decrease in the baseline activity of a brological activily or process.

{66773 As used herein, the term “treat”, “treating” or "treatment” of any disease or
disorder refers in one ermabodiment, o amehiorating the disease or disorder (i.c., slowing or
arresting or reducing the development of the discase or at least one of the clinical symptoms
thereof). In another embodiment “treat”, "treating” or "treatment” refers to alleviating or
ameliorating at least one physical parameter mcluding those which may not be discernible by
the patient. [n vet another embodiment, “treat”, "treating” or "treatment” refors to modulating
the disease or disorder, either physically, (e.g., stabilization of a discernible symptom),
physiologically, (e.g., stabilization of a physical parameter), or both. In vet another
embodiment, “treat”, "treating” or "treatment” refers to preventing or delaying the
development or progression of the disease or disorder.

[B678] As used herein, a subject 1s “in need of” a treatment if such subject would
benefit biologically, medically or 1n quality of life from such treatment.

{0679} Asgused herein, the term "a,” "an,” "the” and similar terms used i the contexi
of the present mvention (especially in the context of the claims) are to be construed to cover
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both the singular and plural anless otherwise indicated heren or clearly contradicted by the
confext.

0086} All methods described herein can be performed in any suitable order unless
otherwisce indicated heremn or otherwise clearly contradicted by context. The use of any and
all examples, or exemplary language {c.g. "such as”™) provided herein 1s mtended merely to
better illuminate the invention and does not pose a limtation on the scope of the invention
otherwise claimed.

6081} Any asymmetric atom (e.g., carbon or the like) of the compound(s) of the
present mvention can be present in racemic or cnantiomerically enriched, for example the
(R, (8)- or (R,8)- configuration. In certain embodiments, each asvmmetric atom has at least
50 % enantiomeric oxcess, at feast 60 % enantiomeric excess, at least 70 % enantiomeric
excess, at least 80 % enantiomenic excess, at least 90 % enantiomeric excess, at least 93 %
enantiomeric excess, or at least 99 % enantiomeric excess of either the (R)- or (8)-
configuration: 1.¢., for optically active compounds, it is often preferred {0 use one enantiomer
to the substantial exclusion of the other enantiomer. Substituents at atoms with unsaturated
double bonds may, if possible, be present 1n cis- (Z)- or trans- (B)- form.

{3682} Accordingly, as used herein a compound of the present invention can be in the
form of one of the possible isomers, rotamers, atropisomers, tautomers or mixtures thereof,
for example, as substantially pure geometric (cis or trans) 1somers, diastereomers, optical
1somers (antipodes), racemates or mixtures thereof.  “Substantially pure” or “substantially
free of other 1somers” as used heroin means the product contains less than 5%, and preferably
fess than 2%, of other 1somers relative to the amount of the preferred 1somer, by weight.
36833 Any resulting mixtures of isomers can be separated on the basis of the
physicochemical differences of the constituents, into the pure or substantially pure geometric
or optical 1somers, diastercomers, racemates, for example, by chromatography and/or
fractional cryvstallization,

6084} Any resulting racemates of final products or intermediates can be resolved
o the optical antipodes by known methods, e.2., by separation of the diastereomeric salts
thereot, obtained with an optically active acid or base, and liberating the optically active
gotdic of basic compound. In particular, a basic moiety may thus be emploved to resclve the
compounds of the present invention into their optical antipodes, ¢.g., by fractional

48



WO 2016/038582 PCT/IB2015/056989

crystallization of a salt formed with an optically active acid, e g, tartanc acid, dibenzovl
tartaric acid, diacety] tartaric acid, di-O,0'-p-toluoyl tartaric acid, mandelic acid, malic acid
or camphor-10-sulfonic acid. Racemic products can also be resolved by chiral
chromatography, ¢.g., high pressure hquid chromatography (HPLC) using a chural adsorbent.
3685} Furthermore, the compounds of the present invention, mehuding thew salts,
can also be obtained m the form of their hydrates, or include other solvents nsed for their
crystallization. The compounds of the present invention may inherently or by design form
solvates with pharmaceutically acceptable solvents {inchuding water), therefore, it 1s intended
that the invention embrace both solvaied and unsolvated forms. The term "solvate” refers to a
molecular complex of a compound of the present invention (including pharmaceutically
acceptable salts thercofy with one or more solvent molecules. Such solvent molecules are
those commonly used in the pharmacentical art, which are known to be mnocuous fo the
recipient, e.g., water, cthanol, and the like. The term "hydrate" refers to the complex where
the solvent molecule 1s water.

6486} The compounds of the present invention, including salts, hydrates and
solvates thereof, may inherently or by design form polvmorphs.

{3687} In another aspect, the present invention provides a pharmaceutical
composition comprising a compound of the present invention, or a pharmaceutically
acceptable salt thereof, and at least one pharmaceuntically acceptable carmier. The
pharmacoutical composition can be formulated for particular routes of administration such as
oral administration, parenteral adounistration, and rectal administration, and the ike. In
addition, the pharmaceutical compositions of the present invention can be made up 1w a solid
form (including without limitation capsules, tablets, pills, granules, powders or
suppositories), of w a lqud form {nchuding without mitation solutions, suspensions or
emulsions). The pharmaccutical compositions can be subjected to conventional
pharmacsutical operations such as sterilization and/or can contain conventional inert dilucnts,
fabricating agents, or buffering agents, as well as adjuvants, such as preservatives, stabilizers,
wetting agents, emulsifiers and buffers, etc.

0088} Typically, the pharmacentical compositions for compounds of Formula L or I
are tablets or gelatin capsules comprising an active ingredient of Formula I or H together with
at least one of the following pharmaceuticallv acceptable excipionis:
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[B689) ay diluents, e.g., lactose, dextrose, sucrose, mannitol, sorbiinl, cellulose
and/or glycine;

0094 by Iubricants, e.g., silica, talocuro, stearic acid, its meagnesiur or caloium salt
and/or polyethyleneglycol; for tablets alsc

{6091} ¢) binders, e.g., magnesium aluminum silicate, starch paste, gelatin,
tragacanth, methylcellulose, sodium carboxymethyicellulose and/or polyvinyipyrrohidone; if
desired

0692} d) disintegrants, e.g., starches, agar, alginic acid or its sodium salt, or
effervescent nuxtores: and/or

{6093} ¢} absorbents, colorants, flavors and sweeteners.

6094} Tablets may be either film coated or enteric coated according to methods
known i the art.

36953 Suitable compositions for oral adounistration include an effective amount of a
compound of the mvention m the form of tablets, lozenges, aqueous or oily suspensions,
dispersible powders or granules, emulsion, hard or soft capsules, or syrups or ehixars.
Compositions mtended for oral use are prepared according to any method known m the art for
the manuofacture of pharmaceutical compositions and such compositions can contain one or
more agents selected from the group consisting of sweetening agents, flavoring agents,
coloring agents and preserving agents in order to provide pharmaceutically clegant and
palatable preparations. Tablets may contain the active ingredient in admixture with nontoxic
pharmacsutically acceptable excipionts which are suitable for the manufacture of tablets,
These excipients are, for example, mert diloenis, such as ¢alcinm carbonate, sodium
carbonate, lactose, calcium phosphate or sodium phosphate; granulating and disintegrating
agents, for example, corn stacch, or alginic acid; binding agents. for example, starch, gelatin
or acacia; and lubricating agents, for example magnesium stearate, stearic acid or tale. The
tablets arc uncoated or coated by known techniques to delay disintegration and absorption in
the gastrointestinal tract and thereby provide a sustained action over a longer peried. For
example, a time delay material such as glycervl monostearate or glyceryl distearate can be
emploved. Formulations for oral use can be presented as hard gelatin capsules wherein the

gotive mngredient s mixed with an inert sohd diluent, for example, calctum carbonate, calcium
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phosphate or kaolin, or as soft gelatin capsules wherein the active ingredient is nuxed with
water or an 01l medium, for example, peanut oil, hqud paraffin or olive o1l

[0695] Certamn injectable compositions are agqueous isotonic sohutions or suspensions,
and suppostorics are advantageously prepared from fatty emulsions or suspensions. Said
compositions may be sterilized and/or contain adjuvants, such as preserving, stabilizing,
wetting or emulsifyving agents, solution promoters, salts for regulating the osmotic pressure
and/or butfers. In addition, they may also contam other therapeutically valuable substances.
Said compositions are prepared according to conventional mixing, granulating or coating
methods, respectively, and contain about 0.1-75%, or contaim about 1-50%, of the active
mgredient.

6697} Suitable compositions for transdermal application mchude an effective amount
of a compound of the invention with a suitable camer. Carriers suitable for transdermal
delivery inchade absorbable pharmacologically acceptable solvents to assist passage through
the skin of the host. For example, transdermal devices are i the form of a bandage
comprising a backing member, a reservoir containing the compound optionally with carriers,
optionally a rate controfling barrer to deliver the compound of the skin of the host at a
controlled and predetermined rate over a prolonged penod of time, and means to secure the
device to the skn.

[0098] Suitable compositions for topical application, e.g., to the skin and eves,
mclude aqueous solutions, suspensions, omtiments, creams, gels or sprayable formulations,
e.g., for delivery by acrosol or the like. Such topical delivery systems will in particular be
appropriate for dermal apphication. e.g., for the treatment of sk cancer, e.g., for prophylactic
use in sun creams, lotions, sprays and the like. They are thus particularly sutted for use in
topical, inclading cosmetic, formulations well-known i the art. Such mayv contain
solubilizers, stabilizers, tonicity enhancing agents, buffers and preservatives.

36994 As used herein a topical application mayv also pertain to an mhalation or to an
mtranasal application. They may be convenienily delivered mn the form of a dry powder
(either alone, as a mixture, for example a drv blend with lactose, or a mixed component
particle, for exaraple with phospholipids) from a dry powder mhaler or an acrosol spray
presentation {rom a pressurized container, pomp, spray. atomizer or nebulizer, with or

without the use of a suitable propeltlant.
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[6166] The present invention further provides ashydrous pharmaceutical
compositions and dosage forms comprising the compounds of the present mvention as active
ingredients, smee water may facdiate the degradation of certain compounds.

06181} Anhydrous pharmaccutical compositions and dosage forms of the invention
can be prepared using anhvdrous or low moisture containing mgredients and low moisture or
fow humidity conditions. An anhydroos pharmaceutical composition may be prepared and
stored such that its anhydrous nature is mamntained. Accordingly, anhvdrous compositions
are packaged using materials known to prevent exposure to water such that they can be
ncladed n soitable formulary kits. Examples of suitable packaging include, but are not
fimited to, hermetically sealed foils, plastics, unit dose containers (e. g., vials), blister packs,
and strip packs.

[B6162] The mvention further provides pharmaceutical compositions and dosage
forms that comprise one or more agents that reduce the rate by which the compound of the
present mvention as an active ingredient will decompose. Such agents, which are referred to
heremn as "stabilizers,” include, but are not hmuted to, antioxidants such as ascorbic acid, pH
buffers, or salt buffers, eic.

[06163] The compounds of formula I in free form or 1n salt form, exhubit valuable
pharmacological activitics, ¢.g. they modulate or inhubit activity of A-Raf, B-Raf and/or C-
Raf, as indicated by test data provided m the next sections, and are therefore 1ndicated for
therapy or for use as research chemicals, e.g. as tool compounds. These compounds are
especially useful for treatment of cancers driven by mutations in the Raf/Raf/MEK/ERK
pathway, inclading cancers characterized by an activating Raf mutation such as Raf V600E,
including but not imited to melanoma (e.g., malignant melanoma), breast cancer, lung cancer
{e.g.. non-small cell hung cancer), sarcorna, GI tumors such as gastrointestinal stromal tumors,
ovarian cancer, colorectal cancer, thyroid cancer, and pancreatic cancer.

61844 Thus, a¢ a further embodiment, the present invention provides the use of a
compound of formula 1 or 1 or any of the embodiments within the scope of Formulalor I as
described herein, in therapy. In a further embodiment, the therapy 1s for a disease which may
be treated by inhibition of A-Raf, B-Raf or C-Raf. In another embodiment, the compounds of

the invention are usefnl to treat cancers, including but not limited to melanoma, breast cancer,
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tang cancer, sarcoma, G1 tomors such as gastromdesiinal stromal hinors, ovarian cancer,
colorectal cancer, thyroid cancer, and pancreatic cancer.

[66165] In another embodiment, the invention provides a method of treating a disease
which is treatable by inbibition of A-Raf, B-Raf or C-Raf, or a combination thereof,
comprising admiristration of a therapeutically effective amount of a compound of formula |
or H or any of the embodiments within the scope of Formula I or H as described herein. Ina
further embodiment, the disease is selected from the afore-mentioned list, suitably melanoma,
breast cancer, fung cancer, sarcoma, Gl tumors such as gastromntestinal stromal tumors,
ovarian cancer, colorectal cancer, thyvreid cancer, and pancreatic cancer.  The method
tvpically comprises administering an effective amount of a compound as described hercin or a
pharmaceutical composition comprising such compound to a subject in need of such
treatment. The compound may be administered by any suitable method such as those
described herein, and the administration may be repeated at intervals selected by a treating
phvsician,

1661 Thaus, as a further embodiment, the present invention provides the use of a
compound of formula 1 or I or any of the embodiments of such compounds described herein
for the manufaciure of a medicament. In a further embodiment, the medicament is for
treatment of a discase which may be treated by mhibition of A-Raf, B-Raf or C-Raf. In
another embodiment, the disease 15 a cancer, ¢.g., a cancer selected from the afore-mentioned
bist, mcluding melanoma, breast cancer, lang cancer, sarcoma, GI tumors such as
gastromtestinal stromal tumors, ovarian cancer, colorectal cancer, thyroid cancer, and
pancreatic cancer.

[36167] The pharmaceutical composition or combination of the present invention can
be 1n unit dosage of about 1-1000 mg of active ingredient(s) for a subject of about 50-70 kg,
or about 1-300 mg or about 1-230 mg or about 1-150 mg or about 0.3-100 mg, or about 1-30
mg of active ingredients. The therapeutically effective dosage of a compound, the
pharmaceutical composition, or the combinations thereof, is dependent on the species of the
subject, the body weight, age and mdividual condition, the disorder or discase or the severity
thereof being treated. A physician, chinician or veterinarian of ordinary skill can readily
determineg the effective amount of cach of the active ingredients necessary to prevent, treat or
mhibit the progress of the disorder or disease.
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[06168] The above-cited dosage propertics are demonstrable m vitro and in vivo tests
using advantageously mammals, e.g., mice, rats, dogs, monkeys or 1solated organs, tissucs
and preparations thereof. The compounds of the present invention can be apphied mn vitro 1n
the form of solutions, ¢.g., aqueons solutions, and n vivo cither enterally, parenterally,
advantageously miravenously, £.g., as a suspension or in aqueous solution. The dosage n
vitro may range between about 107 molar and 10” molar concentrations. A therapeutically
effective amount m vivo may range depending on the route of administration, between about
0.1-300 mg/ke, or between about 1-100 mo/ke.

[06189] The compound of the present invention may be administered either
sumudtancously with, or before or after, one or more therapeutic co-ageni(s) (co-therapeutic
agents). Suitable co-therapeutic agents for use in the invention include, for example, cancer
chemotherapeuntics including but not limited to mhibitors of PI3K, other mnbubitors of the Raf
pathway, paclitaxel, docetaxel, temozolomide, platins, doxorubicins, vinblastins,
cyclophosphamide, topotecan, gemcitabine, ifesfamide. etoposide, innotecan, and the hke.
The compound of the present mvention may be admimstered separately, by the same or
different route of administration, or together in the same pharmaceutical composition as the
co-agent(s).

36118 In one embodiment, the invention provides a product comprising a compound
of formula 1 or Il and at least one other therapeutic co-agent as a combined preparation for
smultancous, separate or scquential use i therapy. In one embodiment, the therapy is the
treatment of a disecase or condition mediated by B-Raf or C-Raf, such as cancer. Products
provided as a combined preparation mnchude a composition comprising the compound of
formula I or I and the other therapeutic co~-agent(s) together in the same phammaceutical
composition, or the compound of formula I or I and the other therapeutic co-agent(s) in
separate form, ¢.g. in the form of a kit.

i1 In one embodiment, the mvention provides a pharmaceutical composition
comprising a comnpound of formula | or 1l and another therapeutic co-agent(s). Optionally, the
pharmaceutical composition may comprise a pharmaceutically acceptable carrier, as
described above,

[06112] In one embodiment, the invention provides a kit comprising two or more
separate pharmaceutical compositions, at least one of which contains a compound of formula

54



WO 2016/038582 PCT/IB2015/056989

1or IE. In one embediment, the kit comprises means for separately retaiing said
composttions, such as a contamer, divided bottle, or divided foil packet. An example of such
a kit is a blister pack, as typically used for the packaging of tablets, capsules and the bike.
[06113] The kit of the iavention may be used for admimsiering different dosage forms,
for example, oral and parenteral, for administering the separate compositions at different
dosage mtervals, or for titrating the separate compoestitons agamnst one another. To assist
complhance, the kit of the mvention typically compriscs dircetions for admimnistration.
[06114] In the combination therapies of the invention, the compound of the mvention
and the other therapentic co-agent may be manufactured and/or formulated by the same or
ditferent manutacturers. Moreover, the compound of the invention and the other therapeutic
may be brought together into a combination therapy: (1) prior to release of the combmation
product to phyeicians (¢.g. i the case of a kit comprising the compound of the mvention and
the other therapeutic agent); (1) by the physician themselves (or under the guidance of the
physician) shortly before administration; (in) m the patient themselves, e g. during sequential
administration of the compound of the mvention and the other therapeutic agent.

[66115] Accordingly, the invention provides the use of a compound of formula L or I
for treating a disease or condition mediated by B-Raf or C-Raf, wherein the medicament is
prepared for administration with another therapeutic agent. The mvention also provides the
use of another therapeutic co-agent for treating a disease or condition, wherein the
medicament 1s adnunistered with a compound of formula [ or [L

8115 The invention also provides a compound of formula f or 11 for use in a method
of treating a discase or condition mediated by B-Raf or C-Raf, wherein the compound of
formula 1 or H is prepared for administration with another therapeutic agent. The invention
also provides another therapeutic co-agent for use 10 a method of treating a disease or
condition mediated by B-Raf or C-Raf, wheremn the other therapeutic co-agent 1s prepared for
adminastration with a compound of formula I or . The mvention also provides a compound
of formula I or I for use in a method of treating a disease or condition mediated by B-Raf or
C-Raf, wherein the compound of formula [ or H 18 administered with another therapeutic co-
agent. The invention also provides another therapeutic co-agent for use in a method of
treating a disease or condition mediated by B-Raf or C-Raf, wheremn the other therapeutic co-
agent is admustered with a compound of formula or I
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{36117} The invention also provides the use of a compound of formula [ or IT for
treating a discase or condition mediated by B-Raf or C-Raf, wherein the patient has
previously (e.g. within 24 hours) been treated with another therapeutic agent. The invention
also provides the use of another therapeutic agent for treating a discase or condition mediated
by B-Raf or C-Raf, whercin the patient has previousty (¢.g. within 24 hours) been treated

with a compound of formula {or 1L

PROCESSES FOR MAKING COMPOUNDS OF THE INVENTION

{00118} The present mvention also mncludes processes for the preparation of
compounds of the invention. In the reactions described, it can be necessary to protect
reactive functional groups, for example hydroxy, amine, imino, thio or carboxy groups,
where these are desired in the final product, to avoid their unwanted participation in the
reactions. Conveuntional protecting groups can be used in accordance with standard
practice, for example, see T.W. Greene and P. G. M. Wats in “Protective Groups in
Organic Chemistry™, John Wiley and Sous, 1991,

{60119 Compounds of Formula | can be prepared by proceeding as in the

following Reaction Scheme [

Reaction Scheme [
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S S
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106120] mwhich L, Ry, Rz, Ry, Yy, Yo, Yo, Yy and Y5 are as described 1n the
Summary of the Invention. A compound of formula I or It can be prepared by reacting a
compound of formula 2 or 3 with a compound of formula 4, respectively. The reaction takes
place in the presence of a suitable catalyst (for example added PACL{dpp}-DCM adduct, and
the like) and a suitable solvent (for example DME, and the like). The reaction proceeds at a
temperature of about 230C to about 1500C and can take up to about 4 hours {o complete.
00121 Compounds of Formula I can be prepared by proceeding as in the
following Reaction Scheme IL

[00122]

Reaction Scheme I

{66123} in which L, Ry, B3, Ry, Yy, Yo, Ya, Vs and Ys are as described in the
Summary of the Invention. A compound of formula I or H can be prepared by reacting a
compound of formula 5 and 6 with a compound of formula 7 i the presence of a suitable
base (for example, 2-{3H-{1,2 3}triazolo{4,5-bipyridin-3-y1)-1,1.3 3-tetramethylisouronium
hexafluorophosphate(V), and the like) and snitable solvent (for example, DMF, and the bke).
The reaction proceeds at about room temperature and can take up to about 8 hours to
complete.

[86124] Detailed descriptions of the synthesis of specific examples are

described. below.

(]
Q
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ADDITIONAL PROCESSES FOR MAKING COMPOUNDS OF THE INVENTION

00125} A compound of the invention can be prepared as a pharmaceutically
acceptable acid addition salt bv reacting the free base form of the compound with a
pharmaceutically acceptable inorganic or organic acid. Alternatively, a pharmaceutically
acceptable base addition salt of a compound of the invention can be prepared by reacting
the free acid form of the compound with a pharmaceuticallv acceptable inorganic or
organic base,

061 26] Alternatively, the salt forms of the compounds of the invention can be
prepared using salts of the starting materials or intermediates.

[66127] The free acid or free base forms of the compounds of the mvention can
be prepared from the corresponding base addition salt or acid addition salt from,
respectively. For example a compouad of the invention in an acid addition salt form can
be converted to the corresponding free base by treating with a suitable base (c.g.,
amnmoninm hydroxide solution, sodium hydroxide, and the like). A compound of the
mvention in a base addition salt form can be converted to the corresponding fice acid by
treating with a suitable acid {¢.g., hyvdrochloric acid, etc ).

{01 28] Compounds of the invention in unoxidized form can be prepared from
N-gxades of compounds of the invention by treating with a reducing agent (e g., sulfur,
sulfur dioxide, triphenvl phosphine, ithium borohvdride, sodium borchvdride,
phosphorus trichlonde, tribromide, or the hke} in a suitable inert organic solvent {e.g.
acetonitrile, ethanol, agueous dioxane, or the hike) at 0 to 80°C.

{30129 Prodrug derivatives of the compounds of the invention can be prepared
by methods known to those of ordinary skill in the art {¢.g., for further details sec
Saunlnier et al., {1994}, Bioorganic and Medicinal Chenusiry Letters, Vol. 4, p. 1985). For
example, appropriate prodrugs can be prepared by reacting a non-derivatized compound
of the mvention with a suitable carbamviating agent (e.g., 1,1-
acvloxvalkvicarbanochloridate, para-nitropheny! carbonate, or the like).

{60136 Protected denvatives of the compounds of the invention can be made by
means known to those of ordiary skill in the art. A detailed description of technigues

applicable to the creation of protecting groups and their removal can be found in T. W,
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Greene, “Protecting Groups in Organic Chemistry”, 3™

Inc., 1899,

edition, John Wilev and Sons,

{00131} Compounds of the present invention can be conveniently prepared, or
formed dunng the process of the invention, as sclvates (e.g., hydrates). Hydrates of
compounds of the present invention can be conveniently prepared by recrystallization
from an agueous/organic solvent mixture, using organic solvents such as dioxin.
tetrahvdrofuran or methanol,
{00132} Compounds of the invention can be prepared as their mdividual
sterecisomers by reacting a racemic mixture of the compound with an optically active
resolving agent to form a pair of diastercoisomenc compounds, separating the
diastercomers and recoverng the optically pure enantiomers. While resolution of
enantiomers can be carried out using covalent diastercomeric derivatives of the
compounds of the invention, dissociable complexes are preferred (¢.g., cryvstalime
diastercomeric salis). Dhastereomers have distinct physical properties {¢.g., melting
points, boiling points, solubilities, reactivity, etc.} and can be readily separated by taking
advantage of these dissimilaritics. The diastercomers can be separated by
chromatography, or preferably, by separation/resolution technigues based upon
differences in solubility. The optically pure enantiomer is then recovered, along with the
resolving agent, by any practical means that would not result in racemization. A more
detailed descnption of the techniques applicable to the resolution of stercoisomers of
compounds from their racemic mixture can be found m Jean Jacques, Andre Collet,
Samuel H. Wilen, “Enantiomers, Racemates and Resclutions”, John Wiley And Sons,
Inc., 1981,
{60133 In summary, the compounds of Formula | can be made by a process,
which nvolves:

{a} that of reaction schemes { and I1; and

{b} optionally converting a compound of the invention mto a pharmaceutically
acceptable salt;

{c) optionally converting a salt form of a compound of the invention 1o a non-

salt form;
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{d} optionally converting an unoxidized form of a compound of the invention
nto a pharmaceatically acceptable N-oxide;

(¢} optionally converting an N-oxide form of a compound of the invention to its
unoxidized form;

{f) optionally resolving an individual 1somer, for example stereoisomer, of a
compound of the invention from a mixture of isomers;

{g} optionally converting a non-derivatized compound of the mvention nto a
pharmaceutically acceptable prodrug derivative; and

(h) optionally converting a prodrag derivative of a compound of the invention
to its non-denvatized form.
100134] Insofar as the production of the starting materials is not particularty
described, the compounds are known or can be prepared analogously to methods known
m the art or as disclosed in the Examples heremnatier,
{86135] Oue of skill in the art will appreciate that the above transformations are
only representative of methods for preparation of the compounds of the present invention,

and that other well known methods can similady be used.

EXAMPLES
[060136] The present invention is further exemplified, but not limited, by the
following intermediates and cxamples that illustrate the preparation of compounds of

Formula I according to the invention.

66137} The tollowing abbreviations may be used herein:
DAST (dicthylamuno)sulfurtrifivonde
DCM Dhchloromethane
DIAD dusopropylazodicarboxylate
DIEA dusopropylethylamine
DMA Dimethylacetamide
DMAP 4-dimethylaminopyridine
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DME 1,2-dimethoxycthane

DMF N N-dimethviformamide

DPPF 1,1-bis{diphenylphosphino fferrocene
1-(3-Dimethylaminopropy)-3-cthylcarbodiimide

EDC hydrochloride

FtOAc cthyl acetate

EtOH Ethanol

HOAT Hydroxyazabenzotriazole

HOBt Hyvdroxybenzotriazole

KoCOs Potassium carbonate

MeCN Acetonitrile

MgS0, Magnesinm sulfate

Me(OH Methanol

Na;COs sodmm carbonate

NalCl Sodiam chloride

NaHCO; sodium bicarbonate

NBS N-bromosuccinimide

NMP N-methyl-2-pyrrolidone

Pdy{dba); Tris{dibenzyhdenecacetone dipalladiom{0)

Pd{PPha)s Tetrakis(triphenyviphospine)palladium(0)

Pd{dppDiCly- | Dachloro-(1,2-bis{diphenylphosphunocjethan)-Palladiom(Il) -
DCM dichloromothethane adduct

RT orvt rocit temperature

TBDOMSCL | tort-butvidimethylisityichionde

TEA Triethylamine

THF totrahydrofuran
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(36138} The following examples are mtended to illustrate the invention and are not to
be construed as being limitations thereon. Temperatures are givon 1 dogroes Celsius. If not
mentioned otherwise, all evaporations are performed under reduced pressure, typically
between about 13 mm Hg and 100 mm Hg (= 20-133 mbar). The structure of final products,
mtermediates and starting materials is confirmed by standard analvtical methods, ¢.g.,
ruicroanalysis and speciroscopic characteristics, ¢.g., MS, IR, NMR. Abbreviations used arc
those conventional in the art.

[06139] Mass spectrometric analysis was performed on LCMS 1nstruments: Waters
Svstem (Acuty UPLC and a Micromass 743 mass spectrometer; Column: Acamiy HSS CIH
1.8-micron, 2.1 x 30 mm; gradient: 3-95 % acetonitrile in water with 0.05 % TFA overa 1.8
rain period ; flow rate 1.2 mL/min; molecular weight range 200-1300; cone Voltage 20 V;
column temperature 50 °C). All masses were reported as those of the protonated parent ions.
36148 Nuclear magnetic resonance (NMR) analysis was performed on some of the
compounds with a Varian 400 MHz NMR (Palo Alio, CA). The spectral reference was either
TMS or the known chemical shitt of the solvent.

{06141} All starting materials, building blocks, reagents, acids, bases, dehydrating
agents, sobvents, and catabvsts uiilized o svnthesize the compounds of the present invention
are cither commercially available or can be produced by organic synthesis methods known to
one of ordinary skill in the art (Houben-Weyl 4th Ed. 1952, Methods of Organic Synthests,
Thieme, Volume 21}, Further, the compounds of the present invention can be produced by
organic synthesis methods known to one of ordmary skill i the art in view of the following

oxamplies.

Intermediates;

Svnthesis of 3-(3-bromo-S-methoxvphenvioxetane
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[(36142] To a solution of (3-bromo-5-methoxyphenyDboronic acid (2.0 equiv.), 3-
wdooxetane (1.0 equuv.), mckel(ID) todide (0.12 equiv.) and (1R 2R)-2-amunocyclohexanol
(0.12 equiv.) 1n 2-propancl (0.38 M) was added NaHMDS (1 M solution, 2.0 equiv.) and the
mixture was heated to 80 °C n the mucrowave for 30 min. The solution was filtered through
Celite and washed with cthyi acetate. The filtrate was concentrated to drvness and purified
via reverse phase prep-HPLC. The pure fractions were lyophilized to give 3-(3-bromo-3-

methoxyphenyljoxetane i 27% yield. LCMS (m/z) (MAH) = 242.9/244 9, Rt = .78 min.

3-vD)-4-methvianiline

vhipvrdin-:

Svathesis of 3-{6-ethoxv-3-(G-methvioxeian-3

/’oa\a= f’o'
P ’ /

[36143] Step 10 Sodinm cthoxide (21 wi% in EtOHY (1.2 equiv.) was added to a
solution of 5- bromo-2-chloro-3-nitropyvndine (1.0 equiv.y in EtOH (0.23 M) at 25 °C and the
mixture was heated to 73 °C for 1 h. LCMS shows complete conversion of starling material
to product (M+1=247/249 R=0.95). The reaction was poured onto | M citric acid and water,
and the ethanol was remaoved on the roto-vap. The residue was extracted with EtOAc (3 X).
The combined organics were washed with brine, dried (MgSQ.) and concentrated to give 3-
bromao-2-cthoxy-3-nitropyrdine in guantitative vield as a brown otl which was used without
further punfication.

(601441 Step 2: To a stured solution of 5-bromo-2-cthoxy-3-nitropyridine (1.0 equiv.)
10 MeOH and DCM (10:1, 0.27 M) at 25 °C were added zinc (5.3 equiv.) and ammonium
chiloride (5.0 equiv.) and the mixture was heated to 75 °C and stirred for 4 h. LCMS shows

complete consumption of starting material and fairly clean conversion to a desired product
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(M+1=217/219, Re=0.75). The reaction was cooled to room temp and filtered through a short
plug of Celite, washing with DCM, and then concentrated to remove MeOH. The residue
was taken up in EtOAc, washed with water and brine and then dried (MgS0,) and
concentrated. The residue was quickly passed through a sithica column, eluting with 0-50%
EtOAcheptane. Product elutes around 20% FiOAc and was concendrated to give 5-bromo-2-
cthoxypyrdin-3-amine 1 79 % vicld as a light brown solid. LCMS (m/zy (M+H) = 217/219,
Re=0.75 min.
[06145] Step 3: To a stured solution of 5-bromo-2-cthoxypyridin-3-amine (1.0 equiv.)
in conc. HCY and Water (1:1.35, 0.07 M) at 0 °C was slowly added NaNG, (1.1 equrv ) and
the mixture was stirred for 30 min. A solution of K1 (3.0 equiv.) in Water (0.07 M) was
slowly added to the mixture, which was then allowed to warm to 235 °C and stirred for 30 min.
The mixture was poured mto a separatory funnel and extracted with EtOAc 3 X). LCMS of
the organic extracts shows mostly desired product (M+1=327/329, R=1 .11} with a small
amount of unreacted starting matenial, The combined organics were washed with sat. ag.
NayS0, and sat. ag. NayCO; and then dried (Mg50,) and concentrated. The residue was
purified via Grace flash column chromatography (0-13% EtOAc heptane). Product co-clutes
with the unreacied starting material and was concenirated to give S-bromo-2-cthoxy-3-
wdopyridine i 93 % vield as a dark orange ol LCMS (m/z) (M+H)=327/329, Ri=1.11
i,
[B146] Step 4: A mixure of 5-bromo-2-cthoxy-3-1o0dopyndine(l .0 equiv.), and
CsyCOs (3.0 equiv.y in Dioxane (0.22 M) was degassed with Ar; Cul (0.1 equiv.) and
picolinic acid (8.2 equuv.) were added, and the vial was scaled mixtare was degassed again.
Dicthvl malonate (2.0 equiv.) was then added and the mixture was heated at 70 °C overrught.
LCMS shows complete consumption of starting material and ¢lean conversion to desired
product (M+1=360/362, R=1.04). The reaction mixture was poured onto sat. aq. NH.Cl, and
cxtractod with FtOAc (3 X). The combined organics were washed with brine, dried (MgS04)
and concentraied. The residue was purified via ISCO flash column chromatography (8-15%
EtQAchoptane). Product fractions clute around 10% EtOAc and were concentrated to a
vellow od which contained some excess dicthyl malonate. Diethyl 2-(5-bromo-2-
cthoxypyridin-3-yDmalonate was obtained as an orange oil in 79% vield. LOMS (m/z)
(M+H) =360/362, Rt = 1.04 min.

64



WO 2016/038582 PCT/IB2015/056989

{36147} Step 3¢ To a stirred solution of diethyl 2-{3-bromo-2-cthoxypyridin-3-
vhmalonate (1.0 equiv.) i DMF (0.15 M} at 0 °C was added NaH (1.5 equiv.} and the
mixtare was stired for 10 min. Mel (3.0 equiv.) as then added. and the reaction was allowed
to warm to 23 °C and stirred overnight. LCMS shows near complete consumption of starting
material and fairdy clean conversion to product (M+1=374/376, R=1.07). The mixture was
pourad onto water and exiracted with FtOAc (3 X). The combined organics were washed
with water, brine, dried (MgSQ,) and concentrated. The residue was purified via ISCO flash
column chromatograhpy (0-20% EtOAc heptane) and the pure fractions were concentrated to
give dicthyl 2-(5-bromo-2-ethoxypyridin-3-y1}-2-methylhmalonate in 83% vield as an orange
oil. LCMS (m/z) (MAH)Y = 374/376, Rt = 1.07 min.

[66148] Step 6: To a stirred solution of diethy} 2-(3-bromo-2-cthoxypyridin-3-y1)-2-
methylmalonate (1.0 equiv.} in DCM (8.13 M) at -78 °C was added DIBAL-H (1.0 M
solution m PhMe) (6.0 cquiv. ) and the muxture was allowed to warm to 0 °C and stirred for
2.5 h. LCMS shows compleie consumption starting material with fairly clean conversion
toproduct (M+1=290/292, R=0.63). The reaction was diluted with BEtOAc and quenched with
sat. aq. Rochelles salt. The mixture was stirred vigorously overnight, and then extracted with
EtOAc (3 X). The combined organics were washed with brine, dried and concentrated. The
residue was loaded onto Celite (insoluble in DCM/heptane) and purified by ISCO flash
column chromatography (0-100% EtOAcheptane). Pure fractions were concentrated to give
2-(3-bromo-2-~cthoxypyridin-3-yi}-2-methylpropane-1,3-diol 1n 79 % vield as a white solid.
LCMS (m/z) (MA+H) = 290/292, Rt = (.65 min.

[36149] Step 7: A microwave vial was charged with 2-(5-bromo-2-ethoxypyndin-3-
vi)-2-methylpropane-1,3-diol (1.0 equiv.} and PPh; (2.0 equiv.) and then sealed and purged
with Ar. A solution of DIAD (2.0 equiv.) in Toluene (0.1 M) was then added and the mixture
was frradiated at 140 °C for 45 min. LOCMS shows near complete conversion to product. The

s}

mixture was concentrated and purified via [SCO flash column chromatography (0-25% ethyl
acetate/heptancs ). The pure fractions were concentrated (o give S-bromo-2-cthoxy-3-(3-
methyloxetan-3-vhpyridine as a colorless o1l in 52% yield. LCMS (n/z) (M-+H) =

272.3/274.1, Re =092 min.

Svnthesis of6-chloro-8-G-methvioxetan-3-vinmidazo{l 2-bipvridazime
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[LEE RS Step §: To a solution of 8-bromo-6-chloroumidazof1,2-blpyridazine {1.0

eouiv.) and dicthvl 2-methvlimalonate (1.0 equiv.) in DMF (0.15 M) was added sodium
hydride (2.5 equiv.) at rt. The reaction was stirred for 10 min, then quenched with saturated
ammonum chlonde and extracted twice with ethyl acetate. The organic phase was dried with
magnesium sulfate, filtered and concentrated. The residue was purified via reverse phase
prep-HPLC to give diethyl 2-(6-chloroimidazof1.2-bijpyridazin-8-y1)-2-methyvimalonate i
21% yield. LCMS (m/z) (M+H) = 326.0, Rt = 0.84 min,

[66151] Step 2: To a solution of diethyl 2-(6-chloroinudazo]1.2-blpyridazin-8-v1}-2-
methylmalonate (1.0 equiv.) 10 DCM (0.1 M) at — 78 °C was added DIBAL-H (6.0 cquiv)
and the solution was slowly warmed to 1t. The reaction was quenched by the addition of
methanol, Rochelle’™s salt was added and stirred overnight. The layers were separated, the
aqueous phase was extracted one more time with DCM and the organic phases were washed
with brine, dried over magnesium sulfate, filtered and concentrated. The residue was punified
via reverse phase prep-HPLC to give 2-(6-chlorommnidazofl 2-bipyridaznn-8-y1)-2-
methylpropane-1,3-diol as a pale yellow solid. LCMS (m/z) (M+H) = 241.9, Rt = 0.34 mn.
{66152 Step 3: To a solution of 2-(6-¢hloroimidazo|1,2-b]pvridazin-8-y1)-2-
methylpropane-1,3-diol in toluene (0.06 M) was added triphenviphosphine (1.1 equiv.), (E}-
dusopropyl diazene-1,2-dicarboxylate (1.1 equiv.), and N-ethvi-N-isopropvlpropan-2-amine
{2 0 cquiv.} and the sohution was heated to 140 °C for 30 min. The reaction was concentraied
under vacuo and purified via reverse phase prep-HPLC to give 6-chloro-8-(3-methyioxetan-3-
vinmidazo{1.2-blpvridazine as a white solid product m 33% vield. LCMS (m/2) (M+H) =

224.0, Rt =0.52 min.

Svuthesis of 3-(5-brome-2-methoxvpyvridin-3-viloxetan-3-ol

66



WO 2016/038582 PCT/IB2015/056989
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[B8153] To a solution of 3 5-dibromo-2-methoxypynidine (1.0 cguiv.) n a flame-dried

flask equipped with a low temperature internal thermometer under argon was added diethyl
ether (0.1 M). The schution was cocled to — 78 °C and n-butyllithiom (1.6 M in hexanes, 1.1
equiv.) was added via syringe while mamtaning the intornal temperature at - 70 °C. After
stirring for 40 min, the reaction was allowed to slowly warm to rt and sticred for 3 hours, At
this point, the reaction was quenched by the addition of sat. sodium bicarbonate and diluted
with DCM. The organic phase was washed with brine, dried over magnestam sulfate, filtered
and concentrated. The crude residue was purified via silica gel chromatography (ISCQ, 0-
100% ethyl acetate/heptanes) to give 3-(3-bromo-2-methoxypyndin-3-vloxetan-3-0l as an oil

in 71% vield. LOMS (m/z) (M+H) = 259.9/261.9, Rt =0.54 min.

Svathesis of 3-bromo-3-(G-fluorcoxetan-3-vh-2-methoxvpvridine

OH B
Br l X
| =
N

o]

o
O
07N

[B0154] To a solution of 3-(53-bromo-2-methoxypyrdmn-3-vioxetan-3-ol m DCM (0.1
M} at — 78 °C under an atmosphere of argon was added DAST (1.3 equiv.). The solution was
stirred for 10 min at =78 “C, then allowed to warm to 11, Upon warming fo rt, the reaction
was guenched by the addition of sat. sodium bicarbonate and the solution was diloted with
cthyl acetate. The fayers were mixed, separated and the organic phase was washed with
brine, dried over magnesium sulfate, filtered and concentrated. The residue was purified via

sifica gel chromatography elating with 0-56% cthyvl acetate/heptanes to give 5-bromo-3-(3-
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fluorcoxetan-3-yh-2-methoxypyridine m 25% vield. LCMS (m/2) (M+H) = 261.9/263 .8, Rt

=(}3.77 min.

Synthesis of 3-bromo-2-ethoxv-3-G-{lucromethvhoxetan-3-vhpvridine

OH 00— T
//‘“' OH l i
Step 4 Br ‘»tes 5 Br S*ep 8 <|//§\/B‘
i i i
~ A
o/ 3 (?,/’\N/
g
631554 Step 1: A mixure of 3-bromo-2-ethoxv-3-1odopyridine (1.0 equiv.), and

Cs,C0: (3.9 equiv.) in Dioxane (0,15 M) was degassed with Ar; Cul (0.1 equiv.) and
picohnic acid (0.2 equiv.) were added, and the muxture was degassed sgam. Dicthyl malonate
(2.0 equiv.) was then added and the mixture was heated at 70 °C overnizht. LCMS shows
agbout 530% complete consumption of starting material and clean conversion to desired product
{(M+1=360/362, Re=1.04). More picolinic acid (0.2 ecquv.}, Cul (8.1 equv.), and diethyl
ralonate (2.0 equiv.) were added. and the reaction was continued for asother S h, The
reaction mixture was poured onto sat. aq. NH.Cl, and exiracted with EtOAc (3 x). The
combined organics were washed with brine, dried (MgS0,) and concentrated. Purification
via ISCO flash column chromatography (0-20% EtOAc heptane) afforded diethyl 2-(3-
bromo-2-cthoxypyridin-3-yhimalonate as a colorless o1l i 77 % vield. LCMS (m/2) (M+H)
=3359.1/361.9, Rt =1.05 min.

{86136} Step 2: A solotion of dicthvl 2-(5-bromo-2-cthoxypyridin-3-yDmalonaie (1.0
couiv.} in DMF (0.16 M) was degassed with Ar, and then cooled to 0 °C. NaH (1.5 equiv.)
was added and the mixture was allowed to warm to 25 °C over 30 min. Benzy! chloromethyl

cther (1.3 equiv.} was then added, and the reaction was stirred over the weekend LCMS
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shows complete consumption of starting material and fairly clean conversion to desired
product (M+1=480/482, R=1.27). The mixture was poured onto water and extracted three
times with ethvl acetate. The combined organics were washed with water, brine, dried over
magnesium sulfaie, filtered, and concentrated. The crude residue was porified via Grace flash
column chromatography over silica gel eluting with heptane and 0-20% EtQAc gradient.
Product cluted around 10% EtOAc and was concentrated to dicthyl 2-((benryloxy methyl}-2-
(3-bromo-2-cthoxypyridin-3-yhmalonate in 84 % vicld ag a colorless oil. LCMS (m/z)
{(M-+H) = 480.0/482.0, Rt = 1.26 min.
[06157] Step 3: To a stred solation of dicihvl 2-((benzyloxy)ymethyl)-2-(3-bromo-2-
cthoxypyrdin-3-vDmalonate (1.0 equiv.) in DCM (0.1 M) at -78 °C was added DIBAL-H
(1.0 M solution in PhMe) (6.0 equiv.) and the mixture was allowed to wam to 0 °C and
stirred for 2.5 h. LCMS shows complete consamption starting material with conversion to
product (M+1=396/398, R=0.92). Two more eq of BIBAL-H was added, and the reaction
was allowed to warm o room temperaiure and stirred for another 1.3 h. The reaction was
diluted with ethyl acctate and quenched with saturated agueous Rochelle's salt. The mixture
was stirred vigorously overnight, and then extracted three times with ethyl acetate. The
combined organics were washed with brine, dried over magnesiom sulfate, filtered, and
concentrated. The residue was puritied via silica gel Grace flash column chromatography,
cluting with heptane and 0-73% ethvl acetate gradient. Product fractions elute around 40%
EtOAc and were concentrated to give 2-({benzyloxy ymethyl)-2-(3-bromo-2-cthoxypyridin-3-
vhpropane-1,3-diol in 86 % vicld as a colorless oil. LOMS (m/zy (M+H) =396.2/398 2 Ri=
.92 min.
[36158] Step 4: To a solution of 2-((benzyloxymethyl)-2-(5-bromo-2-cthoxypyridin-
3-vDpropane-1,3-diol (1.0 equiv.) in DCM (0.05 M) at -78 °C was added BCl; (1 M 1n DCM)
{3.0 eguiv.} and the mixture was allowed to warm to 0 °C and stirred for 2 h. LCMS
complete consumption of starting material and clean conversion to desired product
(M+1=306/308, Re=0.51). The mixture was guenched with MeOH and concentrated directly
onto Celite, which was then purified by ISCO flash columa chromatography, eluting with
DBCM and 0-13% MeUOH gradient. Product fractions eluted around 3% MeOH and were
concentrated to give 2-(5-bromo-2Z-ethoxypyndin-3-v1}-2-(hydroxymethyDpropane-1,3-diol
as a pale vellow ol in quantitative vield. LOMS (m/z) (M-+H) =305.8/307.8, Rt = 0.51 min.
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{86139} Step 3¢ 2-{5-bromo-2-cthoxypyridin-3-v1-2-thydroxymethyDpropanc-1,3-
diol (1.0 equiv.) and PPh; (1.2 equiv.} were added to a microwave vial and purged with
argon. A solution of DIAD in toluene (1. 2 equiv.) was then added and the mixture was
heated thermally at 60 °C overnight. The mixture was concenirated and punfied via silica gel
chromatography (Grace, 0-100% cthyl acetate/beptanes). The pure fractions were
concentrated to give (3-(5-bromo-2-cthoxypyridin-3-yDoxetan-3-yDimethanol in 38% vicld as
a colorless oil. LCMS (m/z) (M+H) = 288.0/290.0, Rt = .68 min.

[06160] Step 6: To a stured solution of (3-(3-bromo-2-cthoxypyridin-3-vDoxetan-3-
yhmethanol (1.0 eguiv.) 1n THF (0.04 M) at rt was added Et;N (12 equiv.),
perfluorcbutancsulfonyt fluoride (4.0 equiv)), and tricthylamine trihvdrofluoride (4.0 equiv)
and the mixture was heated to 535 “C and stirred for 2 hours. At this time, more BN (12
equiv.), perfluorobutancsubfonyl fluonde (4.0 equuv.), and tricthvlamine trihydrofluoride (4.0
equiv.) were added and the reaction was stirred overrught at 55 °C. Upon overrught stirring,
the reaction was poured onto saturated agueous sodinm bicarbonate and extracied three times
with ethyl acetate. The combined organics were washed with brine, dried over magnesium
sulfate, filtered and concentrated. The crude residue was absorbed onto Celite and purified
via silica gel chromatography (ISCO, cluting with 0-30% ethyl acetate/heptanes). The pure
fractions were concentrated to give 3-bromo-2-cthoxy-3-(3-(fluoromethyoxetan-3-

vDpyridine in 47% vield. LCMS (m/z) (M+H) = 290.0/292.0, Rt = 0.89 min.

Svnthesis of 5-bromo-3-3-(fluoromethyhoxetan-3-v1)-2-methoxvpvridine

o ohl,L Ox HO. O
H SN Stap 1 R Step 2 Xy Br  gteps HO B Step 4
E E— oo | em——— o E i — e oo
N P
D/ N/ P /"\N o N/ 5 N/
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[LEE Y Step 1: To a solution of (uethoxymethyvltriphenyiphosphoniom chloride (1.3
equiv. ) i THF (0.3 M) at 0 °C was added NaHMDS (1M m THF, 1.55 equiv.) and the red
solution was stirred 10 the cold bath for 30 min at which point 3-bromo-2-
methoxynicotinaldehyde (1.0 equiv.) was added. After stirring 1n the cold bath for 30 nun,
the solution was allowed to warm to 1t, stirred for 2 hours, then partitioned between cthyl
acetate and sat. sodinm bicarbonate. The lavers were mixed, separated, the crganic phase was
washed with brine, dried over magnesiom sulfate, filtered and concentrated. The residus was
purified via silica gel chromatography (0-30% cthy! acetate/n-heptanes) to vield 3-bromo-2-
methoxy-3-(2-methoxyvinypyridine contaminated with the starting aldehyde. This mixture
was dissolved in methanol and 0.5 equiv. of sodizm borohydride were added. After stirring
at vt for 10 nun, the volatiles were removed im vacuo and the residue was partitioned between
ethyl acetate and brine. The organic phase was dried over magnesium sulfate, filtered and
concentrated. Purification via silica gel chromatography (ISCO, 0-15% ethyl acetate/n-
heptanes) afforded 3-bromo-2-methoxy-3-{2-methoxyvinyDpyridine in 1% vield as a
mixture of enol ethers 1somers. LCMS (m/z) (M+H) =244 .0/246.0, Rt = .97 and 1.01 min.
66162 Step 2: To a solution of 3-bromo-2-methoxy-3-(2-methoxyvinvlpyridine (1.0
equrv ) acetonitrife (0.35 M) was added 6N HCL (17 equiv.}. The scolation was stirred at
overnight. The reaction was neturalized by the addition of solid sodium bicarbonate, then
diuted with ethyl acetate and water. The organic phase was waschd with brine, dried over
magnestum sulfate, filtered and concentrated. The residue was purified via sihica gel
chromatography (1SCO, 0-40% cthy! acetate/n-heptanes) to give 2-(5-brome-2-
ruethoxypyridin-3-yhacetaldehvde as a light colored off-white solid. LCMS (m/2) (M+H) =
229.8/231.8, Rt = 0.69 min.
[B0163] Step 3: To a solution of 2-(5-brome-2-methoxypyridin-3-vhacetaldehyde (1.0
eguiv.) m THF (0.3 M) was added paraformaldehvde (9 equiv.) and calcium hydroxde (10
cquiv.) in a glass high pressure veseel. The container was heated to 75 °C behind a safoty
shield overnight. Upon cooling to rt, the reaction was diluted with DCM and filtered through
a pad of Celite, rinsing with DCM and 20% MeOH/DCM. Upon concentration of the
volatiles, the residue was purified via silica gel chromatography (1SCQ, 0-10% MeOH/DCM)
to give 2-(S-bromo-2-methoxypyridin-3-1)-2-(hvdroxymethy Dpropane-1,3-diol as white
sofid in 50% vield. LCMS (m/z) (M+H) =291.9/293.9, Rt =0.42 min.

71



WO 2016/038582 PCT/IB2015/056989

68164} Step 4: To a solution of 2-{3-bromo-2-methoxypyridin-3-yi}-2-
(hydroxymethvlpropane-1,3-diol (1.0 equiv.) iz acetone (1M) was added dimethoxypropane
(1.5 equiv.y and pTsOH-H,0 (0.05 equiv.) and the homogeneous solution was stirred at rt
overmight. Diloted with ethyl acetate and water, the organic phase was washed with brine,
dried over magnesium sulfate, filtered and concentrated. The residue was purified via silica
gel chromatography (ISCO, 0-100% ethyl acctaie/m-hepiancs) to give {5-(5-bromo-2-
methoxypyridin-3-y1)-2 2-dimethyl-1,3 -dioxan-3-vhmethanol in 75% vield. LCMS (m/z)
{(M+H)y=1331.9/333.9, Rt=0.77 min.

[06165] Step S: To a solution of (5-(5-bromo-2-methoxypyridin-3-yi)-2 2-dimethyl-
1,3-dioxan-3-yDmethano! (1.0 equiv.} in THF (0,15 M) was added tricthyl amine (12 equiv.),
perfluorobutanesulfonyl fluonide (4.0 equiv.) and triethvlamine tribydrofluonde (4.0 equiv.).
The solution was heated to 53 °C for 2 hours, then cooled to rt, partittioned between cthyl
acetate and water, the organic phase was washed with brine, dried over magnesmm sulfate,
filtered and concentrated. The residuc was purified via silica gel chromatography (ISCO, 0-
50% ethyl acetate/n-heptanes) to give S-bromo-3-(5-(fhoromethy}-2, 2-dimethyi-1 3-dioxan-
5-vD)-2-methoxypyridine in 753% vield. LCMS (m/z) (M+H) =333 .9/3359, Rt = 1.03 min.
{86166} Step 6: To a solution of 5-bromo-3-(5-{fluoromethyi)-2,2-dimethyl-1,3-
dioxan-3-yh-2-methoxypyridine (1.0 equiv.) in methanol (0.1 M) was added pTsOH (0.2
equiv.) and the solution was sticred at 1t for 2 hours. The reaction was quenched by the
addition of sat. sodmm carbonate, the volatiles were removed under vacuo and the residue
was partitioned between cthyl acetate and water. The organic phase was washed with sat.
sedium carbonate, brine, dried over magnesium sulfate, filtered and concentrated. The
residue was purified via silica gel chromatography (ISCO, 0-100% ethy! acetate/n-heptanes)
to give 2-(3-bromo-2-methoxypyridin-3-v1-2-(fluoromethy)propane-1,3-diol in 76% vield.
LOMS (m/z) (M+H) =293 8/395 8, Rt = (.57 min.

81674 Step 7: To a solution of 2-(5-bromo-2~methoxvpyvadm-3-vi)}-2-
(Fluoromethylpropane-1,3-diol (1.0 equiv.) 1 toluene (0.14 M) was added
triphenyiphosphine (1.2 equiv.} and DIAD (1.2 equiv.}. The flask was heated to 66 °C
overnight, then the volatites were removed in vacuo and the residoe was purified via silica gel

chromatography (ISCO, 0-40% ethvl acetate/n-heptanes) to give S-bromo-3-(3-
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(fluoromethyloxetan-3-y1-2-methoxypyndine in 60% vield. LCMS (m/z) (M+H) =
276172781, Rt=0.78 mm.

Svnthesis of 3-bromo-3-(3-{difluoromethyvDoxetan-3-vD-2-methoxvpvridine

63168 Step 1: To a solution of (5-(5-bromo-2~-methoxypyridin-3-y1)-2 2-dimethyl-
1,3-dioxan-3-vDmethancl (1.0 equiv.) in DCM (0.08 M) at 0 °C was added Dess-Martin
periodinane (1.2 equiv.) and the solution was stirred at 0 °C for 2 hours and allowed to warm
to rt. Partitioned between ethyl acctate and 1:1 10% NapS;03/NaHCO3(55¢ ) » the organic
phase was washed with 1:1 10% Nap3703/NaHCO3(g5¢ ) . with NaClgaq ) dried over
MgS0y4, filtered, concentrated and purified by I5CO 5107 chromatography eluting with 0-
50% ethyl acetate/n-heptanes to give 3-(3-bromo-2-methoxypyvadin-3-v1)-2 2-dimethyl-1 3-
dioxane-3-carbaldehvde n 82% vield. LCMS (m/zy (M+H) = 330.1/332.1, Rt = (.88 min.
36169 Step 2: To a solution of 3-(5-bromo-2-methoxypynidin-3-v13-2.2-dimethvl-
1.3-dioxane-5-carbaldehvde (1.0 equiv.) in DCM (0.12 M) at § °C was added DAST (2.0
equiv.) and the reaction was allowed to warm to rt and stirved overmight. The reaction was
partitioned between ethyl acetate and sat. sodium bicarbonate, the organic phase was washed
with brine, dried over magnesium suifate, filtered and concenirated. The residue was purified
via silica gel chromatography (ISCQ, 0-40% ethyl acetate/n-heptanes) to give 3-bromo-~3-(3-
(diflnoromethyl)-2 2-dimethyl-1 3-dioxan-5-v1}-2-methoxypyridine 1n 18% yvield. LCMS
{m/zy (M+H) =352.1/354. 1, Rt = 1.03 min,

6176 Step 3: To a solution of 3-bromo-3-(5-(difluoromethy!)-2,2 -dimethyl-1,3-

dioxan-3-yh-2-methoxypyridine (1.0 equiv.) in methanol (0.03 M) was added p-TsOH (0.2
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equiv ). The solotion was stirred at 1t overnight, the velatiles were removed under vacuo, the
residue was partitioned between ethyl acetate and sat. sodium carbonate, the organic phase
was washed with brine, dried over magnesium sulfate, filtered and concentrated to give 2-(5-
bromo-2-methoxypyridin-3-y1}-2-(difluoromethyDpropane-1,3-diol in 93% vield. LCMS
(m/zy (M+H) =311.8/313.8, Rt = 0.61 min.

[B6171] Step 4: To a solution of 2-{3-bromo-2-methoxypyridin-3-yi}-2-
{difluoromethypropane-1,3-diol {1.0 equiv.} in toluene {0.05 M) was added
triphenyiphosphine (1.2 equiv.) and DIAD (1.2 equiv.) and the solution was heated to 60 °C
overmight. Upon cooling 1o 1, the sohution was purified via silica gel chromatography {(ISCQO,
0-40% cthyl acetate/n-heptanes) to give 3-bromo-~3-(3-(difluoromethyvhoxetan-3-v1)-2-

raethoxypyriding in 36% vield. LCMS (m/z) (M+H) = 293.8/293 8, Rt = (.61 min.

Svnthesis of (3-(S-bromo-2-methoxvpyridin-3-vhoxetan-3-vimethanol

HG. OH OH G
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[363172] Step 1: A solution of 2-(5-bromo-2-methoxypyridin-3-v1)-2-
{hydroxymethyDpropane-1.3-diol (1.0 equiv.}. inphenylphosphine (1.6 equiv.) and DIAD
{1.6 eguiv.} m tolaene (0.06 M) was heated to 35 C overnight. Upon overmight stirimg, heat
was 1acreased to 63 °C and heated for another 24 hours. Upon cooling to 1t the volatiles were
removed in vacuo and the residoe was purified via silica gel chromatography (8-100% ethyl
acetate/n-heptanes) to give (3-(5-bromo-2-methoxvpyndin-3-vhoxetan-3-v)methanol in 48%
vield. LCMS (m/z) (M+H) =273.8/273.8, Rt = 0.46 mia,

[B64173] Step 2: To a solution of (3-(5-bromo-2-methoxypyridin-3-yljoxetan-3-
yvhmethanol in DCM (0.1 M) at § °C was added Dess-Martin periodinane and the sohution
was allowed to warm to rt and stirred for 5 hours. The solation was then partitioned between
ethyl acetate and 1:1 10% NapSy03/NaHC O34y ), mixed, separated, washed with 1:1 10%
NapB8703/NaHCO3(gq¢ y » with NaClygq; ). dried over MgSOy. filtered, concentrated and
purified by 15C0O 5107 chromatography (0-100% EtOAc/m-heptanes) to yield 3~(5-bromo-2-
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nethoxypyridin-3-yhoxetane-3-carbaldehyde as a white sohid. LCMS (m/2)y (M+H) =
271.8/273.8, Rt =0.60 mm.

[06174] Step 3. To a solution of 3-(5-bromo-2-methoxypyridim-3-vhoxetane-3-
carbaldehyde (1.0 equiv.) and hydroxylamine hydrochloride (1.3 equiv.} was added ethanol
(0.07 M) and pynidine (10 equiv.}. The reaction was stirred at rt for 2 hours, then the volatiles
were removed i vacuo and the residue was partitioned between water and ethyl acetate. The
organic phase was washed with brine, dried over magnesinm sulfate, filtored and
concentrated. The crude oxime was dissolved in THF (6.07 M) and heated 1o the presence of
CDI (4.0 eguiv.} at 120 °C for 20 pun in the microwave. The volatiles were removed under
vacuo and the residue was purified via silica gel chromatography (0-30% cthyl acetate/n-
heptanes) to give 3-(3-bromo-2-methoxypyridin-3-yDoxetane-3-carboniirile as a white solid

in 70% vield. LCMS (m/z) (M+H) = 268.8/270.8, Rt = 0.71 min.

Syathesis of 2-((3-bromo-3-(3-flucrooxetan-3-vhpyndn-Z-vDoxyiethanol

: 5 C‘/‘ OH 2
H r i Br r
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[06175] Step 1: Sodmm hyvdride (2.0 equiv.} was added to dioxane (0.3 M), 2-
{(tetrghydro-2 H-pyran-Z-vioxyjethanol {2.0 equiv.) was added and the mixture was stirred
for 30 mun at rt. 3-bromo-2-chloro-3-todopyridine (1.0 equiv.) was added to the mixture and
the reaction was heated to 103 °C for 1 hour. The cooled reaction mixture was quenched by
the addition of saturated aqueous sodium bicarbonate and extracted with ethyl acetate. The
combined extracts were dried over sodwum sulfate, filtered, and concenirated. The crude
produoct was purified by flash chromatography over silica gel (heptanes with 10% cthyl
acetate) to give S-bromo-3-i0do-2-(2 ~((tetrahydro-2H-pyran-2-voxvjethoxy pvridine as a

colorless otl 1n 78% vield. LUMS (m/z) (M+H) =427 8/429.8, Rt =112 min.
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166176} Step 20 A solotion of 5-bromo-3-10do-2-{2-({tetrahydro-2 H-pyran-2-
vhoxyethoxy)pyridine (1.0 equiv.) in THF (0.39 M) was cooled to an internal temperature of
=530 °C. 1sopropyvimagnesium chioride, 2.0M in THF (1.2 equiv.) was added dropwise over 10
min. The faintly pink solution was stirred at an 1aternal temperature of -60 to -40 °C for 30
min, becoming cloudy. Oxetan-3-one (1.3 equiv.) was added dropwise over 5 min, keeping
mtemal termperature at -40 to -35 °C. The reaction was allowed to warm to -5 °C over 1 he.
The reaction was guenched by the addition of saturated agueous sodium bicarbonate and
extracted with ethyl acetate. The combined extracts were dried over sodium sulfate, filtered,
and concentrated. The crude material was purified by flash chromatography over silica gel
(heptanes with cthyl acetate gradient) to give 3-(5-bromo-2-(2-({tetrahydro-2 H-pyran-2-
yhoxyethoxy pyridin-3-vijoxetan-3-0l as a colorless o1 in 79% vield. LCMS (m/z) (M+Na)
=398 1, Rt =0.74 min.
363177} Step 3 To a solution of 3-(S-bromo-2-(2-({(tctrahvdro-2H-pyran-2-
yhoxy)ethoxy jpyridin-3-yhoxetan-3-ol {1.0 equiv.) in CH»Cly at =78 °C under Ar was added
DAST (2.0 equiv.) at a fast dnip. After addition, the solution was stirved under Ar at -78 °C
for 13 mun. The reaction was allowed to warm to ambient temperature over 30 min.
Analysis by TLC (2:1 heptanes:ethyl acetate) indicated all SM was consumed. The reaction
was quenched by addition of saturated aqueous NaBCO,, and the mixture was extracted with
DCM (2x). The combined extracts were dried over sodwum sulfate, filtered, and concentrated.
The crude material was purified by flash chromatography over silica gel (heptanes with othyl
acctate gradient) fo give S-bromo-2-cthoxy-3-(3-flucrcoxetan-3-vipyridine as a coloriess oil
in 33% vield. LCMS (m/z) (M+H) = 375.9/377.9, Rt = .94 min.
36178 Step 4: 3~-bromo-3-(-fluorooxstan-3-vi)-2-(2-((tetrabvdro-2H-pyvran-2-
vhoxy)ethoxyypyriding (1.0 equiv.) was dissolved in THF (0.2 M) and then treated with 1.0M
agueons HC (5.0 equiv.}. The mixtare was stirred at ambient temperature for | hr. The
reaction mixture was ncutralized with saturated aqueous sodum bicarbonate and extracted
with ethyl acetate (2x). The combined extracts were dried over sodrum sulfate, filtered, and
concentrated. The crude material was purified by flash chromatography over silica gel
(heptanes with 25-75% ethyl acetate gradient) to give 2-((5-bromo-3-(3-flucrooxetan-3-
yhpyridin-2-yloxy jethanol as a colorless oil in 74% vield. LCMS (m/z) (M+H) =
292.0/294.0. Rt = 0.62 min,
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Syathesis of 3-(5-bromo-2-(2-hyvdroxvethoxv ipyvridin-3 -vDoxetan-3 -0l
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66179} 3-{5-bromo-2-2-{(tetrahydro-2 H-pyran-2-yhoxyethoxy )pyridin-3-vHoxetan-

3-ol was dissolved in THE (0.2 M) and treated with HC (5.0 equuv, | M ag). The mixtare
was stirred at ambient temperature for I hr. The reaction muxtore was neutralized with
saturated aqueocus sodium bicarbonate and extracted with ethyl acetate (2x). The combined
extracts were dried over sodum sulfate, filtered, and concenirated. The crude material was
purified by flash chromatography over silica gel theptancs with ethyl acetate gradient) to give
3-(3-bromo-2-2-hydroxyethoxy jpyridin-3-yhoxetan-3-ol i 77% yield. LCMS (m2) (MA-H)

=289.8/261.8, Rt = 0.48 min.

Svithesis of 3-(3-bromo-2-ethoxvpvridin-3-v1joxetan-3-0l
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36188 To a stirred solution of 5-bromo-2-cthoxy-3-iodopyridine (1.0 equiv.) in Et,O

{0.2 M) at -78 °C was slowly added Buli (2.3 M in hexanes) (1.1 equiv.) and the mixtore was
stirred for 30 min. oxetan-3-one (§.135 equiv.} was then slowly added and the mixture was
stirred for 15 min and then allowed to warm to room temperature. The reaction mixture was
pourad onto saturated agueocus ammonium chioride and extracted three times with ethyl

acetate. The combined organics were washed with brine, dried over magnesium sulfate,
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filtered and concentraied. The crude reside was purified via ISCO over sifica gel, eluting
with heptane and 0-30% EtOAc gradient to give 3-{5-bromo-2-cthoxypyrdm-3-vhoxetan-3-

olin 34% vield. LCMS (m/z) (M+H) = 274.0/276.0, Rt = 0.72 min.

Svathess of 5-bromo-2-cthoxy-3~{3-fluorooxetan-3-vhipvridine

O™\ F
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{30181} To a solution of 3-(3-bromo-2-sthoxypyridin-3-yhoxetan-3-ol (1.0 equuv.) m

CHy(ly (0.1 M) at -78 °C under Ar was added DAST (1.1 equiv.) at a fast drip. Afier
addition, the solution was stirred under Ar at -78 °C for 25 min. The reaction was allowed to
warm to ambient temperature over 1 hr. The reaction was quenched by addition of saturated
aqueous NaHCO4, and the mixture was extracted with DCM (2x). The combined extracts
were dried over sodium sulfate, filtered, and concentrated. The crude material was purified
by flash chromatography over silica gel (heptanes with ethyl acetate gradient) to give 5-
bromo-2-gthoxy-3-(3-fluorooxetan-3-vhpyridine in 27% vicld as a colorless oil. LCMS (m/z)

(M+H) = 275.8/277.8, Rt = 0.88 min.

Svathesis of 3-(S-bromo-2-({tetrahvdro-2H-pyvran-4-vDioxyipyridin-3-vDoxetan-3-ol

Br Br Br Br
= Step 1 7S
E e e l
N/ PN

Br o N
)
[06182] Step 1@ A solution of 2.3, S-tribromopyridine (1.0 eguiv.) 1o NN-

dimethylformamide (0.23 M) was treated with sodivm hydnde (60% dispersion in nuneral
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o1l, 1.5 equiv.}). The mixtore was cocled to 0 °C and 4-hvdroxypyran (1.2 equiv ) was added
slowly. The resultant mixture was stirred at 8 °C for 2 h and at room femperature for 1 hour,
then was added to dilute brine solution and was extracted with ethyvl acetate. The organic
layer was dried over magnesinm sulfate, was filtered, and the solvent was removed in vacuo.
Purified by ISCO(0-100 % EtQAc/heptane) to vield 3,5-dibromo-2-((tetrahydro-2H-pyran-4-
vhoxyipyridine i 63% yield. LCMS (n/z) (M+H) =336.0/338.0, Ri = 1.04 mun.

(806183} Step 20 To a solution of 3, S-dibromo-2-{(tetrahydro-2 H-pyran-4-
vhoxy)pyridine (1.0 equiv.) 1 Et;O (0.14 M) at -78 °C was added BuLi (1.4 equiv.)
dropwise. The resulting mixture was stirred at =78 °C for 30 mun and a solution of oxetan-3-
one (2.0 equiv.) in THF was added dropwise. The mixture was stirred at -78 °C for 1 h,
warmed to rt and kept at rt for 2 h. Quenched the reaction with sat. NaHCO; and extracted
with EtOAc. The organc laver was washed with Brine, dried over sodium sulfate and
concentrated. Puritied by ISCO (0-30% EtOAc/heptance) to vield 3-(5-bromo-2-((tetrabydro-
2H-pyran-4-yDoxyjpyridin-3-yDoxetan-3-ol in 31% yield. LCMS (m/2) (M+H) =

329 8/331.8, Rt =0.66 min,

Svnthesis of 5-bromo-3-(3-flucrooxetan-3-v1)-1-G-hvdroxvoropyvDpvrdin-2(1H)-one
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[36184] Step 1: To a solution of 5-bromo-3-(3-fluorcoxetan-3-v1)-2-(2-

{trimethyisifvDethoxy)pyridine (1.0 equiv.) in DCM (0.1 M) was added TFA {1.0 equiv.) and
the solution was stirred at 1t overnight. The volatiles were removed under vacuo and the
white solid was stirred 1n dicthyl ether, sonicated for 10 min and allowed to sit overnight.
The precipitate was filtered to give S-bromo-3-G-fluorcoxctan-3-vhpyridin-2-ol as a wiite

solid in 60% vield. LCMS (m/z) (M+H) = 247 8/249.8, Rt = 0.43 min.
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[36185] Step 2: To a solution of 5-bromo-3-3-fluorosxetan-3-yDpyridin-2-ol (1.0
equiv.) in DMF (0.4 M) was added potassium carbonate (5.0 equiv.} and 3-bromopropan-1-ol
(3.0 equiv.). The solution was stured at ot overnight. Diuted with ethyl acetate and added
schd potassiom carbonate. The orgamic phase was washed with brine, dried over magnesium
sulfate, filtered and concentrated to give S-bromo-3-3-fluorcoxetan-3-vi)-1-3-

hydroxvpropyDpyridin-2(1H}-one in 9% yield. LCMS (m/2) (M+H} = 305.8/307 .8, Rt = §.47

min.
Svathesis of 3-(5-bromo-Z-methoxvpvrdu-3-vioxetane-3-carbaldehvde
O\/ o\ |
¥ Br \\. SN Br
® . ®

) N O/\ Nf;’

| l
66186} To a solution of (3-(5-bromo-2-methoxypynidin-3-yhoxetan-3-yDethanol

(1.0 equiv.ym DCM (0.1 M) at ¢ °C was added Dess-Martin Periodinane (1.2 equiv.) and the
solution was stired at § “C for 1 hour, then allowed to warm to 1t and stirred at 1t for 5 hours.
The reaction was partitioned between othyl acetate and 1:1 10% NapSp03/NaHCO3(qa1 ), the
organic layer was washed with 1:1 10% Nap$303/NaHCO3(g4; ), then brine, dried over
magnesium sulfaie, filtered and concentrated. The residue was purified via silica gel
chromatography (ISCQO, 0-100% cthyl acetate/n-heptanes) to give 3-(3-bromo-2-
raethoxypyridin-3-vhoxetane-3-carbaldehyde as a white solid 1n 71% vield. LCMS (m/z)

(M-+H) = 271.8/273.8, Rt = 0.60 min.

Syathesis of 2-({6-bromo-4-(3-flucrooxetan-3-vhpyndn-Z-vDoxyiethanol

o™ OH OF - Q
B ; B ;\MV o O\"; . T °
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[B6IRT] Step 10 A colorless solation of 2.4, 6-tribromopyridine (1.0 equiv.} in THF
(0.1 M) was cooled to an mternal femperatare of ~73 °C. Isopropvlmagnesiam chloride (1.1
equiv.) was added dropwise over 10 min (gradually turning pink), keeping the internal
temperatare below -70 °C. The light pink solution was stirred at -70 °C to -30 °C over 30
rain, gradually tuming vellow. The vellow solution was warmed to -30 °C over 30 min
(turning lighter yellow then light green). Oxetan-3-one (1.2 equiv.} was added dropwise, and
the mixture was allowed to come to ambient temperature, turnimg light vellow. The reaction
mixtare was quenched by the addition of saturated agueous sodium bicarbonate and extracted
with ethyl acetate. The combined extracts were dried over sodium sulfate, filtered,
concentrated, and purified by flash chromatography over silica gel (heptanes with 23-60%
ethyl acetate gradient) to give 3-(2,6-dibromopyridin-4-vhoxetan-3-of in 24% vield as a white
solid. "H NMR (400 MHz, <cdcl3>) 8 ppm 7.80 (s, 2 H)4.87 - 4.94 (m, 2 H) 4.71 - 4.78 (m,
2HY2.67 (s, 1 H).
[06188] Step 2: To a suspension of 3-(2 6-dibromopyridin-4-vijoxetan-3-0l (1.0
equiv.) }in CHyCly (0.1 M) at -15 °C under nitrogen was added DAST (2.0 equiv.} at a fast
drip. After addition, the solution was stirred for 15 sun. The reaction was quenched by
addition of saturated agucous NaHCO,, and the mixture was extracted with DCM. The
combined extracts were dried over sodum sulfate, filtered, and concenirated. The crude
material was purified by tlash chromatography over silica gel (heptanes with 5-40% ethyl
acetate gradient) to give 2,6~-dibromo-4-(3-fluorcoxctan-3-vlpyridine in 83% vield. LCMS
(m/z2) (M+H) =311.9, Rt =0.74 min.
[36189] Step 3¢ 2-{(tetrahydro-2H-pyran-2-vhoxy jethanol (3.0 equiv.) was added to a
muxture of sodium hydride, 60% in mineral o1l (3.0 equiv.) and Dioxane (0.22 M) and stirred
for 20 min. The mixture was added to 2,6-dibromo-4-(3-fluorcoxetan-3-vpyridine (1.0
equiv.), and the reaction was stirred at 0 °C for 2 hours. The reaction was cooled to RT and
quenched with saturated agueous NaHCOs, extracted with EtOAc, dried over Na,SQy,
filtered, and concentrated to give crude 2-bromo-4-(3-fluorcoxetan-3-y1}-6-(2-({tetrahydro-
2H-~pyran-2-yhoxyjethexy ypyridine in quantitative vield. LCMS (m/z) (M-THP) =
291.8/293.8, Rt = 0.96 min.
[061906] Step 4: To a solution of crude 2-bromo-4-(3-fluorooxetan-3-y1-6-(2-
{({tetrahydro-2 H-pyran-2-vDoxyethoxy)pyridine (1.0 equiv.) m THF (0.07 M) was added
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.5M aqueous HCH (7.0 equiv.). The mixture was stirred vigorousky for 45 min at ambient
temperature. The reaction mixture was neutralized with saturated agueous sodium
bicarbonate and extracted with ethyl acetate. The combined extracts were dried over sodium
sulfate. filtered, concentrated, and purified by flash chromatography over silica gel (heptanes
with 10-60% cthvl acetate) to give 2-((6-bromo-4-(3-fluorooxetan-3-vpyridin-2-

vijoxyethanol as a colortess o1l in 52% vield. LOMS (m/z) (M-+H) = 292/294, Rt = 0.61 min.

Svnthesis of 2-({5-bromo-3-(3-methoxvoxetan-3-vhpvridin-2-vhoxv)iethanol

O Ok

le/ Step 1 \//W/Br Step 2 \/(I/rj/sr Step 3 /}I/j Br Step 4 \/’g\l/\/
Cl N N( O N
‘A A A

f
0.0 0.0 0.0 Or
[ J 9l
36191} Step 1: Sodium hvdride, 60% dispersion (2.0 equiv.) was added to Dioxane

(0.3 M), 2-((tetrahvdro-2H-pyran-2-vDoxyyethanol (2.0 equiv.) was added. The mixtare was
stirred for 30 min at ambient temperature. S-bromo-2-chlore-3-icdopyridine (1.0 equiv.) was
added, and the mixiure was stirred at 103 °C for 1 hr. The cooled reaction mixiure was
guenched by the addition of saturated aqueouns sodium bicarbonate and exiracted with ethyl
acetate. The combined extracts were dried over sodium sulfate, filtered, and concentrated.
The crude product was purified by flash chromatography over silica gel (heptanes with 10%
cthyl acetate) to give 3-bromo-3-iodo-2-2-({tetrahydro-2 H-pyran-2-vhoxy Jethoxy)pyridine
as a colorless oif in 78% yield. LOMS (m/z2) (M+H) = 427.8/429.8, Rt = 1.13 min.

166192} Step 20 A solotion of 5-bromo-3-10do-2-{2-({tetrahydro-2 H-pyran-2-
vhoxyethoxy)pyridine (1.0 equiv.) in THF (0.35 M) was cooled to an internal temperature of
=50 °C. Isopropylmagnesium chloride, 2.0M m THF (1.2 equiv. ) was added dropwise over
10 min. The colorless sohution was stirred at an mternal temperature of -50 to =30 °C for 30
min. Oxetan-3-one (1.5 equiv.) was added dropwise over 5 min, keeping internal temperature
at 40 to -35 °C. The reaction was allowed o warm to -3 “C over 0.5 hr, turning cloudy. The
reaction was guenched by the addition of saturated agueous sodium bicarbonate and extracted
with cthvl acetate (2x). The combined extracts were dried over soduun sulfate, filtered, and
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concentrated. The crude material was purified by flash chromatography over silica gel
(heptancs with 25-75% ethyl acetate gradient) to give 3-(53-bromo-2-2-((tetrahydro-2H-
pyran-2-yDoxyethoxyypyridin-3-yDoxetan-3-ol 1 68% vield as a colorless ail. LCMS (mi/z)
{(M+Na) =396 1/398.1, Rt = 0.73 mimn.

36319834 Step 3: To sodiam hydnde (0.1 equiv.) in DMF (0.2 M) was added 3-(5-
bromo-2-2-((tetrahydro-2 H-pyran-2-yDoxy)ethoxy ypyvridin-3-yHoxetan-3-ol (1.0 cquav ).
The mixture was stirved for 40 min at ambient temperature. Methyl iodide (1.1 equiv.) was
added, and the reaction was stirred for 1.5 hr at ambient terperature. The reaction mixture
was diluted with water and extracted with ethyl acetate (2x). The organic phases were
concentrated to give S-bromo-3-(3-methoxyoxetan-3-v1)-2-(2-((tetrabvdro-2 H-pyran-2-
yhoxyethoxy)pyridine mn quantitative vield. The crude material was used without further
purtfication

[36194] Step 4: To a solution of crude 3-bromo-3-(3-methoxyoxetan-3-y1)-2-(2-
{{tetrahydro-2H-pyran-2-y1joxy yethoxy pyridine (1.0 equiv.) in THF (0.13 M) was added
$.5M agueous HCI (4.0 equiv.). The muxture was stirred vigoroushy for 70 nun at ambient
temperature. The reaction mixture was neutralized with saturated agueous sodium
bicarbonate and extracted with ethyl acetate. The combined extracis were dried over sodinm
sulfate, filtered, concentrated, and purified by flash chromatography over silica gel (heptanes
with 25-75% ethvl acetate, product comes off around 65% ethyl acetate) to give 2-((5-bromo-
3-3-methoxyvoxetan-3-yDpyrndin-2-vhoxyjethanol as a colorless o1l which crystathized upon

standing in 62% vield. LCMS (me2) (M+H) = 304.1/306.1, Rt = 6.60 mm.

Svathesis of S-bromo-1-(2 3-dibvdroxvpropyl)-3-(3-fluorcoxetan-3-vhipyrdin-2{1H)-one

O

>\ F O\ F Q\_F
P P
HO™ N Za

07 N e}

[66195] Step 1: To a solution of 3-bromo-3-(3-fluorooxetan-3-vpynidin-2-0l (1.0

equiv. ) i DMF (0.4 M) was added potassium carbonate (5.0 equiv.) and allvl bromide (3.0
83



WO 2016/038582 PCT/IB2015/056989

equrv ) and the homogencous solution was stirred at 1t for 4 hoars. The mixiure was
partitioned between ethyl acetate and water, the organic phase was washed with water, brine,
dried over magnesium sulfate, filtered and concentrated. The residue was purified via silica
gel chromatography (ISCO, 0-35% ethyl acetate/heptlanes) to give 1-allyl-3-bromo-3-(3-
fluorcoxstan-3-vhpyridin-2{ 1 H}-one in 53% vield. LCMS (mzy (M+H) =287 8/280 8 Rt =
.61 mun.

86196} Step 20 To a solution of 1-allyl-3-bromo-3-(3-flucrooxetan-3~ypynidmn-
2(1H)-one (1.0 equv.} and NMO (1.5 equiv.} m THF and water (1.1, 0.04 M) was added
350y sobhution (.05 equiv.) and the homogeneous solotion was stirred at 1t for 3 hours.
Partitioned between ethyl acetate and 1:1 10% NapS703/MNaHCO3(44¢ ), the organic layer
was washed with 1:1 10% Nap8703/NaHCO3(g5 ). thon brine, dried with magnesium
sulfate, filiered and concentrated fo give 3-bromo-1-(2,3-dihydroxypropyl)-3-(3-
fluorcoxetan-3-yDpvridin-2{1H)-onc as an off-white solid 1 86% vield. LCMS (m/2) (M+H)
=322.0/324.0, Rt = 0.40 mun.

Svathesis of 3-bromo-1-(2-{{tert-butvidimethvisiv DoxyethvD-3-(3-fluorooxetan-3-

vipyridin-2{1H)-one

Sy "y
tr
GTBDMS
[06197] To a solution of 5-bromo-3-(G-fluorcoxetan-3-ypyridin-2-0l (1.0 equiv.) and

potasstum carbonate (3.0 equiv.} in DMF (0.27 M) was added (2-bromoethoxy Ytert-
buty!)dimethylsilane and the selution was stirred at rt for 3 hours. The reaction was
partitioned between ethyl acetate and water, the organic laver was washed with water, then
brine, dried over magnesium sulfate, filtered and concentrated. The residue was purified via
silica gel chromatography (ISCQO, 0-100% cthyl acetate/n-heptanes) to give S-bromo-1-(2-
{tert-butyidimethyisibvDoxy ethy13-3-(3 fluorooxetan-3-vDpyridin-2{ 1 Hj-one m 22% vicld.
LCMS (m/z) (M+H) = 406.0-408.0, Rt = 1.07 mun.
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Synthesis of 3-(3-bromo-5-(3-flucrooxetan-3-vDphenvhoxetan-3-0l

O™\ OH 0\ F O\ F
Br Br [ Br | Br - g BF
Step 1 Step 2 Slep 3 ﬁ
e #e L
Br Br Br O
o
63198 Step 1: To a solution of 1,3 3-tribromobenzene (1.0 equiv.) at =78 °C under

argon 1a diethvl ether (0.2 M) was added n-Buli (1.0 equiv)) via syringe while keeping the
mternal temperature below -70 °C. Upon completion of the addition, the purple solution was
stirred for 1 hour, then oxetan-3-one (1.1 cquiv.) was added neat via syringe. The resulting
sclution was allowed to war to 1t and stirred for one howr. The reaction was guenched by
the addition of sat. ammnonmm chlonde, partitioned between ethyl acetate and sat.
ammonium chloride, the organic phase was washed with sat. sodium bicarbonate, brine, dried
over magnesivm sulfate, filtered and concentrated. The residue was purified by sonicating
n-heptanes and the precipitate was filtered and dried under vacuo overnight to give 3-(3,5-
dibromophenyloxetan-3-ol in 87% vield. 1H NMR (400 MHz, <dmso>) T ppm 7.62 - 7.91
{m, } H}6.63 (s, 1 H34.75 {d, /=7.04 He, 2 H) 4.66 (d, /=7.04 He, 2 H).

63189 Step 2: To a solution of 3-(3,5~dibromophenyDoxetan-3-0l (1.0 equiv ) in
DM (6.1 M) at ~ 78 °C was added DAST (2.0 equiv.) and the reaction was stirred at this
temperature for 5 min, then allowed to warm to rt.  After two hours, the reaction was
guenched by pouring onto ice with solid sodmm bicarbonate. Partitioned between ethyl
acctate and water, the organic phase was washed with sat. sodiuwm bicarbonate, brine, dried
over magnesium sulfate, filtered and concentrated. The residue was puritied via silica gel
chromatography (ISCO, 0-40% ethylacetate/n-heptanes) to give 3-(3,3-dibromophenyl)-3-
fluorooxetane in 81% yvield. 1H NMR (400 MHz, <dmso>) ppm 7.93 (1, /=1.76 Hz, 1 H)
777(dd, /=1.76, 098 Hz, 2 H) 4.80 - 5.06 (im, 4 H).

[06280] Step 3: To a solution of 3-(3,5-dibromophenyl)-3-flucrooxetane (1.0 equav.)
i diethyl ether (0.2 M) at -71 °C (internal temperature) wae added n-Buli (1.0 equiv.) via
svringe dropwise. The reaction was stirred at this temperature for one hour, then oxetan-3-
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one (1.1 equiv.} was added via syringe and the solotion was allowed to warm to room
temperature and stirred for another howr. Quenched by the addition of sat. ammonium
chlonide, partitioned between ethyl acetate and water, the organic layer was separated, washed
with sat. sodiom bicarbonate, brine, dried over magnesium sulfate, filicred and concentrated.
The residue was purified via silica gel chromatography (ISCO, 0-100% ethyl acetate/n-
heptanes) and the pure fractions were concentraied (o give 3-(3-bromo-5-3-flucrooxetan-3-
vhphenyhoxetan-3-ol as a white sobid in 89% yield. LCMS (m2y (M-+H) =323 8/327 8 Ri=

0.68 min.

Svathesis of 2-(3-fluorooxetan-3-v1-6-(2-hvdroxvethoxy ipvridin-4-vi

trifluoromethanesulfonaie
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o Step 1
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36261} Step 10 To sodium hydnde (1.03 equiv.) in DMF (0.5 M) was added benzyl

alcohol (1.05 equiv.). The mixture was stirred at 0 °C for 30 min. 2.4.6-tribromopyridine
{1.0 cquiv.y was added. The mixture was stirred at § °C for 90 min and at amsbiend
temperature for | hr. The reaction was quenched by the addition of water and then extracted
with ethyl acetate. The combined extracts were dried over sodium sulfate, filtered.
concentrated, and puritied by flash chromatography over sifica gel (heptanss for 5 min then 0-
20% cthyl acetate gradient) to give 4~(benzyloxy)-2,6~dichloropyridine, as a white, crystalline

solid in 62% vield. LCMS (m/z) (M+H}=344.0, Rt = 1.13 nun.
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[06262] Step 2: 2-{(tetrahydro-2H-pyran-2-yvDoxy jethanol (1.0 equiv.) was added to a
mixture of sodiam hydride, 60% in mineral o1l (2.1 equiv.) and Dioxane (0.4 M} and stirred
for 30 min. This mixture was added to 4-(benzyloxy)-2,6-dibromopyridine (1.0 equiv.), and
the reaction was stirred at 80 °C for 36 mun. The reaction was cooled to ambient temperature
and quenched with satwrated agueous NaHCO;, extracted with FtOAc, dried over Na,SO,,
filtered, concentraied, and purified by flash chromatography over silica gel (heptanes with 0-
28% othyl acetate gradient) to give 4-(benzyloxy }-2-bromo-6-2-{({tetrahydro-2 H-pyran-2-
vhoxy)ethoxy)ypyriding, as a light vellow ot 1a 76% vield. LCMS (m/z) (M+Na) =
43001/432 1, Rt =1 14 min.
(632834 Step 3: A light vellow solution of 4-(benzyloxy )-2-bromo-6-2-({tetrahvdro-
2H-pyran-2-vhoxy)ethoxypyridine (1.0 equiv.y m THF (0.2 M) was cooled to an intermal
temperature of -73 °C. n-butyllithium (1.1 equiv.) was added dropwise over 30 min, keeping
the miternal temperature below -70 °C. The reaction was removed from the bath, and oxctan-
3-one (1.2 equiv.) was added dropwise. The mixture was allowed to come to ambient
temperature. The reaction mixture was quenched by the addition of saturated aqueous
sodim bicarbonate and extracted with ethyl acetate. The combined extracts were dried over
sodium sulfate, filiered, concentrated, and purified by flash chromatography over silica gel
(heptanes with 23-60% ethyl acctate gradient) to give 3-(4~(benzyloxy)-6-(2-((tetrahydro-2H-
pyran-2-yDoxyethoxyypyridin-2-yDoxetan-3-ol as a colorless oil in 68% vyield. LCMS (mi/z)
(M+H)=402.2, Rt =093 mm.
632844 Step 4: To a solution of 3-{4-(benzyloxy )-6-(2-((tetrahydro-2 H~pyran-2-
vhoxy ethoxy jpyridin-2-vDoxetan-3-ol (1.0 equiv.} in CHyCly (0.1 M) at -10 °C under Ar
was added DAST (2.0 equiv.) at a fast drip. After addition, the solution was stirred under Ar
at -10 °C for 20 min. The reaction was quenched by addition of saturated agueous NaHCO5,
and the mixture was extracted with DCM. The combined extracts were dried over sodium
sulfate, filtered, and concentrated. The crude matenial was purified by flash chromatography
over silica gel (heptanes with 0-30% cthyl acetate gradient) to give 4-(benzyloxy}-2-(3-
fluorcoxetan-3-yhH-6-2-({tctrahydro-2H-pyran-2 -y Doxy jethoxy)pyridine as a coloriess oil in
78% vield. LCMS (m/z) (M+H) = 4043, Ri = 1. 14 min,
[06285] Step 3: To a degassed solution of 4-(benzyioxy)-2-G-flucrcoxctan-3-y]3-6-(2-
{{tetrabvdro-2H-pyran-2-vDoxy)ethoxy)pyridine (1.0 equiv.) in methanol (0.07 M) was added
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palladium on carbon (0.05 equiv.). The flask was purged and flushed twice with hydrogen
from a balloon. The reaction was stirred for 1 hr under a hydrogen atmosphere. The reaction
mixture was degassed and diluted with DCM. The mixture was filtered through Celite. The
filtrate was concentraiced lo give 2-(3-fluorooxetan-3-y1)-6-(2 «({tetrahy dro-2 H-pyran-2-
yvhoxyethoxy pyrdin-4-ol, as a colorless oi m 92% vield. LCMS (m/2) (M+H) =314.2, Rt
= (.72 min.
{36266} Step 6: A solution of 2-(3-fluorooxetan-3-y1)-6-(2-({tetrahydro-2 H-pyran-2-
vhoxy)ethoxyypyridin-4-ol (1.0 equiv.) and pyridine (1.5 equiv.) was cooled in a dry
ice/acetone bath, Trifluoromethanesulfonic anhvdrde (1.25 equiv.) was added m a dropwise
fashion over 10 mun, After sturing for 10 min, the reaction was allowed to warm to ambient
cmperature. After 20 min out of the bath (ambient temperature), the reaction mixture was
quenched by the addition of saturated aqueous sodium bicarbonate. The muxture was stirred
for 10 mm and extracted with DCM. The organic phase was dried over sodium sulfate,
filtered, concentrated, and purified by flash chromatography over silica gel (heptanes with 10-
60% ethyl acetate gradient) to give 2-(3-flucroosetan-3-v1)-6-(2~({tetrahydro-2 H-pyran-2-
yhoxyethoxy pyridin-4-v] trifluoromethanesulfonate, as a colorless oil 1 55% vield. LCMS
(m/z) (M+Na) = 468.0, Rt = 1.12 min.
36287} Step 7: To a solution of 2-(3-fluorooxetan-3-y1)-6-(2-({tetrahydro-2 H-pyran-
2-yDoxylethoxy )pyridim-4-vl irifluoromethasesulfonate (1.0 equiv )y in THF (0.1 M) was
added 0.6M agueous HCE (5.0 equiv.}. The mixture was stirred vigorously for 2.5 hr at
ambiont temperature. The reaction mixiure was neutralized with saturated agqueous sodium
bicarbonate and extracted with ethyl acetate. The combined extracis were dried over sodiom
sulfate, filtered, concentrated, and purified by flash chromatography over silica gel (heptanes
with 25-75% ethyl acetate) to give 2-(3-fluorvoxetan-3-y1)-6-(2-hydroxyethoxy)pyridin-4-yl
trifluoromethanesulfonate, as a colorless oil m 69% vield. LCMS (mnz2) (M+H) = 3621, Rt =
(.84 min.

-

Svathesis of 2-(2-hvdroxvethoxy)-6-3-hvdroxyoxetan-3-vDpviidia-4-vi

trifluoromethancsulfonate
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106268 Step 1: To a degassed solution of 3-(4-(benzyloxy)-6-(2-({tetrahvdro-2H-

pyran-2-yoxy jethoxy jpyridin-2-yDoxetan-3-01 (1.0 equiv.) in methanol (0.07 M) was added
palladium on carbon (0.05 equiv.). The flask was purged and flushed twice with hyvdrogen
from a balloon. The reaction was stured for 1 hr uader a hydrogen atmosphere. The reaction
mixture was dogassed and diluted with DCM. The mixture was filtered through Celite. The
filirate was concentrated to give 2-(3-hydroxyoxetan-3-y1)-6-{2-{{tetrahydro-2H-pyran-2-
vioxy jethoxy jpynidin-4-ol which was used without further purification. LCMS (m/2) (M+H)
=312.0, Rt = 0.47 min..
[062489] Step 2: To a stured solution of 2-(3-hydroxyoxetan-3-vi)-6-(2-((ietrabydro-
2H-pyran-2-vhoxyethoxypyndin-4-ol (1.0 equiv.) i acetone (8.1 M) at RT were added
potassium carbonate (1.3 equiv.) and Comin’s regent (1.03 equiv.}, and the reaction was
allowed stirred for 18 h. The mixture was diduted with BCM and filtered through a pad of
810, washing with DCM. The combined filtrates were concentrated and purified by flash
chromatography over stlica gel (heptanes with 25-73% cthyl acetate gradient) to give 2-(3-
hydroxyoxetan-3-y1)-6-(2-({tetrahydro-2 H-pyran-2-v1oxy jethoxy jpyridin-4-v1
trifluoromethanesulfonate in 90% vield. LCMS (m/zy (M+H) = 4443, Rt = 0.95 nun.
(#6210} Step 3: To a solution of 2-(3-hydroxyoxetan-3-yD-6-(2-((tetrahydro-2H-
pyran-2-vDoxy jethoxy pyndin-4-vl trifluoromethanesulfonate (1.0 equiv.) in THF (6,135 M)
was added 1 M agueous HCI (5.0 equiv.)). The mixture was stirred vigorously for 1.5 hr at
ambient temperature. The reaction mixture was neutralized with saturated aqueous sdiom
bicarbonate and extracted with cthyl acetate. The combined extracts were dried over sodium
sulfate, filtered, concentrated, and purified by flash chromatography over silica gel (heptanes
with 23-100% cthyl acetate) to give 2-2-hydroxvethoxy }-6-3-hydroxyvoxetan-3-yDpyrnidin-4-
vl trifluoromethancsulfonate, as a colorless oil in 69% vield. LOCMS (/) (M+H) =360.1, Rt

= (.69 min.
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Synthesis of 2-(2-hvdroxvethoxy )-6-{3-methoxvoxetan-3-v Dpvridin-4-vl

riflocromethancsulfonate
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06211} Step 1: To a stirred solution of 3-{4-(henzyioxy}-6-(2-({tetrahy dro-2 H-pyran-

2-vhoxy jethoxy ypyridin-2-vhoxetan-3-ol (1.0 equiv.} in DMF (0.15 M) was added sodium
hydnde (1.1 equiv.). The mixture was stirred for 35 min at ambient

temperature. Iodomethane (1.1 equiv.) was added, and the reaction was stirred for 4 hr at
ambient temperature. The reaction mixture was diluted with water and extracted twice with
ethvl acetate. The organic phases were dried over sodiom sulfate, filtered and concentrated to
give 4-{bonzvioxy }-2-3-methoxyoxetan-3-v1)-6-( 2~({(tetrahydro-2 H-pyran-2-
yhoxy)ethoxypyridine n 99% vield which was used without further purification. LCMS
(m/zy (M-+Hy = 4161, Rt = 1 04 min,

86212} Step 2: To a degassed solution of 4-(benzyloxy)-2-(3-methoxyoxetan-3-yi}-6-
(2-({tetrahydro-2 H-pyran-2-yhoxy ethoxy)pyridine (1.0 equiv.} m methanol (0.1 M) was
added palladivm on carbon (0.05 cqurv.). The flask was purged and flushed twice with
hydrogen from a balloon. The reaction was stirred for | hr under a hvdrogen atmosphere.
The reaction mixture was degassed and dituted with BCM. The maxture was filicred through
Celite. The filtrate was concentrated to give 2-(3-methoxyoxetan-3-v1)-6-2-((tetrahydro-2H-
pyran-2-yDoxyjethoxy)pyridin-4-ol which was used without further purification. LCMS
{m/z) (M+H) = 326.2, Rt = .56 min..

632134 Step 3: To a stired sohution 2-(3-methoxyoxetan-3-y1)-6-(2~({tetralvdro-2H-
pyran-2-yljoxy yethoxy )pyndin-4-ol {1.0 equiv.) 1 acetone (0.1 M) at RT were added

potassium carbonate (1.5 equiv.) and Comin’s regent (1.05 equiv.}, and the reaction was
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allowed stirred for 2 b, The nuxtore was diloted with DCM and filtered through a pad of
810, washing with DCM. The combined filtrates were concentrated and purified by flash
chromatography over silica gel (hepianes with 10-30% ethyl acetate gradient) to give 2-(3-
methoxyoxzetan-3-y1)-6-2-({tetrahydro-2H-pyran-2-yioxy Jethoxy jpyndin-4-vl
trifluoromethanesulfonate in 70% vield. LCMS (m/zy (M+H) =480.1, Rt = 1.07 nun.
#6214} Step 4: To a solution of 2-3-methoxyoxetan-3-y-6-(2-((ietrahy dro-2H-
pyran-2-voxy jethoxy pyndin-4-vl triffuoromethanesulfonate (1.0 equiv.) in THF (0.1 M)
was added 1 M agueous HCI (5.0 equiv.). The mixture was stirred vigorously for 2.5 hr at
ambient temperature. The reaction mixture was neutralized with saturated aqueous sdinm
bicarbonate and extracted with cthyl acetate. The combined extracts were dried over sodium
sulfate, filtered, concentrated, and purified by flash chromatography over silica gel (heptanes
with 235-100% cthyl acetate) to give 2-2-hydroxyethoxy}-6-3~-methoxyoxetan-3-yDpyndin-
4-v1 tifluoromethancsulfonate, as a colorless oil in 63% vield. LCMS (/) (M+H) =373.9,

Rt = 0.82 min.

Svnthesis of 2~(4-hvdroxvtetrahvdro-2 H-pvran-4-vi-6-(2~oxooxazolidin -3-vipvridin-4~v

trifluoromethanesulfonate
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#6215} Step 1: A light vellow solution of 4-(benzyloxy )-2,6-dibromopyridine (1.0
eouiv. ) in THF (0.1 M) was cooled to 0 °C. Isopropylmagnesium chloride (1.05 equiv.) was
added dropwise, and the mixture was allowed to warm to RT and stirred for 3h. Dihydro-2H-
pyran-3(3H)-one (113 equiv.) was then added dropwise, and the mixture was allowed to stir

for 1 h. The reaction mixture was quenched by the addition of saturated aqueous sodmm
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bicarbonate and extracted with ethyl acetate. The combined extracis were dried over sodinm
sulfate, filtered, concentrated, and purified by flash chromatography over silica gel (pentane
with 5-50% cthyl acetate gradient) to give 4-(4-(benzvloxy)-6-bromopyridin-2-vtetrahvdro-
2H-pyran-4-of as a colorless oil in 68% yield. LEMS (m/z)y (M+H) = 364.0/366.0, Rt = 0.93
min.

{36216} Step 2: To a degassed mixture of 4-(4-(benzyloxyi-6-bromopyndin-2-
viretrahydro-2H-pyran-4-ol (1.0 equiv.), oxazohdin-2-one (1.2 equiv.}, N,N-dimethvlglycine
(0.2 equiv.) and potassium carbonate (2.0 equiv.) m DMF (1 M} was added Cul (0.1 cquiv.)
and the mixture was stirred at 115 °C for 17 k. The reaction was cooled to ambient
temperature and diluted with water and twice extracted with EtOAc. The combined organics
were dried over NapSOy, filtered, concentrated, and purified by flash chromatography over
silica gel (heptanos with 75-100% ethyl acetate gradient) to give 3-(4-(benzyloxy}-6-(4-~
bydroxyietrabyvdro-2 H-pyran-4-vDpyridin-2-vhoxazohidin-2-one, as a white crystalline sohid
in 73% vield. "H NMR (400 MHz, <cdel3>) 8 ppm 7.86 (d, J=1.96 Hz, 1 H) 7.32 - 7.49 (m, 5
Hy6.73(d, /=196 H, TH)5.16(s, 2 H}439-4356(m 3 H)424 -435 (m, 2 H)3.86-4.01
(m, 4 Hy2.00-2.17 (u, 2 H) LCMS (m/2) (M+H) =371.0, Rt = 0.69 min.

{36217} Step 3: To a degassed solotion of 3-(4-(henzyloxy)-6-(4-hvdroxyicirahvdro-
2H-pyran-4-y Dpyridin-2~-vhoxazolidin-2-one (1.0 equiv.) i methanol (0.07 M) was added
palladium on carbon (0.05 equiv.). The flask was purged and flushed twice with hydrogen
from a balloon. The reaction was stirred for 70 min under a hyvdrogen atmosphere. The
reaction mixture was degassed and diluted with DCM. The mixture was filtered through
Celite. The filtraie was concentrated to give 3-(4-hydroxy-6-{4-hydroxytetrahydro-2H-pyran-
4 Dpyridin-2-vhoxazolidin-2-one i quantitative yield, LCMS (m/z) (M+H) =281.0, Rt =
0.34 min,

(60218} Step 4: To a stirred solation of 3-(4-hyvdroxy-6-(4-hydroxytetrahydro-2H-
pyran-d-vDpvridin-2~vhoxazolidin-2-one (1.0 equiv.) in acetone (0.1 M} at RT were added
potassium carbonate (1.3 equiv.) and Comiun’s regent (1.1 equiv.), and the reaction was
allowed stirred for 2 b, The mixtare was diloted with DCM and filtered through a pad of
510,, washing with DCM. The combmed filirates were concentrated and purified by flash

chromatography over sthica gel (heptancs with 40-90% othyl acetate gradient) to give 2-(4-
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hydroxytetrahydro-2H-pyran-4-v11-6-(Z-oxooxazolidin-3-yDpyridin-4-yi

trifluoromethancsulfonate i 73% yield. LCMS (m/z) (M+H) = 4129, Rt = 0.81 min.

Svnthesis of 2-(3-hvdroxvoxetan-3-vi)-6-{2-oxooxazolidin-3-vipvridin-4-vi

trifluoromethanesutfonate
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62194 Step 1: A light vellow solution of 4-(benzyloxy)-2,6-dibromopvridine (1.0

equiv.) in THF (0.1 M) was coocled to 0 °C. Isopropylmagnesmm chloride (1.1 equiv.) was
added dropwise, and the mixture was allowed to warm to RT and stirred for 3h. Oxetan-3-
one (1.2 oquiv.) was then added dropwise, and the mixture was allowed to stirfor 1 h. The
reaction mixtore was quenched by the addition of saturated agueouns sodium bicarbonate and
cxutractod with ethyl acetate. The combined extracts were dried over sodum sulfate, filtered,
concentrated, and purified by flash chromatography over stlica gel (pentane with 0-30% cthyl
acetate gradient) to give 3-(4-(benzyloxy)-6-bromopyridin-2-yoxetan-3-0l as a colorless oil
n 27% vield, LOCMS (m/z) (M+H) = 335.9/3379, Rt =0.87 min.

[06220] Step 2: To a degassed mixture of 3-(4-(benzyloxy)-6-bromopyridm-2-
yhoxetan-3-0l (1.0 eqmiv.), oxazolhidm-2-one (1.2 equiv.), N N-dimethylglveme (0.2 equiv.)
and potasstum carbonate (2.0 equiv.) i DMF (1 M) was added Cul (0.1 equiv.) and the
mixture was stirved at 113 °C for 17 h. The reaction was cooled to ambient iemperature and
diluted with water and twice extracted with EtOAc. The combined organics were dried over
Nay&80,, filtered, concentrated, and punfied by tlash chromatography over silica gel (heptanes
with 75-100% ethyl acetate gradient) to give 3-(4-(benzyloxy)-6-3-hydroxyoxetan-3-

yhpyridin-2-yDoxazolidin-2-one, as a white crystalline solid in 64% vield. 'H NMR (400
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MHz, <cdel3>)Sppm 793 (4, /=196 Hy 1 H} 732 -7530(m, 5 H)731(d, /=235 Hz, 1 H)
333, TH)S522(s, 2 H)498-505(m, 2 H)4.70(d, J=704 Hz, 2 H) 445 - 454 (m, 2 H
422 -433 (m, 2 H), LOCMS m/z) (M+H) =343.0, Rt=0.72 min.
[06221] Step 3: To a degassed solution of 3-{4-(benzyloxy)-6-{3-hvdroxyoxetan-3-
yhpyridin-2-vDoxazolidin-2-one (1.0 equiv.) in methanol (0.05 M) was added palladium on
carbon (0.05 equrv.). The flask was purged and flushed twice with hydrogen from a balloon.
The reaction was stirred for 70 min under a hvdrogen atmosphere. The reaction mixture was
degassed and diluted with DCM. The mixture was filtered through Celite. The filtrate was
concentrated to give 3-(4-hyvdroxy-6-(-hvdroxyoxetan-3-yDpyridin-Z-yoxazolidin-2-one in
9% vield. LOMS (n/z) (M+H)=2329, Rt = .32 mmn.
166222} Step 4: To a stirred solution of 3-(4-hydroxy-6-(3-hyvdroxyoxetan-3-
vhpyridin-2-yhoxazohdm-2-one (1.0 equiv.) 1n acetone (0.1 M) at RT were added potassim
carbonate (1.3 equiv.) and Comun’s regent (1.1 equiv.), and the reaction was allowed stirred
for 2 k. The mixture was dibuted with DCM and filtered through a pad of 510,, washing with
DCM. The combined filtrates were concentrated and purified by flash chromatography over
stlica gel (heptanes with 30-100% ethvl acetate gradient) to give 2-(3-hvdroxyoxetan-3-vi)-6-
(2-oxooxazohidin-3-vDpyridin-4-y1 trifluoromethancsuifonate in 73% yield. LEMS (m/2)

(M+H) =384.9, Rt =0.76 mm.

Svnihesis of 2-((2-hvdroxyethvhDaming-6-CG-methoxvoxetan-3-vhpvridin-4 -v1
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{36223} Step §: To a stired solution of 3-(4-{benzyloxy -6-bromopyridin-2-yloxetan-
3-01 (1.0 cquiv.) in DMF (6,15 M} was added sodnum hydride (1.1 equiv.). The mixture was
siirred for 35 min at ambient temperature. lodomethane (3.1 equiv.) was added, and the
reaction was stirred for 3 br at ambient temperature. The reaction mixture was diluted with
water and extracted twice with cthyl acetate. The organic phases were dried over sodium
sulfate, filtered. concentrated, and purified by flash chromatography over sihica gel (heptanes
with 10-60% ethyl acetate gradient) to give 4-(benzyloxy}-2-bromo-6-(3-methoxyvoxetan-3-
vDpyridine in 70% vield. LCMS (m/z) (M+H) = 349.9/351.9, Rt = 0.99 min.
[06224] Step 2: To a degassed muxture of 4-(benzyloxy }-2-bromo-6-3-
methoxvoxetan-3-vhpynidine (1.0 equiv.), oxazolidin~-2-one {1.2 equiv.}, N N-
dimethylglyvcine (0.2 equiv.) and potassium carbonate (2.0 equiv.) in DMF (1 M) was added
Cal (0.1 equiv.) and the mixtare was stirred at 115 °C for 13 h. The reaction was cooled to
ambient temperature and diluted with water and twice extractod with FtOAc. The combined
organics were dried over Na;SO,, filiered, concentrated, and purified by flash
chromatography over sthica gel (heptanes with 75-100% ethy! acetate gradient) to give 3-(4-
(benzyloxy)-6-(3-methoxyoxetan-3-yDpyridin-2-vhoxazolidin-2-one, as a white ¢rystalline
solid in 60% vield. LCMS (m/2) (M+H) = 357.0, Rt = 0.8% min.
36225 Step 3: To a solution of 3-(4-(benzyloxy)-6-(3-methoxyoxetan-3-y Dpyridin-
2-yDoxazolidin-2-one (1.0 equiv.) m ethanol (1 M) was added ¢ M agueous NaOH (5.0
equiv.) and the mixtare was stirred at 100 °C for 40 min. The reaction was cooled to ambient
temperature and diluted with water and twice extracted with EtOAc. The combined organics
were dried over Na S0, filtered, concentrated to give 2-((4-{benzylony 3-6-(3-
methoxyoxetan-3-vhpyrdin-2-vDamino)ethanol m quantitative yield. LCMS (m/z) (M+H) =
3311, Rt=0.61 min.
8226 Step 4: To a degassed solution of 2-((4-(benzyloxy }-6-3-methoxyoxetan-3-
yhpyridin-2-vDammojethanol (1.0 equiv.} m mothanol (0.07 M) was added palladinm on
carbon (0.05 equrv.). The flask was purged and flashed twice with hydrogen from a balloon.
The reaction was stirred for 3 h under a hydrogen atmosphere. The reaction mixture was
degassed and diluted with DCM. The mixture was filtered through Celite. The filtrate was
concentrated to give 2-((2-hydroxyethyllamino)-6-3-methoxyoxetan-3-yDpyridin-4-ol in
88% vield. LCMS Omz) (M+H) = 241.0, Rt = (.33 min.

95



WO 2016/038582 PCT/IB2015/056989

862271 Step 3: To a stirred solution of 2-{((2-hyvdroxyethyhaming }-6-3-
methoxyoxetan-3-ylpyvridin-4-0! (1.0 equv.) in acetone (0.1 M) at RT were added potassium
carbonate (1.5 equiv.) and Comin’s regent (1.1 equiv.), and the reaction was allowed stirred
for 2 k. The mixture was dibuted with DCM and filtered through a pad of 510,, washing with
DCM. The combined filtrates were conceontrated and purified by flash chromatography over
siica gel (heptancs with 50-100% ethyl acetate gradient) to give 2-{(2-hydroxyethyllaming)-
o~ 3-methoxyoxetan-3-yDpyridin-4-y1 trifluoromethancsuifonate m 70% yield. LOMS (m2)

(M+H) = 373.0, Rt = 0.74 min,

Svnthesis of 2-(2-hvdroxvethoxvi-6~{4-hvdroxvietrashvdro-2 H-pyvran-4-vipvridin-4-vl

trifluoromethanesulfonaie
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2H-pyran-Z-yDoxy jethoxy)pyndine (1.0 equiv.} i THF (0.5 M) was cooled to -78 °C. n-
butyllithiwm (1.1 equiv.) was added dropwise, and the mixture was stirred for 30 min. A 1 M
solution of dihvdro-2H-pyran-3(4H)-one (1.2 equiv.} i THF was added dropwise, and the
mixture was allowed to come to ambient temperature over 1 h. The reaction mixture was
guenched by the addition of brine and extracted with ethyl acetate. The combined oxtracts
were dned over sodium sulfate, filtered, concentrated, and purified by flash chromatography

over silica gel (heptanes with 0-70% ethyl acetate gradient} to give 4-(4-(beneyloxy)-6-(2-
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({tetrabvdro-2H-pyran-2-yDoxy)ethoxy jpvridin-2-yDtetrahyvdro-2 H-pyran-4-ol as a colorless
oil m 71% vield. LCMS {m/z) (M+H) = 430.2, Rt = 0.85 min.

[06229] Step 2: To a degassed solution of 4-(4-(benzyloxy)-6-(2-((tetrahydro-2 H-
pyran-2-yDoxy)ethoxy ypyridin-2-yDtetrabyvdro-2H-pyran-4-ol (1.0 equiv.) i methanol (0.05
M) was added patladium on carbon (0.05 equiv.). The flask was purged and flushed twice
with hydrogen from a balloon. The reaction was stirred for T hr under a hydrogen
atmosphere. The reaction mixture was degassed and diluted with DCM. The mixture was
filtered through Celite. The filtrate was concenirated to give 2-(4-hvdroxytetrahvdro-2H-
pyran-4-y}-6-(2-({(tetraby dro-2 H-pyran-2-yDoxy jethoxy)pyridin-4-ol which was used
without further purification. LCMS (m/2) (M+H) = 340.3, Rt = 0.49 nun.

66236 Step 3: To a solution of 2-(4-hydroxytetrahydro-2H-pyran-4-v1}-6-(2-
{{tetrahvdro-2H-pyran-2-y Doxy jethoxy )pyridin-4-ol (1.0 equiv.} in acetone (0.1 M) at RT
were added potassium carbonate (1.5 equiv.) and Comin’s regent (1.1 equiv.), and the
reaction was allowed stirred for 2 b The mixiure was diluted with DCM and filtered through
a pad of S0, washing with DCM. The combined filtrates were concentrated and purified by
flash chromatography over silica gel (heptanes with 0-100% ethyl acetate gradient) to give 2-
(4-hydroxytetrahydro-2 H-pyran-4-y1)-6-(2-{{tetrahy dro-2 H-pyran-2-yDoxy Jethoxy )pyridin-4-
vl triffuoromethancsulfonate i 73% vield, LOMS (m/z) (M+H) =472.0, Rt = 0.93 mm.
[B0231] Step 4: To a sohution of 2-(4-hvdroxvietrabydro-2H-pyraa-4-v1)-6-(2-
{(tetrahydro-2 H-pyran-2-vhioxy ethosy pyridin-4-v1 triflucromethanesulfonate (1.0 equiv.} in
THF (0.1 M) was added 0.6 M agueous HCI (3.0 equiv.). The mixture was stirred vigorously
for 2.3 hr at ambicnt temperature. The reaction mixture was ncuiralized with satorated
aqueous soduum bicarbonate and extiracted with ethyl acetate. The combined exiracts were
dried over sodium sulfate, filtered, concentrated to 2-(2-hyvdroxyethoxy)-6-(4-
hydroxyitetrahydro-2H-pyran-4-yDpyridm-4-vl trifluoromethanesutfonate which was used

without further purification. LCMS (m/2) (M+H) =388.2, Rt = 0.68 nun.

Syathesis of 2-(4-flucrotetrahydro-2H-pyvran-4-vD-6-{2-hvdroxvethoxvipyridin-4-vi

triflucromethancsulfonate




WO 2016/038582 PCT/IB2015/056989

(R

o
o O
3 P
Ve
i\o \o’]
136232} Step §: To a stired solution of 4-(4-(benzylony 3-6-Z-({tetrahy dro-2H-pyran-

2-yDoxyjethoxy pyridin-2-ytetralivdro-2 Hepyran-4-ol (1.0 equuiv.) in DCM (6,04 M)y at -10
°C was added DAST (2.0 eqquyv.) dropwise, and the mixture was stirred for 20 min, The
reaction mixture was quenched by the addition of saturated agueouns sodium bicarbonate, and
the mxiture was allowed to stir for 15 min while warming to RT. The mixture was exiracted
with DCM, and the combined extracts were washed with brin, dned over sodiwrm sulfate,
filtered, concentrated, and purified by flash chromatography over silica gel (heptanes with 0-
50% cthyl acetate gradient) to give 4~(benzvioxy)-2-{(4-fluorotetrahydro-2H-pyran-4-v1)-6-(2-
{(tetrghydro-2 H-pyran-Z-vioxy ethoxy pyridine as a colorless oil m 90% vield. LOMS (mz)
(M+H)=4324 Rt=1.14 mm.

66233 Step 2: To a degassed solution of 4-(benzyloxy)-2-(4-fluorotetrahydro-2H-
pyran-4-y13-6-2-({tetrahydro-2H-pyran-2-vDoxyethoxy ipyridine (1.0 equiv.} in methanol
(0.05 M) was added palladum on carbon (0.05 equiv.). The flask was purged and flushed
twice with hvdrogen from a balloon. The reaction was stirred for 1 hr under a hvdrogen
atmosphere. The reaction nuxture was degassed and diluted with DCM. The mixtare was
filtered through Celite. The filtrate was concentrated to give 2-(4-fluorotetrahyvdro~-2H-pyran-
-y 13-6-02 -{{tetrahvdro-2 H-pyran-Z-yDoxy yethoxy)pyndin-4-ol which was used without
further purification. LCMS (n/z) (M+H) = 3423, Rt = (.65 min.

[06234] Step 3: To a solution of 2-(4-fluorctetrahvdro-2H-pyvran-4-y1)-6-(2-
{{tetrahydro-2H-pyran-2-vDoxy jethoxy pyridin-4-ol (1.0 equv.) in acetone (0.1 My at RT

were added potassium carbonate (1.5 equiv.) and Comun’s regent (1.1 equiv.), and the
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reaction was allowed siirred for 2 h. The mixtore was diloted with DCM and {iltered through
apad of 5:0,, washing with DUCM. The combined filtrates were concentrated and punified by
flash chromatography over stlica gel (heptanes with 0-100% ethyl acetate gradient) to give 2-
{4-fluorctetrahydro-2 H-pyran-4-y131-6-{ 2-({tetrahy dro-2 H-pyran-2-v Doxy Jethoxy ipyridin-4-vi
trifluoromethanesulfonate in 90% vield. LCMS (m/zy (M+Hy=4743, Rt = 1.13 nun.
{36235} Step 4: To a solution of 2-{4-flucrotetrahydro-2H-pyran-4-v1}-6-{2-
{{tetrahydro-2H-pyran-2-y Doxy jethoxy )pyridin-4-y1 tritluoromethancsulfonate (1.0 cquiv. ) in
THF (0.1 M) was added 0.6 M agueous HCI (5.0 equiv.). The mixiure was stirred vigorously
for 2.5 hr at ambient temperature. The reaction mixture was neutralized with saturated
aqueous sodium bicarbonate and extracted with cthyl acetate. The combined extracts were
dried over sodium sulfate, filtered. concentrated to 2-(4-flucrotetrahydro-2 H-pyran-4-vi)-6-
(2-hydroxyethoxypyrndin-4-yt riflusromethanesulfonate which was used without further

purification. LOCMS (m/z) (M+H) =390.2, Rt = .85 nun.

Synthesis of 5-(6-cthoxv-3--methyloxetan-3-vpyridazin-3-vI}-6-methvlpyndm-3-amine

[36236] Step 1: To a solution of 3,6-dichloro-4-(3-methyloxetan-3-vDpyridazine (1.0
equiv.) and 6-methyl-3-(4,4.5 S-tetramethyl-1,3 . 2-dioxaborolan-2-vDpyvridin-3-amine (1.0
equiv.) in DME (0.2 M} was added sodum carbonate (3.0 equuv., 2M agueous solution} and
PACL{dppf)-DCM adduct (0.035 equiv.) and the reaction was heated at 130 °C in the
ricrowave for 30 min. The organic phase was concentrated to dryness and purified via
reverse phase prep-HPLC. The pure fractions were concentrated to give 5-(6-chloro-3-(3-
methyloxetan-3-vhpyndazin-3-v1-6-methvipyridin-3-amine m 14% vield. LCMS (m/2)
{(M+H) = 2909, Rt =0.40 min.

6632374 Step 2: To a solution of 3-(6~chloro-3-(3-methyloxetan-3-yDpyridazin-3-vi)-

6-methylpyridin-3-amine (1.0 equiv.} in dioxane (0.03 M) was added ethanol (6.0 equiv.) and
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sedium hydride (6.0 equiv.y and the nuxtore was heated at 160 °C for 15 min in the
microwave. Upon cooling to rt, the reaction was quenched by the addition of water, then
extracted with ethyl acetate. The organic phase was dried with magnesium sulfate, filtered
and concentrated. The residue was punfied via reverse phase prep HPLC to give 5-(6-
ethoxy-3-3-methyvloxetan-3-yDpyridazin-3-y-6-methylpvodin-3-amine in 29% vield.

LCMS (m/z) (M+H) = 301.0, Rt =0.51 mun.

Svathesis of 3-(6-cthoxv-3-G-methvioxetan-3-~vhipvadu-3-~v-4-methvlaniline

N

C{: \/E!r OC X /j\
;/j ST N,
o7 N o
J J
{36238} A sohution of 3-bromo-Z-ethoxy-3-(G-methyioxetan-3-yDpyndine (1.0 cquiv.)

and S-ammo-2-methviphenylboronic acid, pinacol oster (1.1 equuv.) i DME (0.09 M) and
sodium carbonate (2M agueous solution, 3.0 equiv.) was purged with argon for 3 min, then
PACL{dpp)-DCM adduct (0.05 equiv.) was added and the mixture was purged with argon
again and the reaction was heated to 100 °C for 2 hours. The nuxture was pouwred into water
and extracted with ethyl acetate (3. The combined organtcs were washed with brine, dried
over magnesiim sulfate, filtered and concentrated. The residue was purnified by Grace flash
column chromatography (0-50% ethy] acetate/heptanes) and the product fractions were
concentrated to give 3-(6-cthoxy-3-(3-methyloxctan-3-vDpyridin-3-yD-4-methylaniine as a

colorless oif. LOMS (m/Z} (M+H)} =299.2, Rt = §.64 min.

Synthesis of 3-(5-(3-amino-2-methviphenv-2-methoxvpyridin-3-vhoxetan-3-ol

Py - ™
& OH G\ o
LA - N N

S S
D -
e P

o N o N

(362391 To a solution of 3-(3-bromo-2-methoxypyridin-3-yDoxetan-3-0l (1.0 equiv.)

and 4-methvl-3-(4.4.5 S-tetramethvl-1,3,2-dioxaborolan-2-vDariline (1.0 equiv.) m DME
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(6.17 M) was added PACL{dppH)-DCM adduct (0.03 equrv ) and scdivm carbonate M
aqueous solation, 3.0 equiv.}. The solution was heated m the microwave at 130 °C for 30
min. Partitioned between ethyl acetate and water, added brine and separated the lavers. The
orgamic phase was dried over magneswm sulfate, filtered and concentrated. The residue was
purified via silica gel chromatography (0-100% cthyl acetate/beptanes) to give 3-(5-(3-amino-
Z-methviphenyD-Z-methoxypyridin-3-yhoxetan-3-0l as a white solid in 77% vield. LCMS

(m/zy (MA+H) = 287.0, Rt =0.44 min.

-2 -raethvl-[3.3'-bipyrdin{-3-vhoxetan-3-0}

S-aming-6-methox

Svnthesis of 3

o o o\ on F 3
\ qu\ Br \"){j;j/ Ry ’L\N-v
--------------- o i )
g 7Y
[(36246] To a solution of 3-(3-bromo-2-methoxypyvridin-3-yDoxetan-3-01 (1.0 equiv.)

and 6-methvl-5-(4,4.5 S-tetramethvl-1,3,2-dioxaborolan-2-vDpyridin-3~amine (1.0 equiv.) in
DME (0.17 M) was added PAClL(dppf)-DCM adduct (0.03 equiv.) and sodium carbonate (2M
agueons sohution, 3.0 equiv.}. The solution was heated m the microwave at 130 °C for 30
min. Partitioned between cthyl acetate and water, added brine and separted the lavers. The
organic phase was dried over magnesium sulfate, filtered and concentrated. The residue was
purified via silica gel chromatozraphy (0-8% methanol/DCM with 0.1% TEA) to give 3-(3'-
amino-G-methoxy-2'-methyl-13 3-bipyridinf-3-voxetan-3-ol in 70% vield. LCMS (m/2)

(M+H) = 288.0, Rt =0.35 min.

{6241} The following mtermediates of Table 1 were synthesized according to the

conditions described above, using appropriate starting matenals:

TABLE 1

Intermediate Name Intermediate Structure Physical Bata
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5'-(3-flucrooxetan-3-v1-6'-
methoxy-2-methyi-{3.3'-
bipy nidin}-3-amine

LOMS (n/zy (MH+H) =
290.0, Rt =0.47 min.

6-methyi-5-(3-(3-
methyloxetan-3-
yhphenylpyridin-3-amine

LCMS (m/z) (MAH) =
255.2, Rt =0.52 min.

6-methyl-5-(3~(oxetan-3-
yhphenyDpyridin-3-amine

LOMS (m/zy (M) =
241.1, Rt =047 min.

o~methy-3'-(oxetan-3-yi)~
[ L. {"biphenyl}-3-amine

6'-ethoxy -2-methy -5'-(3-
methyloxetan-3-v1-{3.3'-
bipyridin}-S-amine

LCMS (m/z) (MAH) =
300.2, Rt =0.55 min.

6'-ethoxy -5'-(3~
(fluoromethyhoxetan-3-y1)-2-
methy1-{3,3-bipyridin]-3-
amine

LCMS (m/z) (MAH) =
318.2, Rt =0.57 min.
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3-(5-{3-flucrooxetan-3-y1}-6- LOMS (n/zy (MH+H) =
methoxypyridin-3-y -4~ e 289.0, Rt =0.57 min
methylanitine

G-ethoxy -5'-(3-fluorcoxctan-3- LCMS (m/zy (M+H) =

yh-2-methyl-[3,3-bipyridia}- 304.2, Rt =0.53 min.

S-antine

3-(5-(3-(fluoromethy Doxetan- LCMS (m/zy (M+H) =
3-v)-6-methoxypyridin-3-yl)- 303.2, Rt =0.60 min.
4-methylaniline

5'-(3~(fluoromethy hoxetan-3- LCMS (m/z) (MHH) =

yh-6'-methoxy-2-methyi-{3.3" 304.0, Rt =0.46 min.

bipyridin}-S-amine

3-(5-(5~amino-2- LCMS (m/z)y (M+H)Y =
methylphenyiy~2- 296.0, Rt =0.53 min.
methoxypyridin-3-y Doxetane~
3~carbonitrile

3~(5"~amino-6-methoxy -2'- LCMS (m/z)y (M+H)Y =
methyl-{3,3 “bipyridin]-3- 297.0, Rt =0.43 min.

vhoxetane-3-carbonitrile
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3-{5-{3-
{difluoromethyDoxetan-3-yi)-
o-methoxypyridin-3-yi)-4-
methylanitine

LOMS (mz) (MAH) =
321.0, Rt=0.59 min.

5-(3-{difluoromethy Hoxctan-
3-yDy-6'-methoxy-2-methvl-
[3.3%bipyndin]-3-aminc

LCMS (mzy (MA+H) =
322.0, Rt=0.51 min

3-(5-(5-amino-2~

methy lphenyD)-2~((tetrahy dro-
2H-pyran-4-yhoxy)pvridin-3-
yhoxetan-3-ol

LCMS (m/z) (MAH) =
357.3, Rt =0.50 min.

2,

3-(5'-amino-2"-methyl-6-
({tetrahydro-2H-pyran-4-
yhoxy)-{3,3-bipyridinj-3-
yhoxetan-3-ol

LCMS (m/z) (MAH) =
358.3, Rt =0.42 min.

3-{5-{5-aminn-2-
methylphenyt)-2-
ethoxypyridin-3-yhoxetan-3-o}

LOMS (n/zy (MH+H) =
301.2, Rt =0.49 min.
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5-{6-cthoxy-5-(3~
methyloxetan-3-y hpyridazin-
3-vh-o-methylpyndin-3-anine

LOMS (n/zy (MH+H) =
301.0, Rt =0.48 min

3-{3-{ S-arminn-2-

methy lpyvridin-3-yH-5-(3-
fhiotooxetan-3-
vhphenvloxetan-3-ol

LCMS (mzy (MA+H) =
331.0, Rt =0.40 min

3-(5"~amino-3-(3-fluorooxetan-
3yl-2-methyl-{1,1-
biphenyl]-3-vDoxetan-3-0l

LOMS (mz) (M+H) =
330.0, Rt =0.50 min.

4~methy|-3-(8-(3-~
methyloxetan-3-
vhimidazol,2-bjpyridazin-6-
vhaniline

LOMS (mz) (M+H) =
295.0, Rt =0.39 min.

Synthesis of 2-(

~

-methvi-[3.4'-b1

vhoxy)ethanol
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06242 Step 1: A soluton of 2 6-dichloro-4-todopyridine (1.0 equiv.} i THF (8.3 M)

was cocled to 0 °C. Sodium hvdnide (1.5 equiv.) was added, followed by 2-{{tert-
butvidimethylaibyloxyiethanol (1.1 equiv.) via syringe. The solution was stirred for 30 min
at § °C, then allowed to warm to 1t and stirved overnight. Cooled to 0 °C and quenched by the
additon of sat. sodimm bicarbonate. The solution was partitioned between 1:1 n-
heptanes/cthy] acetate and sat. sodium bicarbonate. The organic phase was washed with
brine, dried over magnesmm sulfate, filtered and concentrated. The residue was purtfied via
silica gel chromatography (0-20% othyl acetate/m-heptancs) to give Z2-(2-{{(teri-
butvldimethylsilvhioxyjethoxy)-6-chloro-4-1odopyvridine in 74% vield. LCMS (m/z) (M+H) =
4139 Rt =143 min.
[06243] Step 2: To a solution of 2-2-{{tert-butyldimethylsilvhoxyyethoxy-6-chloro-
4-iodopynidine (1.0 oquiv.), potassium carbonate (3.0 equiv.) and tert-butvl (6-methyl-5-
(4.4,5,5-tetramethyl-1,3,2-dioxaborolan-2-vDpyridin-3-vlicarbamate (1.2 equiv.) in THF and
water (4:1, 0.2 M) was added PdCL{dpphH)-DCM adduct (0.03 equiv.) and the reaction was
heated to 90 °C in an o1l bath for 3 hours. Upon cooling to 1, the solution was partitioned
between ethyl acelate and water, the organic phase was washed with brine, dried over
magnesium sulfate, filtered and concentrated. The residue was purified via stlica gel

chromatography {(0-80% cthyl acetate/n-heptanes) to give tert-butyl (2'-(2-({tert-
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butvidimethylsibyloxyjethoxy -6'-chloro-2-methyi-{3 4 -bipyridin]-3-yBcarbamate in 2%
vield. LCMS (mz) (M+H) =494 2, Rt =1.11 min,
06244 Step 3: To a degassed solution of tert-butyl (2'-(2-((tert-
butyldimethyisdyloxy)ethoxy)-6'-chloro-2-methyi-3 4 -bipyridin|-3-ycarbamate (1.0
oquiv.), 2-allvl-4,4,3 5-tetramethyl-1,3,2-dioxaborolane (1.5 equiv.), cesium fluoride (3.0
equrv ) acetonitrife (0.14 M) was added PACH{dpp-DUM addect (0.1 equiv.) and the
reaction was heated to 95 °C for 2 hours. The solution was cooled to rt, filtered and rinsed
with ethyl acetate. The organic phase was conceantrated to drvness and purified via silica gel
chromatography (1SCQO, $-60% ethyl acetate/n-heptanes) to give tert-butyl (2'-allyl-6'-(2-
{{tert-butyldimethylsily Doxy jethoxy )-2-methyl-[3 4 -bipvndin}-5~vlcarbamate in 70% vield.
LCMS (m/z) (M+H) = 300.2, Rt =1.14 min.
[36245] Step 4: To a solution of tert-butyl (2'-ally}-6'-(2-({tert-
butvidimethyisivDoxyiethoxy)-2-methyl-{3,4-bipyridin}-3-vDicarbamate (1.0 equiv.)
water and acetone {1:9, 0.1 M) was added NMO (1.3 equiv.} followed by OsQ, solution {0.02
equiv.). The solution was stirred at 1t overnight. Diluted with ethyl acetate, cooled to 0 C
and added sat. Nax5,0,. Stirred for 30 min and partitioned between ethyl acetate. The
organic phase was washed with sat. sodiura bicarbonate, brine, dried over magnestum sulfate,
filtered and concentrated. The residue was purified via silica gel chromatography (ISCO, 0-
100% ethyl acetate/n-heptanes) to give tert-butyl (2'-(2-((tert-butyidimethylisilyDoxyethoxy -
6'-(2 3-dihydroxypropyl)-2-methyl-[3 4'-bipyvridm|-3-yhcarbamate 1n 78% vield. LCMS
(m/zy (M+H) = 534 2, Rt =091 min,
{36246} Step 3: To a soluton of tert-butyl (27-(2-{(lert-butyldimethyisilylony jathoxy)-
6'-(2 3-dibvdroxypropy)-2-methyl-[3,4'-bipyridin}-3-vhcarbamate (1.0 equiv.} in acetone
(0.1 M) and water was added NalQO, (2.05 equiv.) and the solution was stirred at ot for 3
hours. Cooled to 0 °C and guenched by the addition of 10% Nay5,0s. Stirred for 10 mun and
partitioned between cthyl acetate and water. The organic phase was washed with 10%
NapS0s, brine, dried over magnesium suifate, fillered and concentrated to give tert-butyl (2'-
C~{{(tert-butyldimethylsilyDoxyethoxy )2 -methyl-6'-(2-oxoethyl}- 3,4 -bipyridin}-3-
vDcarbamate mn quantitative vield. LCMS (m/z) (M+H) = 502.2, Rt =1 06 mmn.
[06247] Step 6: tert-butyl (2'-(2-((tert-butyldimethyisilyhoxy jethoxy)-2-methyl-6"-(2-
oxocthyl)-[3.4'-bipyridin|-5-vhcarbamate (1.0 equiv.), paraformaldehvde (12 equiv.) and

107



WO 2016/038582 PCT/IB2015/056989

calcium hydroxide (14 equav ) were stirred i THF (0.3 M) and heated in a 73 °C o1l bath
overnight. Upon cooling to rt, the volatles were removed vnder vacuo and dissolved in
DCM and Methanol. The mixture was filtered thorugh Celite and also 1 oM HPLC filter and
the filtrates were concentrated under vacuo. The residue was purified via sibea gel
chromatography (0-10% methanol/DCM with 0.1% DIEA) to give tert-butvl (2'-(2-((tert-
butvidimethylsibyDoxylethoxy 3-6"-(1 3-dihydroxy -2-{(hvdroxymethy Dpropan-2-y-2-methyl-
[3,4-bipyndin}-S-vhcarbamate in 43% vield. LCMS (m/2) (M+H) = 564.2, Rt =0.91 mun.
06248 Step 7: To tert-buty! (2-(2-((tert-butyldimethylsilvhoxyjethoxy 3-6'-(1,3-
dibydroxy-2-(hydroxymethyDpropan-2-vi)-2-methyl-{3 4'-bipyridin-3-yDearbamate (1.0
cquiv.), triphenviphosplune (1.1 equiv.) was added toluene (0.06 M) and DIAD (1.1 equiv.)
and the reaction was heated to 65 °C i an o#f bath overnight. The volatiles were removed in
vacuo and the residue was purified by silica gel chromatography (ISCQ, §-100% othyl
acetate/n-heptanes, then 10% methanol/DCM with 0.1% DIEA) to give tert-butyl (2'-(2-((tert-
butyldimethylsdyDoxv)ethoxy)-6'-(3-(hydroxymethyvlioxetan-3-vi)-2-methyl-{3 4’ -bipvridin}-
S-vlicarbamate 1 37% vield. LOMS (m/z) (M+H) = 5463, Rt =1.00 mmn.

6249 Step 8: To a solotion of tert-butyl (2'-(2~{{tert-

butvidimethylsibyoxyiethoxy }-6'-3-(hvdroxymethyloxetan-3-y1)-2-methyvi-{3,4-bipyridin}-
S-ylicarbamate (1.0 equiv) in DCM (0.05 M) at -78 °C was added DAST (2.0 equiv.). After
5 mun, the solution was allowed to warm to 1t and sturred for 3 hours. Quenched by the
addition of sat. sodiom bicarbonate, ice and ethyvl acetate. The organic phase was washed
with brine, dried over magnesium sulfate, filtered and concentrated. The residue was purified
via silica gel chromatography (ISCO, 0-10% wethanocl/DCM with 0.1% DIEA) to give tert-
butyl (2'-2~({tert-butyldimethyvisilvhoxy jethoxy)-6'-(3-(flucromethvDoxetan-3 -vi)-2~-methyl-
[3.4-bipynidin}-3-vhcarbamate in 32% vield. LCMS (m/z) (M+H) = 5482, Rt =1 10 min.
[B63258] Step 9: A solution of tert-butyl (2'-(2-((tert-butvidimethyisilyDoxyethoxy)-
&'-(3-(fluoromethyDoxetan-3-vi)-2-methyl-{ 3,4 -bipyridin|-3-vl)carbamate (1.0 equiv.) was
treated with 35% TFA/DCM (0.01 M) and the reaction was stirred for 30 min at rt, then the
volatiles were removed in vacuo. Partitioned between cthyl acetate and water, sodium
carbonate was added, the organic phase was washed with brine, dried over magnesiur

sulfate, fitlered and concentrated to give 2-((S-amino-6'-3-lucromethyloxetan-3-y1)-2-
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rethyl-{3,4"-bipyndin}-2'-yhoxy)ethanol in quantitative vield. LCMS (w2 (M+H) = 334.0,
Rt =0.41 min.

66251 Step 1: To 3,5-dibromo-2-(2-(trimethyistivDethoxy )pyridine (1. O equivyina
flame-dried round-bottomed flask under an argon atmosphere was added MTBE (0.1 M) and
cooled to -78 “C. n-butvilithours (1.6 M, 1.2 cquiv.) was added via syringe with the internal
temperature not exceeding -68 “C. The solution was stirred for 1 hours at this temperature,
then oxetan-3-one (1.4 equiv.) was added in MTBE via syringe. The reaction was allowed to
stir cold for 15 mun, then warmed to t slowly and stirred for 3 hours. The reaction was
guenched by the addition of sat. sodium bicarbonate and diloted with ethyl acetate. The
organic phase was washed with brine, dried over magnesium sulfate, filtered and
concentrated. The residue was purified via silica gel chromatography eluting with 0-30%
cthyl acetate/n-heptanes to give 3-(5-bromo-2-(2-(trimethyisilyDethoxy ypyridin-3-yHoxetan-
3-0lm 12 % vield. LOMS (m/z) (M+H) =345.5/347.9, Rt = 1.06 min.

#6232} Step 2: To a solution of 3-(5-bromo-2-(2-(inmethyisilyljethoxy jpyndin-3-
vDoxetan-3-0l (1.0 equiv)) and 4,4,3 5~tetramethyl-2-(2~-methyl-S-nitrophenvi)-1,3,2-
dioxaborolane (1.05 equiv.) m DME (0.1 M) was added 2M sodnura carbonate (3.0 equiv.)
and PACL{dpp)-DCM adduct (0.03 equiv.) and the reaction was heated in the microwave at
130 °C for 45 mun. The reaction was partitioned betweon othyl acetate and water and sat.
sedium carbonate, the organic phase was washed with brine, dried over magnesium sulfate,

filtered and concentrated. The residue was purified via silica gel chromatography eluting
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with 6-100% ethyl acetate/n-heptanes to give 3-(3-(Z-methyl-5-mtrophenyl)-2-(2-
{trimmethyisiyDethoxy ypyndin-3-vhoxetan-3-0l as a white solid n 65% vicld. LCMS (m/z
{(M+H)=403.0, Rt = 1.10 min.

[06253] Step 3: To a sohution of 3-(5-(2-methyl-3-niirophenyl)-2-(2-
(inmethyisiiyDethoxy ipyndin-3-yioxetan-3-ol in DCM (0.07 M) under argon at -78 °C was
added DAST (3.3 cquav.) and the reaction was stirred at =78 °C for 30 min, then allowed to
warmn to rt and stirred for another 30 min. Quenched by the addition of sat. sodmm
bicarbonate, then diluted with ethy! acetate, washed with sat. sodium bicarbonate, brine, dried
over magnesiom sulfate, filtered and concentrated. The residuc was purified via silica gel
chromatography eluting with 0-30% cthyl acetate/n-heptanes to give 3-(3-fluorooxetan-3-yi)-
5-(2-methyl-3-nitrophenvl)-2-(2-(trimethvisdyDethoxy ypyridine in 44% yvield. LCMS (m/2)
(M+H) =405.0, Rt =127 min.

[36254] Step 4: To a solution of 3-C3-fluorcoxetan-3-y1)-5-(2~methyl-S-nitrophenvl)-
2-(2-{trimethyvisilyDethoxy)pyridine (1.0 equev. ) in DCM (0,16 M) was added TFA (3.0
equiv.) and the solution was stirred at rt overnight. The volatiles were removed under vacuo
and the residue was purtfied via sdica gel chromatography (0-100% ethyl acetate/n-heptanes)
to give 3-(3-flacrooxetan-3-y1)-3-2-methyl-3-mtrophenyDpyvridin-2-ol in 44% vield. LCMS
(m/zy (M+H) = 3049, Rt = 0.67 mun.

[B0255] Step 5: To a solution of 3-(3-fluorooxetan-3-y1)-5-(2-methyl-3-
nitrophenyDpyridim-2(1H-one (1.0 eguiv.} in DMFE (.09 M) was added cesium carbonate
(2.0 equiv.) and 1odomethanc (1.4 equiv.) and the solution was stirred at ot unéd consumption
of starting matenial. Partitioned between water and ethyl acetate. the organic phase was
washed with water (3x), brine, dried over magnesium sulfate, filtered, and concentrated. The
residue was purified via silica gel chromatography eluting with 0-100% ethyl acetate/n-
heptanes to give 3-(3-flucrooxetan-3-vi-1-methyi-5-(2-methyl-S-nitrophenylpyridin-2(1H)-
one in 50% vield. LCMS (m/z) (M+H)Y=318.9, Rt =0.73 mun.

066256 Step 6: To a degassed solution of 3-(3-fluorooxetan-3-vl)-1-methyl-5-(2-
methyi-3-nitrophenyDpyndin-2(1 H}-one (1.0 equiv.) mn methanol (0.01 M) was added Pd/C
{wet, Degussa, 0.15 equiv.) and the rcaction was purged to a hydrogen balloon. The sohution

was stirred under a hydrogen atmosphere for 3 hours, then filtered and the filtrate was
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concentrated to give 3-(S-amino-Z-methylphenyl)-1-methyvi-3-(oxetan-3-yDpyrdin-2 (1 H)-one

wn guantitative vield. LCMS (m/z) (M+H) =271.0, Rt = 0.41 min.

Svnthesis of 3-(2-03-{dluoromethvDoxetan-3-v-6-( 2-{(tetrahvdro-2 H-pyran-2 -

vhoxyethoxypvridin-4-vD-4-methvianiline
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6632574 Step 1: To NaH (1.2 equiv.) in Totrahydrofuran (0.3 M) was added 2-

({tetrabvdro-2H-pyran-2-y Doxyjethanol (1.2 equiv.). The mixture was stirred for 20 min at
ambient temperature. The mixture was cooled in an ice/methanol bath. 2, 6-dichloro-4-
wdopyridine (1.0 equiv.) was added and the reaction was allowed to warm to rt. After 2.3 by,
the reaction was quenched by the addition of saturated aqueous NaHCO3 g5 ) and extracted
with ethyl acetate. The combined organics were dried over sodium sulfate, filtered,
concentrated, and purified by flash chromatography over sthica gel (heptanes with 0-20%
ethyl acetate gradient) to give 2-chloro-4-t0do-6-(2-({tetrahydro-2 H-pyran-2-
vhoxy)ethoxy)pyridine as a colorless o1l which crvstallized upon standing i 78% vield.
LOMS /2y (M-THP+H = 2999, Ri= 118 min,

(602581 Step 2: To 2~chioro-4-iodo-6-2-({tetrahydro-2H-pyran-2-
yhoxyethoxy)pyridine (1.0 equiv.) and (Z-methyl-3-aitrophenvlboronic acid (1.1 equiv.) in
DME {0.24 M) was added PCL{dppD) CHLCL adduct (0.05 equav ) and ZM aquecus sodium

carbonate (3.0 equiv.). The reaction muxture was stured at 100 °Cfor 1.5 hr. The cooled
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reaction mixture was diluted with water (25 mL) and extracied with ethyl acetate. The
combined extracts were dried over soduem sulfate, filtered, and concentrated onto silica gel.

9/

This matertal was purified by flash chromatographv over silica gel (heptanes with 3-25%
cthyvl acetate) to give 2-chloro-4-(Z-methyi-5-nitropheny1)-6-2-{{(tetrahy dro-2 H-pyran-2-
vhoxy)ethoxypyrdine, as a ight vellow o1l n 87% vield. LCMS (m/z) (M+Na) =415 1, Rt
=122 min.

(362391 Step 3: To a sohution of 2-chloro-4-(2-methyl-5-nitrophenyl-6-(2-
{(tetrahvdro-2H-pyran-2-vDoxyjethoxy )pyridine (1.0 equiv.} in MeCN (0.17 M) was added
albviboronic acid pmacel ester (1.3 equv ). The mixture was degassed by bubbling nifrogen
through for 3 min. CsF (3.0 equiv.) was added, and degassing was continued for 5 min.
PACL{dpp).CH,Cl, adduct (0.07 equiv.) was added, a reflux condenser was attached, and the
flask was submerged m a 100 °C o1l bath (the hght orange suspension rapidly became a thick
sharrv--next time run less concentrated) and stured vigorously for 1 hr. Upon cooling the
solution was filtered, rinsing with EtOAc. The organic was concentrated and purified direcily
by ISCO 510, chromatography (8-30% FtOAc/k-heptanes) to vield 2-allyl-4-(2-methyl-3-
nitropheny)-6-(2-((tetrahydro-2 H-pyran-2-vhoxy ethoxy jpyridine n 91% vield as a pale
vellow oil. LOCMS {(m/z) (M+H) = 3992, Rt =119 min.

[B6268] Step 4: To a solution of 2-alivl-4-(2-methvl-3nitrophenyD-6-(2((tetrabydro-
2H-pyran-2-yDoxy)ethoxy)pyridine (1.0 equiv. ) in acetone and HO (911 (0.1 M) was added
NMO (1.3 equiv.) followed by the OsOy in t-BuOH (0.02 equiv.). The solution was capped
and stirred overnight (18 hr) at ambient tomperatre. The reaction was diluted with FtQAc,
and NaS,0s5 (sat ) was added. After stirning for 30 nunutes the solotion was poured wmto
EtQAc, mixed, separated, washed with NaHCO3(g51 ), dried over sodium sulfate, filiered,
concentrated, and purified by 15CO 5104 chromatography (50-100% EtOAc/n-heptanes) o
vield 3-(4-(2-methyvi-5Snitrophenyi)-6--{(tetrahydro-2 H-pyran-2-vDoxy jethoxy jpyndin-2-
yvhpropane-1.2-diol as a white foamyv solid in 84% vield. LCMS (m/z) (M+Na) =4333, Rt =
.81 mun.

{80261} Step 3 To a solution of 3-(4-(Z-methyi-3-nitropheny)-6-(2-{{tetrahydro-2H-
pyran-2-yDoxy)ethoxyypyridin-2-yDpropane-1,2-diol (1.0 equiv.} in acetone was added
NalQ; (2.05 equiv.) and Water (0.07 M), The suspension was stirred at ambient femperature
for 3 hr. The solution was cooled i a 0 °C ice bath and was quenched by addition of sodium
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thiosulfate in water.  After stirring for 10 minutes, the solution was paritioned between
EtQAc and H,O, mixed, separated, washed with more 10%(m/v) agueous Nas Sy 0s,
NaHCO; (sat.), dried over sodiwm sulfate, filtered, concentrated, and dried under high
vacuum to give 2-(4-(2-methyl-5-nitropheny 1)-6-(2-((tetrahydro-2 H-pyran-2-

yvhoxy)ethoxy ypyvrdin-2-vacetaldehyde as an off-white foamy solid in 99% vield. LOMS
(m/zy (M+Na) = 401.2, Rt = 1.02 min.

{86262} Step 6: 2-(4-(2-methyl-S-nirophenyl}-6-(2«({tetrahydro-2H-pyran-2-
vhoxy)ethoxy ypyridin-2-vlacetaldehyde (1.0 equiv.), paraformaldehyde (9.0 equiv.). and
calcium hydroxide (10.0 equiv.) were combined in a glass high pressure vessel with 90%
headspace in THF (0.3 M). The seolution was flushed with nitrogen, scaled and submerged in
a 75 °C o1l bath and left stiring for 13 hours. The reaction was cooled to ambient
temperature and diluted with DCM and filtered through Celite. The filirate was concentrated
and purificd by ISCO Si0, chromatography (0-153% McOH/CHZCI2) 1o give 2-
{hydroxymethyl)}-2-(4-(Z-methyl-3-nitrophenyi)-6-(2-{(tetrahy dro-2 H-pyran-2-
yhoxvyethoxy)pyridin-2-yDpropane-1,3-diol in 59% vield. LCMS (m2) (M+Na) = 463.2, R¢
= (}.84 min.

(#6263} Step 7: To a solution of Ph3P (1.6 equuv.) and 2-thydroxvmethyl)}-2-(4-(2-
methvl-5-nitropheny)-6-2~((tetrahydro-2 H-pyran-2-vhoxyJethoxy)pyridin-2-vDpropane-1,3-
diol (1.9 eguiv.) in Toluene (0.09 M) was added DIAD (1.6 eguiv.). The reaction was then
stirred at 635 °C for 3 days. The reaction was concentrated to dryness. The residuc was
purified dircctly by I5CO 8109 chromatography (0-100% EtOAc/n-hoptanes gradient). The
product was re-purified with a DCM-mcthanol column and then another heptanes-cthyl
acetate column to vield (3-(4-(2-methy!-5-nuropheny)-6-(2-((tetrabydro-2 H-pyran-2-
vhoxy)ethoxy ypyridin-2-vloxetan-3-v)methanol as a colorless residue in 24% vield. LCMS
{m/zy (M+Nap = 4651, Rt = .96 mun.

63264 Step 8: A sohation of 3-(4-(2~-methyl-S-nitropheny-6-(2-((fetrabhydro-2H-
pyran-2-vDoxyethoxy )pyridin-2-yvhoxetan-3-vDmethancl (1.0 equiv) m CHCL (.12 M)
was cooled an ico water bath and treated with Dess-Martin peniodinane (1.2 equuv.). The
solution was stirred at & °C for 30 min, and the bath was removed. After 2 br at ambient
temperature, the reaction mixture was diluted with DCM and quenched with 111 10%
NapS703/MNaHCO3(gq ). After sturing for 10 minutes the layers wore separated. The
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organic phase was washed with satorated aqueoos sodium bicarbonate, dried over sodiam
sulfate, filtered, concentrated, and purified by ISCO 510 chiromatography (heptanes with 0-
60% ethyl acetate gradient) to vield 3-(4-(2-methyl-3-nitrophenyl)-6-(2-((tetrahydro-2H-
pyran-2-yDoxy jethoxy ypyridin-2-yDoxetane-3 -carbaldelivde, as a colorless o1l in 62% vield.
LCMS (m/z) (M+H) = 4453, Rt = 0.96 mmn.

#6265} Step 9: To a solution of 3-(4-(Z-methyi-3-nitrophenyi}-0-(2-({tetrahydro-2 H-
pyran-2-vhoxyiethoxypyridin-2-vloxetane-3-carbaldehyde (1.0 equav.) in CHCL, (0.1 M)
in a ~-10 °C ice/methanol bath was added DAST (4.0 equiv.) in a dropwise fashion. The bath
was removed, and the solution was stirred for 1.3 hr, warming to ambient iemperature. The
cooled reaction mixture was poured into saturated agueous sodium bicarbonate and extracted
with DCM. The combined exiracts were dried over sodium sulfate, filtered. concenirated,
and purified by ISCO Si0p chromatography (heptanes with 0-35% ethyl acetate gradient) to
vield 2-(3-(difluoromethyhoxetan-3-v-4-(2-methyl-3-niropheny-6-(2-((tetrahydro-2H-
pyran-2-yDoxy jethoxy)pyridine, as a colordess oil 1n 59% yield. LCMS (m/z) (M+Na) =
487 1. Rt = 1.14 min.

[06266] Step 16: To a degassed solution of 2-(3-<(difluoromethyDoxetan-3-y1)-4-(2-
rethyl-3-nitrophenyl)-6-2 -{{tetrahy dro-2H-pyran-2-yhoxy jethoxy)pyridine (1.0 egquiv.} n
methanol (0.04 M) was added palladium on carbon (0.05 equiv.). The flask was purged and
flushed twice with hvdrogen from a balloon. The reaction was stirred for 3 hr under a
hydrogen atmosphere. The reaction mixture was dogassed, diluted with BCM, and filtered
through Celite. The filter cake was rinsed with additional DCM. The combined filtrates were
concentrated to give 3-(2-(3-(diffucromethy hHoxetan-3-v1}-6-(2-{{tetrahydro-2H-pyran-2-
vhoxyethoxy)pyridin~-4-vl)}-4-methylaniine, as a colorless oil i 99% vield. LCMS (m/2)

(M+H) = 435.2, Rt = 0.30 min.
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Svathesis of 3-(2-(3-flucromethvDoxetan-3-vD-6-(2-{(etrabvdro-2H-pvran-2-

Hioxylethoxvipyridin-4-vi-4-methyilanilioe

Step 1 i Step 2
N ~F N.
b a
[.o O O
OTHP SoTHP OTHP
(862671 Step 10 To a solution of (3-{4-(2-methyi-S-nitropheny]}-6-2-{{(tetrahydro-2H-

pyran-2-vDoxyethoxy)pyridin-2-vhoxetan-3-viimethanol (1.0 equiv.) m THF (0.1 M) were
added triethvlamine (4.0 equiv.), perfluorobutancsulfonyl fluonde (4.0 equiv.}, and
tricthvlamine trihyvdrofhuonide (12.0 equiv.) and the reaction was heated to 55 °C 1n an oil
bath for 3 h. Quenched by the addition of sat. sodium bicarbonate and extracted twice with
ethyl acetate. The combined organics were dried over sodium sulfate, filicred and
concentrated. The residue was purified via silica gel chromatography (18CO, 0-35% cthyl
acetate/heptane) to give 2-(3-(fluoromethvoxetan-3-v -4 -(2-methyl-3-nttrophenvl)-6-(2-
{tetrahydro-2 H-pyran-2-vhioxyethosypyridine i 43% vield. LOMS (m/2) (M+H) = 447 3,
Ri=1.11mun.

[#62681 Step 2: A solotion of 2-(3-(fluoromethyhoxetan-3-y1-4-(2-methyi-5-
nitropheny-0-2-{(tetrahydro-2 H-pyran-2-vDoxy jethoxy pyridine (1.0 equiv.) in MeOH
{0.03 M) was treated with Pd/C (0.03 eq) and the muxture was purged and flushed twice with
H, and then left under a balloon of H, for 1 h at RT. The reaction mixture was then {iliered
through Celite, washing with DCM, and concentrated to give 3-(2-(3-(fluoromethylioxetan-3-
v13-0-2-({tetrahydro-2H-pyran-2-yhoxy ethoxy jpyridin-4-y D-4d-methylantine in 97% yicld.
'H NMR (400 MHz, <cd3od>) 8 ppm 7.14 (d, J=8.22 Hz, | H) 6.90 (dd, J=8.02, 254 Hz, 1
HY6.73-6.82 (m, 2 H)6.63(d. J=1.17Hz, 1 H) 5.04 (dd, J=6.06,333 Hz, Z Hy4.93 (s, 1 H)
475-484(m, 3 HY470{dd, J=4.11,333 He, 1 H} 4,44 - 439 (m, 2 H) 4.07 {ddd, J=11 25,
5.38,391 He, 1 H)3.90 (ddd, J=11.25, 8.12,3.33 Hz, 1 H)3.81 (ddd, J=11.03, 6535, 4 30 Hz,
TH)348-3590m, THO 2173 H)L79-191 0m, THD 168 -1.79 (m, 1 H) 144 - 1.68
(m, 4 H). LCMS (n/z) (M+H) =417.3, Rt =0.74 mun.

Svyathesis of 3-(3-(3-hvdroxvoxetan-3-vi-6-methoxvpyridin-3-vD-4-methvibenzoic acid
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602691 Step 1: To a nuxture of 3-(5-bromo-2-methoxypyridin-3-vloxetan-3-01 (1.0
cquiv.), methyl 4-methvl-3-(4,4,5 3-tetramethyl-1.3,2-dioxaborolan-2-yvlbenzoate (1.3
equrv ) and PAChH{dppD). DUCM addact {0.08 cquiv. ) in DME (8.19 M) was added Na,C0; (ZM
aqueous solation, 3.0 equiv. ). The muxture was stured at 120 °C in microwave for 15 min.
The reaction was partitioned between brine and ethyl acetate, the organic layver was dried over
sodium sulfate and concentrated to give methyl 3-(5-(3-hydroxyoxetan-3-yi-6-
methoxvpynidin-3-vD-4-methylbenzoate in quantitative vicld. The crude material was used
for the next step without further purification. LCMS (m/z) (M+H) =330.0, Rt = (.76 min.
(36270} Step 20 To a solution of methyl 3-(5-(3-hydroxyoxetan-3-yi-6-
methoxypyridin-3-yv)-4-methyibenzoate (1.0 equiv.) in THF (0.14 M) was added L1OH 3.0
equoiv.). The mixtare was stirred at 1t for 4 hr. Concentrated to remove most of THF and the
residue was neutralized with 6 N HCI to pH=3 and extracted with EtOAc. The organic layer
was washed with brine, deied with sodium sulfate and concentrated to vield 3-(3-(3-
hydroxyoxetan-3-yh-6-methoxypyndm-3-yi)-4-methylbenzow acid in 85% vield. LCMS
(m/zy (M+H) =316.0, Rt = 0.62 mun.

Svathesis of 6'-cthoxv-2-methyl-3-(etrahvdro-2H-pyran-d-yv1-[3 3 -bipvridin]-5-amine

o7
; B L \;L
I/ﬁ/ " Stepr 7 I/:ﬁ/ f Step 2 l I NHa Step 3 5.
I I S R | e T | N R
PN ., P N o N -

[06271] Step 1: A solution of 3-bromo-Z-ethoxy-3-1odopyridine {1.0 equiv.), 3,6-
dihydro-2H-pyran-4-boronic acid pimacol ester (1.1 equiv.), and K3PO, (4.0 cquiv. ) m
Dioxane (0.11 M) was purged with Ar for 3 min;, PdCL{dpp). CH,Cl, adduct (0.05 equiv.)
was then added, and the mixture was purged with Ar again, and then the tube was scaled and
heated (thermallv) at 83 °C for 3.5 h. The mixture was diluted with DCM, absorbed directly
onto Celite, and purtfied by Grace flash column chromatography (silica gel. 8-25%
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FtOAc heptane). Product fractions elote around 5% FtOAc and were concentrated to give 5-
bromo-3-(3,6-dibvdro-2 H-pyran-4-v1)-2-cthoxypyridme as a white crystalline solid in 62%
vield. LOMS (m7z) (M-+H) = 283 9/285.9, Rt = 1.00 min,

[06272] Step 2: A solution of 3-bromo-3-(3,6-dihydro-ZH-pyran-4-y1)-2-
cthoxypyrdine (1.0 equiv.) and 6-methy!-3-(4,4.5 S-tctramethyl-1,3,2~-dioxaborolan-2-
vipyridin-3-amige (1.1 equev.) in DME (0.1 M) and 2M agucous sodium carbonate (3.0
equv.) was purged with argon. PACL(dppf). DCM adduct {0.05 equiv.) was added and the
mixture was purged with argon again and heated thermally to 100 °C for 1 hour. The solution
was poured onto water and extracted with ethyl acetate. The combined organics were washed
with brine, dried over magnesium sulfate, filtered and concentrated. The residue was purified
by Grace flash column chromatography (silica gel, 0-13% MeOH:DCM). Product fractions
elute around 5% MeOH and were concontrated to give 5-(3,6-dihydro-2 H-pyvran-4-v1}-6'-
cthoxy-2-methyl-[3,3 -bipyridin|-5-amine as a hight brown foam in quantitative vield. LCMS
{m/z) (M~+H) = 314.0, Rt = 0.54 min.

1662731 Step 3: A solution of 3'-(3,6-dihydro-2H-pyran-4-v1)-0'-cthoxy-2-methyl-
13,3-bipvridin}-3-amme (1.0 equiv.) in methanol (0.12 M) was purged with argon. Pd/C (0.1
equrv ) was added and the mixture was purged with argon once again and then with hyvdrogen
and left under a hydrogen balloon pressure for three daye. The solution was filtered through a
plug of Celite and washed with methanol. The filtrate was concentrated under vacuo to give
&'-gthoxy-2~-methyl-3'-(tetrabydro-2H-pyran-4-y1}-[3 3 -bipyridin-3-amine in 87% vield.

LCMS (m/z) (M+H) =312.3, Rt = 0.60 mm.

Svnthesis of 6'-cthoxv-3'-3~{Tluoromethvhictrahvdrofuran-3-vi-2-methyl-{3 3-bwvridini-3-

amine
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00274 Step 1: To a stirred solution of 5-bromo-3-(3,6-dihydro-2H-pyran-4-y13-2-
P 3 1 Y1,

cthoxypynidine (1.0 equuv.) in DCM (0.1 M) at 0 °C was added mCPBA (1.1 equiv.) and the
raixture was stirred for 3.5 h. The reaction was allowed to warm to 25 °C and stirred at rt
overnight. The reaction was poured onto saturated aqueous sodivm bicarbonate and extracted
three times with ethyl acetate. The combined organics were washed with brine, dried over
magnesium sulfaie, filtered and concentrated. The residoue was used as 3-(3,7-
dioxabicyclo{4.1 Otheptan-6-y1)-5 -bromo-2-cthoxypyridine without further purification.
LCMS (m/z)y (M+H) = 300.0/302.0, Rt = 0.90 min.
#6275} Step 2: To a solution of 3-(3,7-dioxabicyciof4. 1.0theptan-6-y1)-3-bromo-2-
cthoxvpyridine (1.0 equiv.) in DCM (0.1 M) at § °C was added BF;.OFEt (3.0 equiv.) and the
mixtare was allowed to wam to 23 °C over 15 min. The reaction was poured onto saturated
agueons sodium bicarbonate and extracted three times with ethyl acetate. The combined
organics were washed with brine, dried over magnesium sulfate, filtered and concentrated.
The residae was used as 3-(5-bromo-2-ethoxypyndm-3-yvhitetrahvdrofuran-3-carbaldehyde
without further purification. LUMS (m/z) (M+H) = 300.1/302.1, Rt = 0.86 min.
[66276] Step 3: To a solution of 3-(3-brome-2-ethoxypyridm-3-vijtetrahvdrofuran-3-
carbaldehyde (1.0 equuv.) in MeOH (0.1 M) at 25 °C was added NaBH, (1.1 equiv.) and the
mixture was stirred for 13 min. The reaction was poured onto saturated agueous ammonium
chiloride paritally concentrated to remove excess MeOH. The residue was exiracied three
times with othyvl acetate. The combined organics were washed with brine, dried over
magnesium sulfate, filtered and concentrated. The crude residue was purified by ISCO flash
column chromatography over silica gel, ehuting with heptanc and 0-30% EtQAc gradient.
Product fractions chute around 30% EtOAc and were concentrated to (3-(5-bromo-2-
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ethoxypyridin-3-yietrahydrofaran-3-yhmethanol as a white solid m 82% vicld. LCMS
(m/zy (M-+H) = 302.1/304. 1, Rt = 0.75 pun.

[66277] Step 4: To a stirred solution of (3-(5-bromo-2-cthoxypyridin-3-
yhtetrabvdroturan-3-yDmethanol (1.0 equiv.} in THF (0.08 M) at 23 °C were sequentially
added perfluorcbutancsulfony! fluoride (4.0 equiv.), and tncthviamine trihydrofluonide (4.0
equrv ), and EGN (12 equav ) and the mixture was heated to 35 °C and stirred overnight. The
reaction was poured onto saturaied aqueous sodinm bicarbonate and extracted three tmes
with cthyl acetate. The combined organics were washed with brine, dried over magnesium
sulfate, filicred and concentrated. The crade residue was purnified via silica gel
chromatography eluting with a 0-20% gradient cthyl acetate/n-heptanes. Product fractions
cluted around 10% EtOAc and were concentrated to give 3-bromo-2-cthoxy-3-(3-
(fhuoromethyDitetrahvdrofaran-3-yDpyridine as a colorless oif m 30% vield. LOMS (2
(M+H) =303 8/305 8, Rt =0.99 min.

[06278] Step S: A solution of 3-bromo-2-cthoxy-3-G-{flucromethyltetrahydrofuran-
3vhpyridine (1.0 equiv.} and 6-methyl-5-(4,4,5 S-tetramethyl-1,3, 2-dwoxaborolan-2-~
yhpyridin-3-amine (1.1 equiv.) in DME (0.08 M) and Na,CO; (2 M ag.) (3.0 equiv.) was
purged with Ar for 5 mun; PACL{dpp).DCM addect (0.03 equiv.) was then added, and the
ouxture was purged with Ar again, and then the tube was scaled and heated (thermally) at 100
°C for 1 h. The mixture was poured onto water and extracted three times with ethyl acetate.
The combined organics were washed with brine, dried over magnesium sulfate, filtered and
concentrated. The residue was used as 6'-cthoxy-5'-(3-(fluoromethyi tetrabydrofuran-3-v1)-2-
rethyl-{3,3"-bipyridin|-5-amine without further purification. LCMS (m/z) (M+H) = 332.2, Rt
= (.61 min.

carbonitrile
e O O
& %
=X Br Step 1 o
() = 1
NN NN
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1862791 Step §: To a solution of 3-(5-bromo-2-cthoxypyridin-3-yhitetrabydrofuran-3-
carbaldehyde (1.0 equiv.y in DMF (0,16 M) at 25 °C were sequontially added NH,OH HC1
{1.25 eguiv.), BN (3.0 equiv.), and T3P (50% in EtOAc) (2.0 equiv.) and the mixture was
allowed to ware o 103 °C and stirred overmight. The reaction was powred onic saturated
aqueous sodium bicarbonate and extracted three times with ethyl acetate. The combined
organics were washed with water, brine, dried over magnesium salfate, filiered and
concentrated. The residuc was puritied by Grace flash column chromatography over silica
gel, eluting with heptane and 0-40% EtOAc gradient. Product fractions elute around 13%
EtOAc and were concentrated io 3-(5-bromo-2-cthoxypynidin-3-vifetrahydroforan-3-
carbonitrile as a pale yellow oil in 81% vield. LCMS Grzy (MH+H) =297.0/299.0, Rt = 0.87
main.

(306280} Step 20 A solution of 3-(S-bromo-2-cthoxypyridin-3-yhitetrabydrofuran-3-
carbonitrile (1.0 equiv.) and 3-ammo-2-methylphenylboronic acid, pinacol ester (1.3 equiv.)
in DME (0.11 M) and Na,CO5 (2 M aq.) (3.0 equiv.} was purged with Ar for 3 min;
PACL{dpp). DCM adduct (0.03 equiv.} was then added, and the mixtare was purged with Ar
again, and then the tube was scaled and heated (thermally) at 100 °C for I h. The mixture
was poured onto water and extracied three times with ethyl acetate. The combined organios
were washed with brine, dried over magnesium sulfate, filtered and concentrated. The
residue was purified by Grace flash columan chromatography over silica gel, ¢luting with
heptane and 0-100% EtQAc gradient. Product fractions were concentrated to give 3-{5-(5-
amino-2-methylphenyt)-2-cthoxvpyridin-3-vitetrahydrofuran-3-carbonitrile as a pale yvellow

pil. LOMS (m/z) (MAH) = 324.2, Rt = 0.65 min.

Synthesis of 3-(3'-amino-6-cthoxy-2'-methyvl-13.3-bipyvridin]-3-vhietrahvdrofuran-3-

carbonitrile

{6281} A solution of 3-(5-bromo-2-cthoxypyridin-3-yDtetrahydrofuran-3-carbonitrile

(1.0 equiv.) and 6~-methyvi-3-(4.4.5 S-totramethyi-1,3,2-dioxaborolan-2-vDpynidin-3-amine
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(1.} equv )y DME (6,11 M) and NayCO, (2 M ag) (3.0 equiv. ) was purged with Arfor §
min; PACL{dppf)-DCM adduct (0.05 equiv.) was then added, and the mixture was purged
with Ar again, and then the tube was sealed and beated (thermally) at 100 °Cfor 1 h. The
mixture was powred onto water and extracied three tines with ethyl acetate. The combined
organics were washed with brine, dried over magnesium sulfate, filtered and concentrated.
The residae was porified by Grace flash column chromatography over silica gel, eluting with
heptane and 0-1006% EtOAc gradient followed by BCM and 0-10% MeQGH gradient. Product
fractions elute around 7% MeOH and were concentrated to give 3-(3-amino-6~ethoxy-2'-
methyl-{3,3-bipvridin]-3-yBtetrahydrofuran-3-carbonitrile as a pale brown oil in 94% yield.

LCMS (m/zy (M+H) =325.1, Rt =057 mun.

Svnthesis of 3-(5-bromo-2-cthoxvpyridin-3-vhietrahvdrofuran-3-o0l as

f o Br
D .
s
5
362821 To a stirred solution of 5-bromo-2-cthoxy-3-10dopyridine (1.0 equiv.) n Et,O

(0.09 M) at -78 °C was slowly added n-Buli (2.5 M in hexanes) (1.03 equiv.) and the mixture
was stirred for 30 min. 3-oxotetrahydrofuran (1.2 equiv.} was then slowly added and the
ouxture was stirred for 15 min and then allowed to warm to room temperature. The reaction
mixtare was poured onto saturated aqueons ammonium chloride and extracted three times
with ethyl acetate. The combined organics were washed with brine, dried over magnesium
sulfate, filtored and concentrated. The crade reside was purified via Grace flash column
chromatography over silica gel, elating with heptane and 0-30% EtDAc gradient. Product
fractions elute around 13% EtOAc and were concentrated to give 3-(5-bromo-2-
cthoxypyridin-3-vijietrahvdrofuran-3-ol as a colorless oil which solidifies on standing n 29%

vield. LCMS (m/2) (M+H) = 288.0/290.0, Rt = 0.73 min.

Svnthesis of S-bromo-2-ethoxy-3-(3-fluorcietrabvdrofuran-3-vhpyvndine
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[66283] To a stirred solution of 3-(3-bromo-2-ethoxyvpyridin-3-vijetrahydrofuran-3-ol

(1.0 equiv.y mn DCM (0.06 M) at -78 °C was added DAST (1.3 equiv.) and the mixture was
stirved for 1.5 b, The reaction mixture was quenched with a small amount of 1 M NaOH,
warmmed to room temperature, poured onto saturated aqueous sodium bicarbonate, and
exiracted three times with DCM. The combined organics were washed with brine, dried over
magnesium sulfaie, filtered and concentrated. The crude reside was purified via Grace flash
column chromatography over silica gel, cluting with heptane and 0-20% EtQAc gradient to
give 3-bromo-2-sthoxy-3-(3-fluorotetrahydrofaran-3-yDpyridine in 91%0 vield. LCMS (m/z)

(M-+H) = 290.0/292.0, Rt = 0.96 min.

Synthesis of 2.2'-((4-(5-anuno-2-methviphenvh-6-(tetrabvdro-2H-pyvran-4-vpvridin-2-

vilazanedivldicthanol

66284 Step 1: To a solution of 4-bromo-2,6-dichloropynidine (1.0 equiv.) in DME
and ZM Na,CGO, (3:1. 6,18 M) was added 4-methyl-3-(4 4,5 5-tetramethyl-1,3,2-
dioxaborolan-2-yhaniline (1.0 equiv.) and PdCl(dppf)-DCM adduct (0.07 equiv.) and the
reaction was heated in an o1l bath at 85 °C for 2 h. Cooled to rt and partitioned between
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water and ethvl acetate. The organic phase was washed with brine, concentrated under
reduced pressured and the residue was purified via silica gel chromatography (ISCO, 8-30%
cthyvl acetate/heptancs) to give 3-(2.6-dichloropyridin-4-y1-4-methylaniline in 81% vield.
LOMS (/2 (MA+H) = 253.1/255.1, Rt = (.62 min,

(632851 Step 2: 3-(2,6-dichloropyndin~4-v1)}-4~-methylaniline (1.0 equiv.} and 2,2'-
azanedividicthanol (5.0 equiv.) were heated at 105 °C overnight. Upon cocling to tf, the
mixture was diluted with ethyl acetate and water. The organic laver was washed with water,
brine, and concentrated under reduced pressure to give 2.2'-((4-(3-amino-2~-methylphenyl)-6-
chioropyridin-2-ylazanediyl)dicthanol in quantitative vield. LOMS {(m/z) (M+H) =
3223/324.2, Rt =0.54 min.

160286} Step 3: To a solution of 2,2'-((4-(3-amino-2-methylphenyh-6-chloropyndin-
2y Dazanediyixiethanol (1.0 equuv.) in BME and 2M Na;CO; (31, 0.1 M) was added 2-(3,6-
dibvdro-2H-pyran-4-v1)-4 4.5 S-tetramethyl-1,3,2-dioxaborolane (1.2 equiv.) and
PACL{dpp)-DCM adduct (0.1 equiv.) and the reaction was heated in an o1 bath at 100 °C for
5h. Cooled to rt and partitioned between water and ethy! acetate. The organic phase was
washed with brine, concentrated under reduced pressured and the residue was purified via
silica gel chromatography (ISCO, 6-70% MeOH/DCM) to give 2,2'-((4-(3-amno-2-
methviphenyl)-6-(3,6-dihydro-2 H-pyran-4-vDpvridin-2-vhazanedivhdicthanol i 62% vield.
LCMS (m/zy (M+H) =370.3, Rt = 0.46 min.

(86287} Step 4: To a solution of 2,2'-({4-(5-amino-2-methyIphenyi}-6-(3,6-dihydro-
2H-pyran-4-vhpyridin-2~vhazanedivhdicthanol (1.0 eqguiv.) in cthanol (0.08 M) was added
Pd/C (0.1 equiv.) and the mixture was stirred under a hydrogen balloon overmght. The flask
was flushed with argon, Celite was added and the mixture was filtered through a plug of
Cehite. Rinsed with DCM and the filtrate was concentrated under reduced pressure to give

2. 2'~{{4-(5-amno-2-methyvipheny-6-{tetrahy dro-2 H-pyran-4-vhjpyndin-2-

yhazanedivhdiethano! in 86% vield. LCMS (m/z) (M+H) =372.4, Rt = 042 min.
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{tetrabvdro-2H-pvran-4-vhpyridin-2-

{{4-(5-amino-2-methviphenyl-6-

Synthesis of 2-

vihaminoethanol
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[06288] Step 1: 3-(2,6-dichloropyndin-4-y1}-4-methylanitine (1.0 equiv.) and 2-

aminocthanol (5.0 equiv. ) were heated at 103 °C for 2 howrs. Upon cooling to rt, the mixture
was diluted with ethyl acetate and water. The organic laver was washed with water, brine,
and concentraied vader reduced pressure to give 2-({(4-(5-anuno-2-methylpheayi)-6-
chloropyridin-2-vhaminolethano! in quantitative vield. LCMS (m/Z)y (M+H) =278.2/280.1,
Rt=0.50 min.

602891 Step 2: To a solution of 2-{(4-(S-ammeo-2-methyiphenyl}-6-chloropyridin-2-
yhamino)ethanol (1.0 equiv.) 1o DME and 2M Na,CO; (311, 0.1 M) was added 2-(3,6-
dihydro-2H-pyran-4-vi}-4 4.5 S-tetramethyi-1.3 2-dioxaborolane (1.2 equiv ) and
PACL{dppt)-DCM adduct (0.1 equiv.) and the reaction was heated in an o1l bath at 100 °C for
5 h. Cooled to 1t and partitioned between water and ethyl acetate. The organic phase was
washed with brine, concentrated under reduced pressured and the residuc was purified via
stlica gel chromatography (ISCO, 0-30% MeOH/DCM) to give 2-((4-(5-amino-2-
ruethyiphenyl)-6-(3,6-dihydro-2 H-pyran-4-vDpyridin-2 -y Damino jethanol in 71% yield.
LOMS (m/z) (M+H) = 326.3, Rt = 0.46 min.

[06290] Step 3: To a solution of 2-({(4-(5-amino-2-methyipheny!)-6-(3,6-dihvdro-2 H-
pyran-4-yDpyridin-2-yhaminojethanol (1.0 equiv.} in gthanol (0.09 M) was added Pd/C (0.1
equiv.) and the mixture was stirred under a hydrogen balloon overmight. The flask was
flushed with argon, Celite was added and the mixture was filtered through a plug of Celite.
Ringed with DCM and the filtrate was concenirated under reduced prossure to give 2-({(4-(5-
amino-2-methviphenyD-6-(tetrahydro-2H-pyran-4-yDpyridin-2-vhamino yethasol m 97%

vield. LCMS (m/2) (M+H) = 3283, Rt = 0.42 min.
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06291} Step 1: To a sohution of 4-bromo-2.6-dichloropyridine (1.0 equiv.) in DME
and 2M NaC3; (3:1, 8.18 M) was added 6-methyl-5-(4,4,3 S-tetramethyl-1,3.2-
dioxaborolan-2-vhpyridin-3-amine (1.1 equiv.} and PAClL(dppf)-DCM adduct (0.03 equiv.)
and the reaction was heated 1 an o1l bath at 85 °Cfor 2 h. Cooled to 1t and partitioned
between water and othyl acetate. The organic phase was washed with brine, concentrated
under reduced pressured and the residue was purified via silica gel chromatography (ISCO,
50-100% othyl acctate/heptanes) to give 2°,6-dichloro-2-methyvl-{3 4" -bipvandin}-S-amine in
65% vield. LOMS gn/z) (M+H) = 2539, Rt = 0.49 min.

66292 Step 2: 2°,6'-dichlore-2-methyl-|3 4'-bipyridin|-5-amine (1.0 equiv.} and 2-
aminoethanol (8.4 equiv.) were heated in NMP (2M} at 80 °C for 18 hours. Upon cooling to
rt, the mixture was diluted with ethyl acetate and water. The organic laver was washed with
water, brine, and concentrated under reduced pressure to give 2-((3-amino-6'-chloro-2-
methyl-]3,4-bipvridin}-2'-vhaminoethanol i 78% vield. LCMS (mz) (M+H) =278.9, Rt =
(.43 min.

#6293} Step 3: To a solution of 2-({ 5-amino-6'-chloro-2-methyl-[3 4"-bipyridin-2'-
vhamino)ethanol (1.0 equiv.) in DME and 2M Na,COs (311, 0.2 M) was added 2-(3,6-
dibydro-2H-pyran-4-yi)-4,4,3,3-tetramethyl-1,3.2-dioxaborolane (1.1 equiv.) and

PACL{dpp)-DCM adduct {0.03 cquiv.) and the reaction was heated m the microwave for 10
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min at 120 °C. Cooled to rt and partitioned between water and ethy] acelale. The organic
phase was washed with brine, concentrated under reduced pressured and the residue was
purified via silica gel chromatography (ISCO, 0-20% MeOH/DCM) to give 2~((3-amino-6'-
(3.6-dibvdro-2H-pyran-4-vi)-2-methyl-[3,4-bipyridin}-2 -y Daminoyethanol in 38% vield.
LCMS (m/zy (M+H) =327.0, Rt = 032 mmn.

166294} Step 4: To a solution of 2-((3-amino-6'-(3, 6-dihydro-2H-pyran-4-v13-2-
methyl-[3 4 -bipyridin|-2'-vhaminojethanol (1.0 equv.) in ethanol (6.1 M) was added Pd/C
(0.1 equiv.) and the nuxture was stirred under a hydrogen balleon for 3 hours. The flask was
flushed with argon, Celite was added and the mixture was {iltered through a plug of Celite.
Rinsed with DCM and the filirate was concentrated under reduced pressure to give 2-((5-
amno-2-methyl-6'-(tetrahvdro-2H-pyran-4-v1)-13 4 -bipvridin|-2'-vhaminoethanol 1a

guantitative yield. LCMS (m/z) (M+H) = 329.1, Rt = (.31 min.

[06295] Step 1: 2°.6'-dichloro-2-methyl-{3 4-bipyridin}-3-amine (1.0 equiv.) and
piperidin-4-0l (3.0 equiv.) were heated m NMP (ZM) at 80 °C for 18 hours. Upon cooling to
rt, the mixture was diluted with ethyl acetate and water. The organic laver was washed with
water, brine, and concentrated under reduced pressure to give 1-(3-amino-6"-chloro-2-methyl-
[3,4"-bipyndin}-2'-vhpipendin-4-ol in 91% vield. LCMS (m/zy (M+H}=319.0, Rt =0.53
oun,
[06296] Step 2: To a solution of give 1-(3-amino-6'-chloro-2-methyl-{3,4-bipyridinj-
2'-vhpipendin-4-ol (1.0 equiv.) in DME and 2M Na,CO4 (3:1, 0.2 M) was added 2-(3,6-
dihydro-2H-pyran-4-vi-4 4,5, 3-tetramethyi-1.3,2-dioxaborolane (2.1 equiv.) and
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PACL{dppD)-DCM adduct (0.03 equiv.) and the reaction was heated m the microwave for 20
min at 120 °C. Cooled to rt and partitioned between water and ethy] acetate. The organic
phase was washed with brine, concentrated under reduced pressured and the residue was
purified via silica gel chromatography (ISCO, 0-20% McOH/DCM) to give 1-(5-amino-6'-
(3,6-dihydro-2H-pyran-4-v1)-2-methvi-[3,4-bipyridin]-2"-y Dpiperidin-4-ol in 70% yield.
LCMS (m/z) (MAH) =367 1, Rt = 0.40 min.

862971 Step 30 To a solution of 1-(3~amino-6'-(3,6-dihydro-2H-pyran-4-y1)-2-
methyl-{3 4"-bipyridin}-2"-vDpiperidin-4-ol (1.0 equiv.) in ethanol (0.1 M) was added Pd/C
{0.1 equiv.} and the nmixture was stirred under a hydrogen ballcon for 21 hours, The flask
was flushed with argon, Celite was added and the mixture wag filtered through a plug of
Celite. Rinsed with DCM and the filtrate was concentrated under reduced pressure to give 1-
(3-anuno-2~-methyl-6'-(tetrabhy dro-2 H-pyran-4-y1)-[3 4"-bipyridin|-2'-yDpiperidin-4-0l 1n
guantitative yield. LOCMS (m/2) (IM+H) = 369.1, Rt =033 min

Synthesis of 1-(4-(5-amino-2-methviphenvD-6-(teirabvdro-2 H-pyvran-4-vDpvridin-2-

zF
- g 1, Vs
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66298} Step 1: 3-(2.6-dichloropyridin-4-v1)-4-methylantline (1.0 equiv.) and

piperidin-4-0] (3.0 equiv.) were heated in NMP (2M) at 100 °C for 18 hours. Upon cooling to
tt, the mixture was diluted with cthyl acetate and water. The organic laver was washed with
water, brine, and concentrated under reduced pressure to give 1-(4-(3-ammo-2~
methylphenyl)-6-chloropynidin-2-vDipiperidin-4-ol which was used without further
purification. LOMS (m/Zz) (M+H) = 318.3/320.1, Rt = 0.63 min.

(362991 Step 2: To a solution of 1-(4-(5-amino-2-methyiphenyl)-6-chioropyridimn-2-
vhpiperidin-4-ot (1.0 equiv ) in DME (6.2 M) were added 2 M Na,CO; (5.0 equiv), 2-(3,6-
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dihydro-2H-pyran-4-vi}-4,4 .5 S-tetramethyi-1 3 2-dioxaborolane (2.1 equiv ) and
PACL{dpph)-DCM adduet (0.03 equiv.) and the reaction was heated m the microwave for 20
tn at 120 °C. The mixture was diluted with water and extracted twice with ethyl acetate.
The organic phase was washed with water and brine, dned over magnesiom sulfater,
concentrated under roduced pressured and the residue was purified via silica gel
chromatography (ISCO, 0-100% EtCAc/heptanc) to give 1-(4-(5-ammo-2-methyiphenyl)-6-
(3,6-dihydro-2 H-pyran-4-yDpyndin-2-yDpiperidin-4-ol in 54% vield. LCMS (mz) (M+H) =
366.1, Rt =0.44 min.

[06380] Step 3: To a solution of 1-(4-(3-aminc-2-methylphenyi)-6-(3,6-dihydro-2H-
pyran-4-vDpvridin-2~-vhpiperidin-4-ol (1.0 equiv.) in cthanol (0.1 M) was added Pd/C (0.1
equiv.) and the mixture was purged with H; and left under a hvdrogen atmaosphere for 18
hours. The flask was flushed with argon, Celite was added and the mixture was filtered
through a plug of Celite. The filtrate was concentrated under reduced pressure to give 1-(4-
{S-amino-2-methylphenyii-6-{tetrahydro-2 H-pyran-4-yDipyridin-2-vhpiperidin-4-of 1 84%

yvield. LCMS (m/2) (M+H) = 368.1, Rt = .48 nun.

Svathesis of 4-methyl-3-(2-(2-((tetrahvdro-2H-pvran-2-vDoxyv)ethoxy -6-{ictrahvdro-2H-

vran-4-vDpyvridin-4-

o
N 1
¢ , r
~OTHE “OTHP "OTHP
[B06301] Step 1: To 2-((tetrahvdro-2H-pyran-2-vhoxy)ethanol (1.2 equiv.) in dioxane

(0.1 M) was added NaH (1.1 equiv.y. The nuxtore was stirred for 20 mun at ambient
temperature followed by the addition of a solution of 3-(2,6-dichloropyridin-4-y1)-4-
raethylanidine (1.0 equiv.) in dioxane. The mixture was heated in at 53 °C for 18 hours. The
reaction was quenched by the addition of saturated aqueous NH.(C1 and extracted with ethyl
acetate. The combined organics were washed with water and brine, dried over sodium
sulfate. filiered, concentrated, and purified by flash chromatography over silica gel (heptanes
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with 6-100% ethyl acetate gradient) to give 3-(2-chloro-6-(2-((tetrahydro-2 H-pyran-2-

vhoxy yethoxy jpyndin-4-vi-4-methylanibne in 33% vield. LCMS /2y (M-THP+H) =
2788, Re=0.77 mun.

[06382] Step 2: To a solution of 3-(2-chloro-6-2-{(tetrahydro-2 H-pyran-2-
yvhoxy)ethoxy jpyvrdin-4-yv1)}-4-methylaniline (1.0 equiv.y m DME (0.2 M) were added 2 M
NayCOs (3.0 equavy, 2-(3,6-dihydro-2H-pyran-4-v1}-4 4,5 S-ietramethyl-1,3,2-dioxaborolanc
(2.1 equuv.) and PACL{dppt)-DCM adduct (8.03 equiv.) and the reaction was heated i the
microwave for 20 min at 120 °C. The mixture was difuted with water and extracted twice
with ethyl acetate. The organic phase was washed with water and bring, dried over
magnesium sulfater, concentrated under reduced pressured and the residue was puritied via
stlica gel chromatography (1ISCO, 0-100% EtOAc/heptane) to give 3-(2-(3,6-dihvdro-2H-
pyran-4-v13-6-2-{(tetrahydro-2 H-pyran-2vDoxy ethoxy pyndin-4-yh-4-methylanbme
67% vield. LCMS (m/z2) (M+H)=411.2, Rt = 0.79 min,

{66363 Step 3: To a solution of 3-(2-(3,6-dibydro-2 H-pyran-4-y1)-6-(2-{{tetrahydro-
2H-pyran-2-vhoxyethoxypyndin-4-viy-4-methylambune (1.0 equiv ) in cthanol (8.1 M) was
added PA/C (0.1 equiv.} and the mixture was purged with H, and left under a hydrogen
atmosphere for 18 hours. The flask was flushed with argon, Celite was added and the mixture
was filtered through a phag of Celite. The filirate was concentrated under reduced pressure to
give 4-methyl-3-(2-(2-((tetrahydro-2H-pyran-2-vloxy)Jethoxy )-6-(tetrahvdro-2 H-pyran-4-
yhpyridin-4-yhanthne in 95% vicld. LCMS (m/z) (M+H) = 4131, Rt = 0.73 min.

Svnihesis of 3-(6-cthoxy-3-(icirabvdro-2 H-pyvran-4-vDpvridazin-3-v)-4-methvianiine
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(003684 Step §: A round-bottom flask was charged with 3 6-dichloropyridazine (1
equiv), tetrahydro-2 H-pyran-4-carboxylic acid (3.0 equiv), and silver nitrate (0.3 equiv), then
a 10% aq. sulfuric acid solution (2 equiv} was added to give a white suspension. The mixture
was stirred for 5 min, then a solution of aremonnwn persulfate (2.1 equiv) 1o water {1 molar)
was added i one portion. After stirring overnight, the muxture was adjusted to pH 11 with ag.
ammontum hydroxide and extracted with DUM (3x). The combined organic exiracts were
dried over sodium sulfate, filtered, and concentrated. The residuc was purified by
chromatography on silica gel (0-60% EtOAc/heptane) to give a white solid residue. The
residue was taken up in heptane, filtered, washed with heptane, and dried with a stream of air
on the filter to afford 3,6-dichloro-4-(tetrahydro-2H-pyran-4~-yDpyridazine (30.8 % vicld) as a
white solid. *H NMR (400 MHz, DMSO-ds) 3 ppm 8.00 (s, 1 H)3.97 (dt, /=11.28,3.04 Hz. 2

HY339-3550m,2H)2.99-320(mn, 1 H}1.66-1.82 (m, 4 H). LCMS (m/2z) (M+H) =
2329, Rt =1.03 pun.

|8
(8]

[06385] Step 2: A vial was charged with 3,6-dichloro-4-(tetrahydro-2H-pyran-4-
vhpyridazine (0.75 g, 3.22 mmol), 4-methy}-3-(4,4,3 S-tetramethyl-1 3 2-dioxaborolan-2-
yvhandine (0.975 g, 4.18 mmol), PdCL{dppt)-CH,Cl, adduct (0.263 g, 0.322 mmol). 1.4-
Dnoxane (Volume: 10.73 mi) and sodium carbonate (ZM aq. solution) (4.83 mi, 9.65 mmol}
were added. The vial was sealed and heated to 70 °C overnight. After cooling to room
temperature, the mixtore was diluted with water and extracted with EtOAc (3x). The
combined organic extracts were dried over sodram sulfate, filtered, and concentrated. The
residue was purified by chromatography on silica gel (40-100% EtOAc/heptane). The major
spot was tsolated, filtered from heptane, and dried under air to give 3-(6-chlore-S-(ictrahydro-
2H-pyran-4-y Dpyridazin-3-v)-4-methvlaniline (445 mg, 1.465 mmol, 45.5 % vield) as an
off-white solid. "H NMR (400 MHz, DMSO-d6} 8 ppm 7.73 (s, 1 H) 7.00 (4, }=8.19 Hz, 1 H)
6.70(d, =245 Hz, 1 HY6.63 (dd, J=8.07,2.45 Hz, 1 H} 5.07 (br. 5., 2 H)3.98 (dt, J=11.22,
295Hz, 2H)339-357m, 2H)3.05-322(m, L H) 213 (s, 3 H) 171 - 1.84 (m, 4 H).
LCMS (m/z) (M+H) = 304.0, Ri = 0.81 min,
(88306} Step 3: A vial was charged with 3-(6-chloro-5-(tetrahydro-2H-pyran-4-
vDpyridazin-3-vh-d-methylanifine (250 mg, 0.823 mmol), sodium ethoxide (21 wi% solution
in gthanol} (922 pl, 2.469 mmol) and cthanol (2 mL) to give a thick suspension. The vial was
scaled and placed m a 50 °C heating bath. After 2 h, DMF (0.5 mL) was added, and the heat
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was raised to 70 °C. After another 4 b, the mixture was cooled, diluted with water, and
extracted with EtOAc (Gx}. The combined organic extracts were dried over sodium sulfate
filtered, and concentrated. The residue was purified by chromatography on silica gel (30-
100% EtDAc/heptane} to give 3-{6-cthoxy-3-{tetrahvdro-2 H-pyran-d-yhpyndazin-3-y13-4-
methylaniling (2593 mg, 0.827 mmol, 101 % vicld) as a white foam. 'H NMR (400 MHz,
DMSC-d6) S ppm 743 (s, 1 HI696{d, I=R19Hz T H)6.55-669 (n, 2H149% (br. 5., 2
Hy 456 {q, F6.97 Hz, 2H) 395 (dd, J=1033,2.75 He, 2 H) 3.46 (1d, J=11.19, 3,18 Hz, 2 H)
297-306(m, 1 HY 2,11 (s, 3H) 1.58- 178 (m, 4 H) 1.42 (¢, =7.03 Hz, 3 H). LCMS (m/2)
{(M-+H) = 3143, Rt = 0,86 min.

Svathesis of 3-(6-cthoxv-5-(ictrahvdro-2H-pvran-4-vhpvridazin-3~vi-6-methvipvridin-3-

AN
o N E
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6633874 Step 1: A vial was charged with 3,6-dichloro-4-(tetrahvdro-2 H-pyran-4-

vipyridazine (0.773 g, 3.32 mmol}, 6-methyl-3-(4,4,5,5-tetramethyi-1,3,2-dioxaborolan-2-
vhpyridin-3-amine (1.009 g, 431 mmol), PACL{dppH-CH,ClL, adduet (0.271 g, 0.332 mmol).
1.4-Dioxane (Volume: 11.05 ml) and sodiom carbonate (2M ag. solution) (4.97 mi, 993
mmol) were added. The vial was sealed and heated to 70 °C for 72 h. The mixture was
cooled, diluted with water, and extracted with EtOAc (3x). The combined organic extracts
were dried over sodium sulfate, filtered, and concentraied. The residue was purified by
chromatography on silica gel (0-10% MeQOH/DCM) The major spot was isolated with some
munor spots to give 3-(6-chlore-3-(tetrahydro-2H-pyran-4-yiipyridazin-3-y{}-6-
methylpyndin-3-amine (1.610 g, 1.988 mmol, 66.0 % yield) as a brown solid with ca. 60%
purity as asscssed LCMS. LCMS (m2) (M+H) = 3032, Rt = 0.71 min.
106368 Step 2: A vial was charged with 5-(6-chloro-3-(tetrabydro-2H-pyran-4-
vhpyridazin-3-vh-6-methylpyridin-3-amine (3958.9 mg, 1.965 mmol}, sodinm ethoxide (21
wt% solution m cthanol) (2201 pl, 3.90 mmol) and DMF (2 mL) to give a dark solution. The
131



WO 2016/038582 PCT/IB2015/056989

vial was sealed and placed i a 70 °C heating bath for 4 h. The mixtare was cooled, diluted
with water, and extracted with EtOAc (3x). The combined organic extracts were dried over
sodium sulfate filtered, and concentrated. The residue was purified by chromatography on
sifica gel {0-10% MeOH/DCM) {0 give S-{G-cthoxy-3-{tetrghydro-2 H-pyran-4 v pyridazin-
3-vl)-6~methylpyridin-3-amine (320.7 mg, 1.020 mmol, 51.9 % vicld) as a tan foam of ca.

0% purity by LCMS. LCMS (m/zy (M+H) = 315.0, Rt = 0.83 min.

Svathesis of 2-(1.1 2-tnflucrocthvisonicotinie acid

O FF & F.OF
Step 1 j OH " OH
___________________ 2o \OAM Step 2 \O E RSN
L‘\{kN o =N

o FO S a FF
Step 3 ~ = Step 4 i E
et O | Ry . HO . =
N =N

363489 Step 1 To amixture of copper (3.0 equiv.), methyl 2-bromoisomcotinate
(1.0 eqiv.y in DMSQO (1 M, degassed) was added cthyl 2-bromo-2 2 -diflucroacetate (1.2
equiv.) and heated in a flask for 18 h at 62 °C (o1l bath). To this ran mixture was added water
{ 3.0 mL) and DMSO(.0 mL) and refluxed for 30 min at 100 °C. The cooled reaction
mixture was diluted with water and filtered off the msoluble particles. [t was then partitioned
between water and cthyl acetate. The organic phase was washed with saturated NH,Cl, brine,
dried over sodium sulfate, filtered, and concentrated. The crude product was purified by flash
chromatography over sthica gel (DCM with 20% MeOH) to give 2.2-difluoro-2-(4-
{methoxycarbonyDpyndin-2-vhacetic acid m 26 3% yvield. LCMS G2y (M+H) = 2319, Rt =
1.22 min.

{36316 Step 2: To acooled (-13°C ) sohution of 2.2-diftuore-2-(4-
{methoxycarbonylpyndin-2-vhacetic acid (1.0 equiv.}, 4-methylmorpholine (1.0 equiv.y in

dioxane: THF (1: 1 ratio} ( 0.5 M) was added 1sobutyl carbonochloridate (1.0 equiv.) and
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stirved for 20 min. To this cold reactionn mixture was added NaBH, (1.0 equiv.) dissolved in
water (2.0 mL) and allowed it to come to room temperature and stirred for 30 min. The
reaction muxture was guenched by the addition of saturated NH,C! and extracted with ethyl
aoctate. The combined extracts were dried over magnesium sulfate, filicred, and
concentrated. The crude product was purified by flash chromatography over silica gel
(heptancs with 100% ethyi acetate) to give methyi 2-(1,1-difhiorg-2-
hydroxyethyDisonicotinate in 43.9% vield. LCMS (/2 (M-+H)Y = 2182, Rt = 0.87 nun.
[B06311] Step 3. To a solution of methyl 2-(1,1-difluore-2-hydroxyethy Disonicotinate
{10 cquiv.}in THF { §.1M) were added tricthylamine (12.0 equiv.}, perflucrchutanesulfonyl
fluonide (4.0 equiv.), and tricthvlamine trihydrofluoride (4.0 equiv.) in sequence. The
reaction mixture was healed in for 4 h at 60 °C (heating block). The cooled reaction mixture
was poured into saturated NaHCO; and vigorously agiated until the effervescence subsided.
It was extracted cthyl acetate. The organic phase was dried over magnesium sulfate, filtered,
and concentrated. The crude product was purified by flash chromatography over silica gel
{heptanes with 50% cthyl acetate} to give methyl 2<(1,1 2-triflucrocthylisonicotinate i 93%
vield. LCMS (m/z) (M+H) = 2199 Rt=1.23 nun.

{36312} Step 4: To a solution of methyl 2-(1,1.2-trifluoroethyl isonicotinate (1.0
eouiv. ) in THF:MecOH : 3:2 ratio (0.3M) was added LiOH . H,0 (3.0 equiv.) v water (0.3 mL)
and stirred at room temperature for 30 mun. The reaction mixture was concentrated under
reduced pressure and neutralized to pH 1 using 4.0N HCl (aq.). It was extracted ethyl acetate.
The organic phase was wahed with brine, dried over magnesium sulfate, filtered, and
concentrated to 2-(1,1.2-triflucrocthviyisonicotinic acid in 57.6% vield. LCMS (m/z) (M+H)

=2059, Rt =0.98 min.

Svnthesis of 2-(1 -{iflyoromethvhicvclopropyl isonicotinic acid
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o 9] oM O
CF, i Step 1 CF, Step2 ¢p, g
OH > Ci = rogd
Step 3
e
Step 8
....................... b
[06313] Step 1: A solution of 1-{(teifluoromethyheyclopropanecarboxylic acid (1

oguiv) m DCM (0,65 M) was treated with DMF {4 drops) followed by oxaly] chlonde (1.5
cquiv) over 20 s. After 4 h, the mixture mixture was concentrated (130 mbar, 24 °C) to give
I-{(trifluoromethyDeyclopropanecarbonyi chlonde (88 % vield) as a vellow oil containing
some DCM. 'H NMR (400 MHz, CHLOROFORM-) & ppm 1.81 - 1.89 (mn, 2 H) 1.60 - 1.69
{m,2 H).

[06314] Step 2: A round-bottom flask was charged with (E-4-methoxybut-3-en-2-one
2 equiv) and THF (0.1 M) to give a brown solution. The solution was cooled i a dry ice-
acetone bath for 13 aun, theo hthium bis(irimethylsityBamide (1.5M 1a THF, 2 equiv) was
added dropwise over 10 mun. After 15 mumn, a solution of |-
{triffuoromethvlcyclopropanccarbony! chioride (1 equivy in THF was added dropwise. After
5 mun, the cooling bath was removed. The mixture was stirred for 30 min, then quenched with
saturated ag. ammonium chlonde solution. The volatiles were removed m vacuo. The
resulting suxture was diluted with water and extracted with ether (3x). The combined ethereal
solution was dried over magnesiom sulbfate, filtered, and concentrated. The residue was
purified by chromatography on silica gel (0-13% EtOAc/heptane) to give (172, 4E)-1-hvdroxy-
S-methoxy-1-(1-(trifluoromethylicvclopropylpenta-1,4-dien-3-one (46.9 % vield) as a light-

vellow oil. 'H NMR (400 MHz, CHLOROFORM-d) & ppm 7.47 (d, /=12.35 Hz, 1 H) 5.58 -

134



WO 2016/038582 PCT/IB2015/056989

566, PHYSI5(, J=1247He, T H)358-36 1 (m, 3H)130-136Ga, 2HY 111118
(m, 2 H}. LCMS Gn/2y (MAH) =, Rt = 151 min {acidic method} and 1.08 mun (basic method}.
[06315]) Step 3: A round-bottom flask was charged with (12,4E)-1-hvdroxy-3-
methoxy-1-(I-(rifluoromethylcvclopropyDpenta-1,4-dien-3-one (1 equiv), toluene (0.2M),
and trifluoroacetic acid (2 equiv) to give a yellow sclution. The mixture was stirred at room
temperature for 72 h, then was concenirated. The residue was purified by chromatography on
silica gel (30-80% EtQAc/heptane} to give 2-{1 (trifluoromethyvlicyclopropyi4H-pyran-4-
ong (72.2 % vield) as a light-crange solid. "H NMR (400 MHz, CHLOROFORM-4) & ppm
F244, =587 He T HD G650, =245 He, T HY 634 (4d, J=5.87, 245 He, T H)Y 143 - 154
(m,2 H)1.28-139(m, 2 H).

~J

[66315] Step 4: A round-bottom flask was charged with 2-(1-
{trifluoromethyDeyclopropyl}-4H-pyran-4-one (1 equiv) and ammonium hydroxide (0.28 M),
The flask was then heated to 60-63 °C for 1.5 h. The mixture was cooled to room temperature
and concentrated n vaoue. The reqidue was punified by chromatography on silica gel (0-10%
McOH/DCM) to give 2-(1-(irifluoromethyDevclopropyDpyridm-4{1 Hy-one (94 % vield) as a
light-yellow solid. 'H NMR (400 MHz, CHLOROFORM-d) 3 ppm 7.69 (d, J=6.97 Hz, 1 H)
666, J=245H, 1HY647(dd, J=697,245H, 1 H)129- 147 (e, 2H)Y 105 - 1 28 (m,
2 H). LOMS (/23 204.0, Rt = 0.39 min.

[66317] Step 5: A round-bottom flask was charged with 2-(1-
{trifluoromethyDeyelopropyDpyridm-4(1 H-one (1 squiv), 1,2-dichloroethane (0.4 M), and
phosphorus oxvbromide (1.2 equiv). The flask was fitted with a reflux condenser and heated
to 85 °C by for 2 h. After cooling to room temperature, the mixture was carefully quenched
with saturated ag. sodium bicarbonate solution and stirred for 10 min. The nuxture was
exiracted with DCM (3x), and the combuned organic extracts were dried over sodmm solfate,
filtered, and concentrated. The residue was purified by chromatography on silica gel (0-15%
EtOAc/heptane) to give 4-bromo-2-(1 -(trifluoromethylcvclopropylpyridine (0 % yvield) as a
clear oil. 'H NMR (400 MHz, CHLOROFORM-d) & ppm 8.36 (d, J=5.26 Hz, 1 H) 7.72 -
778 m, L H) 738 (dd, J=5.32, 177 Hz, 1 H) 1 40 - 1.50 (m, 4 H).

[06318] Step 6: A round-bottom flask was charged with 4-bromo-2-(1-
{triflucromethyDevclopropyDpyridine (1 equavy and THF (0.2 M), The flask was cooled n a
dry ice-acetone bath for 10 min, then n-butyllithram (1.87 M m hexane) (1.03 equiv) was
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added dropwise. After 30 min, freshly crushed dry ce was added to the flask. Afier ancther
10 mun, water was carefully added (10 cquiv), then the mixture was warmed to room
temperature. The mixture was then diluted with ether and extracted with water (3x). The
combined aq. layer was adjusted to ca. pH 3-4 with 6N ag. HCI and extracted with DCM
(3x). The combined organic extracts wore dried over sodium sulfate, filtored, and
concentrated to give a white sohid. This matental was taken up m ether, somcated for 30 s,
then filtered. The collected solid was washed with ether (2x), then dried under a flow of N,
(g for 5 min to give the desired product as a white solid. The aq. laver was extracted further
with BCM/MeQOH (ca. 3:1, 7x). The combined organics were concenirated to give a solid
which was taken up in ether, filtered, washed with ether (3x), and dried under a stream of N
(2) for 5 mun. The two purified sclids were combined to give 2-(1-
(trifluoromethyleyclopropyl isonicotinic acid (59% yield) as a white solid. 'TH NMR (400
MHz, DMSO-d6) 5 ppm 1382 (br. s, 1 H) 875 (dd, J=3.01, 073 He, L H) 793 (5, 1 H) 7.77
{dd, =489, 147 Hz 1 Hy 141 -151 (m, 4 H).

Svathesis of 4-(1-(nfluoromethviicvelopropyvipicolinic acid

=N
v

I
Cl B{(OH). Step 1

3

i /[L Step 2 i K><Nh
J D e
N._z N \f \;;”/

Stap 3 ci Step 4 CN Step 5
- Y\ CF, - Y RXCF e
N. 7 N7

[06319] Step 1: A round-bottom flask was charged with (2-chloropyridin-4-vijboronic
acid {1 equiv), potassinm carbonate (3.3 equiv), bis(triphenylphosphine)paliadium dichloride
(0.025 equiv), 2:1 THF Awvater (0,45 M), and 2-bromo-3,3,3-trifluoroprop-1-ene (1.2 equiv).
The tlask was fitted with a retlux condenser and heated to 70 °C for 6 h. After cooling to
room temperature, the mixture as diluted with water and extracted with EtOAc (3x, decanted
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away from a gray solid). The combined organic exiracts were dried over sodium sulfate,
filtered, and concentrated. The residue was purified by chromatography on silica gel (10-60%
EtQAc/Heptane) to give 2-chloro-4-(3,3 3-trifluoroprop-1-en-2-yvpyridine (47.6 % vield} as
a pale-orange oil. 'H NMR (600 MHz, CHLOROFORM-4) & ppm 8.46 (d, J=3.23 Hz 1 I
744 (5, 1 H)732(d, =514 Hz, L H) 6.20 (s, | H}6.03 (d, }=0.73 Hz, 1 H). LCMS (m/2)
(M+H) = 2079, Ri = 1 39 min,
(88326 Step 2: A solution of 2-chloro-4-(3,3 3 -triflucroprop-L-en-2-vDipyridine (1
equiv) in DCM (0.4 M) was treated with TMS-diazomethane (2M in hexang) (1.5 equiv) at
room temperatore. After 2 b, irifluorcacetic acid (10 equiv) was added, dropwise at first,
resulting in bubbling and some boiling of the solvent. When the exotherm had subsided
somewhat, the rest of the TFA was added directly. The muxture was stirred for 2 h then
concentrated, and the residue was purified by chromatography on sihica gel (23-75%
EtQAc/hoptane) to give 2-cldoro-4-(5-(irifluoromethyl)-4,5~-dihvdro-1 H-pyrazol-5-
vDpyridine (92 % vield) as an orange oil. "H NMR (400 MHz, DMSO-d6) & ppm §.50 (d,
J=526Hz 2HY 768 (s, L H) 7.56 (dd, }=5.26, 0.61 Hz, 1 H}6.79 (s, } H) 3.45 {dd, =18.28,
1.65Hz, 1 Hy3.18 - 331 (m, 1 H). LCMS (m/2) (M+H) = 2499, Rt = 1.06 nun.
{36321} Step 3¢ A 30-mL recovery flask was charged with 2-chloro-4-(3-
(triflucromethyvl)-4,5-dihydro-1 H-pyrazol-5-vhpyridine (1 equiv). The flask was fitted with a
reflux condenser and heated to 160 °C for 20 h. Afier cooling o room temperature, the
mixture was diluted with acetone (14 mL}. LCMS showed very clean ca 1:1 cyclopropane to
olefin. The solution was treated in sequence with a solution of 2.5 wit% of osmium tetroxide
mn i-BuOH (0.003 equuv) and 30% ag. hydrogen peroxide (5 equiv). After 6 h, an additionl
portion of osmium tetroxide solution (0.005 cquiv) and 30% aq. hydrogen peroxade (5 equiv).
After stirring overnight, the mixture was carefully quenched by the addition of 1M aq.
sodinm thiosulfate solution until 1t remained black. The ag. mixture was then extracted with
EtOAc (3x), and the combined organic extracts were washed with saturated aq. sodmm
thiosulfate solution, and the aq. layer was back extracted with EtOAc (I1x). The combined
organic extracts were dried over sodmm sulfate, filtered, and concentrated. The residue was
purified by chromatography on silica gel (0-23% EtOAc/heptane) to give 2-chlore-4-(1-
{triflacromethylevelopropypyridine (49.6 % vield) as a clear oil. 'H NMR (400 MHz,
CHLOROFORM-4) 8 ppm 8.40 (dd, J=3.13, 061 He, 1 H) 740 (d, J=0.61 Hz, | H) 7.30 (dd,
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514,073 He, 1 FH 144 - 151 (m, 2F) 1.08 - 1.15 (m, 2 H). LOCMS (m/z) (M+H) = 2219,
Rt= 141 min

[06322] Step 4: A round-bottom flask was charged with 2-chloro-4-(1-
{trifiuoromethyleyclopropyDpyridine (1 equav)y, [1,1-binaphthalen}-2-vidi-tert-
butylphosphine (0.1 equiv), zinc cyamide (0.8 equiv), palladium(1l) trifluoroacetate (.05
equrvy, and Zn powder (0.2 equiv). The flask was flushed with N, {g), then N N-
dimethylacetamide (0.2 M) was added. The flask was sealed and heated t0 80 °C for 25 h
After cooling to room femperature, the filtrate was partially concenirated m vacuo, and the
residue was taken up in EtOAc and washed with water {(2x, emulsion taken with ag. layer)
and brine. The aq. layer was back-extracted with EtOAc (2x), and the combimed organic
gxtracts were dried over sodiwr sulfate, filtered, and concentrated. The residue was purified
by chromatography on silica gel (3-30% EtOAc/heptane). The product spot was collected
with a lower spot (DMAC) to give an aily sehid. The material was partitioned between water
and Ft3Ac. The lavers were separated, and the organte layver was washed with brine, dried
over sodium subfate, fillered, and concentrated to give 4-(1-
(triftuoromethyl}cyclopropylpicolinonitrile (76% vield, 90% purity) as a gummy solid. 'H
NMR (400 MHz, CHLOROFORM-d) & ppm 8.64 (dd, J=53 13, 046 He, 1 H} 761 - 7.76 (m,
1HY745-756(m, 1 H)1.40-134(m, 3 H)0.92 - 1.11 (m, 2 H). LCMS (m7z) (M+H) =
2129, Rt=1.30 min.

(363231 Step 3: A round-bottom flask was charged with 4-(1-
{(trfluoromethyDevelopropyDpicolinonitrile (1 equiv) and 6M aq. hydrochloric acid (20
equrv. A reflox condenser was attached, and the flask was heated to 100 °C o1l overmight.
The mixture was cooled to room temperature and adjusted to pH 14 with 6N ag. NaOH. The
aq. solution was extracted with ether, and the ethereal layer was back-extracted with water,
The combined aq. layers were acidified by ca. pH 3.3 with IN ag. HCl and extracted with
10% MeOH/DCM (8%). The combined organic extracts were dricd over sodium sulfate,
filtered, and concentrated to give a ight-vellow solid. The mixture was concentrated from
DCM/heptane, taken up in heptane, then filtered. The collected solid was washed with
heptane (3x), the dried under a flow of N, (g) to 4-(1-(trifluoromethylcyclopropyipicolinic

acid (74.8 % vield) as an off~white solid. "H NMR (400 MHz, DMSO-d6) 8 ppm 13.39 (br.
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s, 1H)8.72 (dd, J=5.01, 0.73 Hz, 1 H) 8.04 - 8.07 (m, 1 H) 7.68 (dd, J=5.01, 1.59 Hz, 1 H)
143 - 1.50 (m, 2 H) 1.27 - 1.34 (m, 2 H). LCMS (m/z) (M+H) = 232.2, Rt = 0.83.

Svithesis of 7-(3-aming-2-methviphenvh-2-(hvdroxyvmethvD-2-methvl-5-(tetrahvdro-2 H-

vean-4-vi-2H-benzolbl{ 1.4 loxazin-3(4H)
i i
i Ste \‘E/% Step 2 ‘\Jl\/wm o 0 Step 3
U 2 e o e
J\ A - HoN HaN NP EtO%(LkQEt
HaN ] CTs OH Br
OH

Step 7
Hd
[36324] Step 1 Z-ammeo-S-chlorophenol (1.0 cguiv)) and triethylamine (1.03 equiv.)

were dissolved m DCM (0.5 M) and then to the mixture at room temperature was added p-
Te(1{1.0 eqoiv.). The mixturc was agitated at room temperature for 1 h and goenched by
addition of water. The product was extracted with BCM and washed with brine and dried
(MgSQ,), filtered and concenirated in vacuo io afford the desired product 2-amino-5-
chlorophenyt 4-methylbenzenesulfonate. The residoc was taken to the next step without any
further punification. Assume quantitative vicld, LCMS (mzy (M+H) =298.1, Rt =1.30 min.
[06325] 2-amno-3-chlorophenyl 4-methylbenzencsulfonate from above, Silver
Sulfate (1.0 equiv.) were suspended in FtOH (0.2 M) and then [, (1.0 equiv.) was added. The
raixture was agitated at room temperature, After 1 h, complete conversion to the desired
product was observed. The reaction muxtare was filtered through celite and concentrated in

vacuo. The residue was dissolved i EiOAc and washed with Sat'd Na,S,0s twice and then
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dried {(MgSQ,), filtered and concentrated in vacuo.  The residue 2-amino-3-chloro-3-
iwodophenyl 4-methylbenzenesulfonate was obtamed in quantitative crude vield and was taken
to the next step without any further punification. LCMS (m/z) (M+H) =423 .8, Rt = 1.71 mun.
{66326} Step 2: 2-amino-3-chloro-3-iodophenyl 4-methyibenzenesolfonaie from
above (29.5 g, 69.7 munol) was suspended in 3:1 EtOH/THF (0.5 M), To the mixture was
added 2.0 M NaQOH (3.5 equiv.) and the nuxtore was then heated to refiox for 30 min and
then cooled to room temperature and concentrated 7 vacuo. The residue was neutralized to
pH = 7 using 6 N HCI and the produoct extracted DCM. The organic layer was dried
{MgS(,), filtered and concentrated in vacuo. The residuc was titutrated with 101
heptance/cther and the dark-brown precipitate was collected by filtration, affording 2-anuno-
5-brome-3-iodophenol in 35% vield. LCMS (m/z) (M+H) =269.8, Rt =1.26 min.

36327} Step 30 To a solution of 2-amino-5-bromo-3-iodopheno! (1.0 equiv.} and KF
(7.8 cqiv) 10 DMF (0.5 M) was added diethy! 2-bromo-2-methylmalonate (3.3 equiv.) and
the mixtare was agiated at 706 °C for 70 min. After the ¢lapsed time, the reaction mixture
wis cooled to room temperature and poured onto water and extracted with EtDAc. The
organic layer was washed with water and brine and dred (MgS8QO,), filiered and concentrated
in vacuo. The restdue was dissolved m DCM and the predoct precipitated upon addition of
hepanes. The dark-brown product was collected by suction filtration to afford ethyl 7-chloro-
5-1odo-2-methyl-3-0x0-3 4-dihydro-2H-benzo[ b} 1,4 Joxazine-2-carboxylate 1 72.7%
1solated vield. LCMS (/2 (M+H) =393.8, Rt = [.51 mun.

603281 Step 4: ethyl 7-chloro-5-todo-2~-methyl-3-ox0-3,4~dihydro-2 H-
benzofbjl1.4joxazine-2-carboxylate (1.0 ecquiv) was dissolved mm THF (0.2 M) and then super
bydride (3.0 equiv.) was added dropwise. The mixture was agitated at room temperature for
1 h. The mixutre was quenched by drop-wise addition of water. After the effervescene
sabsided, the mixture was dituted with EtQAc and washed with Sat’d Na,CO; and the organic
fayeor was dried (MgS0,), fitrored and cocentrated in vacuo. The residue was once
arectroped with MeOH and then purified by flash chromatography {$-100% EtDAc/heptane)
to afford the desired product 7-chloro-2-(hydroxymethyl)-5-10do-2-methyl-2H-
benzofbllil,4joxazin-3(4H}-one 10 8% isolated vield as a orange-pink solid. LCMS (m/z)

(M+H) = 353.8, Rt = 1.21 min.
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(863291 Step 3¢ 7-chlorg-2-(hydroxymethyl)-5-todo-2-methyl-2H-

benzoibiil 4joxazin-3(4H) (1.0 equv.), PACL{dpp) CH,CL; adduct (6.1 equiv)), 2-(3,6-
dibvdro-2H-pyran-4-v1)-4 4.5 S-tetramethyl-1.3.2-dioxaborolane (1.2 equiv. ) and 2.0 M
NayC0; (2.5 equiv.) were combined in Dioxane (0.3 M), The mixture was heated at 105 °C
in a heating block for 1 h. After the elapsed time, the reaction nuxture was cooled to room
temperature and diloted with FtOAc¢ and washed with brine. The organic laver was dned
(MgS0y), filtered and concentrated in vacuo. The residue was purified by flash
chromatography (0-100% EtOAc/heptane) to afford 7-chloroe-3-(3,6-dihydro-2H-pyran-4-vH-
2-(hydroxymethyi}-2-methyl-2H-benzo{b {1 .4joxazin-3(4H)-one 1 68.5% 1solated vield as a
pale orange solid. LCMS (2} (M+H)} =310.0, Rt = 1.16 nun.

16063304 Step 6: 7-chlore-3-(3,6-dihydro-2H-pyran-4-v1)-2-(hy droxymethyl)-2-
methyl-2H-benzoibif | 4loxazin-3(4H}one (1.0 equv), , K5PO: 3.0 equiv.), 4-methyl-3-
(4.,4,5.5-tetramethyl-1.3 2-dioxaborolan-2-yDantline (1.2 equiv.) and X-Phos-Pd-Procatalvst
(G2 (0.1 cguiv.) were suspended in 18:1 dioxane/water (.15 M} was added. The mixture
was heated in MW at 130 °C for 30 mun and after the clapsed time, the reaction mixture was
diluted with EtOAc and brine. The organic laver was separated and dried (MgSQO,), filtered
and concentrated in vacue and the residue purified by flash chromatography (0-100%
EtOAC/DCM) to afford 7-(5-amunoe-2-methvipheny!)-5-(3,6-dihyvdro-2H-pyran-4-v)-2-
(hydroxymethvl)-2-methyl-2H-benzo{b}i 1 4joxazin-3{(4H}-one in 35% isolated vicld as a
yvellowish brown sohid. LCMS 2y (M+H) =3581.0, Rt = 0.83 min.

663311 Step 7: 7-(5-amine-2-methyiphenyi)-3-(3.6~dihvdro-2 H-pyran-4-v1)-2-
(hydroxymethyi}-2-methyl-2H-benzo{bj{ I 4 joxazin-3(4H)-one (1.0 equiv.) was dissolved in
EtOH (0.016 M) and then Pd-C 10 wit% wot-basis (0.5 equiv) was added. The muxture was
evacuated and back-filled with hyvdrogen gas. This process was repeated twice and the
mixture was agitated at room temperature for 5 h and filtered through celite. The filirate was
concentrated /7 vacuo to afford 7-(3-amino-2-methylphenyl)-2-(hydroxvmethv -2 -meothy1-5-
(tetrabhydro-2 H-pyran-4-v1)-2H-benzo[b || 1,4 Joxazin-3(4H}-one as pale white solid in 79%
vield, which was used without any forther purification. LCMS (m/2) (M+H) =3833 Rt =

(.83 min.
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Synthesis of N-(3-(6-chloro-3-(fetrahvdro-2H-pvran-d-vDpyridazin-3-v-4-methviphenvli-4-

{triflucromethyvhipicolinamide

T F
S F
P
[06332] A rooad-bottom flask was charged with 3-(G6-chlore-5-(tetrahydro-2H-pyran-

4-vDpvridazin-3-vi)-4-methvlanline (1 equiv), 4-(irifluoromethy)-2-pyridvicarboxylic acid
(1.2 equivy, EDC HCI (1.2 equiv), HOAtL (1.2 equiv), and DMF (0.2 M) to give a clear, light-
vellow solution. After stirring for 2 b at room temperature, the muxture was diluted with
saturated aqg. sodmm bicarbonate and water, then extracted with FiOAc (3x). The combined
orgamic extracts were washed with bnine, dned over sodrum sulfate, filtered and concentrated.
The residue was purified by chromatography on silica gel (23-753% EtOAc/Heptane) to give
N-(3-(6-chloro-3-(tetrahvdro-2 H-pyran-4-yDpvyridazin-3-y1)-4-methyiphenyi)-4-
(triffuoromethylipicolinamide (86% vicld) as a white solid. "H NMR (400 MHz, DMSQ-d) 8
ppm 10.89 (s, 1 H)9.04 (d, /=513 Hz, 1 H)832 -8.41 (m, | H) 810 (dd, /=5.01, 1 10 Hz, |
Hy8.06{d./=220Hz 1 H)8.01¢(dd, /825,226 Hz, 1 H) 789 (s, 1 H)7.40(d, /=8.44 Hz,
TH)395-406(m, 2H)347-356(m, 2 H)312-323(m, L Y233 (5,3 H)1.77-1.85
(m, 4 H). LCMS (m/zy (MAHH) = 477.0, Rt = 1.57 min,

Svnthesis of 6-(4-ethvipiperazin-1-vh-3-(irifluoromethy Dnicotinic acid

{36333} A 60% ol dispersion of sedium hydride (2 equiv) was added to 1,4-Dioxane
(0.5 M) m awvial. 1-cthyvipiperazine (2 cquiv) was added dropwise and the resulting solution

was stirred at room temperature for 15 minutes. Methy! 6-chloro-3-
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(trifluoromethyDmicotmaie (1 equiv) was added and resulting mixtore was heated at 60°C for
4 hours. Lithiom hvdroxide (1 equiv) and a fow drops of water were added to saponity the
ester. HCL (4M 1 1,4-Dioxane, | equiv) was then added and the reaction was quenched with
excess MeOH and the volatiles were concenirated . The residue was dissolved in DUM,
passed through a filter frit and concentrated. The residue was purified by chromatography on
silica gel (1-10% MeOH/DCM) to give 6-(4-ethyipiperazin-1-yl)-5-(irifluoromethyinicotinic
acid (30.4% vield) as a tan solid. LOMS (m/zy (M+H) =3043, Rt = .63 min.

Svnthesis of N-(3-(6-chloro-5-{tetrahvdro-2H-pvran-4-vhpvridazin-3-vyD-4-methviphenvl)-2-

QWi
SN I S CFy
H =N

66334 2-{triftusromethylisonicotimic acid (1 equiv) was added to a solution of 3-(6-

(rifluoromethvhisonicotinamide

e

chloro-3-(tetrahydro-2H-pyran-d-vlipyridazin-3-y1)-4-methvlaniline (1 equiv) in DMF (0.2
M}. EDC HCI (1.2 equiv) and HOA® (1.2 equiv) were then added and the reaction nuxture
was stirred at room temperature overnight. The reaction was dituted with saturated sodium
bicarbonate solution (2 ml) and exiracted three times with EtOAc. The combined organics
were washed with brine, dried over magnesium sulfate, filtered and concentrated. The residue
was purified by chromatography on silica gel (3-10% MeQH/DBCM) fo give a pale vellow oil,
which was dried under high vacuum over the weckend to give N-(3-{6-chlore-3-(tetrahvdro-
2H-pyran-d-yhpyridazin-3-y-4-methyvipheny-2-(trifluoromethyDisonicotinamide (70.8%
vield) as pale vellow oil. LCMS (m/z) (M+H) = 4772, Rt = 1.46 mun.
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//‘\\“Y’Ci ) Br ch Br /\\\/CE o]
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NO; NO; NH,

[(36335] Step 1: 4-chioro-2-mitrophenol (1.0 equiv.) was dissolved m Acetic Acid
{0.64 M) and cooled m an 1ce-bath. To the mixture was then added bromine (1.1 equiv.) and
the muxture agitated for 3 h while gradually warming to room temperature. Additional
bromune (0.3 equav.) was added. Then, after additional hour, almost complete conversion to
the desired product is observed. At this stage, ice-cold water was added and immediately, a
vellowish suspension was observed. The mixture was vigirousky agitated and then filtered.
The vellowish orange precipitate was washed with water and then with heptane and the
vellow powder was placed under high-vacuwam for 3 days to afford 2-bromo-4-chloro-~6-
nitrophenol in 76% vield. LCMS (m/z) (M+H) = 2919, Rt = 1.45 min.

63361 Step 2: 2-bromo-4-chloro-6-nitrophenol (1.0 equiv.) was suspended m EtOH
(0.3) and then iron powder (8.0 equiv.) followed by NH.C1 (8.0 equiv. ) and Water (1/10 of
EtOH volume) was added. The mixture was heated at 90 °C for 73 min and thea filtered hot
through celite. The filtrate was concentrated i vacuo and ther residue dissolved n EtOAc
and washed with water and brine. The organic layer was dried (MgSO,), filtered and
concentrated 772 vacuo to give a dark brown residue. This matenal was suspended in DCM
and tturated with heptane. The dark brown suspension was collected by filtration to afford 2-

amino-0-bromo-4-chlorophenol m 64% vield. LCMS (m/z) (M+H) = 2238, Rt = 1,11 min.
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{36337} Step 3¢ KoCOs (3.0 equiv.), 2-amino-6-bromo-4-chlorophenol (1.0 eqoiv.),
ethyl 2-bromo-2-methylpropanocate (1.2 equiv.) were suspended in Acctone (3.3M) and the
mixtare agitated at 70 “C overnight. The next morning, the mixiure was filtered through
celite and the filtrale concenirated in vacuo. The residue was dissobved in DCM and dry-
foaded onto silica and purified by flash chromatography (0-100% EtOAc/heptanc) and the
product fractions combined and concentrated in vacuo and the residue was titutrated with
heptane and the offwwhite (light pink tinge) solid was collected by filtration and ropresented
8-bromo-6-chloro-2,2-dimethyi-2H-benzofblf 1 4Joxazin-3(4H)-one in 32% vield. LCMS
{m/zy (M+H) = 291.8, Rt = 1.47 min.

603381 Step 4: 8-bromo-6-chloro-2 2~-dimethyi-2H-benzo|bll 1 4loxazm-3(4H)-one
(1.0 equiv.y PACL{dpp) CH,CL, adduct (0.1 equiv.), 2-(3,6-dihydro-2H-pyran-4-v1)-4,4.3 5~
tetramethyl-1,3,2-dioxaborolane (1.0 equiv.) were combined n Dioxane (0.3 M) and then 2.0
M Na;COs (3.0 equiv.) was added. The mixture was agitated at 105 °C i a heating block.
After 90 min, the reaction mixtore was diloted with EtOA¢ and washed with brine and dried
{Nay SOy}, filtered and concentrated in vacuo. The residue was purified by flash
chromatography (0-50% EtOAc/heptanc) to afford 6-chloro-8-(3,6-dihydro-2H-pyran-4-yi)-
2, 2-dimethyl-2H-benzofbii 1 4 joxazin-3(4H)-onc 1n 36.4% vield as a light orange solid.
LCMS (m/z) (M+H) = 293.9, Rt = 1.33 min,

[06339] Step 5: K5PO, 3.0 equuy.), 6-chloro-8-(3,6-dihydro-2H-pyran-4-y13-2.2-
dimethyl-2H-benzo[b][1.4Joxazn-3{4H}-one (1.0 equiv.), 4-methvl-3-(4 4,3 S-tetramethyi-
1,3.2~dioxaborolan-2-yvaniline (1.2 equiv.) and X-Phos-Pd-Precatalyst (G2) (0.1 equiv)
were suspended 1n 10:1 Dioxane/Water (0.2 M), The mixture was heated in MW at 130 °C
for 30 mmn and the reaction mixture was diluted with EtOAc and washed with brine and dried
{(MgSQy), filtered and concnetrated 1n vacuo. The residue was purified by flash
chromatography (0-100% EitOAc/heptane) to afford 6-(5-amino-2-methylphenyi}-8-(3,6-
dihyvdro-2H-pyran-4-v)-2 2~-dimethyl-2H-benzo{b i1 4 loxazin-3(4H}-one in 84% vield.
LCMS (/7)) (MAH) = 3630, Rt = 0.94 min,

(306340} Step 6 6-(5-amino-2-methyiphenyl}-5-3,6-dihvdro-2H-pyran-4-y1}-2 2~
dimethyl-2H-benzo| b} 1.4 Joxazin-3{4H}-one (1.0 equiv.) was dissolved in BEtOH (0.07 M),
To the mixture was added Pd-C (10 wit % wet basis) (0.34 equiv) and the nuxtore was
gvacunated and purged with hydrogen (3x). The reaction was agitated at room temperature

145



WO 2016/038582 PCT/IB2015/056989

under 1 atm of hvdrogen gas overnight. The next morning the reaction mixture was diluted
with DCM and filtered through celite and the filirate was concentrated i vacuo to afford
quantiative vield of 6-(5-amino-2-methylphenv)-2, 2 -dimethyl-8-(etrahvdro-2 H-pyran-4-v1)-

2H-benzo{bji 4joxazin-3{dH)-one. LCMS {(m/z) (M+H) = 366.9, Rt = 0.94 mun.

Svanthesis of 6-(5-ammo-2-methviphenvD-2~-(hvdroxvmethv)-2-methvl-8-(totrahvdro-2H-

pyvran-4-v3-2H-benzolblll 4loxazim-3{(4H)-one

Step 2

06341} Step 1: To asolution of 2-amino-6-bromo-4-chlorophenol (1.0 equiv.y and
KF (7.85 equiv.) in DMF (0.5 M) was added diethyl 2-bromo-2-methylmalonate (3.3 equiv.)
and the mixture was agitated at 70 °C for 70 min. The reaction mixture was cooled to room
temperature and poured nto water and extracted with EtOAc. During work-up, emulsion
developed. The entire emulsion was passed through celite and the layer separated. The
organic laver was washed with water and brine and dried (MgSQy), filtered and concentrated
in vacuo. The residue was purified by flash chromatography (0-30% FtOAc/heptane) 1o
afford the crude product which was titurated with heptane and the off~white solid was
collected by filtration to afford ethyl 8-bromo-6-chioro-2-methyi-3-oxo0-3 4-dilivdro-2 H-
benzoibiil 4joxazine-2-carboxylate in 34.1 % vield. LCMS (nzy (M+H) =3498, Rt =147
oun,

{36342} Step 2: Ethyl 8-bromo-6-chlore-2-methyl-3-ox0-3 4-dihydro-2 H-

benzolbli! 4loxazine-2-carboxviate (1.0 equiv.) was dissolved in Tetrahydrofuran (0.2 M)

and at roorn temperature was added super hydride (6.0 equiv.). The mixture was agitated at
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roomn temperature for 30 min md the reaction was quenched by drop-wise addition of water
and then extacted with FtOAc. The organic layer was dried (MgSO,), filtered and
concentrated in vacuo and the residue azeotroped with MeOH. The solid was dissolved in
DCM and leaded mio silica-gel and the product was purified by flash chromatography (0-
100% EtOAc/heptane) to afford the desired product 8-bromo-6-chlore-2 -(hydroxymethyl)-2-
rethyl-2H-benzofbif 1, 4joxazin-3(4H}-onc in 70.3% yield. LOMS (m/z) (M+H) = 307 8, Rt
=118 min.

[B06343] Step 3: 8-bromo-6-chloro-2-(hyvdroxymethyl)-2-methyl-2H-
benzofbjil,4joxazin-3(4H}-one (1.0 equav ), PdChy{dpph).CH,Cl; addoct (0.1 equiv.}, 2-(3,6-
dihvdro-2H-pyran-4-vi)-4,4,3 S-tetramethyl-1.3 2-dioxaborolane (1.2 equiv.) were combined
10 Dioxane (0.22 M) and then 2.0 M Na,CO; (3.0 equiv.) was added. The mixtare was
agitated at 120 °C in MW for 30 min. After the elapsed time, the reaction mixture was cooled
to room temperature and diluted with EtOAc and washed with brine and dried (Na,S0,),
filtered and concentrated in vacuo and the residue purified by flash chromatography (6-100%
EtGAc/heptane) to afford 6-chloro-8-(3,6-dihydro-2H-pyran-4-y1)-2-(hydroxymethyi}-2-
raethyl-2H-benzo{bii 1 4joxazin-3(4H)-one in 77% vield. LCMS (m/z) (M+H)=3102 Rt=
1.12 min.

36344 Step 4: K5PO, 3.0 equuv), 6-chloro-8-(3,6-dihvdro-2H-pyvran-4-v1)-2-
(hydroxymethvl)-2-methyl-2H-benzo{[b}i 1 4joxazia-3(4H}-one (1.0 equiv.), 4-methyl-3-
{4,435 5-tetramethyi-1,3 2-dioxaborolan-2 -vljamiline (1.2 equiv.} and X-Phos-Pd-Precatalyst
(G2 (0.1 equiv.) were suspended m 10:1Dioxane/Water (0.2 M) was added. The mixture
was heated in MW at 130 °C {or 30 min and then the mixiure cooled to room temperature and
diluted with EtOAc and brine. The organic fayer was dried (MgSQOy), filtered and
concentrated 1 vacuo and the residue purified by flash chromatography (0-100%
EtQAc/DCM) to afford 6-(5-apune-2-methylphenyl)-5-03,6-dihydro-2H-pyran-4-y1)-2-
{(hvdroxvmethy!)-2-methvl-2H-benzolbl 1 4 loxazin-3(4H)-one in 61.3% yicld as a yellowish
brown solid. LOMS (m/z) (M+H) = 381.0, Rt = 0.83 min,

(306345} Step 3¢ 6-(5-amuno-2-methylphenyly-3-(3,6-dihvdro-2 H-pyran-4-y1)-2-
(hydroxymethvl)-2-methyvl-2H-benzo{b}i 1 4joxazin-3(4H)-one (0.1 equiv.) was dissclved in
EtOH (068 M} To the muxture was added PA-C (10 wi % wet basic) (.36 equiv.} and the
mixture was evacuated and purged with hvdrogen (3x). The reaction was agitated at room
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temperature ander 1 atm of hydrogen gas overmight. The next morming the reaction mixture
was diluted with DCM and filtered through celite and the filtrate was concentrated i vacuo to
afford 6-(5-amino-2-methyviphenyh-2-(hydroxymethyl)-2-methy]-8-(tetrahvdro-2 H-pyran-4-

91)-2H-benzofb}[1.4Joxazin-3(4H)-cne in 84% vield. LCMS (m/z) (M+H) = 381.4, Rt = 0.83

min.
svithesis of 4-(4-(2-methvl-3-nmitrophenvD-6-{2-((ietrabvdro-2H-pvran-2 -
vhoxylethoxy pvridin-2-vDtetrahvdro-2H-pyran-3-0l
= O
Ch_a B ¢l N
. S Ry R ND,
Ci Br ]
\];/A\\/ Step 1 NE{ Step 2 NE Lz Step 3
N —
\(/ [O [G
OTHRP OTHP
C eube
Step 5 L\ PN
Step 4 ‘ = NHo
_______________________ e M.z
[O
"OTHP OTHP
Racemate and syn diastereomer
68346 Step 1: Into a RB flask was charged 2-{(fetrahydro-2H-pyran-2-

yhoxy)ethanol (1.2 equiv.) and THF (0.3 M), The mixture was cooled to 0 °C. Then NaH
(60% in mineral oil) (1.2 equuv. ) was added. Afier the effervescence had subsided, 4-bromo-
2. 6-dichloropyridine (1.0 equiv) was added neat and the mixture let to warm to room
temperature. After 2 h, the reaction mixture was guenched by addition of Sat'd NaHCO; and
then extracted with EtOAc and the organic layer was dried (MgSQ.), filtered and
concentrated in vacuo and the residue purified by flash chromatography (0-20%
FtOAc/heptane) to afford 4-bromo-2-chloro-6-2-((tetrahvdro-2H-pyran-2-
vhoxyethoxyjpyridine in 83% vield. 1H NMR (400 MHz, CHLOROFORM-d} & ppm 7.28
(5, 1 HY7.09(d, =134 He, 4 H) 692 (d, J=122 He, 4 H) 4.67 - 477 (m, 4 H) 445 - 457
{m, & H)4.04 (ddd, J=11.62, 581,348 He 4 H)3 45 -3.95 (m, 4 H) 3.79 (ddd, J=11.38,
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639 355HA 4H)349-35%(m, 4 H)LRO-193(m, 4 H)169-179 (m, 4 Hy1.47-168
(m, 16 H); LCMS (n/zy (MAH-THP) = 253.8, Rt = 1.73 nun.

06347} Step 2: Into a 30 mL MW vial were charged PdCh{dpp!). CH,Cl, adduct (0.1
cquiv.), 4.4,3 S-tetramethyl-2<(2-methyi-3-pitrophenyl}-1,3,2-dioxaborolane (1.03 equiv), 4-
bromo-2-chloro-6-(2-((tetrabyvdro-2H-pyran-2-yDoxviethoxy pvridine (1.0 equiv) and then
dioxane (0.3 M). Finally, 2.0 M Na;CG; (2.5 equiv.) was added. The mixture was agitated
n MW at 100 °C for 20 pun. Atter the elapsed time, the reaction mixture was diluted with
EtQAc and then washed with brine and dried (Mg50,), filtered and concentrated 1 vacuo
and the residuc purified by {lash chromatography (0-30% EtOAc/heptane) to afford 2-chioro-
4-(2~-methyl-5-nitrophenvl)-6~-(2-((tetrahvdro-2H-pyran-2-vhoxy jethoxypyridine in 44.2%
vield. LCMS (m/2) (M+H-THP) =309.1, Rt = 1.33 min.

(306348} Step 3 Into a MW vial were charged 2~chloro-4-(2 -methyl-5-nitropheny)-6-
(2~{(tetrahydro-2H-pyran-2-vhoxy ethoxyv)pyridine (1.0 equiv.), KsPO, (2.0 equiv)), 2-(3,6~
dihvdro-ZH-pyran-d4-yi}-4 4 3 S-tetramethyi-1 3 2-dioxaborolane (1.15 equiv.), X-Phos-
Palladium precatalyst G2 (0.1 equiv.) were suspended i 18:1 Dioxane/Water (0.3 M), The
raixture was placed in MW at 130 °C for 20 min and then the mixture was cocled to room
temeprature and the reaction mixture was diluted with EtOAc and washed with brine. The
organic laver was dried (Mg50,), filtered and concentrated i vacuo and the residue purified
by flash chromatography (0-20% EtQAc/heptane) to afford 2-(3,6-dihydro-2H-pyran-4-v1)-4-
{2-methyl-S-nitrophenyl}-6-(2-{({tetrahy dro-2H-pyran-2-sHoxy jethoxypyrnidine m 60.1%
vield. LCMS (m/z) (M+H-THP)=356.9, Rt = 1.77 min.

[B63491 Step 4: 2-(3,6-dihvdro-2 H-pyran-4-y1)-4-(2-methyl-S-nitrophenyl}-6-(2-
({tetralivdro-2H-pyran-2~vDoxyiethoxy) (1.0 equiv.) was dissolved in DCM (0.2 M) and then
cooled to 0 °C. To the nuxture was then added m-chloroperbenzoic acid (1.2 equiv.). The
mixture was let to gradually warm to room temperature. Atfter 100 min, the reaction puxture
was diluted with water and extracted with EtOAc. The organic layer was washed with Sat'd
Na,C(Os; and then dried {(MgS0,), filtered and concentrated in vacue and the residue 2-(3.7-
dioxabicyclo{4. 1 Otheptan-6-v1}-4-(Z-methyl-3-nitropheny!-6-(2-((tetrahy dro-2H-pyran-2-
vDoxy)ethoxypyridine obatined in guantitative yvield was taken to the next step without any

further punfication. LCMS (mz) (MHH-THP) = 373.0, Rt = 1.18 mun,
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(#6330} Step 5. 2-(3,7-dioxabicyclof4.1.0fheptan-6-vi-4-(Z-methyl-3 -nirophenyi)-6-
2~{(tetrahydro~-2H-pyran-2-yhoxy jethoxyvipyridme (1.0 equiv.) was charged nto a RB flask
and suspended 10 10:1 DCM/MeOH (0.05 M) and then Triethvlamine (2.5 equiv.) was added.
Then, Pd-C (10 wi%o, wet basis) (0.3 equav ) was added. The mixtore was evacuated and
purged with bvdrogen (3x) and finally, the mixture was agiated under 1 atm of hydrogen.
Afler 90 mun, the reaction mixture was filtered through celite and the filtrate evaporated in
vacuo and the residue purified by flash chromatography (8-10% MeGH/DCM) to afford 4-
(4-(2-methyl-3-nitropheny1}-6-(2-{(tetrahydro-2 H-pyran-2-vhoxy ethoxy jpyridin-2-
vDietrahydro-2H-pyran-3-ol in 43 8% vicld. '"H NMR (400 MHz, CHLOROFORM-d) & ppm
708 (d, =819 Hz, 1 ) 6.75(d, J=1.10 Hz, 1 H) 6.70 (dd, J=8.13,2.31 Hz, 1 H) 6.68 (d,
J=122Hz, TH) 658 (4, J=2.57He, L H)4.73 (1. =342 Hz, 1 H)4.38-4.60 (;m, 2 H) 4.04 -
420 (m, 4 H)391 (ddd, J=11.25,825 312 He,, 1 H}3.79-387 (m, 1 H}3.50-3.63 {m, 3 H}
287-3.05(0m, I H)247 (g, =12.66,4 11 He, T H) 217 (5, 3 H) 1.43 - 1.88 (m, 9 H);
LOMS /2y (MA+H-THP =345 0, Rt= 106 min.

Svnthesis of 4-methvi-3-(2-(4-methyvltetrabvdro-2 H-pyran-4-v1-6~-(2-{(tetrabyvdro-2 H-pvran-~

2~vhoxviethoxvpvridin-4-vDaniline
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[06351] Step 1: 3-bromo-4-methylaniline (1.0 equiv), hexane-2 S-dione (1.1 equiv.}

and p-TsOH (0.03 equiv.) wore combined in toluene (0.4 M) and the mixture heated in Dean-
Stark at 150 °C. After 35 min, the reaction mixture was ¢ooled to roorn temperature. The
reaction mixture was let to age at room temperature for 60 h and then concentrated in vacuo.
The residue was purified by flash chromatography (0-10% EtOAc/heptane to afford the
desired product 1-3-bromo-4-methylphenyl)-2, 5-dimethyvl-1 H-pyrrole 1n 92% vield. LCMS
{m/z) (M+H) = 2658, Rt = 1.13 mn.

60352 Step 2: Into a RB flask with a stir bar was charged 1-(3-bromo-4-
ruethylphenyl)-2, 5-dimethyi-1 H-pyrrole (1.0 equiv.), BISPIN (1.3 equiv), KOAc (2.0 equiv.)
and PdCL{dppt). CH,Ch adduct (0.07 cquiv.). Dioxane (0.3 M) was added and then the
mixture was degassed by bubbling nitrogen for 10 min, Finally, the mixture was placed in an
oil bath pre-heatod to 100 °C and agiated for %0 min and after the elapsed tim, the mxature
was cooled to room temperature and filtered through celite. The filtrate was concentrated in
vacuo and the residue purified by flash chromatography (8-10% EtOQAc/heptane) to afford

the destred product 2 5-dimethyl-1-(4-methyl-3-(4.4.5 S-tetramethyl-1,3,2-dioxaborolan-2 -
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viphenyl)-1H-pyrrole as a gummy sokid 10 93% vield. LOMS (m/z) (M+H-THP) = 312.0, Rt
=1.67 mun (non-polar acidic method).

[06353] Step 3. Into a flask were charged 4-bromo-2-chloro-6-(2-((tetrahydro-2H-
pyran-2-yDoxyjethoxyypyridine (1.0 equiv.), 2,5-dimethyl-1-(4-methyl-3-(4,4,3 5-
tetramethyl-1,3,2-dwoxaborolan-2-yDphenvl)- 1H-pyrrele (1.2 equiv), PACL{dppH).CH,CL
adduct (8.10 equiv.} and Dioxane (033 Then, 2.0 M Nax(U3: (2.5 equiv.y was added.
Nitrogen was sparged nto the mixiure for 5 min with a vent. Then the mixture was placed in
a preheated o1l bath mammtamed at 100 °C for 90 min and after the ¢lapsed time brine was
aded to the mixture. The product was extracted with FtOAc and the orgamic layer was dried
{(MgSQ,), filtered and concenirated i vacuo and the residue purified by flash
chromatography (0-10% EtOAc/heptanc) to afford the desired product 2-chloro-4-(3-(2 5-
dimethyl-1 Hepyrrol- 1y -2 -methyipheny-6-2-{(tetrabivdro-2 H-pyvran-2-
vhoxy)ethoxy)pyridine as a light transparent orange viscous syrup tn 93% vield. LCMS
{m/zy (MAHH-THPY =337 3, Rt = 1.68 min.

(6033541 Step 4: Into a 30 mL vial were charged cthyl tetrahydro-2H-pyran-4-
carboxylate (1.50 equiv.}, 2-chloro-4-(5-(2,5-dimethyl-1H-pyrrol-1-vD-2-methyiphenv)-6-(2-
{(ictrabvdro-2 Hepyran-2-y DoxyJethoxy ypyridine (1.0 equuv ). andf(iBa3PiPdBri2 {0.035
cuiv.) Then Toluene (0.3 M) was added. The muxutre was sparged with N, for 5 mun and
then LiHMDS (1.0 M 10 toluene) (1.7 equiv.) was added and the mixiure was agitated at
room temperature overnight. The next morming, the reaction mixture was quenched by
addition of water and Sat'd NaHCO; and the product extracted with FtOAc. The organic
layer was dried (MgSQy), filtered and concentrated /n vacuo and the residue porified by {lash
chromatography (0-20% BEtQAc/heptane) to afford the desired product ethyl 4-(4-(5-(2,5-
dimethyl-1H-pyvrrol-1-v1)-2-methyipheny])-6-(2-{(tetrahydro-2 H-pyran-2-

yhoxyethoxy ypyridin-2-ytetrahyvdro-2 H-pyran-4-carboxylate as a colorless soild in 58.8%
vield, LCMS (mzy (M+H) =363.3, Rt =1.63 mun.

[B63I35] Step 3: Into a RB {lask was added ethyl 4-(4-(5-(2.5-dimethyl-1 H-pyrrol-1-
vI)-2-methylphenyi}-6-(2-((tetrahydro-2Hepyran-2-yDoxyethoxy pyridin-2 -y tetralivdro-
2H-pyran-4-carboxylate (1.0 equuiv.) and THF (0.13 M. The mixture was cooled in 0 °C.
LiAlH, (1.0 M in THF) (1.7 equiv.) was added dropwise and the mixiure agitated at same
temperature for 20 min and then the reaction mixture was quenched by addition of water and
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and then IN NaOH. The mixture was dibuted with dicthy] ether and MgSG, was charged indo
the quenched reaction mixture. The shurry was vigirously agitated for 5 min and then filtered.
The filtrate was concentrated in vacuo to afford (4-(4-(5-(2,5-dimethyl-1H-pyrrol-1-vI)-2-
methy Iphenyl)-6-(2-{(tetrabydro-2H-pyran-2-yloxy jethoxy pyridin-2 -y Hictraly dro-2 H-
pyran-4-vDmethanol m 95% vield. LOMS (m/zy (M+H) = 5212, Rt = 1.75 min

(#6336} Step 6: Into a flask was charged (4-(4-(5-(2,3-dimethyl-1H-pyrrol-1-yi)-2-
methylphenyl)-6-2-{((tetrahydro-2H-pyran-2-vhoxy )ethoxy ypyridin-2 -viyetrahydro-2 H-
pyran-4-yDmethanol (1.0 equiv.) and DCM (0.1 M) and then EGN (2.0 equiv.) was added.
The mixture was ceoled to 0 °C. To the mixture was added MsCl (1.1 equrv ) and the
mixture agitated at same temperature for 30 min and then the reaction muxture was quenched
by addition of water and then extracted with DCM. The organic layer was washed with brine
and dried (MgSO,), filtered and concentrated i vacuo to afford (4-(4-(3-(2,5-dimethyl- 1 H-
pyrrol-1-vD)-2-methylpheny-6-(2-((tetrahvdro-2 H-pyran-2-yhoxv)ethoxy ypvridin-2-
yhietrabyvdro-2 H-pyran-4-yhmethyl methanesulfonate in quantitative vield. LCMS (m/z)
{(MA+H} = 3992, | 43 mmn (acidic non-polar method).

160357} Step 7. (4-(4-(5-(2 5-dimethyl-1 H-pyrrol-1-yD-2-methviphenvl)-6-(2-
({tetrabydro-2H-pyran-2-yDoxy ethoxy jpyridin-2-yDtetrabvdro-2 H-pyran-4-vh methyl
methanesulfonate (1.0 equiv.) was dissolved in THF (0.1 M) and treated with Super-Hydride
(3.0 equiv.} at room temperatore. Then the mixtore was agitated at 70 °C for overnight. The
next morning, an additional Super-Hydride (4.0 equiv) was added and the muxture agitated at
reflux for another 4 h. The reaction mixture was cooled to room temeprature and carefully
guenched by addition of water and extracied with EtOAc. The organic laver was dried
(MgS0O,), filterod and concentrated 77 vacuo and the residus azeotroped with MeOH and then
purified by flash chromatography (0-10% EtOAc/heptane) to afford desired produoct 4-(3-

{2 S-dimethyl-1 H-pymrol-1-yD-2-methyipheny -2 -(4-methyvitetrahydro-2 H-pyran-4 -y 1-6-2~
{{tetrabhvdro-2H-pyran-2-vDoxy)ethoxy)pyridine in 48.4% isolated vield. LCMS (m/z)
(M+H) = 503.2, 1.74 mn {(acidic aon-polar method).

(306338} Step 8 4-(3-(25-dimethyl- 1 H-pyrrol-1-v1)-2-methylphenyt-2-(4-
methylictrabydro-2H-pyran-4-v1)-6-(2-((tetrahvdro-2H-pyvran-2-yDoxy jyethoxy)pyridine (1.0
equoiv.} and hyvdroxylamine hydrochloride (12.0 equiv.} were dissclved in EtOH: Water (311,
0.05 M. To the mixiure was added tricthvlamme (6.0 cquiv.) and then the mixture was
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placed i a heating block maintained at 80 °C. The reaction mixture was agitated at 80 °C
overnight. The next morming the reaction mixture was concentrated 72 vacuo and the product
extracted with EtOAc and washed with Sat'd Na;COs. The organic laver was dried (MgSO,),
filtered and concentrated in vacue to afford quantitative vield of 2-({(4-(3-aruing-2-
methylphenyl)-6-(4-methyhetrahvdro-2 H-pyran-4-vUpyridin-2-vDoxy)ethan-1-0l. LCMS
(m/zy (M+H) = 343 3, 0.91 ruin.

Svathesis of 2-({4-(G-amino-2-methvivhenvl-6-(4-methviltetrshvdro-2 H-pvran-4-vDpyvridin-

2-vhioxy)ethan-1-o0l

9 Step 1 % \’1/\ / Step 2 ) \/iﬁ
step i P H
»';/\N AN ~ \=/\//\\‘,4\,‘:_) ______________________ hN 1 ‘\\r /“'\H
= \.\f’/ S N\(/;J
C O

[B0G359] Step 1. (4-(4-(5-(2 5-dmmethyi-1 H-pyerol-1-vD)-2-methylipheny1)-6-(2-
{{tetrahydro-2H-pyran-2-vDoxy jethoxy jpyndin-2-vtetrahydro-2H-pyran-4-vhmethanol (1.0
cquiv.) was dissolved in THF (0.1 M) and then tricthylanune (12.0 equiv.) followed by
perflusrobutanesulfonyl fluoride (4.0 equiv.) and then triethvlamine trihydrofluoride (4.0
equiv.) were added. The muxture was agitated at 60 °C for 7 hour upon which the reaction
muxture was was carefully poured onto Sat’d Na,COs and the product was extracted with
EtOAc. The organic layver was separated and dried (Mg3Qy), filtered and concentrated in
vacuo. The residue was purified by flash chromatography (0-30% EtOAc/heptance) to afford
the desired product 4-(3-(2,5-dimethyl-1H-pyrrol-1-vD)-2-methylphenyl}-2-(4-
{(fluoromethylpetrshydro-2H-pyran-4-y1)}-6-2-{{tetrahydro-2H-pyran-2-
vhoxy)ethoxyypyriding in 78% isolated vield as a colorless solid. LCMS (m/z) (M-+H) =
523.2,1.62 min.

(603501 Step 2. 4-(53-(2 5-dimmecthyl-1 H-pyrrol-i-y1)-2-methyiphenyl}-2-(4-
(fluoromethytetrahvdro-2H-pyran-4-y1)-6-(2-({tetrahydro-2H-pyran-2-

vioxyjethoxy jpyndine (1.0 equiv.) and hydroxviamine hydrochlonide (12.0 equiv.) were

dissolved m 3:1 EtOH/Water (0.03 M). To the nuxture was added tricthylamme (6.0 equiv.)
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and then the mixture heated overnight at 806 °C and the next morning the reaction mixture was
concentrated in vacue. The residue was extracted with EtOAc and the orgamic layer was
washed with Sat'd NayCOs and then brine and dried (MgS0y), filtered and concentrated in
vacuo to afford quantitative crade vield of 2-({(4-(5-amino-2-methylphenyl}-6-(4-

methy ltetrabydro-2H-pyran-4~-yDpyridin-2 -vhoxylethan-1-ol. LCMS (m/2) (M+H) = 3613,

(.87 min.

Synthesis of 2-({4-{5-aming-2-methviphenvi-6-(4-thvdroxvmethviMetrahvdro-2 H-pvran-4-

vhpvridin-2-vijoxviethan-1 -0l

Step 1
[OTH P
160361 Step 1. (4-(4-(5-(2,5-dimethyl-1 H-pyrrol-1-yD-2-methviphenvl)-6-(2-

({tetrabydro-2H-pyran-2-yDoxy ethoxy jpyridin-2-yDitetrabyvdro-2 H-pyran-4-yHmethanol (1.0
eouiv.) and hyvdroxylamine hydrochloride (12.0 equiv.) were dissolved m 3:1 EtOH/Water
{0.05 M). To the nuxtare was added tricthylamine (6.0 equiv.) and then the reaction mixture
was agitated at 80 °C overmight. The next morning, LCMS mdicated desired product was
raajor specics. The reaction mixture was concentrated in vacue and the product extracted
with EtOAc and washed with Sat'd Na,COs. The orgamic laver was dned (MgSOy), filicred
and concentrated in vacuo to afford quantitative vield of crude product 2-((4-(5-amno-2-
methylphenyD)-6-(4-(thydroxymethyDtetrahydro-2H-pyran-4-vhpyridin-2-vDoxy)ethan-1-ol,
which was taken to the next step without any further punfication. LCMS (m2) (M+H) =

3593, 0.74 mn.

Synthesis of tert-butyl (d-methyvl-1-(4-C-methvl-5-(2-(trifluoromethvDpiperidine -4 -

carboxamido)pheny D-6-(tetrabvdro-2H-pyran-4-vDpvridin-2-vDpiperidin-4-v Dcarbamate
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(36362} Step 1 A mixture of 3-(2.6-dichloropynidin-4-v)-4-methylaniine (1.0
equiv.), tert-butyvl (d-methyipiperidm-4d-vlcarbamate (2.0 equiv.), DIPEA (5.0 cquiv )
DMF (0.4 M, degassed) was irradiated in a microwave for 1 h at 130 °C. The cooled reaction
raixture was purtfied by flash chromatography over silica gel (heptanes with 50% ethyl
acetate’’ to give teri-butyl (1-(4-(S-ammeo-2-methyiphenyi-6-chloropyridin-2-y -4~
methvipipenidin-4-yhcarbamate 1n 77% vield. LCMS (m/2) (M+H) =431.2, Rt = 1335 min.
[06363] Step 2: tert-butyl (1-(4-(5-amino-2-methviphenyl)-6-chloropyndin-2-v1}-4-
methyipipenidin-4d-ycarbamate (1.0 equiv.), 2-(influoromethynsonicotinic acid (1.0
cquiv.), EDCHCI (1.2 equiv.), HOAT (1.2 equiv.) in DMF (0.4 M) were stirred for 3 b, The
reaction mixture was purified by flash chromatography over silica gel (heptanes with 30%
cthvl acetate) to give tert-butyl (1-(6-chloro-4-(2-methyl-5-(2~
(triffucromethvl)isonicotinamido phenypyridin-2-vh-4-methyipiperidim-4-yhcarbamate in
69% vield. LCMS (nz) (M+H) = 604.2, Rt = 1.88 min.

63364 Step 3: A mixture of tert-butyl (1-(6-chloro~4-(2-methy]-5-(2-
(trifluoromethyisonicotinamido yphenyDpyridin-2-yD-4-methvipiperidin-4-ylcarbamate (1.0
equv.), 2-3,6-dibydro-2H-pyran-4-v1}-4 43 S-tetramethyi-1,3,2-dioxaborolane (2.0 equiv.),
Xphos Pd (11) (0.1 equiv.) and K,CO5 (3.0 equiv.) tn acetonitrile - water { 2:1) (0.07 M) was
irradiated in a mecrowave vial for T h at 120 °C. The ceoled reaction mixtore was partitioned
between water and ethyl acetate. The organic phase was washed with brine, concentrated

under reduced pressure. The crude product was purified by flash chromatography over silica
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gel (heptanes with 50% ethyl acetate) to give tert-butyl (1-(6-(3.6-dilvdro-2H-pyran-4-yi)-4-
(2~-methyl-3-2-(iriflugromethy Disonicotinamido jphenylpyridin-2-y1)-4-methyipiperidin-4-
vhcarbamate in 95% vield. LCMS (m/2Z) (M+H) = 6524, Rt = 1.59 min.

[06365] Step 4: To a degassed solution of tert-butyl {1 -(6-(3,6-dthydro-2H-pyran-4-
y1)-4-2~-methyl-53-Q2-(rifluoromethy isonicotinamido phenyDpyvoadin-2-y1)-4-
nethyipiperidin-4-yDcarbamate (1.0 eguiv.) 1 ethanol: THF {(6:13 (0.1 M) was added 10%
palladium on carbon (0.3 equiv.). The flask was purged and flushed tthree times with
hydrogen from a balloon. The reaction was stirred for 48 b under a hyvdrogen atmosphere.
The reaction mixture was degassed, and filtered through Celite and the filier cake was ninsed
with DCM. The combined filtrates were concentrated to give tert-buty! (d-methyi-1-(4-(2-
raethy1-3-(2-(trifluoromethyDpiperidine-4-carboxamido ypheny-6-(tetrahvdro-2H-pyran-4-
vhpyridin-2-yDpiperidin-4-ylcarbamate in 73% vield. LCMS (m/2) (M3H) = 6605 Rt =

1.61 sun.

Syathesis of 1-methvl-2-oxo-5-(iriflgoromethyvl)-1.2-dihvdropvridine-3-carboxyvlic acid

. i Br: CF3 o NC CF
Brf\g((fa Step 1 / Ei’” 3 Step 2 ﬁ/ 3 Step 3
| e ~ N —
07N om o oY
H :
(36366 Step 1: Into a 30 mb vial was charged 3-bromo-3-(triffucromethyDpyridin-

2{1H)-one (1.0 equiv.}, KZCO3 (3.5 equiv.) and Acetone (1.0 M). Then iodomethane (3.3
equiv.} was added. The vial was capped and placed in a heating block maintained at 60 °C
and agitated overmght. The next morning, the reaciion mixture was filiered through celite
and concenirated in vacuo. The residue was titwrated with heptane/ether (20:1) and somicated.
The tan colored precipitate was collected by suction filtration to afford 3-brome-1-methyl-3-
{trifluoromethyDpyridin-2(1 Hy-one 1 82% vield. LCMS (m/z) (M+H) = 2579, §.80 nun.
[36367] Step 2. Into a vial were charged Pd(Ph,P)y (0.1 equiv), 3-brome-1-methyl-5-
{trifivoromethyDpyndin-2(1H)-one (1.0 equiv.) and Zinc Cyanide (1.1 equiv.). The nuxture
was purged with nitrogen and then agitated overmight at 100 °C overnight. The next moming,

the reaction mixture was cooled to room temperature and filtered through celite and the
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filtrate was diloted with EtOAc and washed twice with water. The organic layer was dried
(MgS0y), filtered and concentrated in vacuo. The residue was purified by flash
chromatography (0-30% EtOQAc/heptane) to afford 1-methyl-2-ox0-5-(trifluoromethyl)-1.2-
dibydropyridine-3-carbonitrile as a white solid. LCMS (m/z2) (MA+H) = 202.9, 0.90 min.
63368 Step 3: Inte a MW vial was charged 1-methyl-2-oxo-5-(triflucromethvl)-1,2~
dibvdropyridine-3-carbonitride (1.0 eguiv.) and Water (1.23 M) and then conc. Sulfuric acid
(12.6 equiv}. The vial was capped and agitated m MW at 120 °C for 60 mun and then poured
over 6N NaOH uatil neutral pH. The precipitate was collected by filiration and then
digsolved in 3N NaOH and washed with EtOAc. The aq. layer was acidified to pH = 1 using
4N HCl and the product extracted with EtQAc. The organic laver was dried (MgS04),
filiered and concentrated i vacuo to afford 1-methyl-2-oxo-3-(triflucromethyl)-1,2-

diivdropyridine-3~carboxylic acid i 53% yield. LCMS (@nzy (M-+H)y=222.1, 0.88 min.

Svathesis of 4-methvi-3-Z-methvl-3-(etrahvdro-2H-pyvran-4-vi}-1 H-benzol d limidazol-7-

vhaniline

QL0 L0
Ste ! ; Step 4 ] i
Step 3 SN R T g, S | Sy
-------------------------- o k/, . /I

NH NH

N:Q Nd\

363691 Step 1; Into a 30 mL vial were charged 3-bromo-3-chiorobenzene-1,2-
diamine (1.0 equiv), ytterbiom(I) triftuoromethancsulfonate (0.1 equiv.y and 1.1,1-
trimethoxyethane (1.2 equiv.). The mixture was heated at 90 °C for 1 h and cooled to room
temperature and concentrated /i vacee. The residue was punified by flash chromatography
(0~-5% MeOH/DCM) 1o afford 5-bromo-7-chloro-2-methyl-1H-benzoldinudazole in 100%
vield as a vellow solid. LCMS {(m/z) (M+H) = 247.0, .81 min.
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[(36376] Step 2: Into a 30 mb vial were charged S-bromo-7-chloro-2-methyl-1H-
benzofd imidazole (1.0 equiv.}, 2-(3,6-dihydro-2H-pyran-4-vi}-4,4,3 S-tetramethyl-1,3,2-
dioxaborolane (1.2 equiv.), PACL(dppf). CH,Cl, adduct (0.1 equiv), dioxane (0.3 M) and then
2.6 M Na,COs (3.0 equiv.). The mixture was sparged with nitrogen and then heated in a
block at 100 °C for 2 b and then the mixture was cooled to room temperature and diluted with
FtOAC and water and filiered throogh celite. The organic laver was separated and dried
(MgS0, 1 filtered and concentrated i vacuo and the residue purified by flash chromatography
{0-20% MeOH/DCM) to afford 7-chloro-3-(3,6-dithydro-2H-pyvran-4-vi)-2-methyl-1H-
benzofdimidazole in 52.3% yield as an orange solid. LCMS (m/z) (M+H) = 248.9, 2508,
0.78 min.

[66371] Step 3. Into a MW vial were charged K:PO, (2.5 equiv), 4-methy]-3-(4,4.5.5-
tetramethyl-1,3,2-dioxaborolan-2-yhanihine (1.2 equiv.), X-Phos G2-palladivin precatalyst
(0.1 equiv.) and then 10:8:5 muxture of dioxane/DMF/water (0,105 M) solution of 7-chlore-5-
{3.6~-dihvdro-2 H-pyran-4-vi)-2-methyl-1H-benzo{d jimtdazole (1.0 equiv.) was added. The
mixture was sparged with N, and then heated 1in MW at 130 °C for 50 min. The reaction
mixture was diluted with EtOAc and water. The organic laver was washed twice with water
and brine and dried (MgSQ,), filtered and concentrated in vacuo and the residue purified by
flash chromatography (0-20% DCM/MeOH) to afford 3-(3-(3,6~dihydro-2H-pyran-4-y1)-2-
methyl-1H-benzo|d imidazol-7-vi)-4-methylaniline 10 79% vield. LCMS (m/2) (M+H) =
320.0, 0.73 min.

663721 Step 4: 3-(53-(3.6-dihyvdro-2H-~pyvran-4-v1)-2-methvl-1H-benzol[d inudazol-7-
vi}-d-methylambine (1.0 equiv.) was dissolved mn EtOH (0.113 M) and then Pd-C (10 Wit %,
wet basis) (0.3 equiv.) was added. The mixture was evacuated and purged with hydrogen gas
(3X) and finally agitated under hydrogen (ballon pressure) overnight. The next morning the
reaction mixture was diluted with EtOAc and filtered through celite. The filtrate was
concentrated 7» vacuo to afford guantitative yield of crude 4-methyl-3-(2-methyl-3-
(tetrahydro-2H-pyran-4-v1)-1 H-benzo|d jimidazol-7-vianiine, which was taken to the next

step as such without any forther purification. LCMS (m/2y (M+H)Y = 322.0, 0.53 mm.

Svnthesis of ($)3-3-(2-((2 2-dimethyl-1 3-dioxclan-d-vDmethoxv-6-(tetrahvdro-2H-pyran-4-

Dipvridin-4-vD-4-methvlaniline
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{66373} Step 1. A nuxture of 4-bromo-2,6-dichloropyndine (1.0 equiv.), 4-methyl-3-

(4,45 S~tetramethyi-1,3,2-dioxaborelan-2 -vDauline (1.1 equiv.}, PACh{dpphH). CH,Cl, adduct
(0.1 equiv.) and 2 M Na,COs (2.5 equiv.) in Dioxane (0.3 M, degassed) was heated m a
scaled tube for 4 b at 83 °C {01l bath). The cooled reaction mixture was partitioned between
water and ethy! acetate. The organic phase was washed with brine, concentrated under
reduced pressured. The crude prodoct was purtfied by flash chromatography over silica gel
{(heptanes with 50% cthl acetate) to give 3-(2.6~dichloropyridin-4-vl)-4-methylaniline m
3% vield. LCMS (m/2) (M+H)= 23529, Rt = 1.03 nun.

{36374} Step 2: Sodmm hydride (2.0 equiv.) was added to dioxane (0.6 M). (8)-(2,2-
dimethyl-1 3-dioxolan-4~vDmethanol (2.0 equiv.) was added and the mixture was stirred for
30 min at rt. 3-(2,6-dichloropyridin-4-y)-4-methylaniline (1.0 eqoiv.} was added to the
mixture and the reaction was heated to 50 °C for 2 h. The cooled reaction mixture was
guenched by the addition of water and extracted with ethvl acetate. The combined extracts
were dried over sodium sulfate, {iltered, and concentraied. The crude product was puorified by
flash chromatography over silica gel (heptanes with 30% cthyl acetate) to give (8)-3~(2-
chloro-6-((2.2-dimethyl-1,3-dioxolan-4-yDmethoxy jpyrid in-4-v1}-4-methylanilise 1a 100%
yvield. LCMS (m/2) (M+H) = 349.0, Rt = 1 47 nun.

603751 Step 3: A nuxture of (8)-3-(2-chloro-6-((2,2~-dimethyi-1 3-dioxolan-4-
vimethoxyipyridin-4-yh-4-methylamiine (1.0 equiv.), 2-(3,6-dihydro-2H-pyran-4-v1}-

4.4.5 S-tetramethyl-1,3,2-dioxaborolane (1.2 equuv.), PACL(dppf). CH,CL, adduct (0.1 equiv)

and 2 M Na,CO; (2.6 equiv.) m Dioxane (0.3 M, degassed) was heated in a microwave vial
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for 2 b at 103 °C (oil bath). The cooled reaction mixture was partiioned between water and
ethyl acetate. The organic phase was washed with brine, dried over sodium sulfate, filtered,
and concentrated. The crude product was purified by flash chromatography over silica gel
(heptanes with 70% cthvl acetate) to give (8§)3-3-(2-(3 6-dihvdro-2H-pyran-d-y1}-6-((2,2-
dimethyl-1,3~dioxolan-4~vDimethoxy)pyridin-4-v1}-4d-methvianiline in 92% yield. LCMS
(m/zy (M-+H) =397 4, R{ =1 42 min,

[36376] Step 4: To a degassed solation of (8)-3-(2-(3,6-dihydro-2H-pyran-4-yi}-6-
((2,2-dimethyl-1 3-dioxolan-4-yDmethoxy ypyridin-4-v-4-methylandine (1.0 equiv.) in
ethancl (0.1 M) was added 10% palladivm on carbon (0.3 equiv.). The flask was purged and
flushed tthroe times with hvdrogen from a balloon. The reaction was stured for 14 hundera
hydrogen atmosphere. The reaction mixture was degassed, and filtered through Celite and the
filter cake was rinsed with DCM. The combined filtrates were concentrated to give (8)-3-(2-
((2,2~dimethyl-1 3-dioxolan-4-vhmethoxy)-6-(tetrabvdro-2 H-pyran-4-vDpyridin-4-v1)-4-
methylaniling 1 83% vield. LCMS (m/z) (M+H) = 399.5, Rt = 1.39 min.

Svnthesis of 2~ox0-5-(triflucromethvli-1.2-dihvdropvridine-3-carboxvlic acid
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[66377} Step 1. To a solution of 5-(triflucromethyDpyridin-2(1H}-one (1.0 equiv.)

and NaOAc (1.05 equiv.) in glacial AcOH (1.5 M) was added bromine (1.05 equiv.) and the
resulting nuxture was heated at 80 °C for 2.5 h. The reaction was allow to cool to room
temperature and then was evaporated under reduoced pressure. The residue was neotralized
with saturated NaHCO; solution and extracted with EtOAc. The organic extracts were

combined, dried over MgSQy, filtered, and concentrated in vacuo until a slurey consistency
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was observed. At this stage, the slurry was diloted with heptancs and the precipiiaie was
collected by filtration to afford 3-bromo-3-(tritluoromethyDpyridin-2(1 H)-one in 92% vicld.
LOMS (m/z) (M+H) = 242.0, 244.0, 0.59 min.

[06378] Step 2: To asuspension of 3-bromo-3-(triftuoromethyhpyridin-2(1H)-one
(1.0 equiv.ymn THF (0.2 M) at 0 °C was added a 1.0 M THF solution of KOtBu (1.0 equiv.).
Afier 10 muinutes, the suspension became a solotion and [p-(inmethvisibvDethoxy methyl
chioride (1.0 cquiv.) was added. The reaction mixture was further agitated for 15 minutes
after which, water was added and the lavers were separated. The aqueous layer was exiracted
with ethyl acetate. The combined organic exiract was washed with brine, dried over Na,SO,,
filtered and concentrated i vacuo. The residue was purified by flash chromatography (0-
50% FiQAc/heptane) to afford 3-bromo-3-(trifluoromethy)-1-((2-

(trimethyisiyDethoxy methyDpyndin-2(1 H}-one in 79% vield as a colorloss oil. LOMS (w2
(M+H)=3741, 1.70 mm.

[06379] Step 3: Into a vial were charged Pd(PhsP)s (0.1 equuv ), 3-bromo-3-
{triffucromethyD)-1-(2-{trmethyisilyDethoxy ynothyDpyridin-2{  H-one (1.0 eguv.) and
Zine Cyvamide (1.1 equiv.) and DMF (0.26 M). The mixture was purged with nitrogen and
then agitated overnight at 100 °C. The next morming, the reaction mixture was cooled to
room temperature and filtered through celite and the filtrate was diluted with EtOAc and
washed twice with water. The organic layer was dried (MgS0,), filtered and conceuntrated in
vacio. The residue was purified by flash chromatography (0-30% EtOAc/heptane) to afford
2-oxo-5-(trifluoromethyh-1-{(2-(trimethylsilyDethoxy imethy -1, 2-dihvdropyridine-3-
carbonitrile in 82% vield as a white solid. LCMS (m/z) (M+H) = 2029, 0.90 min.

[B6380] Step 4: 2-oxo-3-(trifluoromethyl)-1-((2-(rimethylsidyvDethoxymethvi)-1,2-
dibvdropyridine-3-carbonstrile (1.0 equiv) was suspended in water (1.0 M) and then conc.
sulfuric acid (20.95 equiv) was added dropwise with agitation. The mixture was agitated at
120 °C m MW for 30 nun. After the elapsed tume, the reaction nuxture was carcfully
poured onto 6N NaOH to netural pH. The wiite solid was extracted with EtOAc and the
organic layer was dried (Mg5Q,), filtered and concentrated in vacue and the residue titurated
with heptane and the precipitate collected by filiration to afford 2-oxo-3-(irifluoromethyl)-
1.2-dihydropyridine-3-carboxylic acid in 35.2% vield. LCMS (m/z) (M+H) = 2029, 0.90
min.
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[06381] A solation of 6-methyvl-5-(3-(oxetan-3-yDphenyDpyridin-3-amine (1.0
equiv.), 2-(2-fluoropropan-2-yvInsomicotinic acid (1.0 equiv.) and 2-(3H-{1,2 3jtriazolo[4,5-
bipyridin-3-y1)-1,1.3 3-tctramethyvliscuronium hexafluorophosphate(V)y in DMF was stirred at
ri for 4 hours. Upon completion, the reaction was filiered and purified via reverse phase
prop-HPLC and the pure fractions were lyophilized to give 2-(2-fluoropropan-2-vH-N-{6-
methyl-53-(3-{oxetan-3-yDphenyDpyridin-3-vhisonicotinamide in 28% vield. 1H NMR (400
MHz, <dmso>) S ppm 1.60-1.79 (i, 9H)4.26 - 441 (m, 1 H)4.61-4.70 (m, 2 H1 4.90 -
503(m, 2 H)7.23-758(m, 4 H) 783 (dd, /=489, 137 Ho, 1 H)8.05 (s, 1 H) 8,18 (d,
J=156 He, L H)8.77(d, /=509 Hz, 1 H) 891 ~-9.01 (m, 1 H) 10.74 - 11.02 {m, 1 H). LCMS
(m/zy (MAH) = 4061, Rt =0.65 min.

EXAMPLE 2

N-{6-methvl-3'-(oxctan-3~vD)-[ 1. '-biphenvi-3-vD-3-(rifluoromethvl henzamide

0

\/\-\ﬁ/x\ Nz N ,«h\ WCF?’
s . NG

66382 To a solution of 3-(3-bromophenvDoxetane (1.0 equiv.) and N-{(4-methy]-3-
(4,45 S-tetramethyi-1,3,2-dioxaborolan-2-yDphenyl -3-{trifluoromethyDbenzamide (1.0
couiv.} in DME and 2M sodmm carbonate (3:1, 0.1 M) was added PACL{dppH)-DCM adduct
{0.1 cquiv.} and the reaction was heated in the microwave for 30 min at 120 °C. Upon
coohng to rt, the mixture was partitioned between ethyl acetate and brine. The organic phase
was dried with magnesinm sulfate, filtered and concentrated. The residue was purified via
reverse phase prep-HPLC and the pure fractions were lyophilized to give N-(6-methyi-3'-

{oxetan-3-vH-{1,1-biphenvl]-3-y1)-3-(triflucromethyDbenzamide in 48% yicld. 1H NMR
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(400 MHz, <dmso>) 8 ppm 2.20 (s, 3 H)2.38 - 2.59 (m, 4 H) 4.19 - 4.39 (m, 1 H) 4.53 - 4.75
(m, 2 H) 4.95 (dd, J=8.61, 5.57 Hz, 2 1) 7.22 - 731 (m, 2 H) 7.34 (s, 1 1) 7.38 - 7.49 (m, 2
H) 7.64 (d, J=1.96 Hz, 1 H) 7.71 (dd, J=8.22, 2.35 He, 1 H) 7.77 (1. J=7.83 Hz, 1 H) 7.95 (d.
J=7.43 Hz, 1 T) 8.20 - 832 (m, 2 H) 10.43 (s, 1 H). LCMS (m/2) (M+H) = 412.2, Rt = 1.12

min.

EXAMPLE 3

N-{6'-ethoxy-2-methvl-3-B-methviloxetan-3-v13-[3.3 -bipvridin}-3-vD-2 - 2-fluoropropan-2 -

vllisonicotinamide

86383} To a solution of 6'-cthoxy-2-methyl-3'-(3-methyvloxetan-3-v1)-[3,3-bipyridin]-
S-amine (1.0 equiv.), 2-(2-fluoropropan-2-yhisorucotinic acid (1.2 equiv.), N1-
({ethylimnoymethylene }-N3, N3-dumethylpropane-1,3-diamine hydrochlonde (1.3 equiv.) and
3H-[1,2,3lnarolof4,3-blpyridin-3-ol hydrate (1.3 equiv.) in DMA (0.1 M) was added DIEA
{3 0 cquiv.} and the reaction was stirred at rt overnight. Upon completion, water was added
and the solution was filtered and purificd via reverse phase prop-HPLC. The pure fractions
were fvophilized to give N-(6"-ethoxy-2-methyl-3'-(3-methyloxetan-3-v13-[3,3"-bipyridin}-3-
v13-2-{2-fluoropropan-2-yiiisonicotinamide in 45% yield."H NMR (400 MHz, <cd3od>) 8
ppm 140, =704 Hz. 3 H) 1.71 (5,3 H) 1.76{d, /=274 Hz, 6 H) 2.68 (s, 3 H) 4.46 (q,
S=7.04 Hz, 2 H) 460 {d, /=626 Hz, 2H) 5.03 (4, /=626 Hz, 2 H) 7 .54 (4, /=235 He, 1 H)
783{dd, /=509, 157 He, 1 H)B09-820(m, 2 H)B45(d, /=235 Hz, 1 ) 876 (d, /=3.09
Hz, 1 H)9.33(d, /=235 Hz, 1 H). LCMS (mz) (M+H)=4633, Rt =074 min.

EXAMPLE 4

N-{4-methvl-3-(4-methvi-6-(oxctan-3-y1}-3-0x0-4 5 -dihvdropyvrazin-2-vDphenyl)-3-

{(rifluoromethvhibenzamide
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60384 Step 1: To a solution of 3-bromopyrazin-2(1H}-one (1.0 equiv.) in DMF (0.3

M)} was added cestum carbonate (1.5 equiv. ) and iodomethane (2.0 equiv.) and the suspension
was stirred at rt overnight. The reaction was partitioned between water and ethyl acetate, the
agueons phase was exiracted once again with ethyl acetaic. The organics were combined.,
washed with water, dried with magnesium sulfate, filtered and concentrated to give 5-bromo-
I-methvlpyrazin-2(1H}-one in 33% vield as a light vellow solid.
#6385} Step 2: To a solution of 5-bromo-1-methyipyrazin-2{1Hj-one (1.0 equav.}), N-
(4-methyl-3-(4,4,5 5-tetramethyl-1,3 2-dioxaborelan-2-y1phenyl)-3-
{riffucromethyDbenzamide (1 0 equiv.} and sodium carbonate 2M aqg. sohition, 3.0 cguiv )
i DME (0.27 M) was added PACL{dpp)-DCM adduct (8.05 equiv.) and the reaction was
heated at 120 °C in the microwave for 20 min. The solution was cooled to rt, then the organic
phase was concentrated and purified via reverse phase prep-HPLC to give N-(4-methyl-3-{4-
methyl-5~-oxo-4,5-dihydropvrazin-2-vUphenyl)-3-{(&ifluoromethyDbenzamide n 41% yield.
LCMS (m/zy (M+H) =388.1, Rt = 0.81 min.
(603861 Step 3: To a solution of N-{d-methyl-3-{4-methyl-3-ox0-4,5-dihvdropyrazin-
2-vhphenyh-3-(trifluorcmethylbenzamide (1.0 equiv.), 3-iodooxetane (4.0 equiv.), sulphuric
acid (2.0 equiv.), and FeSO, (0.6 equiv.) in BMSO (0.06 M) was added hvdrogen peroxide
(12 equiv.) dropwise. After 2 min, another 0.6 equiv. of FeS30, was added. Stured for
another 30 min, then added another 6 equiv. of hvdrogen peroxide and 0.6 equiv. of FeSO..
The solutron was stirred at rt overmight. Qunenched by the addition of sodivm bicarbonate
solution and extracted twice with ethyl acetate. The organic phase was dried with magnesium
sulfate, filtered and concentrated to dryness. The crude was purified via reverse phase prep-

HPLC and the pure fractions were lvophilized o give N-{4-methyl-3-{4-methyl-6-(oxetan-3-
165



WO 2016/038582 PCT/IB2015/056989

vi}-5-ox0-4,5-dibydropyrazin-2-y1phenyl)-3-(trifluoromethyDbenzamide as a white sohid in
14% vield. 1TH NMR (400 MHz, <cdel3>) Sppm 2.32 - 2.52 (m, 3 H33.39 (d, /=470 Hz, 3
Hyd454-478 (o, 1 H)487-5317{(m, 4 ) 715 -737 (m, V Hy 737 -752 (ma, 1 H) 7.57 -
7700m, VHy775-788(m, 1 H})797-825(m, 1 H), LOCMS (w2 (M+H) =444 3 Ri=
0.86 min.

EXAMPLES

4-(aminomethyv-N-{6-methvl-3'-(oxetan-3-vD}-[1 U'-biphenvl]-3-v1)-3-

{(rifluoromethvhibenzamide

~
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[B0G387] Step 1: To a sohution of 6-methyl-3"-(oxetan-3-v1}-[1,1'-biphenyl}-3-

amine(1.0 equiv.) and 4-(bromomethy!)-3-(irtfluoromethyviibenzoic acid (1.1 equiv.) in DMF
(0.1M) was added HOAT (1.0 cquiv.) and EDC-HCI (1.0 equiv.) and the reaction was stirred
at vt overnight. Upon completion, the solution was purified via reverse phase prep-HPLC fo
give 4-{chloromethyl}-N-(6-mothyl-3'{oxetan-3-v1}-[ 1, 1-biphenyl}-3-y -3~
(triffocromethvDbenzamide in 71% yield. LCMS (n/zy (M+H) = 460.1, Rt = 1.16 min.
{36388} Step 2: 4-(chloromethyl}-N-{(6-methyl-3"-{oxetan-3-y1)-{ 1,1 -biphenyl}-3-v1}-
3-(trifluoromethvDbenzamade (1.0 equiv.) was stirred 1n ammonia in methanol (M solution,
322 equiv.) at 50 °C overnight. Upon concentration under vacuo. the residue was purified via
reverse phase prep-HPLC to give 4-(aminomethy -N-(6-methyl-3'-(oxetan-3-y1)-[ 1.1’
biphenyi}-3-vh-3-(rifluoromethyDbenzamide n 153% vicld. LOMS (mzy (M+H) =441.3, Rt

= (.80 min.

EXAMPLE 6

N-{4-methvl-3-(8-{oxetan-3-vDimidazol[l 2-blpyridazin-6-viphenvh)-3-

{trifluoromethvDbenzamide
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(LIRS Step §: To a solution of 6-chloroimidazo{l 2-blpyridazine (1.0 equiv )} and N-

(4-methyl-3-(4,4,5 5-tetramethyl-1,3 2-dioxaborelan-2-y1phenyl)-3-
(triffucromethvDbenzamide (1.0 equiv.) in DME (0.7M) was added sodium carbonate (3.0
equiv., 2M aqueous schution) and PACL(dppH)-DCM adduct (0.05 equiv.) and the reaction
was heated at 130 °C in the microwave for 30 min. The organic phase was concentrated to
dryness and purified via reverse phase prep-HPLC. The pure fractions were concentrated to
give N-(3-(imidazo|l,2-blpvridazin-6-y}-4-methyiphenyl)-3-{rifluoromethyDbenzamide as a
wthie solid 1n 77% vield. LCMS (m/z) (M+H) =397.2, Rt = 0.79 mun.

[06390] Step 2: To a soluton of N-(3-(imidazof1,2-bjpyridazin-6-y-4-methyiphenyi)-
3-(trifluoromethvbbenzamade (1.0 equiv.) in DMSO (0.05 M) was added 3-10dcoxetanc (4.0
equiv.), sulfuric acid (2.0 equiv.}, FeS04 (0.6 equiv.). To this muxtore was added hydrogen
peroxide (6.0 equiv.) dropwise at rt. After two minutes, added another 0.6 equiv. of Fe50,
and stured for 30 min. Another 6.0 equiv. of hvdrogen peroxide and 0.6 equiv. of FeSO, was
added and the reaction was stirred at rt overnight. The reaction was quenched with sodivm
bicarbonate (sat. solution) and extracted twice with ethyl acetate. The orgamic phase was
dried with magnesium sulfate, filtered and concentrated. The residue was purified via reverse
phase prop-HPLC and the pure fractions were neutralized by pushing through PL-HCG; resin.
Upon concentration, isolated N~(4-methyl-3-(8-(oxetan-3-vhimidazo[1,2-blpvridazin-6-
yhpheavi-3-(triflucromethybenzamide in 9% vield as a white solid. 1H NMR {400 MHz,
<cdel3>ydppm 242 (s, 3H)482-5307(m, 3 H) 514 - 53  (m, 2HY 718 -72% (m, I H)
Hy773-788(m,3H)8.02(s,2H)805-820

N2

736 (d, J=8.22 Hz, 1 H) 7.57 - 7.70 (.
(m, 2 H). LCMS (m/z) (M+H) = 453.2, Rt = 0.81 min.

EXAMPLE 7

4-(hydroxyvmethvD-N-{(6-methvl-3-3~{oxetan-3~-viphenviipyridin-3-vi -3~

trifluoromethvhibenzamide
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663911 Step 1: To a solution of 6-methyl-3-G-(oxetan-3-~vphenybpyridin-3-amine

{1.0 equiv.} and 4-formyl-3-(rtflucromethyibenzoic acid (1.0 equiv.) in DMF (0.2M) was
added HOAT (1.0 equiv.) and EDC-HCI (1.0 equiv.) and the reaction was sticred at rt
overnight. Upon completion, the solation was puritfied via reverse phase prep-HPLC to give
4-formyl-N-(6~-methyl-5-G~(oxetan-3-yUphenvDpyndin-3-vh-3-(trifluoromethylbenzamide
i 33% vield. LOCMS /2y (M+H) = 4411, Rt = 0.75 min.

(603921 To a sclution of 4-formyl-N-(6~methyl-5-G-(oxetan-3 -y DphenvDpyridin-3-
yD-3-(trifluoromethvDbenzamide (1.0 equiv.) in methanol was added sodium borobvdnide
(2.0 equav.) at rt and the reaction was stirred for 10 min. Upon conceniration, the residue was
purified via reverse phase prep-HPLC to give 4-(thydroxvmethyl-N-(6-methyl-3-(3-(oxetan-
3-vDphenybpyridin-3-v1)-3-(triftucromethvDbenzamide 1n 29% yvield. 1H NMR (400 MHz,
<dmso>)dppm 241 (5,3 H)420-444 (m, L H)456-481 (m, 4 H} 495 (dd, /=8.61, 587
Hz, 2H)563(,/=5.67Hz 1 H)718-757(m, 4 H) 786 -8.068 (m, 2 H) 8.15-839 (m, 2
Hy8.84 (4, /=235 Hz, 1 H) 1061 (s, 1 H). LOMS (m/2) (M+H} =443 1, Ri = .67 min,

EXAMPILE S

4-{ammomethvh-N-{6-methvl-5-(3-G-methviloxetan-3-viiphenvhpyridm-3-vi)-3-

[36393] Step 1: To a sohution 6-methyl-3-(3-3-methyloxetan-3-vDphenvlpyndin-3-

amine (1.0 equiv.) and 4-(bromomethyi)-3-{iriflucromethyDbenzoic acid (1.1 equiv.) m DMF
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(0.1M) was added HOAT (1.0 equiv.} and EDC-HCI (1.0 equuv.) and the reaction was stirred
at vt overnight. Upon completion, the solution was punfied via reverse phase prep-HPLC to
give 4-(chloromethyl)-N-(6-methyl-5-(3-(3-methyloxetan-3-vhphenvpyridin-3-y1)-3-
{triflucromethyDbenzamide in 39% vield. LCMS (n/z) (M+H) =475.1, Rt = 0.89 min.
(663384 Step 2: A solution of 4-{chloromethy}-N-(6-methvl-53-(3-G-methyioxetan-3-
viphenyhpyndin-3-vi-3-(rifluoromethyDbenzamide (1.0 equiv.) was stirred in anunonia 1o
methanol (7M solution, 831 equiv.) for 3 days at rt. The reaction was concentrated under
vacuo and purified via reverse phase prep-HPLC to give 4-(aminomethyD)-N-(6-methv1-5-(3-
{3-methyloxetan-3-vDphenylpyridin-3-v1)}-3-(triflucromethyDbenzamide in 56% yield. 1H
NMR (400 MHz, <dmso>) dppm 241 (s, 3H)4.08 (s, 2 H)4.56 (d, /=587 Hz, 2 H)4.84 (d,
J=548 He, 2H) 715 - 734 (m, 3H) 741 - 756 (e, 1 H) 7.83 - 8.07 (m, 2 H) 8.21 - 8.40 (m,
2H)885(d, =235 He, 1 H) 10.62 (s, 1 H). LCMS (m/2) (M+H) =456.2, Rt =057 min.

EXAMPLE 9

N-(G-methvl-5-(8-(oxetan-3-vinmidazo{l.2-blpyvridazim-6-vhpvridin-3-v1)-3-

(irfluoromethvibenzamide
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(633851 Step 1: To a solution of 6-chloroimidazofl,2-bjpyridazine (1.0 equiv.} in
DMSO (0.1 M) was added 3-iodeoxetane (4.0 equiv.), sulfuric acid (2.0 equiv.) and FeSO,
(0.6 eqquv.y at rt. To thus solation was added hydrogen perosade (6.0 cquav ) dropwise. After
2 min, another 0.6 equiv. of FeS0, was added and the reaction was stirred for 30 min. Then,
another 6.0 equiv. of hvdrogen peroxade and 0.6 equiv. of FeSO, were added and the reaction
was stirred overnight at rt. The mixture was quenched by the addition of sat. sodmum
bicarbonate and extracted twice with ethyl acetate. The organic phase was dried with
magnesium sulfate, filtered and concentraied. The residue was purified via reverse phase

prep-HPLC and the pure fractions were neutralized with a PL-HCO; resin. Upon
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concentration under vacoo, 6-chloro-8-(oxetan-3-vHimidazo]1.2-bjpyvridazine was isolated in
27% yield. LCMS (m/z) (M+H) = 2100, Rt = 0.41 min,

[36396] Step 2: To a solution of 6-chloro-8-{oxetan-3-yDinidazo|1,2-blpyridazine
{1.0 equiv.y and N-(6-methyl-3-(4.4,5 S-tetramethyl-1,3 2-dioxaborolan-2-yDpyridin-3-v1)-3-
(triftuoromethylbenzamide (1.0 equiv.) in DME (0.1M) was added sodinm carbonate (3.0
equrv., ZM agueous sohution} and PACL{dppD)-DCM addect (0.05 equoiv.) and the reaction
was heated at 130 °C in the microwave for 30 min. The organic phase was concentrated to
dryness and purified via reverse phase prep-HPLC. The pure fractions were concentrated to
give N-(6-methyi-3-(8-{oxetan-3-yDimidazof 1, 2-bipyridazin-6-yDpyridin-3-y1)-3-
(trifluoromethyDbenzamide as a white solid m 41% vield. 1H NMR (400 MHz, <dmso>)
Sppm 235 (s, 3H)4.72-491 (e, T H3491-523 0, 4 H) 750 (s, 1 H) 771 - 788 (m. 2
Hy799(d, /=783 Hz, IHYR.19- 848 (m, 4 H) 897 (d, /=274 Hz, L H) 10.76 (5, 1 H).
LOMS (m/z) (M+H) = 4541, Rt = 0.65 min,

EXAMPLE 18
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66397} Step 1: To a solution of 6-chloro-8-(oxetan-3-yimudazo(1,2-blpyridazine
(1.0 equiv.} and (3-(4-cvano-3-{trifluoromethyDibenzamido)-2-methylpyridin-3-viboronic
acid (1.0 equiv.) in DME (0.1M) was added sodmm carbonate (3.0 equiv., 2M agueous
sclution and PACH{dpp0-DX{M addact {G.05 equiv.} and the reaction was heated a1 136 °Cin
the microwave for 30 min. The organic phase was concentrated fo dryness and purified via
reverse phase prep-HPLC. The pure fractions were concentrated to give 4-cyano-N-(6-

rethyl-3-(8-(oxctan-3-vEnmidazof 1, 2-bjpyndazin-6-yDpyndin-3-y1}-3-
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(tnfhioromethylbenzamide as a white solid m 14% yield. LOMS (m/z) (M+H) = 4790, Rt =
$.71 nun,

[B0G398] Step 2: To a solution of 4-cyano-N~(6-methyl-3-(8-(oxetan-3-vimidazo{1,2-
bipyridazin-6-yDpyridin-3-yh-3-(influoromethylibenzamide (1.0 equrv.) in ethanol was
added nickel{11) chlonide (3.0 equiv.) followed by sodium borohyvdride (13 equiv.) atvt. The
schution was stirred for 4 hours, then guenched by the addition of dicthyhnamine, The
solution was filtered and concentrated to drvness and the residuc was purified via reverse
phase HPLC to give 4-(aminomethyD-N-(6-methyl-3-(8-(oxetan-3-vIimidazo{1.2-
bipyridazin-6-yDpyridin-3-y-3-(influoromethylibenzamide 1n 27% vield. 1H NMR (400
MHz, <dmso>) dppm 2.57 (s, 3 H)3.22(s, 2 H)3.41 (5, 1 H)4.29(d, /=391 Hz, 4 H)4.86
(d, /=861 Hz T H}492-510(m. 4 H) 754 5, 1 H)777 - 798 (m, 2 H) 826 - 859 {(m, 7
Hyo00(d, =235 Hz, L ) 1087 (s, T H). LCMS (2} (M+H) = 4831, Rt = 0.55 mm,

EXAMPLE 11

N-(6-methyl-3-(5-{3-meithvioxectan-3-v1-6-{(tetrahvdro-2H-pyvran-4d v Do ipyridazin-3-

yovidin-3-vH-3-{rifluoromethyvl benzamide
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[06399] Step 1: To a solution of 3,6-dichioro-1,2 4, 5-tetrazine in 1,2-dichloroethane

{1.0 M} was added 3-cthyvnyl-3-methyloxetane (1.0 equuiv.} and the reaction was stirred at 140
°C for 2.5 hours. The reaction was concentrated to dryness and used for the next step without
further purification. LCMS (n/z) (M+H) = 218.9/220.9, Rt =0.53 min.

j36468] Step 2: To a solution of 3,6-dichloro-4-(3-methyloxetan-3-vpyridazine (1.0
cquiv.) and N-{6-methyl-3-(4.4,5, S-tetramethyl-1,3, 2-dioxaborolan-2 -+ pyridin-3-y1)-3-
{triftucromethyDbenzamide (1.0 equiv.) in DME (1 M) was added sodium carbonate (3.0

equiv., 2M agueous solution) and PdCI2(dpp)-DCM adduct (0.03 equiv.) and the reaction
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was heated at 130 °C in the microwave for 30 min. The organic phase was concentrated to
dryness and purified via reverse phase prep-HPLC. The pure fractions were concentrated to
give N-(3-(6-chloro-5-(3-methvloxetan-3-vhpvridazin-3-y1)-6-methylpyridin-3-vi}-3-
{trifuoromethyDbenzamide in 24% vield. LCMS (m/z) (M+H) = 463.0, Rt =0.76 nun.
6481 Step 3: To a solution of N-(5-(6~chloro-5-3-methvioxetan-3-vDpyndazin-3-
vi}-6-methylpyridin-3-yD)-3-(triffuoromethylbenzamide (1.0 equiv.) in THF (0.03 M) was
added tetrahvdro-2H-pyran-4-0l (6.0 equiv.} and sodium hvdride (6.0 equiv.} and the mixture
was heated at 90 °C for 4 hours. Upon cooling to ¢, the reaction was quenched by the
addition of water, then extracied with ethyl acetate. The organic phase was dried with
magnesium sulfate, filtered and concentrated. The residue was purified via reverse phase

rep HPLC to give N-(6-methy1-3-(5-(3-methyloxetan-3-v1)-0-((fetrabydro-2 H-pyran-4-
vhoxypyvridazin-3-yDpyridin-3-y-3-(influoromethyihenzamide m 40% vicld. 1HNMR
(400 MHz, <dmso>) d ppm 1.39-1.84 (m, 53 H) 1.97 - 2.12 (m, 3 H) 3.56 (ddd, /=11.54,
802,313 H23H)3.72-3860m, 2H 4454, /=626 H2 2 Hy4 91 (4, =587 Hz, 2 H}
542-556(m, T H) 764 (s, TH}7.78 (1, /=783 Hz, 1 ) 797 (dJ=7 83 Hz, L H)8.17 - 838
(m,3 H) 889 (d, /=235 Hz 1 Hy10.71 (s, 1 H). LCMS (mZ) (M+H)= 5291, Rt=0.75 min.

FXAMPLE 12
2-{1 1-difluorcethvD=-N-(3-(6-(1 3-dimethvl-1 H-pvrazol-4-vD-3-(3-hvdroxvoxetan-3-

vhpyvridin-3-v-4-methviphenvlisonicotinamide
(\"‘ OH \.’:;l\' L\ J<;:
Br\/f\l/B Sten 1 Brj/j/gl Step 2 L /r\J/Br Step 2 jo f\/v\ A /'\T Step 4
--------- o
'?‘I s N

/

o ~
\/J NeF Lﬁ/
- \.‘4”\ A <
0\"\ OH O /]\, \/]<r Qvom || i F 27 _oH \J/j g L
”‘j\/ P Steps ‘/\,«‘/\,f*/ \.’UW/\ FoBtepe \/\N/KCVK»
! P ! T N

--------- . ! H et | F
L o P iy J 3
SOLGF, ‘“N\N,
(6034021 Step 1: A solution of 2,3, 5-inbromopyridme (1.0 eguiv ) in N N-

dimethylformamide (0.2 M) was treated with sodium hydride (60% dispersion 1a mineral od,
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1.3 equiv.). The mixture was cooled {0 0 °C and B2OH (1.0 equiv ) was added slowly. The
resultant mixture was stirred at 0 °C for 2 h and room temperature for 1 hour, then was added
to dilute brine solution and was extracted with ethy! acetate. The organic laver was dried over
magnesinm sulfate, filtered, and the solvent was removed 1 vacuo. Purified by ISCO(0-100
% EtOAc/heptane) to vield 2-(benzvloxy)-3,5-dibromopyrnidine n 535 % yield. LCMS (m/2)
(M-+H) =342 0/344 0, Rt = 1 20 min.

364031 Step 2: To a flame-dried two-neck flask was added 2-(benzyloxy 3,3~
dibromopyridine (1.0 equiv.} and Et;O (1.7 M). The mixture was cooled to -78 °C and buty!
Lithnem (2.6 eqoiv.) was added dropwise 10 ensure inernal {emperature not o exceed =70 °C.
After stirred at -78 °C for 30 min, a solution of oxetan-3-one (2.6 equiv.) in THF was added
dropwise to ensure internal temperature not to exceed -70 °C. The mixiure was stirred at -78
°C for I h, warmed to rt by removing the 1ce bath and kept at vt for additional 3 h. Quenched
with sat. NaHCO; and extracted with DCM. The organic phase was washed with brine, drived
over sodinm sulfale and concentrated. The residue was purified via ISCO 5105
chromatography (0-100% EtOAc/-heptanes) to yield 3-(2-(benzyloxy)-5-bromopyridin-3-
yvhoxetan-3-0l in 21% vield). LOMS (m/z) (M+H)=3358/337.8, Rt = 0.88 min.

(00464 Step 3¢ A solotion of 3-(2-(benzyloxy)-3-bromopyridim-3-yDoxetan-3-0l (1.0
euiv.), 2-(1, 1~-difluorocthy)-N-(4-methv{-3-(4,4,5 S-tctramethyi-1,3,2-dioxaborolan-2-
vhpheavhisonicotinanude (1.1 equiv.}, PdCL{dpphH)-DCM adduct (0.03 equiv.) and 2M
agueons sodium carbonate (3.0 equiv. ) in BME (0.09 M) was heated n the microwave at 130
°C for 45 min. The reaction was partitioned between cthyl acetate and water, the organic
phase was washed with brine, dried over magnesiom sulfate, filtered and concentrated. The
crude material was purified via silica gel chromatography (0-100% cthyl acetate/n-heptanes)
to give N-(3-(6-(benzyloxy-3-(3-hydroxvaxetan-3-vDpyridin-3-y}-4-methyvlphenvl)-2-(1,1-
difluoroethyvlisomcotinamide in 92% vield. LCMS (m/2) (M+H) = 3321, Rt = 1.01 min.
634851 Step 4: A solution of N-(3-(6-(benzyloxy)-3-(3-hvdroxvoxetan-3-vDpyridin-
3-y)-4-methyiphenyl)-2-(1, 1 -diftucrocthyDisonicotinamide (1.0 equiv.) in methanol (0.08 M)
was purged to a balloon of argon. To this solution was added Pd/C (0.1 equiv.) and a
hydrogen balloon was attached. The reaction was left stirring under hydrogen for 2 hours.
The reaction was degassed and purged to argon, then filtered, rinsed with cthyl acetate and
the filtrate was concentrated under vacuo to give 2-(1,1-difluorocthv])-N-(3-(6-hvdroxy-5-(3-
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hydroxyoxetan-3-yDpyridia-3-y-4-methylphenylisomcotinamide in 88%0 yield. LCMS
(m/zy (MAH) = 442 0, Rt = 0.68 mun.

[30406] Step 5: To a solution of 2-(3, 1-difluoroethy!)-N-(3-(6-hydroxy-5-(3-
hydroxyvoxetan-3-yDpyridin-3-yi}-4-methyiphenyisonicotinamide (1.0 equiv.) and lutidine
(5.0 equiv.y n pynidine (0.07 M) at 0 °C was added tnflic anhydride and the reaction was
stirred at § °C for 2 hours, then allowed to warm (o rt and stirred for 4 hours. The volatiles
were removed n vacuo and the residuc was purified via silica gel chromatography (1SCG, 0-
100% ethyl acetate/n-heptanes) to give 3-(5-(2-(1,1-difluorocthyDisonicotinamido)-2-

methy Iphenyl)-3-(3-hydroxyvoxetan-3-yDpyridin-2-vl trifluoromethanesulfonate in 48% vield.
LCMS (m/zy (M+H) = 3742, Rt = 0.97 mmn.

106467} Step 6: To a solution of 3-(5-(2-(1, 1 -diffucrocthyisonicotinamido)-2-
methylphenyl)-3-(3-hydroxyoxetan-3-vDpyridin-2 -yl trifluoromethancsufonate (1.0 cguiv.)
in DME (0.03 M) was added 1 3-dimothyl-4-(4,4,3 S+etramothyi-1,3,2-dioxaborolan-2-v1)-
1H-pyrazole (1.4 equiv.), followed by PACL{dppH)-DCM adduct (0.1 equiv.) and ZM agueous
sodinm carbonate (15 eqguiv.}. The solution was heated n the mucrowave at 120 °C for 20
rain. The organic phase was concentrated to dryness and the residue was puritied via reverse
phase HPLC. The pure product fractions were diduted with cthyl acetate, sodivm carbonate
was added and the organic phasc was washed with brine, dried over magnesium sulfate,
filtered and concentrated. The product was redissolved in acetonitrile and water (1:1) and
vophilized to give 2-(1, 1 -diflucrocthyD-N-(3-{(6-(1 3-dimethyl- 1 H-pyrazol-4-v13-3-(3-
hydroxvoxetan-3-yvhpyridin-3-v1)-4-methyipheny!isonicotinamide in 12 % yield. 'H NMR
(400 MHz, <dmso>) Olippm 2.05 (¢, J=20.0 Hz, 3H) 2.30 (s, 3H) 2.31 (5, 3H) 3.81 (s. 3H)
4.52(d, }=5.0Hz, 2H) 4.66 (d, J=5.0 Hz, 2H) 6.71 (s, 1H) 7.38(d, J=5.0 Hz, 1H) 7.67 (d,
J=2.0Ha, 1H) 7.74-7.76 (m, 2H) 795 (s, 1TH) 8.04 (d, J=5.0 Hz, 1H) 8.19 (5, 1H) 8.39 (d,
J=2.0Hz 1H) B8R (d, J=5.0 Hy, 1H) 10.68 (s, I1H). LCMS (m2) (M+H}=520.1, Rt =0.65

min.

EXAMPLE 13

2-(1 1-diflyoroethv]i-N-(3-(8-(3-hvdroxvoxetan-3-v]}-6-gxo- 1. 6-dthvdropyridin-3-vi)-4-

isonicotinamide

methviphenvl
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304081 To a solution of N-(3-(6-(benzvioxy)-3-(3-hydroxyoxetan-3-yDpyridin-3-yi}-

. s .
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4-methyiphenyl)-2-(1, I-difluorcethyisonicotinaruide (1.0 equiv.) i methanol {0.04M) was
added Pd/C (0.1 equiv.) and the reaction was stirred at 1t under a hvdrogon balloon for 2
hours. The reaction was degassed and purged to argon then filtered and nnsed with ethyl
acctate. The volatiles were removed under vacuo and the residue was purified via reverse
phase prep-HPLC to give 2-(1, 1 -difluoroethyl)-N-(3~-(5-(3-hvdroxyoxetan-3-yl}-6-oxo-1,6-~
dihvdropyridin-3-y1)-4-methylphenyl)isonicotinamide in 89% vield. 'H NMR (400 MHz,
<dmso>) & ppm 2.03 (1, J=20.0 Hz, 3H)Y 2.26 (s, 3 H) 4.52 (d, J=5.0 Hz, 2H) 3.01 (d, J=5.0
Hz, 2H) 6.15 (5, 1H) 7.29(d, J=10.0 Hz, 1H) 738 (s, 1H) 7.36 (d, J=3.0 Hz, 1H) 7.62 (d,
=30 Hz, 1H) 7.68-7.76¢ (m, 1H) 8.02-8.03 (m, 1H} 5.18 (s, 1H) 8.88 (d, J=5.0 He, 11D) 10.62
(s, 1H) 11.96 (s, 1 H). LCMS (m/2) (M+H) = 442.0, Rt = 0.66 min.

EXAMPLE 14

N=(3-{6-{2-hvdroxvethoxv)-5-G-methvioxctan-3-vDpvridazin-3-vh-4-methviphenyl)-2-

isonicotinamide

Geifluoromethvi
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[(30469] Step 1: To a solution of 3,6-dichlore-4-(3-methyloxetan-3-v1pyridazine (1.0
equiv.) i DME (0.3 M) was added 4-methyl-3-(4 4,5, 5-tetramethyl-1,3 2 -dioxaborolan-2 -
vhaniline (1.1 equiv.), followed by PdCL{dppD)-DCM adduct (0.05 equiv.) and 2M aqueous
sodiom carbonate (3.0 equiv.). The sclution was heated in the microwave at 130 °C for 30
min. The organic phase was concentrated to dryvness and the residue was purified via reverse
phase HPLC to give 3-(6-chloro-3-(3-methyvloxetan-3-yhpyndazin-3-vl)-4-methvianiline in
13% yield. LCMS (m/2) (M+H) = 2899, Rt = 0.49 mun.

[06410] Step 2: To a solution of 3-(6-chloro-3-(3-methyloxetan-3-vhpyridazin-3-y1)-
dauethylanibine (1.0 equiv.) in THF {0.03 M) was added ethane-1,2-diol (6.0 equiv.} and
sodmm hyvdride (6.0 cquiv.) and the mixture was heated to 100 “C m the microwave for 15
min. Upon cooling to rt, partitioned between water and ethyl acetate, the organic phase was
dried with sodium sulfate, filtered and concentrated. The residuc was puritied via reverse
phase prep-HPLC to give 2-((6-(5-ammo-2~methylphenyl)-4-G-methyloxetan-3-vpvridazin-
3vDoxyethanol m 51% vield. LCMS (m/2) (M+H) =316.0, Rt = 0.41 min.

60411} Step 3: To a solution of 2-{(6-{S-ammeo-2-methyiphenyl}-4-G-methyloxetan-
3-vDpyridazin-3-yhoxy yethanol (1.0 equiv.) in DMF (0.01M) was added 2-(3H-
i1,2,31razolof4.5-bipyridin-3-y1)-1,1,3 3-tetramethviisouronium hexafluorophosphaie(V)
(1.0 equiv.} and 2-(irifluoromethy! isonicotinuc acid (1.0 equiv.) and the reaction was stirred
at ri. Upon comapletion, the solution was purified via reverse phase prep-HPLC to give MN-(3-
{6-{2-hvdroxyethoxy }-5-G-methyvloxetan-3-yDHpyridazin-3-y -4 -methyiphenyiy-2-
(trifluoromethyDisonicotinamide as a white solid i 14% vield. LOMS (2 (M-+H) = 489 .0,

Ri=10.73 min.

EXAMPLE 13

N-{6~-methvi-3-(3-3-methvioxetan-3-vii-6-ox0-1.6-dihvdropvridazin-3-vhpvridin-3-v1)-3-

trifluoromethyvlbenzamide

N
SI5 o8 SUIK-P0 o
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#6412} To a solution of N-{5-(6-chloro-3-(3-methyvioxetan-3-vpyridazin-3-vi)-6-
methylpyridin-3-y-3-(influoromethylbenzamide (1.0 equiv.) and tert-butyldmethyisidanol
(4.0 equiv.) in THF (0.03 M) was added sodium hydride (4.0 cquiv.) and the reaction was
heated to 90 °C. After 2 hours, the reaction was cooled to rt and quenched by the addition of
sat. ammonimm chloride. The aqueous phase was concenirated and purified via reverse phase
prep-HPLC to give N-{(6-methyl-5-(5-(3-methyloxetan-3-v1}-6-0x0-1,6-dihvdropyridazin-3-
vhpyridin-3-y-3-(influoromethyibenzamide 1 3% yield. LOMS (m/z) (MAHH) = 445 1 Rt

= (.65 min,

EXAMPLE 15

N-{5-(6-{2-hydroxvethoxy-3-C-methvioxetan-3-vDipyridazin-3-v1}-6-methylpvridin-3-vi)-3-

{trifluoromethyvhbenzamide

(806413} To a solution of N-{(5-(6-chlore-3-3-methvioxetan-3-+vDipyvridazin-3-v1)-6~
methvlpyvridin-3-y1)-3-(trifluoromethylbenzamide (1.0 equiv.) in THF (.03 M) was added
ethanc-1,2-drol (6.0 equiv.) and sodiwm hydride (6.0 equiv.} and the mixture was heated 1o 90
°C for 4 howrs. Upon cooling fo rt, partitioned between ethyl acetate and water, the organic
phase was dried with sodiom sulfate, filtered and concentrated. The residue was purified via
reverse phase pre-HPLC to give N-(5-(6-(2-hydroxyethoxy)-3-(3-methyioxetan-3-
vhpyridazin-3-vh-6-methylpyridin-3-vD)-3-(rifluoromethybenzamide in 42% vield. LCMS
(m/z) (M+H) = 489.1, Rt = 0.66 mun,

EXAMPLE 17

3-(5-(3-hvdroxvoxetan-3-vhi-6-methoxypvridin-3-v)~4-methvi-N-(2-

{trifluoromethvDpvridin-4-vDbenzamide
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[06414] To a stirred solution of 3-(5-(3-hydroxvoxetan-3-v1)-6-methoxypyridin-3-yi}-
4-methvibenzote acid (1.0 egquiv.) e DCM (0.08 M) at 0 °C was added 1-chioro-N N, 2-
trimethy -1 -propenviamine (1.4 equiv.) and the mixture was allowed to stir at 0 °Cfor 1 h
The solution was subsequently added to a solution of 4-amino-2-(trifluoromethyDpyridine
(1.3 equiv.} and Et;N (3.0 equuv.) in BCM and the reaction was allowed to warm to RT and
stirred for 1 h. The volatiles were concentrated nnder vacuo and purified by neuiral prep
HPLC to give 3-(3-(3-hydroxyoxetan-3-y1-6-methoxypyridin-3-yi-4-methyi-N-(2-
(triflucromethyD)pyridin-4-vhbenzamide in 18% vield. 'H NMR (400 MHz, <dmso>) & ppm
233(s,3H)393¢s,3HY456-4.69(m, 2 H)4.97-5.08 (m, 2H)6.10-6.18 (1n, 1 H) 7.46 -
756, 1 HY769-778(m, 1 Hy786-796(m, 2 H)801-810{m, 1 H)811-823(m, !
HY826-832(m, 1 H)8.61-870(m, 1 H) 10.78 - 10.88 (m, I H). LCMS (m/z) (M+H) =
4601, Rt = (.84 mun.

EXAMPLE 18

N-(3-{diflyoromethvhphenvh)-3-(3-3-hvdroxvoxetan-3-vii-6-methoxyvpyvridin-3-vi-4-

methvibenrzamide

i : - L O
o N o O/\N/ o

= ot —d F
S\ _oH j/\lL O\ OH /1 H
i o

[06415] A solation of 3-(3-3-hydroxyoxetan-3 -yh-6-methoxypyvridin-3-y1)-4-
methylbenzoic acid (1.0 equiv ), 3-(difluoromethyvhamhne (1.3 equv.), N1~
({ethyliminoymethylene)-N3 N3-dimethvipropane-1,3-diamine hydrochloride (2.0 equiv.) and
1H-benzof[d}{1,2,3 trniazol-1-0] hydrate (2.0 cquiv.) in DMF (0.19 M) was stirred at 1t
overnight. Diluted with DMSO and purified via reverse-phase neutral prep-HPLC to give N-

{3-{(difluoromethy Dphenyl}-3-( 3-3-hydroxyoxetan-3-y1)-6-methoxypyridin-3-y -4~
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methylbenzamide in 24% vield. 'H NMR (400 MHz, <dmso>) 8 ppm 2.27 (5, 3 H) 3.89 (s, 3
Hyds59 (s, 2H)490-501 (m, 2H)yo09 (s, L H)6BL -7 15 (m, { 3718 -728 (m, 1 H)
738-747 (m, 2H)763-7.72{m, 1 H)779-789(m, 3 H)796-803(m, 1 H)8.09-8.18
{m, 1 H)10.25 - 1037 (m. T H). LCMS (n/z) (M+H) = 4412, Rt = 0.85 min.

EXAMPLE 18

6-(2-aminopropan-~-2-vh-N-(3-(5-(3-hvdroxyvoxetan-3-vl-6-methoxvpyridin-3-vii-4-

methviphenvl)-4-(nfluoromethvlipicolmamide

7
T
8415 To a solution of 3-(5-(3-amino-2~methylphenyl}-2-methoxypyridin-3-

vhoxetan-3-01 (1.0 equiv.) and 4-(triffuoromethy )-6-(2-(3-
(trimethyisidyDpropanamidojpropan-2-yDpicolinic acid (1.3 equiv.} in DMF was added
HOBT (2.0 equuv.) and EDC (2.0 equiv.) and the reaction was stirred at 1t for 16 h. Water
was added and the precipitate was {iltered off. The solid was dissolved in DCM, dried over
sodium sulfate and filtered. To the filtrate was added TFA and the solution was stirred until
complete deprotection. The reaction was concentrated under vacuce and purified via reverse
phase prop-HPLC, The pure fractions were concentrated to give 6-(2-ammopropan-2-yi}-N-
(3~(5-(3-hvdroxyoxetan-3-v)-6-methoxypyridin-3-yi-4-methyvipheny!)-4-
{triflucromethyDpicolinamide in 25% vield. 'H NMR (400 MHz, <dmso>) & ppm 1.55 (s, 6
Hy223 (s, 3H393(5, 3 H)4.63(d, =704 Hz, ZH)5.00(d, /=704 Hz, 2 H) 6.15 (s, 1 H)
T30-741(m, T H) 768 (5,2 H)7.77-786 (ma, T H)8.13 (d, /=235 Hz 1 H)8.17-8.24
(m, 2 H) 10,46 - 1039 (m, T H). LCMS (m/2) IM+H)Y = 3172 Rt =072 min.

06417} The compounds listed in Table 2, below, were prepared using methods similar
to those described for the preparation of the above examples using the appropriate starting

matertals:
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Example

Structure

MName

Physical Dhata

N-(5-(3-methoxy-5-
{oxetan-3-yDphenyl}-6-

TH NMMR (400 Milz, <cdei3>)
S ppm 168 (br. 5., 2 H) 2.36 - 2.69
(m, 3 H) 3.66 - 4.03 (m, 3 H) 4.26

20 @ N7 methylpyridm-3-yi)-3- {quin, J=7.34 Hz, 1 1) 4.81 (4,
P i e A =387 Hz, 2 H) 5.11 (&, /=685 Hz,
; 7 (rifluororacthyl)- 2H}6.81 (s, | D 6.855 -7.09 (m, 2
g benzamide ) 7.67 (1, J=7.83 Hz, 1 H) 7.85 (d,
J=7 83 Bz, 1H}7.97 - 8.29 (m, 4
867 (s, 1 H). LOMS (2
(M+H) = 443.2, Rt = 0.75 min
- N-(3"-methoxv-6- 11 NMR (400 Mifz, <cdci3™)
o = e} ) o s Sppm2.28 (s, 31 3.86 (5,3 1)
S :,J\ s CFs methyl-5'-(oxetan-3-y1- 100 iy =743 17, 1 1 4.69 -
21 \E = E‘j o (11 -biphenyl]-3-y1)-3~ | 4.90 (m, 2 ) 509 ¢, /=704 Hz, 2
% & . ! 678 (s, 1H) 6.94 (br. s, 2 1)
\: {triflacromethy1)- 719 - 7,(385 (m,)Z H} ?41 752 (1,
- benzamide 1H)7.55-7.78 {m, 2 H) 7.81 (d,
J=9.39 Hz, 2 H) 8.00 - $.20 (m, 2
H). LCMS Gy (MHH) = 4423,
Ri=1.0% min
Y N-{6-methyl-3-(3- 1H NMP. (400 Mz, <cdcl3>) 3
. b SN o P ppm 2.52 (s, 3 H} 4.29 (quin,
A jl;j\ Ek/‘ cF {oxetan-3- J=7.53 Hz, 1 H) 4.82 (¢, J=6.26 Hz,
22 m N \j/ T yiphenybpyridin-3-y1)}- | 2H) 512 (dd. J=8.41,6.06 Hz, 2
P L7 3-{irifluoromethy1)- H)7.20-7532 (m, 2 ) 73845, ¢
LR ? 7 H)7.42-752 (m, 2 HY 7.66 (4,
benzamide J=7.83 Hz, 1 H) 7.84 (4, /=743
Hz, 1 H) 7.96 - 8.26 (m, 4 H) 8.65
(d, J=2.35 Hz, | ). LCMS (m/2)
(MHH) = 413.2, Re = 0.71 min.
2-{2-cvanopropan-2-vil- | 1HNMR (400 MHz, <cdcl3>) 8
o\ i/% 0 g N (3 ’ i P p 6 sH ppm 174 (5,6 H) 2,40 (s, 3 H)
L 7 »NJL\ \)C, -5 -IRGUOXY -0~ 3.84 (s, 3 1) 4.24 (quin, J=7.34
23 H &N methyl-3'-(oxetan-3-yi)- | Hz, 1 H)4.74 (1, J=6.26 Hz, 2 H)
i . S 5.07 (dd, J=7.83.626 Bz, 2 H
e [1.1-biphenyi]-3- 6.86 ;brq §H) 701, ’J-—-x;z
vinsonicotinamide Hz, 2H) 705 (s, L H)7.25 - 744
(e SHY7.70 (s, 1 ED 800 (br. 5. 1
H)8.32 (4 J=7.83 Hz, 1 H) 8.67
(d,J=4.70 Hz, | H). LCMS (m/2)
(MFED) = 4422, Re = 0.87 min.
N-{6-methyl-3-(3-(3- TH NME (400 Mz, <cdci3>)
D 5 ppm 1.64 - 1.94 (m, 3 H) 2.49 (s,
. methyloxetan-3- 3H)4.53 -4.85 (m, 2 I 5.00 (&,
24 o J=548 Hz, 2 H)} 7.16-7.32 (m, 3

yvijphenyhpyndin-3-yi}-
(riflucromethybenzam
ide

HY738-752(m, F Y 7.57-7.71
(m 1HY782(d, /=743Hz | B)
8.05-8.23 (m, 3Hy 841 (s, I H}
8.64 (d,/=1.96 Hz, 1 H). LCMS
(m/zy (M) = 4275, Rt =075
in,
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T LR
(W S F Y ~
b H
A

N-{6~methyl-3-(3-

P methyloxetan-3-vi)-

1H NME (400 MHz, <cdci3>)
S ppm 177 {s, 3 HY 2,10 - 2.36 (w,
3HY451-4.77 (m, 2 H) 5.01 (4,

oF
25 U kﬁ/ [1,1-biphenyl}-3-vi)-3-  §J=548Hz, 2H)7.12-7.34 (m. 3
S (i) —ﬂr'lbw P HY7.35-7.30(m, 2 1) 7.56 - 7.76
(triflucromethvDbenzam (. 2 F) 775 - 7.90 (. 2 ) 8.06
ide (d, /=783 Hz, 1 H) $.13 (s. 1 F).
LOMS (n/7) (MHD = 4263, Ri =
1.07 min.
26 o 6-methyl-3'-(3- 1H NMR (400 Mz, <cdci3>)
- = , ‘ . Sepm 177 (5,3 1) 2.34 (5, 3 1D
e ;}'3\/.\ o, methyloxetan-3-yD-No 1y o5 sy, 21y 501 (@,
| - \E P (3- J=5.48 17, 2T 716 (5, L) 7.19
& 7 . . =730 (m, 4 1) 7.34 - 7.55 (m, 4 1D
(rifluoromethyliphenyl) | 5 75 (s(. 110) 7),79 (dd J':&\E}Z 137
-1, 1 -biphenyl]-3- Hz, L H)7.84 - 7.97 (m, 1 H).
. MS (1112 FH) = 4262 -
carboxamide %E}.g{ij{:}” 2) (M) =426.2, Rt
27 N Zu(iz_cyangpr()pan_z..y 1).. 1H NMR (400 MHz, <cdci3>)
o Y 0 - . . 8 ppm 1.62 - 1.86 (e, 9 H) 2.41 (s
v /\D\ d f%)ﬁw N-{6-methyl-3'-(3- 3 giijn;béi- ( J'—fS.-";\gEHz 2)}{‘; u(;z
P I methyloxetan-3-y1)- (d, =548 Hz, 2 ) 7.06 - 7.40 (m,
Z . TH}7.43 <761 (m, 1D 774 (s ¢
[1.F-biphenyi}-3- H37.93 (br. 5., L H) 831 (d, J=7.83
vinsonicotinamide Hz, 1 H) 8.67(d, /=470 Hz, t H).
LOMS (n/z) (M) = 4263, Rt =
(.90 min.
28 2;(2-3},'311@})1*01)3{;_2_yl)_ 1H NMR (400 MHz, <cdci3>} 3
0 y 0 P B ppm 174 (s, 6 F) 2.41 (5, 3 H)
L NN \/jﬂ N-{6-maethyl-3'-(oxatan- | (% cuin =745 Lz, | 1) 476 (1,
L LR 3-vD-[1,1-biphenvl]-3- | J=6.26 Hz, 2 T1) 5.09 (dd, /=8.22,
< Disonicotinamide 6.26 11z, 2 H) 7.08 - 7.61 (m, 2 11
YOBSCRICOURamide 770 (s, 1 H) 7.94 (be. 5. | H)8.32
(d,J=7.83 Hz, | 1) $.66 (d, J=4.69
Hz, § By LOMS (u/s) (MA1) =
4322 Rt=0.87 wmin.
29 NN 2-(2-cyanopropan-2-yi)- | 1H NMR (400 Milz <dmso>)
- : o i Lo i Sppm L75(s, 6 ) 184 (53 1)
o . . . 4o , 3 ppm 5, 6 Hy (5.3 1)
L—}\ PN N S on N-{4-methyl-3-(8-(3- 234 (s, 3 H) 4.62 (d, /=587 Hz, 2
J\ B il methyloxetan-3- H) 5.09 (d, /=6.26 Hz, 2 1) 7.18
NN Tiimidazol1.2 (s, T 739 (4. J=8.61 Fiz, 1 T
A yipmidazofl.2- 7776 (d, J=0.78 Hz, § H)7.79 -
blpyridazin-6- 7.51 (m, 3 H) 8006 (s, 1 H)830 (d,
m 1178z 153 8.79 (d, /=5.00
BN e g gy | =1 ET Hz VHY 879 (d, =508
vhphenviHsontcotinami F2 1) 10.63 (s, 1 H), LOMS
de (m/7y (MHHD = 467.1, R =0.73
min.
30 NN 2-(2-cyanopropan-2-yl)- | B NMR (400 MHz, <dmso>)
. o - ok 5 ppm 1.76 (s, 6 1D 2.24 (s, 3 1D
"\_"‘ F ’%/I;J\ P ON | N-(3-(3-(3-fluorooxetan- 3?3 (s 3 ;1;4 89405 (‘; ;H)'
il H '\: i { o) LN PR , ,-..,.‘,- :Y‘V,
o ,\N,J Hoo N 3-y}-6-methoxypyridin- | 5.11-5.20 (m, 2E) 7.35 (d, J=8.0

(V8]

yl)-4-
methylphenyljisonicotin
amide

Hz, tH), 7.64 (4, J=4 0 Hz, 1H),
7.74 (44, 3=8.0, 2.6 Hz, 1H) 7.85-
7.88 {m, 2F) 8.01 (s, 1H) 8.26-8.27
(m, 1H) $.80-8.81 (m, 1H) 10,38
(s, FHD). LCMS (m/z)y (M+) =
461.2, Rt=0.93 min.
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31 2-(2-cyanopropan-2-vi)- "H NMR (400 MHz, <cd3od>)
ST s - s e 5 ppm 1.38 (¢, /=704 Hz, 3 H)
N-(3-(6-othoxy-5-(3- 1.81 (5, 611 2.26 (s, 3F) 4.41 (g,
{(fluoromethylloxetan-3- | J=7.04 Hz, 20} 4.72 - 4.84 (m. 4
Dpyridin-3-y1)-4 ) 5.01 (dd, J=6.46, 2.93 Hz, 2 1)
YUPYTHHD- Sy L 732 (d,J=8.22 Hz, 1 F) 7.44 (&,
methylphenyDisonicotin | J=1.96Hz, L H) 7.59 (d, J=1.96
atmide Hz, | 73 7.65 (dd, J=8.22, 2.35 Hz,
S 1 H} 7 81 (dd. /=509, 1.17 Hz, 1
T1) 8.02 - 8.10 (m, 2 H} 8.75 (d,
=509z, 1 H). LOMS (n/2)
(MHED) = 4891, Rt = 103 min,
37 N-{6'-ethoxy-3-(3- H NMR (400 MHz, <cd30d>) 3
S ppm 140 (t, 7=7.04 Hz, 3 H} 1.67 -
{fluoromethyloxetan-3- | Ty (e, 6 19) 2,68 (5, 3 1) 447
yh-2-methyi-{3,3'- (d,J=7.04 Hz, 2 11 4.75 - 4.81 (m,
s i 3 H}4.92 (s, 1 H) 5.02 {dd, /=665,
bipyridin-3-y1)-2-(2 313 He, 2 1) 7.60 (d,./=2.35 Hz, 1
fluoropropan-2- H)7.83 (dd, J=5.09, 1.57 Hz, | I
T 8.14 (s, 1 FD) 823 (d,/=235 Hz, 1
yhjisonicotinamide ¥ 8.45 (/=235 Hz, 1 F) 876
(d, J=5.00 Hz, } H)} 9.34 (d, J=2.35
He, L H). LOMS (/) (M) =
483.2, Rt = 0.76 min.
33 2-(2-cyanopropan-2-y1}- | "B NMR (400 MHz, <dmso>)
O\ oH i Noi (8 ppm 170 (s, 8 H} 1.89-2.01 {m, 2
L, N/i /%/KN N-(3-(5-(3 H)2.18 (5,3 H) 3.41-3.56 (m, 2
iy Hol hydroxyoxetan-3-y1}-6- | H)3.71 -3.86 (m, 2 H) 4.53 - 4.66
o7 N ((toteahvdro-2Hepyran. | 0% 2HY4.98-5.05 (n 21 5.23 -
Oy ro-2n-pyra 535 (L H) 6.10 -6.19 (m, 1 H)
‘ J dyBioxyjpyridin-3-91)- | 719731 (m, LH) 7.55 - 7.66 (m,
o 4. 3H)775-7.83 (m, 15 7.89 -
1797, 1) 800 -8.08 (m, 1 H)
raethylphenyhisonicotin | 8.70-8.77 (m, 1 H) 10.42 - 16.52
e {m, 1 H). LOMS (m/z) (MHH) =
anide 5293, Bt =0.84 min.
34 N 2-{2-Cy aﬁ@pr@paﬁ..z..y 1).. 3 NMR {400 MHz, <dmso>} o
e Z Is) PR o ppm 170 (s, 8 HY 1.96-2.03 (mm, 2
A ‘i‘“\ \)\ A /kn N-(5"-(3-hydroxyoxetan- | 15 35 (s,3H)3.43-3.57 (m, 2
P i \]f ! N 3yy-2-methyl-6'- H)3.72 - 3.89 (m, 2 Hy 4.5 -4.64
o7 N ~Z . . ; . (e, 2HY4.97-50%(m, 2 H)5.24 -
{{tetrahydro-2H-pyran- | 547 fm, 1 H)6.08-6.21 (m, 1H)
[ 4-yDoxy)-{3,3"- 7.65-7.73 (m, 1 H}7.78 - 7.85 (wm,
~, T Q A ~
o e 1 1) 7.90 - 8.02 (m, 2 F) 8.07 -
bipyridin}-3- 815 (m, 1 H) 869 - 8.80 (. 2 H)
yhisonicotinamide 10.63 - 10.75 (m, 1 H). LOMS
(sn/z) (MFH) = 5303, Rt = 0.60
wHn.
33 N-(3-(5-(3- TH NMR (400 MHz, <dmso>) 5

hydroxyoxetan-3-yi-6-
{({tetrahydro-2 H-pyran-
-y hoxy)pyridin-3-vi)-
4-methyiphenyi-2-
{(rifluoromethyisonicot
inamide

ppue .54 -3.76 (m, 2 1) 1.89 -
1.99 (m, 2 Hy 2,18 (5, 3 H)Y3 .44 -
358 (m, 2 H)3.73-3.86 (m, 2 H)
4.52 -4.65 (m, 2Hy4.95-5.08 (m,
2H} 520 -536 (m, 1 H)6.07 -
6.06 (m, THY7.19-735(m, 1 H)
7.56-7.71 (m, 3H) 8.00 - 8.08 {(m,
1H)8.08 -8.16 (r, 1 H)Y 825~
8§32 (m, 1 HY 887 -897 (m, 1 H)
10.55 - 10.66 (m, 1 fI). LCMS
(m/zy (M+H) = 5303, Ri=0.88
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N,

NG
hydroxvethoxy)-5'-(3-

hydroxvoxetan-3-vi)-2-
~bipyndin}-

~ ot
b

methyl-{3.3
Sy13-3-
(trifluoromethyDbenzam
ide

TH NMR (400 MHz, <cd3od>) 3
ppr 2.52 (s, 3 H) 3.95 (dd, J=5.48,
430Hz, 2H)4.51-4.58 (m, 2 1)
4.84 (d, J=7.83 Hz, 2 H) 5.21 -
527 (m, 2 H) 774 - 7.80 (m, 2 D)
7.94 (d, J=7.82 Hz, § ) & 16 (d,
J=2.35Hz 1H) 8.19 (4, }=2.35
Bz, § HY826(d, =785 Hz, 1 F
832 (s, 1 FD 8.85 (@&, J=235Hz |
). LOMS (r/z) (MHH) = 4900,
Rt =0.61 min

N-(5"-(3-fluorcoxetan-3-
y1-6'-(2-
hydroxyethoxy)-2-

S-v1)-3-
(trifluorornethvbenzam
ide

" NMR. (400 MHz, <cd3od>) 8
ppra 250 (s, SH} 395 -4.00 (. 2
Hy451-464(m,2Hy49-5.11
(o, 2HY 523 - 540 (i, 2 H) 7.74 -
781 (m, 1H) 784 -787 (m, 1 H)
7.94 (d, =783 Hz, L HY R 15 (d,
J=235Hz Y HYS25-829 (m, 2
H)8.32 (s, 1 Hy 886 (d, J=2.74 Hz,
1 H), LOMS (m/z) (M+H) = 492.0,
Ri=0.69 min

N-(5'-(3-fluorooxetan-3-
y1-6'-(2-
hydroxvethoxy)-2-
rethyl-f3,3"-bipyndin|-
Sv)-2-
(rifluoromethyl)isonicot
inamide

TH NMR (400 MHz, <cd3od>) 8
pem 2358 (5, 3H)Y3.96-4006(m, 2
HY4.53-463(m, 28497 -3.09
(m, 2H)3.25-540 (m, 2 H) 7.84 -
788 (m, TED 8,14 -8.19 (m, 2 FD)
827 (dd, J=2.35, 1.57 Hz, 1 H)
836 (s, 1 H)8.87 (d, }=2.35Hz, |
H)8.95(d, J=4.69 Hz, | H).
LOMS (m/zy (MHHY =493 0, Rt =
(.60 pain.

36
N\
o™\ OH ;
|/§ L ~NH
0 NP O)\i X
/!
OH Fh
F
37
N
i -~
2 R
o l\
P
F"';“,‘\
7 F
38
39

2-(1, }-difhuoroethyl}-N-
(5'-(3-fluorooxetan-3-
yh-6'-(2-
hydroxyethoxy)-2-

S-vinsonicotinamide

TH NMR {400 Milz, <cd3od>) 3
pprm 2.06 (1, J=18.78 Hz, 3 1) 2.51
{s,3 10 3.90 - 3.99 (m, 2 H} 4.52 -
4.64 (m, 2 H34.96 - 500 (m, 2 1)
524 -5.39 (m, 2 H) 7.84 - 787 (m,
1 1) 8.0} (dd, ]=5.09, .57 Hz, |
1) 8.16 (d, J=2.74 Tz, 1 1) 8.24
{dd, J=1.57, 0.78 Hz, 1 11) 8.27

d J=235, 1.57 Hz, 1 H) 8.85

=509, 0.78 Hz, 1 H) $.87 (4,

3=2.35Hz, 1 7). LCMS (m/2)
(MHED = 489 1, Ri = 0.59 min.
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40 N-{5'-(3-fluorcoxetan-3~ | H NMR (400 MHz, <cdSod>} &
N\ D62 ppre F.69 - F.81 (m, 6 H) 2.31 (5,3
o\ F T\J\ Y0 -ten HY5.90-3.9% (m, 2 1) 4.53 - 4.62
“/’v:“\/ﬁ/ N NH hydroxyethoxy)-2- (m, 2H) 4.97-5.11 (m, 2 H) 5.25 -
o od F A e 5.39 (m, 2 H} 7.52 (dd, J=5.09,
el o | x rmcﬂlyi“{j’v’ -bipynidin}- 1 ¢ Hz, L H)7.85-7.88 (m, | 5)
H N Sey1)-2-(2-fluoropropan~ | 810 -8.13 (m. 1 H) 8.16.(d,
N J=2.35 Tz, 1 H) 8.27 (dd, J=2.35,
OH - Z-ylisonicotinamide 1.57 Hz, | H) 8.72 -8.76 (m, 1 H)
8.87 (d,./=2.35 Hz, 1 1. LCMS
(/%) (M) = 4853, Rt = 0.53
1R,
41 N-(3-(5-(3-fluorooxctan- | 'H NMR (400 MHz, <cdiod>) 5
- = - ) ppm 169 - 181 (m, 6 HY2.29 (5,3
'J‘:\ F D 3y 1)-6-(2- ) 3.92 -3.99 (m, 2 FD 4.52 - 4.58
ﬁl\/\\j NH hydroxyethoxy)pyridin- | (m 2 H)4.97-5.10 (m, 2 H) 5.24 -
e g PN $.39 (m, 2 H) 7.35(d, 1=8.22 Hz, 1
07N OJ\E\L 3-yD-d-methylphenyl)- H) 7,64 (. =196 Hz, 1 H) 768
[/! N 2-(2-fuoropropan-2- (dd, }=8.22, 2.35 Hz, 1 H) 7.76 -
et » 781 (m, 2D 8.08 (s, 1 H}R.20 (¢,
OH 7 :F yhjisonicotinamide 3=1.96 Hz, | H) 8.71 (dd, J=5.09,
0.78 Hz, | . LCMS (/)
(MIFED = 484 1, Re = 0.84 min,
47 N-(3-(3- T NMR (400 Mz, <dmso>)
AF N e 5 ppre 2.05 {1, }=20.0 Tiz, 30
Q- / i ! Q J<F (dlﬂliOr()ﬂl(:)th,‘v‘i\)oxetaﬁn 5 ?2 /q;{\ ";’." 7 (s. 3H i,; 82 )d
L NN N ’ S 2.43 (5,3H33.92 (s, 3H) 4.82 (4,
= NS 3-91)-6'-methoxy-2- J=5.0 iz, 211 4.93 (4, J=5.0 Hz,
~ & N methyl-[3 3-bipyridin] 2H) 6.46 (1, 1=55.0 Hz, 1H) 7.70
MOWEYI-fr 2 -HIPYRIRE 4 (g 1=0 0 Hz, 1) 7.84-7.85 (m,
Sy D)-2-2-tluoropropan-~ | 1H) $.04-8.05 (m, 2H) 8.26 (4,
e . 3=2.0 Hz, 1H) 8.78 (d, J=5.0 He,
Z-ylisonicotinamide IHD) 8.8 (d, 7=2.0, 1T} 10.80 (s,
1H). LOMS () (MATE) = 487.0,
Re= (.70 min
43 o 2-{Z-cyanopropan-2-y1)- | HNMR (400 MHz, CDCI3)
o L. " O Py S ppm .96 (s, 1H) 8.80 (4, I=8.0
% T*\/\J\v B! \\){N N-(3-(3-(3- Hz, 1H) 8.16 (m, 1H) 7.97 (s, 1H)
P oo formyloxetan-3-y1)-6- 7.86 (s, 1H) 7.68 (dd, }=4.0, 2.0,
o & cthoxypyridin3-yi)-4 16) 7.58 (dd, J=8.0, 4.0, 1H) 7.53-
‘ TRGRONYPY OIS Y% 4 5 54 (n, 1H) 7.33-7.35 (m, 2H)
methviphenylisonicotin | 5.11(d, J=8.0 Hz, 1H) 5.03 (d.
amide 1=8.0 Tz, 171} 3.97 (3, 3H) 2.30 (s,
: 319} 1.82 (s, 6HD). LOMS (m/2)
(VLD = 471.0, Re = 0.87 min.
44 N-{5'-(3-fluorooxetan-3- "HNMR (400 MHz, <dmso>) 5

N
o . \fxl o
F i o
g ! Ry \N/U\ﬁ’/\\ A
Hood
o7 N ~F
IOH

yh-1-(3-
hyvdroxypropyl)-2-
methyl-6'-ox0-1",6'-
dihydro-~{3.3"-bipyridin}-
S91)-3-
(trifluoromethvDbenzam

ide

ppm £.85 (quin, J=6.55 Hz, 2 H)
248 (5, 3H)341-349 (m, 2 1)
405 =704 Hz, 2458 -4.63
(i, 1 HY4.78 - 4.89 (an, 2 H) 5.03 -
53 (m, 2 H) 778 - 7.80 (m, 1 H)
781-785(m, 1E} 796 (s, I D)
7.98 -8.02 (m, 1 H)Y 8.03 - 8.05 (m,
THYS.29(d, J=7.82 Hz, 1 H) 8.33
(s, JH)884 (d. J=235Hz, | H}
10.67 (s, 1 H). LCMS (m/z)
(MHH) = 306.0, Rt = 0.62 min.
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43 N N-(1'-(2 3- TH NMR (400 MHz, <dmso>) 6
~ . ) pr 248 (s, 4 F) 354 - 3.44 (m, 4
[€lan F \fj i o . dih‘y”dr()xyprﬂp‘/,l)"ﬁ‘“(3" ;’Jg: 367 - L’}7'9 ( : 1D 2.76 _\z 86
‘\/,)(:‘ > & ¢ . CF‘3 B o 1 0.6L ~ 0 /4, )/
“ Ny fluorooxetan-3-y1)-2- (m, 1 H) 4.36 (dd, J=12.91, 3.13
AP AN . e Hz 1) 475 (1, =567 He, 1 )
oy N P Ao avns 1 G s ¥ (L s
o ) “%Cth?i 6-oxo-16 479 - 4.90 (m, 2 H) 500 - 5.15 (m,
]/ dihydro-[3.3"-bipyridin]- | 3 W) 7.78 - 7.86 (m, 3 H) 8.00 (d.
o $opl)-3- 3=7.83 Hz, 1 1) 8.05 (4, 7=2.35
' 2TIYm Hz, 1T 829 (d, J=7.82 Hz, 1 I}
(trifluoromethyitbenzam | 833 (s, 1 H) 883 (4, =235 Hz, 1
R H) 1668 (s, 1 H). LOMS ()
(M) = 5221, Rt = 0.39 min,
46 . N-{(5'-(3-fluorooxetan-3- iC;ﬂ S (m/z) (MHD = 492.0, Rt =
~, - ) (.62 min.
o e 4 i j LF v1)-1'-(2-hydroxyethyi)-
K N Sy Xy F ‘ - vt
| oo 2-methyl-6-ox0-17.6'
f\’”’: \\&’ - . . . -
on dihydro-{3.3"-bipyridin}-
OC 5.y1)-3-
’ (trifluoromethvDbenzam
ide
47 N-(3-(4-(3-fluorooxctan- | 'H NMR (400 MHz, <cd30d>)
316D ppm $.93 (4, J=3.00 Hz, | H) .33
Seyi)-0-te- (5,5 FH 8.3 - 8.18 (m, L ) 7.87
hydroxvethoxyjpyridin- | (d, J=2.35 1z, 1H) 7.74 (dd,
A o - 12822 235z 1H)7.32 -7.39
2-y1)-4-methylphenyl)- (m, 2 H) 7.03 (&, =117 Hae, L H)
2- S.04 - 5,18 (m, 2 H) 4.91 (. J=9.00
. TN e Hz, 21442 -4.51 (m 2 H) 3.87
( ir aﬂgsmmcthyl)asomcot 2396 (. 2 Hy, LOMS (/)
inamide VHED = 492.2, Rt = .86 min
48 N-(4-(3-fluorooxetan-3~ | 'HNMR (400 Milz, <cd3od>) 5
Ny bt ppm 8.91 (d, 1=2.35 He, 1 1) 8.74
0\“‘ F | vi-0-(2- (dt. 1=5.09, 0.98 Hz, 1 H) $.38 (d,
b lf\\( M hydroxyethoxy)-2'- J=035Hz 1 H)8.11-8.15 (m, 1
i A 1) 7.83 (dd, 7=5.09, 1.57 Hz, 1 F)
N oé\ = methyl-{2,3-bipyading- |5 43\ 1=y 171 1) 709 @,
o) 3 LN 5"y 1)-2-(2-fluoropropan- | =56 Hz, 1 H) 5.06-5.17 (m, 2
e 10 4.90 - 4.99 (m, 2 1) 4.47 - 4.52
) ,}j - 2-ylisonicotinamide (i, 2 H) 3.90 - 3.96 (m, 2 H) 265
- (s, 30 1.70 - 1.82 (m, 6 1),
LOMS (n/z) (MAHD = 4852, B =
(.63 min.
, T T R (400 MHz, < >
N R N T,
e 2N o - N K o 1l e 24448, 080)5.72(8. 3
\.\‘L\ ] e /;J\ JL\ o {fluoromethyloxetan-3- | , .~ (d, 1=6.70 Hz, 2 1) 4.7 (d
’<E\ y E\N/“ L yl)-6-methoxy-2- 37480, 2H) 4.88-4.96 (m, 7)) 7.60
Az - 2 bl 2 i i, | (4 IE40, I 7.81 (¢, J=8.0 Hz,
¢ N methyl-[3,3-bipyndin}- | {50600 G =80 1y, 1) 8.04 (4,
Svy-3- F=0.0 Hz, 1) 8.20 (d, =2.0 Hz,
e o Ve 1) 8.29 (d, J=8.0 Hz, 11} 8.33 (s,
?mﬂmmmah? Dbenzam | 40 (d, J=2.0 Hz, 1) 10.68
1de (s, HH). LOMS (m/2) (MHH) =
476.2, Rt = 0.77 min.
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50 N N-(2'-(3-fluorooxetan-3-
o~ Y y)-6'-(2-
L, AN, . B
7 \H/\/ NH hydroxy cahoxyl)-zj |
N / S \:1 methyi-[3.4'-bipyridin]-
O 2N Sy-2-(2-tfluoropropan-
. j ] 2-yDisonicotinamide
HO 0 E{;;Dtis )y 1 ~184~\m0
£, LCMS (m/z) (M HE{ = 4852,
Rt = (.66 min.
51 N-(2'-(3-fluorooxetan-3~ | 'HNMR @00 MHz, <cd3od>) &

yh-6'-(2-
hyvdroxyethoxy)-2-
methyl-{3 4-bipyridin]-
5vly-2-

(irnfluoromethyv Hsonicot
tnamide

ppm 8 95 (d, /=509 Hz, 1 H) 8.90
{,.J= SHIEHaR%(sEH)
8.14 - 8/! Om, 2H} 708 (, /=13
He, 1 6.92{d J=1.17Hz | H)
516 -530 (m, 2 H}4.94-507 (m,
2HY4.55-4.63 (m, 2 H)392 -
4.02 (m, 2 H)2.51 (s, 3 H). LCMS
(m/zy (M) = 4932, Rt = 0.66
win.

52 N-{2'-(3-fluorcoxetan-3- | HNMR (400 Mz, <cd30d>) &
~ N Tl ppm 8.89 (d, =235 Hz, 1 H)8.32
o \T\ yi-6'-(2 (s, L H)8.26 (d, }=7.82 fz, L 1)
h It NN hyvdroxyethoxy)-2- 8.17 (d, J=2.35 Hz, 1 H) 7.94 (d,
| , o i 1 3=8.22 He, 1) 7.77 (. J=7.83 He,
i\\[/ e meﬂlﬂ”{f’ﬂ -bipyriding- Yy 0t =i 37 1) 692
0 Svl)-3- (d, }=1.17 Hz, 1H)317-5531 m,
I ; ST TR e 2HY494-307 (m, 2 H)4.55 -
/[ Fpe ‘(mﬂuemmeah} {ibenzam 463 (. 2 H) 3,93 - 403 (m. 2 F)
HO g Foiide 2.30 (s, 3 H). LCMS (m/2) (MHED
= 4922, Rt =0.74 min.
53 2-(difluoromethyi)-N- "H NMR (400 MHz, <cd3od>)

(3-(2-(3-fluorooxetan-3-
yh-6-(2-

hydroxvethoxy pyridin-
4-y1)-4-
methylphenyhisonicotin
amido

Sppm 8.85(d, J=5.09Hz, | F)
8203 (s, I 1) 8.63 (dd, I=5.09, 6.78
Hz, 1 HY7.71 (dd, J=8.22, 235 Hz,
1H}767(d, J=235Hz 1 H)7.36
{d, =822 Hz { H)7.13 (1, I=1.37
H7 FHY6.68-702 (m, 2H) 5.46
~530 (m, 2 H)y4.94 -5.05 (m, 2 H)
453 -4.63 (m, 2 H) 3.97 (dd,
J=548,430H2 2 H)2.29¢(. 3

HY. LCMS (/) (MHHY = 474 2,
Ri =0 88 min,




WO 2016/038582

PCT/IB2015/056989

HO™

2-(1, }-difluoroethy]}-N-
(3-{2-(3-flucrooxetan-3-
Y1362~
hyvdroxyethoxy)pyridin-
4-y13-4-
methylphenyljisonicotin
amide

fm/_, {\/I H) = ’882 Ri=0.93
hin.

A
4

Z-{di{luoromethyi}-N-
(3-(2-(3-
{(flworomethyloxetan-3-
yi)-6-(2-

hydroxyethoxy pyridin-
4-y1)-4-
methyiphenyDisonicotin
amido

L NME (400 Mz, <c
5;.;:3}23?'? 4, ]
8.20 (s, 1 203 @,

m@ (‘\A*ﬂ) = 4882, Rt =0.76
mm,

o
N

2-(1, ~difluoroethyl -N-
(3-(2-(3-
{flnoromethyDoxetan-3-
yh-6-(2-

hydroxvethoxy pyridin-
43 1)-ihn
rethyiphenyljisonicotin

T NMR {400 MHz, <cd3od>)
5 ppm 8.83 (dd, /=3.09, 678 Hz, 1
HY8.20(d, J=0.78 Hz, 1 H)7.97 -
8.01 (m, { H)7.71 (dd, J=8.22,
235Hz, 1 H‘ 766 (d,J=235Hz, |
H) 7.36 (d, J=8.22 Hz, 1 H) 696
(d,J=0.78 HZ> tH)Ys76 d, J=1.17
Hz, | Hy 330 {dd, /=626, 3.13 Hz,
2H496 (s, P HY485 (s, I H)
443 -4.50 (m, 2 H)3.93
{dd, /=548, 4 30 Hz, 2 H) 2.36 (g,

(fluoromethyl}oxetan-3-
vip-6-(2-
hydroxyethoxy)pvridin-
4-y1)-4~methylphenyi)-
7
{(trifluoromethylyisonicot
inamide

annide 3H} 1.99-2.14 (m 3 H), LOMS
(/7 (NEHHD) = 502.2, Re = 0 81
ml“.
57 N-(G-(2-(3- T NME (400 Mz, <ed3od=) 5

ppm 893 (d, =509 Hz, | H)8.32
(s, V H)8.14 (dd, J=4.89, 1.37 Hz,
THY 771 {dd, J=841 2. 1SHz
Hy7.66(d, }=235Hz 1 H)7.3¢6
(d,}J=822Hz 1 H)6.95 (@, J=1.17
Hz, F Y676 {d. J=1.17 Hz, 1 H)
550 (dd, J=6.26,3.13 Hz, 2 H)
4.96 (s, TH)4.85(d, =509 Hz, 2
H)4.43-451 m, 2 H)3.93 (dd.
=548 430 Hz 2 H)2.30 (s, 3 H).
LOMS (m/z) (MHH)y = 506 2 Rt =
0.79 min.
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58 N-(3-(2-(3-
OQ \©\ (diftucromethyloxetan-
i Xy NH 3-}&)-6*(2-
F NN )\/ .
F Y’ OF N hydroxyethoxy)pyridin- | /1 ¢
9 \u/h 4-y1}-4-methyiphenyl)- | Hz i¥ Yy (6. =
f - 6.22 - 6.60 (w, 1 H) \4, :
HO eTF YT o 2 ) 500 - 505 fa, 2 H) 4,43
F (trifluororethyvisonicot | 451 (w, 2 H) 3.92 (dd, =548,
‘ 1 430 Hz, 21 130 (5, 3 Hy, LOMS
inamide (msy (M) = 524.2, Ri= 0.86
mm.
39 N-(3-(6-(2- "H NMR. (400 MHz, <cd3od>) 8
N o 8.93 (d, 7=5.09 He, § H) 832
s E /\:A hydroxyethony)-5-G- 17\ 1517 (4, 72235 1, 1 1)
2\5’1 2 N methoxyoxetan-3- 8.12-8.16(m, 1 H}7.64 -773 (m,
N - . 3} 7.36 (d. 1=8.22 Hz 2
o OAW shpyridin3ylyd- S s
N methylphenyl)-2- Hz, 2 H) 4.46 - 4.52 (m, 2 H} 3.87
e oAy e g | - 3.94 (0, 2} 319 (5,3 H) 2.30
OH F...IF Qﬂﬂg@mm@ihy1)150t}10m (5.3 T, LOMS froz) (M) =
F mamide 504.2, Rt=0.87 win,
60 2-(1,1-difluoroethyl)-N- | "B NMR (400 MHz, <cd3od>) 3
- ppm 8.82 (dd, J=5.09, .78 Hz, 1
(3-(6~(2- Hy8.20(s, 1 H) 8.17 (4, }=2.35 Ha,
hydroxvethoxy )-3-(3- 1 H)Y7.98 (dd, }=5.09, 137 Hz, |
H)7.64 -7.71 (m, 3 H) 7 %6 fd
methoxyoxetan-3- =8.22 Hz 1 H) 5.12 (d, =
vhpyridin-3-y1}-4- Hz, 2 H) 490 (d, J=8.22 H? > H}
ehono DY coninatin | 445452 (m, 2 HY3.87 - 3.94 (m,
me?h} Iphenyl isonicotin 2 HY3 19 (5.3 ) 2.30 (5.3 )
amide 2.05 (¢, }=18.78 Hz, 3 H). LCMS
(/) (MEFHD) = 500.2, Ri=0.85
mm.
61 2~<2~ﬂl,101"01) r()pgm..zmyi)- TH NMR (400 MHz, <cd3od>) 8
N-(6-(2- ppm 8.87 (d, 3=2.35 Hz, 1 H) 8.74
O (dt, }=5.09, 0.98 Hz, 1 H) .23 (4,
hydroxvethoxy)-3'-(3- J=235Hz, 1H) 8.17 (d, J=2.74
o o o } k
methoxyoxetan-3-y1)2- | B IR0 G 1B T8 @
methyl-[3 3 -bipyridin]- | J=2.74Hz, 11D 5.13 (4, 861
i . Fiz, 2 H)4.91 (4, J=8.22 Hz, 2 1D}
g o ennio . . , {d, ,
S-vInsonicotinamide 447455 (m. 2 H) 3,88 - 304 (.
2HY3.20 (s, 3 ) 252 (5,3 H)
168 - L.82 (m, 6 H). LOMS (w2
(M+H) =497 2, R = (.58 min.
62 Ny 2_(2_h}rdi'oxypr0pan..2- j\?{ NMR (410‘0 [\/EHZ, <dmso>)
o P 3 /. . (2 Sppm 145, 6 H) 183 (5,3 H)
A A N,k.@ﬁ/k(m yD-N-(4-methyl-3-(8-(3- | ; 33 (5.3 H) 4.61 (d,J=6.26 Hz, 2
ool A methyioxetan-3- H)5.07 (dﬂf:(;.zﬁ Hz, 2 H)7.19
PN N ) o LAl P
N\ i Vih‘.l‘ﬂida?(}{i 2_~ \b i1 HJ A0 (“1, 1 H) /.00 -
et Y “Oids 7.73 (e, 1H) 7.77 {4, =078 Hz, 1
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blpyridazin-6- W) 779783 (m, L H) 787 (.
. lJ=196Hz I H)R3 (s, L H)830
yhphenyDisonicotinanti | (g =078 1z, 1 H) 8.65 (d, /=5.09
de Hz, | T3 10.49 - 10.69 (m, 1 ).
LOMS (m/z) (MHE) = 4581, Rt
=(}.55 min.
63 N-(6"-ethoxy-2-methyl- | HNMR (400 MHz, “cd3od>) &
N ] e A ppm 140 (1, /=7.04 Hz, 3 1) 1.76
oy - l ? 3-(3-methyloxetan-3 (5,3 11 2.65 (s, 3 H) 4.46 (g,
v R \N/K/t\\? yvi)-[3,3"-bipyridin{-3- J=7.04 Hz, 2 H3 458 (4, /=6.26
L H o Ny Hz, 2 ) 5.03 (d, J=5.87 Hz, 2 H)
ST 3 yi)-2- o 7.52 (d, J=2.35 Hz, 1 H) 8.14 (d,
A cry | (tnfluoromethyinsonicot | /=2.35 Bz 1 H) 8.18 (d, /=3.91
R H71H;8’4 $.42 (m, 2 F) 8.97
manmide (d,J=470 Hz, | H) 923 (d, J=2.35
Hz, 1 H). LOMS gn/z) (MHED =
4733, Rt =0.75 min.
64 N 2-(2-cyanopropan-2-vi)- | HNMR (400 MHz, <cd3od>) 8
} s o ot . ) . ppm A (L =704 HZ, 3 HY L7
9 G N6 -ethoxy-2-methyl- | (5187 (5 6 1) 2.66 (s 3 B)
. l = E l = 3'-(3-methyloxetan-3- 4.46 (g, /=730 Hz, 2 1) 4.59 (4,
= N R A e 1 J=5.87 He, 2 H) 5.03 (4. J=5.87
@ N i yi-[3.3-bipyridin]-3- Mz 2)7.53 (2./=2.35 Hz, 1 1)
~ ,/‘< viisonicotinamide 7.87 (dd. /=5.09, 1.57 Hz, L 1)
N 8.11-8.i6 ( .2 H) 8,39 (d,
J=2.35 Hz, { H) 8.82 (d, J=5.09
Hz, | H9.25 (d, /=235 Hz, § ),
LOMS (n/z) (MHD = 4723, Ri =
0.72 min.
63 6~(2-cyanopropan-2-yl)- | H NMR (400 Milz, <od3od>) 3

.l'
<

N-(¢"-cthoxy-2-methyl-

Q
ky J/\/\ “\* 5'-(3-methyloxetan-3-
yD-[3 3 bipyridin]-5-

2~Z

ppm |40 (1, J=7.04 ¥z, 3 10 1.76
(s,311.93 (s,oH) 2.66 (s, 3H)
446 (g, J=7.04 Hz, 2 HY 4.60 (4,

N 7=5.87 Hz, 2 H) 5.03 (d, /=6.26
¢ > she0 T Hz, 2 H) 7.53 (d, J=2.35 Tz, 1 1)
-~ 2~ | vlipyridazine-4- $.14 (d, J=1.96 Hz, 1 1) $.37 (d
N et J=235 0z, LH) 8.4 (d,/~1.96
carboxamide Hz, L H) 9.23 (4, J=235 Hz,  H)
967 (d, J=1.57 Hz, 1 1). LOMS
(m/zy (VYD) = 4732, Re= 0,68
mis.
66 N-(6!-€t11OX‘},"~2'1’11€ihyi— TH NMR (400 MHz, <cd3od>) &
N Ot o ppr LA0 (6 J=7.04 Hz, 310} 1.76
o\: i//\EL ﬁ 5'-(3-methyloxetan-3- 5.3 T 2.65 (5.3 1) 4.46 (q‘
R XN Ny | VD33 bipyriding-5- J=7.04 He, 2 HY 4.39 (4. J=6.26
- Ho A 1)+ He, 2 ) 3.03 (d, J=6.26 Hz, 2 )
0" N \»” s > ) 7.52(d, J=233 Ha, 1H) 813 (&,
A Cry | (tifluoromethylpyridaz | /=235 Hz 1 FO835(d, /=233

me-d-carboxamide

jH586 (d, =196 Hz | )
)(d J=235Hz, 1 H) 992 (d,
1.96 8z, 1 H). LCMS (m/7)
N

Hz
9.
J=
(MAH)Y = 4743, Re = 0.71 min,
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67 N-(3-(6-cthoxy-3-(3~ TH NMR (400 MHz, <cd30d>) 3
o7 \Y//A | /k/ methyloxetan-3- ?Sp 1? ;ﬁjg géd(q /éﬂé)} {411; ?? e
\e N e . . A8, 2 2045 2 s
%\ N SN yDpyridin-3-y1)-4- J=7.04 He, 2 0) 4.58 (d, J=6.26
7z 2R S02 ¢ = 2 Y ()
07N S | methyipheoy])-6- TE @2 i, 1H) 758 @
~ CFs  § (irifluoromethyDpyridaz | J=2.35 Hz, 1 H) 7.63 (d, /=235
ine-d-carboxamide Uz, | 7} 7.68 (dd, J=8.41, 2.15 Uz,
: : 1H}7.99 (d, J=2.35 T, 1 858
(d, J=1.56 Hz, 1 ) 9.87 (d, J=1.57
He, 1 Hy. LOMS (n/s) (MHD =
4731, Bt = 10§ min.
68 ) 2-(1.1-diftucroethyl)-N- | 1 NMR (400 Milz, <dmso>)
ANy \ ) b ) Sppm 1.65(s, 31 2.03 {1,
C?:; i /j\ i | (Grmethyl-3-(3-(3- J=19.17 Hz, 3 13 2.43 (s, 3 1) 4.55
A gj\i i methyloxetan-3- (8, J=5.48 Hz, 2 ) 4.79 - 4.88 (m,
- ’ N VshenyDpyeidin-3- 2H} 723 -7.36 (m, 3H) 748 (s, 1
YRRy hpy Gau-2 H)7.99 -8.0% (m, 2 H) $.16 - 8.23
yinsonicotinamide {(w, 1 H)8.82-8.93 (m, t H) 16.84
(s, 1 1. LOMS Gnzy (MHHD =
4241, Rt =068 min,
()9 N 2,(2_fiu@!~Opr9pan,2_y}>_ 1H NMR (4{)“ MHz, <dmso™)
2 - - ) . & ppm 166 {d, /=3 13 Hz, 6 H)
A /O L | N-{6-methyl-5-(3-(3- 172 (5,3 H) 4.56 (4, J=5.87 Hz, 2
e J N methviloxetan-3- Hy4.83(s,2H) 7.24 -7.37 (m, 3
. N DphenyDpyridin-3- HY7.44 - 7.55 (m, 110 7.83 ¢dd,
YUy Py J=4.85, 1.37 Hz, 11 8.04 (s, 1 1)
yisonicotinamide 815 (s, L H) 8.77 (¢, J=5.09 Hz, 1
H)Y$.92 - $.98 (m, 1 H) 10.75 -
10.02 (m, } Hy. LOCMS (mz)
(M) = 420.2, Rt =0.65 min.
76 N 2-(1, 1-difluoroethyl)-N- | TH NMR (400 MHz, <dmso>)
N P i LF | {(6-methyl-3-(3-(oxetan- H?gﬂ; (:31\15 4}{1&2 (ir, /C—U;’b( ;e;
Z ‘ XW 3-yDphenyipyridin-3- 2H) 4.90 - 5.03 (m, 2 H) 7.31 -
S ; b isonicotinamide 739 (e, VH) 7.44 (s, 1 T 747 -
VAR & 7.55 (u, 2 H) 8.01 - 807 {m, 11D
8.12 - 8.24 (1. 2 1) 8.83 - 8.98 (m,
2H) 1078 - 11.04 (m, 1 1D,
LOMS (m/z) (MH = 410.1, Rt
=064 min
71 Ne{3-(3-(3- H NMR (400 MHz, <dmso>) 5
-y 7 ) PP ppm 2.25 (s, 3 H) 3.94 (s, 3H),
Q\/\(O}\mw Ay oFs hydmxy@m?a?'3"?1>f{" 467 -4.66 (m, 2H) 500 - 5.04 {m,
T T W LT | methoxypyridin3eylyd | 21734 1=0.19 e 1 1) 7.60

o7 N ~F thviphenyi-2- ~7.69 (m, 2 H) 7.72 (dd, J=8 14,

! MELTYiphenyt -~ 232 He, 1 TR 813 (4 1=2.35 Uz, |
(influorcmethyinsonicot | H) 818 - 821 (m, 1 H) 8.35-8.38
inamide (1T 8.99 (di, J=4.99, 0.71 Hz,

1H) 1068 (s, 1 H). LOMS (ns)
(M+H) = 4601, Rt =083 min.
72 2-(2-cyanopropan-2-yi}- "H NMR (400 MHz, <dmso>) 3
0"\ on \//’jl O oN N—H-(i-('@— ppm 176 (s, 0 H} 2.24 (5, 3 H)
LA s \N,iL\./\ TJ(“ CRERE 3.94 (5,3 H) 4.62 - 4.6 (m, 21D
- LT hydroxyoxetan-3-y1)-6- | 5.00 - 5.04 (m, 2 H) 7.34 (&, 1=9.19

methoxypyndin-3-vi-4-
methyiphenyDisonicotin

Hz §H)7.65 (d, }=2.25 Hz 1 1)
7.67 (4. F=2.40 He, £ 1) 7.69
(4d,J=9.29, 2.46 Hz, § 1) 7.86 (dd.
J=5.06, 1.59 He, 1 H) 7.99 -8.02
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amido (m 11D 813 (4, =240 Hz, L 1)
8.81 (dd, J=5.04, 0.88 Hz, 1 1D
10.55 (s, 1 1. LCMS ons)
(M) = 459 3, Re =0.80 min.

73 . N-(3..(5_<3_ "H NMR (400 MHz, <dmso>) 3
- G
O i e g . s - pem 149 (s, 6 HY2.24 (s, 3 H)
o SN hydroxyoxetan-3-yD-6- 1504 (s 514,58 - 4.69 (m, 210
D/ Bl \T methm;vpyridin—3-vi\;-4- 499 -5.09 (wm, 2 H) 7.32 (d, J=9.29
oSN &N methylphenyl)2-(2- Hz, | H)7.64 - 7.76 (m, 4 H) 8.13
| Clyiphony (d, J=2.40 Hz, 1 H)}8.14 - 8.17 (n,
hydroxypropan-2- 1 H) 8.69 (dd, }=5.09,0.83 Hz, |

1) 16.53 (¢, 1H). LOMS ()

yhisonicotinamide (M) = 450.3, RE=0.62 win.

74 * 2-(1. 1-difluorocthyl)-N- | H NMR (400 Mz, <dmso>)
Z o} S ppm 2.05 (&, }=20.0 11z, 3H),

n

T i o K| (3-0-G-hydroxyoxetan- | 550 3 my3.04 (s, 311 4.62 -
” ﬁ b F 3-yii-6-methoxypyridin- | 4.66 (m, 2H) 500 -5.04 (m, 2 )
=, S 3 "li 4 ; 7.33 (d, }=8.80 Tiz, L 1) 7.66 -

3yh-4- 774 (m, 3 H) $.01 - 805 Gu, 1 H)

methyiphenylnsonicotin | 8.13 (4, =240 Hz,iH 8.17 -

8.20 (m, 1 F) .86 - .89 (m, 1 ID)

10.64 (s, 1 ). LOMS (m/zy

(MHED) = 436.3, Rt =0.83 min.

—0
Z

amide

73 " N-(5-(3-hydroxyoxetan- | 'HNMR (400 MHz, <dmso>) 5
; o ; . oy ppre 2.49 (s, 3 H) 3.96 (5, 3 H)
O-;\ OH J: J\ JV/\/ 3-y1)-6"-methoxy-2- 4.63 - £.67 (m, 2 H} 5.01 - 5.04 {1,
/‘j\/\ﬂ/ oY methyi-[3 3'-bipyridin]- { 2H)7.78 (d, J=2.40 Hz, 11) 8.13
% LN (d, }=2.39 Hz, 11 8.22 (d, ]=2.40
e} N S A 4 > ) W
| "T{})" o 2,2 1) 8.39 - 841 (m, 1 H) 8.90
(trifluoromethyljisonicot | (d, }=2.45 Hz, 1 H) 9.03 (&, J=4.99
: Sy 1 H 938 (s,
cnamide H 1HY10.98 (s, 1 H). LOMS
HdiIaE 2y (MHT) = 461.2, Rt =0.59
mm.
76 . 2-(2 -ﬂuor@pr@pm-z-vn- "H NMR (400 MHz, <dmso>) §
b e g ppm 172 (d, J=20.0 Hz, 6 H) 2.51
N-{5"-(3-hydroxyoxetan- | ('3 11,396 (s, 3 1) 4.63 - 4.67
3-yD)-6"-methoxy-2- (m, 2 H) 5.0 - 5,04 (m, 2 H) 7.79
B R R ETI (d, 7=2.40 Hz, 1 H) 7.84-7.86 (m,
mea'h}y 1-3,3"-bipyndin}- 1H} 8.05 - 8.08 (m, 1 H) $.18-8.19
3-yiyisonicotinamide {m, 1]y 8.24 (¢, }=2.40Hz, § Th)
8.80 (d, J=5.04 iz, 1 H} 8.95 (d,
I=2.45Hz, 1 H) 10.92 (s, 1TD),
LOMS (n/z) (MHT) = 4534, Ri
=0.57 min.
77 2-(1, 1 -difluorocthyl)-N- | 'HNMR (400 MHz, <dmso>) &
(s

- y - . 2.06 (t, J=20.0 Hz, 3 H) 2.51 {5,
Son L 1 i Lk (3-(S-hydroxyonetan-3- | 11y5 066 3 ') 463 - 467 (. 2
ey T - e . ¢

.3
2

f\; [g”T\; F vl )-f)'-;neghm;v-z- H) 5.0 - 5.05 (w, 2 H) 7.79 (d,
PN oln =2.40 Hz, 1 H) 8.06 (d, 7=1.66

methyl-{3.3bipyridin}- |3 11655 806 m 3 ) 8.9
S-vDisonicotinamide (dd, =508 081 Hz, | 1) 894 (&
J=2.45Hz, 1 H) 16.98 (s, 1 D).
LOMS (/%) (M = 4571, Bt
=(}.57 win.
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N-(5'-(3-hydroxyoxetan~
3-y)-6"-methoxy-2-
methyl-{3,3-bipyndin}-
Sy y-d-
{(rifluoromethyDpicolina
mide

TH NMR. (400 MHz, <dmso>} 8
2.56 (5. 3 HY 3.96 (s, 3 H) 4.64 -
4.68 (m, 2 ) 5.01 - 5.05 (uw, 2 1)
7.80 (d, J=2.40 Hz, | H) £.14 (dd.
J=5.04, 1.08 Hz. 1 H) 8.24 (4,
J=2.40Hz, 1 H) 8.356-8.39 (m, 2
H)Y 9.07 (dt, 3=5.05, 6.75 Hz, 1 H)
9.2 (d, J=2.49Hz 1 ) 11.27 (s, 1
B). LOMS (ne) (M+H) = 4611,
Re=0.63 min.

N-(5'-(3-fluorooxetan-3-
y-6'-methoxy-2-
methyl-{3 3 -bipyridin}-
Sy1)-2-
{(trifluoromethylyisonicot
inamide

"H NMR (400 MHz, <dmso>) §
245-2.56(s, 3 H) 3.98 (5, 3 H)
487 -4.9% (w, 2 H) 5.10 - 5.22 (m,
2H} 831 -8.42 (m, 2 H) 7.97-7.98
{m, LD 8.06 (4, }=4.0 Hz, 11D
8.21-8.27 (m, 1H) 8.33-8.34 (m,
1H) 8.39-2.40 (m, 1H) 8.87 (d,
J=2.30 Hz, 1H) 9.01-9.03 (m, 1H)
10.92 (s, 1H). LOMS (m/z) (MHHD
= 463.1, Rt =0.69 min,

2-(2-cvanopropan-2-vi)-
N-{5'-(3-fluorcoxctan-3-
v)-6'-methoxy-2-

methyi-{3 3 -bipyridin]-
S-vDisonicotinamide

1 NMR {400 MHz, <dmso>) &
L77(s,6H)2.45(s,3H)3.98 (s, 3
H)4.86-499(m, 2 H) 5.16 -5.22
{w, 2 H} 7.88-7.20 (m, tH}7.97-
7.98 (m, 1H)8.03 - 805 (m, 2 H)
8.33-834 (m, 1H)8.82-893(m, 2
HY 10.79 (s, 1H). LCMS (%)
(M+H) = 4621, Rt =(.66 min.

N-(5'-(3-fluorcoxetan-3-
}

4 vi-0-methoxy-2-

Seyip-2-(2-
hydroxvpropan-2-
vinsonicotinamide

1 NMR {400 MHz, <dmso>) &
148 (5,6 H) 244 (5,3 H)3.98(s, 3
H) 4.88-4.96 (m, 2H} 5.12-5.21 (m,
2HY 539 (s, 1) 7.78-7.73 (o, §HD)
7.97-7.98 (m, 1H) 8.06 (4, I=4.0
Hz, 1H) 8.16-8.17 (mm, 1) 8.33-
8.32 (m, 1H) 8.69-8.71 (m, 1H}
8.88 (d, J=4.0 Hz, 1H) 10.74 (s,
1H), LOMS (m2) (M+H) = 4551,
Ri =050 min.

N-(5'-(3-fluorooxetan-3-
y1)-6'-methoxy-2-
methyl-[3,3-bipyndin}-
5-y1)-2-(2-flucropropan-
2-vInsonicotinamide

TH NMR (408 Mz, <dmso>) 3
1.71(d, J=20.0 Hz, 6 1) 2.44 (g,
GHY398(9,3H)4.87-4.97 (m, 2
HYS5.14 -322 (m, 2 H) 7.83-7.85
(m, 1H) 7.97-7.98 (m, [H) 8.04 -
8.07 (m, 2 ) 8.33-8.34 (m, 1)
8.77-8.79 (m, 1H) 8.88 (d, J=2.0
Hz, 1Hy 10.79 (s, ). LCMS
(m/zy (MHH) = 455 1, Re =0.68
min.
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N-(5'-(3-flucrooxcian-3-
v-6'-methoxy-2-
methyl-{3 .3 -bipyridin]-
Svly-4-
(trifluoromethyviipicolina
mide

H NMR (400 MHz, <dmso>) &
245 (s, 3H) 3.98 (5. 3 H) 487 -
4.9% (m, 2 H) 5.12-5.21 (m, 2H)
7.97-7.98 (m, 1H) 8.11-8.13 (m,
1H) 8.20 (m, 1H) 833 -8.37 (m, 2
H)9.03 -9.07 (m, 2 H) 11.09 (s,
U, LOMS (/) (M) = 463.0,
Rt =074 min.
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%4 N-(3-(5-(3- 1 NMR (400 MHz, <dmso>) 6
o 2.25 (5, 370 3.95 (5, 3 T 4.62 -
T« 3<CH Ij\ r\/\, o, | hydroxvoxetan-3-yD-6- | i i;n 2&3;) 01-s 35) (. 2 H)
|.. ii \i m@&h()xypyﬁdm-?)-yi)-z;lu 6.15(s, THY7.32(d, J=871 Hz 1
. N methvishenyl)-d4 H) 7.68 (4, 3=2.40 iz, 1 1) 7.82 -
| metnyipuenyi j-a- 788 (m, 2 H) 808 -8.11 (m, 1 H)
(trifluoromethyl)picolina | 8.14 (d. J=2.35 Hz, § F) 834 (dt.
mide 3=1.75,0.81 Hz, 11} 0.03 (d,
: 3=5.05,0.75 Hz, 179 10.81 (s, §
). LOMS (/) MAED = 4600,
R =091 min.
85 4..(:2..Gyangpr()pan_z_yl)_ 1}{ NMR (4—0(} T‘A}{Z, <drmso>} &
; 1,76 (5, 6 1) 2.25 (5, 3} 3.95 (s, 3
[®) £
N-(3-(3-(3- ) 4.62 - 4.67 (my, 2 H) 5.00 - 5.05
hydroxvoxetan-3-yi6- | (m 2H) 615 (s, LH}7.31(d,
A . 1=8.31 Hz, 111) 7.68 (d. J=2.40
i T oAl
methoxypy ‘dm‘ 2 ?.D 4 Ll L H) 781 - 7.88 (m, 3 D 8 14
methviphenyDpicolinam | (d. J=2.40 Hz, { H)$.26 (dd.
R 3=2.05,0.78 Hz, 1 H) $.79 (dd,
3=5.18,0.78 Hz, § I} 1670 G5, |
Hy, LOMS (m/z) (MAHH) = 43908,
Re =085 misn.
36 4-(2-cyanopropan-2-vl)- | "HNMR (400 MHz, <dmso>) &
e 177 (s, 675 2.45 (s, 3 D 3.98 (5, 3
¢ PR - L5 / > s >
N-(3'-(3-fluorcoxetan-3- ) 4.88-4.96 (m, 2 ) 5.14-5.24
vi6'-methoxy-2- (ain, 2H) 7.86 (dd, J=3.18, 2.05 Hz,
TR I g 111} 7.96 - 7.98 (m, 1 1) 8.20 (d,
m"ﬂ\‘ﬂ 3 "b’??” ndinf- |y Hz, 1 H) $.28 (dd, J=2.05,
SyDipcobnamide 0.78 Hz, L H) 8.34 (1, }=2.20 Hz, 1
) .82 (dd, J=5.18, 0.73 Hz, 1 H}
9.05 (d, 7=2.49 7, § ) 10.98 (s, |
). LOMS (m/z) (VD) = 462.1,
Rt =0.69 min.
87 - 4-(2-cyanopropan-2-yi)- "H NMR (400 MHz, <dmso>) §
o . ot im g ) pom 176 (s, 6 Hy2.25 (s, 3 H)
\.,K,,« O /v\ /k N N-(5 "(f"“ﬂuﬂm?xet&?“3” 3.57 (s, 3 H) 4.68-4.96 (m, 2F)
i N \}J yvi)-6"-methoxy-2~ 4-(2- | 5.12-521 (m 2H) 733 (d, J=8.93
oS \\ S cvanopropan-2-y1)-N-(3- Tz, 1 1 7.80 - 7.9 (m, 4 F) 8.27
i yanoprop YN U820 (m, 2 H) 8.79 (4, J=8.95 Hz,
(3~-{3-fluorooxctan-3- 1) 10,76 (s, 1H). LOMS (n2)
v)-6-methoxypyridin-3- (M+H) = 4611, Ri=1.07 min.
yi)-4-
methylphenylpicolinam
wde
88 N-(3-(3-(3-fluorcoxetan- | H NMR (400 MHz, <dmso>)

3-yl}-6~-methoxypyndn-
3-y)-4-methylphenyi)-
4
(trifluoromethyvl)picolina
mide

Sppm2.25{s, 3 H) 3 97(s,3 1)
4.88-4.96 {m, 2H) 5.12-5.21 (m,
ZH)Y 734 (d, J=8.0 Hz, EH‘ 7.83 (d,
J=220Hz 1 H)787-792 (m, 2
H) 8.08-8.10 (m, 1H) 8.27-8.28 (m,
1H), 8.34-8.35 (m, 1}{“;, 9.04 (m,
4.0 He, 1TH) 1081 (5, 1H)y LCMS
{m/zy (MH)y = 462 -J Ri=114
min.
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4-(1,1-difluorocthyl)-N-

L7 | (3-(5-(3-flucrooxetan-3-
R F

vi-6-methoxypyridin-3-
yh-4-
methylphenylpicolinam
ide

TH NMR (400 MHz, <dmso>)

5 ppm 2.05 (&, J=20.0 Hz, 3 H)
225, 3HY3.97 (5,3 H)4.87 -
4.97 (m, 2 H) 5.12-5.22 (1n, 2 i)
7.33(d, =015 Hz, 1 H)7.83 (d,
J=2.40Hz, 1 H) 7.85-7.92 (m, 3
H)$.23 (dd, 7=1.81, 6.78 Hz, 1 H}
8.28 (. }=2.20 Hz, | F} 8.89 (dd,
J=5.04,0.73 Hz, 1H) 10.74 (s,
1D, LCMS (n) (M+H) = 458.1,
Re=1.11 min.

4-(1 1 -difluorocthyl)-N-
LF (5'-(3-fluorooxctan-3-
F | y1)-6-methoxy-2-
methyl-f3,3"-bipyndin|-
S~y Dpicolinamide

T NMR {400 MHz, <dmso>)

S ppm 2.05 (¢, J=20.0Hz, 3 H)
2.44(s,3H)3.98(5,3H)4.87 -
497 (m, 2ZEDH S 11 -322 (m, 2 ED
7.89 (dd, J=5.06, 1 .83 Hz, 1 H)
797 (4, J=2.32 Hz, } H) 8.20(d,
J=2.49 Hz, | H)8.25 (dd, J=1.83,
081 Hz, [ H)834 (1. J=2.20Hz |
H18.92(dd, J=5.06,0.76 Hz, | H}
9053, I=245Hz, T HY 11.02(s, 1
HY. LCMS Gmzy (MAH)Y = 4391,
R =073 min.

4-(1,1-difluorocthyl)-N-
¢ | (3'-(3-hydroxyoxetan-3-
F i vi-6-methoxy-2-

SyDipcobnamide

T NMR (400 MHz, <dmso>)

5 ppm 2.05 (&, J=20.0 Hz, 3 H)
245 (s, 3H) 3.95(s, 3H}4.653 -
4.67 (m, 2 H) 5.01 - 5.05 (m, 2 H)
6.17 (5, 1 H)7.76 (d, 3=2 40 Hz, }
HY 789 (dd, J=5.06, 1.83 Hz, 1 H)
8.20 (dd, 1=5.09, 245 Hz, 2 H)
8.25(dd, J=1.83, 081 Hz, 1 D)
8.92 (dd, J=5.06, 0.76 Hz, 1 ED)
Q.02 (d, J=2.40 0z I H} 11.02 (s, 1
). LCMS (mz)y (M+H) =4537.1,
Re=0.61 min.

4-(1 1 -difluorocthyl)-N-
F | (3-(5-(3-hvdroxvoxetan-
3-yl}-6~-methoxypyndn-
3-y1)-dh
reethylphenylpicolinam
ide

TH NMER. (400 MHz, <dmso>)

S ppm 2.05 {, F=19.27 Hz, 3 H)
2.235 (s, 3H) 3.95 (s, 3 H) 461 -
471 (m, 2 H) 5.00 - 5,10 (m, 2 H)
6.15 (s, 1H) 7.32 (. J=8.41 Hz, |
H)7.68 (4. J=2.40 Hz, | H) 7.81 -
7.93 (m, 3 H) 8.14 (4, =235 Hz, |
Hy8.22-827 (m, | H) 8.88 -8.93
(m, 1 H) 10,73 (g, 1H). LCMS
(/) (MAH) = 436.1, R =0.93
min.
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N-(5'-(3-fluorooxetan-3-

){ v1)-6'-methoxy-2-

methyl-{3,3-bipyndin}-
Sy -4-(2-flucropropan-
2-yvpcolinamide

" NMR {400 MHz, <dmso>)

S ppm 174 {d, J=24 0 Hz, 6 H)
244 (5,3HY3.28 (s, 3 H)4.87 -
4.95 (m, 2 H) 5.12 - 5.22 (m, 2 1)
7.73(dd, =518, 1.86 Hz, 1 H)
797 (4, =235 He, | ) 8.16 (dd.
3=1.88, 0.86 Hz, 1 H) 820 (d,
3=2.49 Hz, 1 H) $.34 (1, J=2.20 Hz,
1HY8.77 (d, J=5.00 Fiz, 1 H) 9.05
{d, =245 Hz 1H) 10.94 {5, § H)
LOMS (m/z) (MHH) = 4551, R¢
=0.75 min.
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g4 N 4_(2-ﬂu0r0prgp 311_2-y}>- "H NMR {400 MHz, <dmso>)} 6
O\ _oH g 7§ ¢ | N-(5"-(3-hydroxyvoxetan- ?p“;;b/i ;‘i " iﬁgﬁlgf _}?62%45
> N N A /\\)Q o 8. 5 W) 308 5 ) ReI AT

/[ ﬂ/ N \5‘ j 3-y)-6'-methoxy-2- 522211) 3%011 (zg‘ u;l,i f ij) (r)./;
N N, ot e {dd, 725,45, 1.93 Hz, 1 ) 7.76 (&,
‘f N h mothyl-[3.3-bipyridin}- | 54 Hz 1D SA!(»(dd,)]:j,.Qg)

SyDipcobnamide 0.83 Hz, 1 H)8.19-8.23 (m, 2 H)
877 (dt. J=5.11, 0.75 Hz, 1 1) 9.03
(4, 7=2.49 Tz, 1 H) 10.96 (s, | Ty,
LOMS (m/7) (WD = 4531, Ry
=(.62 min.

a5 4_(:2..{1“01'0331'0})zm..z..yiz).. TH NMR {400 MHz, <dmso>)

o\ o \4”\;« o F L N-(3-(5-(3- Sppm 1.68 (s, 31 173 (5.3 H)
'\_)(‘,',\ e /'\N,Jk(/\ J<\ DL 2.25(s, 3 H) 2.50 (dt, ]=3.74, 1.90
:\E ! H '\xi\/j hydroxvoxetan-3-yI)-6- | Hz, 21 H)3.24 - 3.44 (m, 3 H) 332
; ’ A . (s, 14 H) 3.94 (5,3 F) 4.63 - 4.67
7o methoxypyridin-3-yi-4- (m. 2 H) 5.01 - 5.05 ()m,ZH) 6.15
methviphenyhpicolinam | (5, 1 H) 731 (d =875 Hz, 1 H)
e 7.68 (d, J=2.40 Tz, 1 H) 7.70 (dd,
3=533, 1.66 Hz, 111)7.80 - 7.87
(e, 2TT) 812 - 8.16 (m, 2 1) 8.74
(dt 7=5.12, 0.74 iz, 1 1) 10.66 (s,
LH). LOMS gy MAH) = 452.1,
Rt =0.94 min.
96 ( N-(3-(3-(3-fluorooxetan- | H NMR (400 MHz, <dwso>)
. o . 5 ppm 1.46 (s, 6 T 2.24 (5, 3 11
Ot} 3-y1)-b-methoxypyridin- 207 (6, 3 1) 4.90-4.56 (n(i, 2 H))
3-yl)-d-methylphenyl)- | 5.01-5.22(m, 2 H) 545 (s, i)
s 732 (d, J=9.10 Hz, 1 B} 7.71 (dd,
4-(2-hydroxypropan-2- 3:5.1(3 f% Hz 1 H) ’7.)82 (d,\dd‘
yhpicolinamide J=2.40Hz 1 H) 7.87 - 7.91 (m, 2
) §.25 (44, J=1.88, 0.8} Hz, 1)
8.8 (1. 3=2.20 Tz, | ) 8.65 {dd.
1=5.14, 1.86 He, 1H) 10.62 (s, 1),
LOMS /7y (M) = 4521, Ry
=093 min.
97 N N-{5-(3-hydroxvoxetan- | H NMR (400 Mz, <dniso>) &
N o . ) s 2.46 (s, 3 F1) 3.96 (s, 2 1)
Q7 _on f\]\ /‘L’\/ cp. | SYD-6-methoxy-2- iisz-qt.m( (m, 111)5.01-5.95 (m,
/Sj\/ ] NS " methyl-[3.3bipyridin]- | 1H)7.77 (d, J=2.40 Hz, 1 H) 7.82
o AN S} (t J=8.0 Hz, 1 H) 8,00 (d, J=8.0
| 3 Hz, H)Y 8.10 (d, ]=2.54 Hz, 1 H)
(irifluorcmethyithenzam | 8.21 (@, J=240 Hz, LH) 8.29 (4,
ido J=8.0 Tz 11D 833 (5, 1 1D 8.89 (4,
=245 Hz, 1 1 10.72 (s, 1 HD).
LOMS (nzy (MAED) = 460.2, Rt
=0.63 min.
- T NMR (400 MHz, < >

7 o YU S ooy A (651D 3 34 .2 1D

L O:l S U\N,ii\ NGEN (3-(5-(G-hydroxyoxetan- | 45 4co {m, 2 1) 5.00 - 5.04 (m,
1 ool 3-y)-o-methoxypyridin- | 2ZH)6.16 (s, L H) 708 @ F=36.0,
oy 2N 3l)d 1H) 7.33 (4, 7=9.10 Hz, 1 1) 7.66 -

! 3yh-4- 7.75 (m, 3 H) 8.06 (dt, J=5.07, 0.86

methylphenyDisonicotin | Hz, 1 13813 (d, =240 Tz, 1 H))
iy 8.56 - 8.19 (m, 1 F1) 8.90 (dd,
anide F=5.04, 0,725 He 1 H) 10.65 (s, |
). LOMS (n/z) (MAID = 4421,
Re =077 min.




WO 2016/038582

PCT/IB2015/056989

g9 2-(2-fluoropropan-2-y1)- | H NMR (400 MHz, <dmso>)
= Q T i e o Sppw 1.68 (d J=200H=z, 6 H
O\:\ O:j, Ny ‘ , . J{ N-{3-(3-(3- _rzjli (5.3 13,94 (s, 3 1) 4.,61)-
r\g N N hydroxyoxetan-3-v1)-6- | 4.70 (m, 2 H) 4.98 - 5.08 (m, 2 H)
oy o methosvovridin.dh) 6.15(s, 1 H)7.32 (4, =9.15 6z, 1
| MOOXYPYTIBB-2-YE% 1 1y 5 65776 (m, 3 H) 7.82 (dd,
methylphenyhisonicotin | 7=5.06, 1.69 Hz, 1H) 8.00 -8.05
amide (m 1813 (4, F=235Hz, 1 1)
HRe .75 (dt, J=5.04, 0.98 Hz, 1 1)
10.36 (s, 1 FD). LOMS (n/s)
(MHED) = 452.1, Re =0.80 misn.
100 2-(1-cyanocyclopropyl)- | 'HNMR (400 MHz, <dmso>) 8
cN . ppm 177 (d, 7=3.52 Hz, 2 1) 1.88
S N-(3-(3-(3- (d, J=347 He, 2H) 2.24 (5, 3 ID)
L ) hydroxvoxetan-3-y1-6- | 3.94 (s, 3 1) £.62 - 4.66 (m, 2 H)}
! ‘ o SO2 (4, 3=7.63 12, 2F3 733 (d
£ P - oohad. ] > J (U
methoxypys ‘dfn 7 ?n 4 3=8.0 Hz, 1) 7.65-7.71 (m, 3 1)
methviphenylisonicotin | 7.79 (dd, J=4.0, 1.6 Hz, 1H) 7.92-
o 7.9% (m, L) $.14 (d, J=4.0 Hz,
amide 1H) 876 (dd, J=4.0, 1.6 Hyz, TH)
10.58 (s, 13, LOMS ()
(VIHED) = 4571, Bt =0.76 min.
101 3_(2- anﬁn@pr@p an-2 ..y]).. 1H NMR (’4/()’4\} MHz, <dmso>)
O\: oH =3 E 3 ) N-—(3~(5~(3-— 2 gpm Zuo (; (\.\\H) 2:4 (s, 3 H?
o S N’R\f\ CFy N ) 3.94 (5,3 H)»4.62 - 4.67 (m, 2 H)
i Hoof hydroxyoxetan-3-y1)-6- | 5.02 (4 =743 He, 2H) 6.16 {5,
o # s ~ 1) 7.32 (4, 7=8.0, 111} 7.63 - 7.75
o s - e Vode LWL, > ;
a mothoxypyridin-3-yi) (m, 3 H)Y$.10 - §.16 (im, 3 H) 8.34 -
Ny methylphenyi)-3- 838 (m, 1 H) 10.43\(s,i11§);'
(trifluoromethyvltbenzam :,‘)%;1;&2"/) (M) =516 3, Re =
1de
1(}2 N 3_<2_aminopr0pan _2..}/1).. 1H NMR (409 T‘AHZ, <(i11150>k)
o PN a N . Sppm 146 (s,6H)Y2.45(s, 3 H)
o\‘:\/ £ ﬂ\ 7 el N-{5'-(3-fluorooxetan-3~ | ; g5 (5.3 1) 4.87 - 497 (m, 2 )
\V/ i ! ~ yi)—6'5{3}(—;{}10)(}7"2_ 5.8 -5.22 (m, 2 H) 7.98 (¢, }=2.32
A e e Hz, L D805 (d, =245z 1 1)
¢ methyl-[3,3-bipyndind- |45y 85 . 1) 5.5 - .48 (m,
Syi)-5- 1 H) 8.34-8.35 (m, 13 8.39 (s, |
L TR ) 8.80 (& J=2.45Hz, 1 ) 10.63
.(trlﬂucymmcthy Dbenzam (5.1 H). LCMS (s} (MAH) =
ide 519.3, Rt = 0.59 min,
103 . 2-(1,1-difluoroethyl3-N- | ' NMR (400 MHz, <drso>)
- AN o ) 5 Sppm 2.05 (t, J=20.0 Hz, 3H)
g S LF #3“(3“()' 223 (5, 3H) 3.91 (5, 3H} 4.68 (d,
I’)j’ N TP (fluoromethyoxetan-3- | J=6.70 Hz, 2 H) 478 (d, }=48.0,
& LN Tl it | 2 487-4.89 (m, 2H} 733 (4,
¢ N vi)-6-methoxypyndin-3- | g 0 1757 g, 520 Fiz,
yi)-d- 1H) 7.64 (d, J=2.0 Hz, 1D 7.74
. s e | (dd, T=8.0, 2.0 Tiz, 1T1) 8.02 (4,
mf,ﬁfhyiphcnyi Jigonicotin J=4.0 Hz, L) 8,13 (d, J2.0 Hr,
amide 16) .18 (s, 1) $.88 (4, J=4.0
Hz, 1) 1064 (s, 1. LOMS (m/)
MAED = 472.2, Be = 0.96 min




WO 2016/038582

PCT/IB2015/056989

104 . N-(3-(5-(3- T NMR (400 MHzZ, <dmso>)
~ - , 5 ppm 171 (d, J=20.0 Hz, 6H
Oﬂ) /\ bt i r | (Huoromethyhoxetan-3- 252“: 2}/{‘, ‘3‘ 50 (; 3H) 1’6}2 ()d
- SN I e | 1670 2 1 A8 (4 =180
f"; D vi-6-methoxypyridin-3- | J=6.70 Hz, 2 1) 4.78 (d, J=48.0,
PN LN P, TH) 4.87-4.89 (m, 21) 7.32 (d,
¢ N yh-4-methylphenyl-2- | g o' 11 7.52 0, 1=2.0 H,
(2-fluoropropan-2- 1H) 7.64 (4, J=2.0 Hz, i} 7.74
Y et e (dd, 7=8.0, 2.0 Tz, 11D 7.82 (dd,
vl)isonicotinamide F=40, 2.0 Hz, 1H) 8.02 (5, 1H)
8.13 (d, 7=2.0 Hz, 11D 8.76 (4,
J=4.0 He, 111} 10.56 (s, 1T},
LOMS (m/z) (M) = 468.3, Rt =
(.95 min.
105 . Ne{3(5-{3~ "H NMR (400 MHz, <dmso>)
: s : L ., | ®ppm 2.24(s 3M)3.91(s. 31
O\;\g “9 * ¢ | (flnoromethyloxetan-3- |, 70 3:6,7(5’1—& .%H) 4(:‘€f :
# ; e ;\j/\ﬁ/\; Fi yD-6-methoxypyridin-3- | J=48.0Hz, 2H) 4.88 (dd, J=6.82,
xS N ) e Ny 315 He, 2 ) 7.34 (&, }=9.05 Hz, |
CEJ N 5,i).—4-mothyiphen.yl@— H) 7,51 (. =245 Haz, 1 H) 7,64
(trifluoromethviisonicot | (d, =225 Hz, 1 ) 7.74 (dd, J=8.0,
( . 2.0 Tz, S 8.43 (4, I=2.35 Fiz, |
namide H) 8.20 (d, J=4.0 Hz, 1H) 835 -
238 (m, 1 H}8.99 (4, J=4.99 Hz, 1
H) 10.69 (s, 1 H). LOMS (m/2)
(MHH) = 476.2, Rt = 0.9% min.
106 2-(2-cyanopropan-2-yl)- | H NMR (400 MHz, <dmso>)
o . NT gy s Sppm 1.75(s, 6 H32.21(s,3 D)
PN ,<3P N-(3-(5-(3~ 3.89 (s, 3 H) 4.65 (d, J=6.75 11z, 2
N (fluoromethyv]oxetan-3- | H) 476 (d, J=48.0 Hz, 1 H) 4.86
§ N . 4o | fdd 668,315 Hr, 2 1) 7.32 (4,
AVt e . e Y > . >
vi)-b-methoxypyndin-3- | g 6 "7 49 @, =235
wi)d- Hz, § HY7.60(d, }=2.45 Hz, 1 E)
R Nt e 771 (dd, J=8.6, 2.0 Hz, 1H) 7.84
mf,ﬁfhyiphcnyi Jigonicotin (dd, 7=8.0. 2.0 Hz, 1H) 7.97 - 8.00
amide (m, 1) 8.11 (4, =230 Hz, | 1)
8.79 (dd, J=3.04, 0.88 Hz, 1 H)
10.54 (s, 1), LOMS (m/zy (MHTD)
= 4753, Rt = 0.94 win.
107 N 3-(2-aminopropan-2-yl)- | B NMR (400 MHz, <dmso>)
. 4 o PR " | 5 ppm 1.63 (s, 611, 2.24 (s, 31D
o e p . ppm 1.63 (s, 6H), 2.24 (s, 3H)
\::\yi/;/ oy N-(3-(5-(3-fluorcoxetan- | 3 o7 ¢ 31y 4 85496 (o, 25
/\\ i H 3-yD)-6-methoxypyridin- | 5.11-3.20 (m, 2H) 735 (4, I=8.0
o Xy o N Hz 1H) 7.66 (4, 7=4.0 Hz, §11) 7.7%
3-yl-d-methylphenyD |40 280 4 0 1k, 111 788
3- =401z, 110 8.11 (s, 11D} 8.27-
" e T 8.28 (m, 2(1) 8.43 (s, 1HD) 10.53 (s,
((mﬂu()mmc&h}l)bcnmm 1), LEMS (m/5) (VH) = 5181,
de Ri=0.82 min
108 ) 3*(2“31’1ﬁ1’10§')f0}3&ﬁ*2 ..y])_ "H NMR {400 MHz, <dmso>)
— F ZF o N-£3-(5 (,% Sppm 1.61 (s, 613 2.23 (s, 3H)
““iuj<*' ~ | oF TR 3.61 (s, 311 4.67 (d, F=8.0 Hz 28
7 | qr’\/j/ P (Muoromethyloxetan-3- | 4.78 (d, J=48.0 Hz, 2H) 4.88-4.9¢
Ay P o i di | (1, ZH) 7.33 (d, J=8.6 Hz, 1H)
¢ N ]\ yi)-6-methoxypy mdan—.,- 752 (d. 4.0 Hz, 1H) 7.64 (d, 4.0
> yD-d-methylphenyi}-3- | Hz, 1H) 7.74-7.77 (m, 11 8.11 (s,
2 e b Ve T 814 (4, T=4.0 Fiz, 111} 8.25 (s,
?mﬂmmm“thf” Dbenzanm | g 4 (s 1y 10,52 (s, 110
ide LOMS (m/z) (M) = 332.1, Rt =
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(.32 min.
109 . N 3-(2-aminopropan-2-yl)- ]H NMR (400 MHz, <dmso>)
o S~ E O Ne(5'-(3- ?pgm i. /4\- {s, g}{; 2Y32 (s,%H) -
PPN i oF (S 3.92 (s, 311 4.67 (d, F=8.0 1iz, 20)
E/T NS (fluoromethyDoxetan-3- | 4.80 (. J=48.0 He, 2H) 4.89-4.91
i ¢ i o b (m FED T 65 (4 1=7 0 Hy 1E
oSN 7 vi)-6"-methoxy-2- gr;(j(f : 1%(;38(5!%}(&“? e ;f? 1H)
’ . methyl-[3.3bipyridin}- | 830 (s, 1H) 838 (5, ) 861 (s,
N 5ey1)-5- 1H) 8.80 (5, 250) 5.06 (m, 111
ki 1113 (s, 1HD). LOMS (n/z) MHID
(trifluoromethyvilbenzam | =533.1, Rt=0.5% min.
wde
110 s 2-(2-fluoropropan-2-y1)- | H NMR (400 MHz, <dmso>)
AN o R B .. 5ppm 1055 (s, 1H) 876 (d,
i PP NG N ,\i,li\ /\\\K{ N-{4-methyl-3-(1- J:%?(I:-!,i L) 8.0(3'(5, 1)11)/7,82 (dd.
Hool M methyi-5-(oxetan-3-y1}- | J=8.0,2.0, I 7.69-7.71 (m, 2H)
o7 Nz box0-1.6 7.66 (4. 5=2.0, 1) 7.46-7 47 (m,
| -ORO-1.4- 1H) 7.30 (4, J=8.0, 131) 4.83 (dd,
dibydropyridin-3- J=30.0, 8.0, 1T 4.65 (dd, I=10.0,
et e .| 8.0, 1) 4.27 (quintet, 3=8.0, 11
yhphenyviisonicotinami 3,50 s, 3H)/2,2E8 (5. 3 171 ¢ d,)
de 1=24.0, 61). LCMS (m/z) (MHT)
=436.1, Rt=0.75 min.
111 ~ N-(3-(3-{3-cyanooxctan- | HNMR (400 MHz, <dmso>)

0\ en o] - o ) e S ppm 10.38 (s, 1H) 10.76 (d,
LA i\; g NJL /ﬁ/gg 3-yl)-6-methoxypyridin- | 1 1) 8.24 (d, J=2.0, 11f) 8.03
J; | H \H N 3-yii-4-methylphenyl)- {5, 1H) 7.89 (d, J=2.0, 111) 7.82

o7 N N 2-(2-fluoropropan-2- (dd. J=4.0, 2.0, 151) 7.75 (dd,
' £-HUOTOpropa J=8.0,2.0, tH} 7.68 (d, 1=2.0. IH)
vinsonicotinamide 7.34 (4, I=8.0, 1H) 5.05-5.09 (m,
457) 3.99 (s, 3FD) 225 (s, 3FD) 171
(d, 7=24.0, 6T). LCMS (m/2)
(VLD = 4615, Re = 0.93 min
112 3*(2“31’1ﬁ1’10§')f0}3&ﬁ*2 ..y]).. T NMR {400 MHz, <dmso>)
SEN o T s~ = g 5 ppm 10043 (s, 1H) 8.36 (s, 1H)
T - g /:\ N /F<F N-(3-(5-(3~ 8.18 (d, J=4.0 Hz, 1H) 8.13 (s, 1H)
2 j/ N i = OUF L (difluoromethyoxetan- | 8.11 (s, 1) 7.75 (dd, J=8.0, 4.0,
%, L A - ¥ 7.63 (4, 7=2.0 Hz, 1) 7.50 (
¢ N \/ 3eyl)-6-methoxypyridin- |, ;H{)dj% (d 15502;1»2»4(1%
o 3-yD-d-methylphenyl)- | (4 7=56.0, 1H) 4.92 (4, J=8.0, 20)
2 5. 4.83 (d, J=%.0, 110) 3.91 (s, 31D
- \ 2.23 (s, 3T 1.46 (s, 6H). LCMS
(trifluoromethyDbenzam | onsy (M) = 5501, Re=0.84
ide 1R,
113 ¢ N 3“(2"2!1’1’1]11’10}51'()9&{1“2 ..yl).. H NMR {400 MHz, <dmso>)
~ o 5 ppm 10.64 (s, 171) 8.88 (d,
O\yﬁ /\\ 1 L NA(5-3- jfc-, 1 8.3(9'(5, E)H) 8.26 (d,
\f\j NTYRYTUR | (difluoromethyDoxetan- | J=2.0, 1H) B.18 (s, TH) 814 s,
; i 2 p S.02 { =4 Y7 70¢(
(E)’ Sy \V 3-y1)-6'-methoxy-2- }fi)gi}ﬁdsifffg‘) a gy{‘d{m
i i . i AT 3 AR o0 N 8 »
PN methyl-{3 3 -bipvridin]- | 4.93 (4, I=8.0Hz, 2H) 4.83 (4,
NHz Sy l)-5- J=8.0 Fiz, 271y 3.92 (s, 313 2.43 (s,
ki 3T1) 148 (s, 6H). LOMS (m/n)
(trifluoromethyvilbenzam | MiH) = 551.1, Rt = 0.62 min.
wde
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114 3*(2“31’1ﬁ1’10§')f0}3&ﬁ*2 ..y])_ THNMR {400 MHz, <dmso>

N-{53'-(3-cvanooxetan-3-
yi-6-methoxy-2-

5 ppm 10.66 (5, 1H) 8.88 (d, J=4.0
Hz, HI 839 (s, IHY 832 (d, J=4.0
1HY 821 (5, 1H) 8.14 (5, 1H) 8.06

{d, J=4.0Hz, 1) 7.98 (4, }=4.0

SN o A0 2 wirsrridin b
;o i mcﬂ‘yi [3.30bipyndind- ") 5 06-5.00 (m, 45 4.00 G5,
iy Seyly-3- 3H) 2.46 (s, 3H) 1.50 (s, 6HD.
2 o A LCMS (m/s) (MAHID = 526.1, Rt =
(triflyoromethyllbenzam LOCMS (n/z) (M) = 3261, R
) R (.58 mun.
1de
115 . N-(3-(3-cyanooxctan-3- | H NMR (400 MHz <dmso>)
AN o E : ' . 5 ppm 10.92 (5, 1H) .02 (d, J=4.0,
O\j{‘:‘iﬁ o i | yD-0"-methoxy-2- 1) 8.86 (d, 3=4.0, 1H]) 8.39 (5,
l/j NN F | methyl-[3,3"bipyridin]- | 1D 832 (. J=20, 113822 (d,
S, LN n =40, 1 808 (d, J=4.0, 111 7.98
o} N S A y])_ .
P B o (d, J=4.0, 1) 5.06-3.09 (m, 45D
(trifluoromethyl)isonicot | 4.00 (s, 31 2.46 (s, 3. LCMS
N (/=) (M) = 470.0, Rt = 0.66
1nanude :
Wi,
116 N N-(5-(3-cyanooxctan-3- 1H NMR (400 MHz, <dmso>)
. oy o £ . Vo L 5 ppm 10,87 (5, 1H) 891 (d, J=8.0
‘(;\<CN b . | v1)-6-methoxy-2- Hz, 1H) R 88 (d J=4.0 Hz, 1) 8.32
f\ NTNYNYTUF | methyl-{33bipyridin- | (4,220 Ha, 1) 821822 (m,
@, gAY p 1) $.08 (4, J=4.0 Hz, 1) 8.05
? N Syh)-2-(1, 8- (dd, 7=8.0. 2.0, 1H) 7.98 (d, J=4.0,
difluorcethyljisonicoting | 1) 5.06-5.09 (m, 470 4.00 (5, 3H)
mide 2.46 (s, 3H) 2.06 (1, J=20.0 Hz,
‘ 3H). LOMS () (M) = 466.0,
Rt = 0.64 min.
117 " N-{5'-(3-cyanooxetan-3~ | H NMR (400 MHz, <dimso>)
s~ o - PR & ppm 10.87 (s, 111) 8.92 (4, J=8.0
{7\ 0N o A A ~d y)-6"-methoxy-2- Hz, 1D 8.88 (d, J=4.0 Hz, 11)
Z ] N | YT UF | methyl-f3,3 -bipyridin]- | 832 (d, }=2.0 Hz, 111) .20 (m,
. N < 160} 8.08 (3, J=4.0 He, 11 805
¢ N 3-y-2-(1,1- (4 I=8.0 1z, 2.0, 1) 7.98 (&
diffuoropropylisonicoti | I=4.0 He, 1) 5.06-3.08 (m, 4H)
. 2.86 (s, 31 2.46 (s, 310) 2.33-2.39
namide (o, 2H) 0.95 (¢, 1=8.0 Hz, 3H)
LOMS (r/z) (VEHHD = 480.0, Rt =
(.70 min.
1138 N-(S'-(3 *h}"dI"OX}’OXCEEH’l“ TH NMR (400 MHz, <dmso>) &

3-yD)-2-methyi-6'-
{(tetrabivdro-2H-pyran-
4-yhoxy)-{3,3"
bipyndin}-5-y1)-3-
(trifluorornethvbenzam
ide

ppra §.54 - F.74(m, 2 1) 1.95
{ddd, J=9.5%,6.65,3.33 Hz, 2 H)
241 (s, 3Hy3.51 (4d, J=7.53,3.72
Hz, 2H) 379 (ddd, /=11.35,7.04
352Hz 2H 459, /=704 Hz 2
Y503 (d,J=7.04Hz 2H) 325 -
543 (m, LH)761-78 m, 2 H)
7.94(d,. /=783 He, 1 H) 8.05 (d,
J=1.96Hz, 1 H)8.12(d, /=2.35
Hz, 1 Hy8. 18 ~8.33 (m, 2 H) R.82
(d, /=233 Hz, | ) 10.67 (s, 1 H).
LOMS (m/z) (M) = 3302 Rt =
0.70 pain.
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119 N- (3 {5- (3- "H NMR (400 MHz, <dmso>) 3
hvdmmoxctan v } 6 ppre 57 - .73 (Gm, 2 H) 1L.90 -

{(tetrabivdro-2H-pyran-
4-yhoxy)pyridin-3-vi)-
4-methylphenyl)-3-
(trifluorornethvbenzam

1de

301 (m, 2 E) 2.17 (5,3 H) 3.44 -
2.50 (m, 2 H) 3.70 - 3.90 (m, 2 H)
453 -4.63 (m, 2 H} 4.95 - 5.08 {m,
2HY 522335 G, L HD) 6.07 -
689 (my, 1 E) 720 - 7536 (m, L H)
7.57 -7.67 (wn, 3 H) 7.68 - 7.78 {m,
1H) 7.86 - 7.95 (m, 1 H) 7.99

8.07 (m, 111) 8.15 -8.27 (m, 2 1)
1034 - 10.43 (m, 1 H). LCMS
Om/e) (M) = 5292, Rt = 0.97
mm.

120 3"(12"&1’11)&1’10{)1“01}3{1"2-}/1)_ 3 NMR {400 MHz, <dmso>} o
O/\ NF ok o ppm 133 (4 J=7.04 0z, 3 H) 1.42
' l N-(3-(6-ethoxy-5-(3- (5,6 H) 1.88 (5,2 H) 2.22 (s, 3 1)
] j/ hydroxyoxetan-3- 43%(d, J=7.04 Hz, 7 H) 4 61 (d,
0 et 1 N J=7.04 Hz, 2 HY 5.02 (d, /=7.04
P rw yhpyridin-3-yl)-4- Hz, 2 H) 6,01 (5. F H) 730 (d,
' raethylphenyi)-3- J=8.65 Hz, 1H) 7.60-7.67 (m, 2
- s H37.67 - 7.75 (w, 1 H) 8.09 ¢4,
Qa fluoromethvlbenzam J=235 Mz A H) £.34 (s, 1 H) 1039
ide (s. F ). LOMS n/z) (MHE) =
530.2, Rt =0.77 min.
121 2-(2-cyanopropan-2-y1}- | "B NMR (400 MHz, <dmso>)
LYo ’j\ Nt ot & ppm L33 (4L J=7.04 He, 31 175
\/L w”\ \)CN N-(3-(6-cthoxy-3-(3 (s. 6 B) 2.22 (5, 3H) 438 (d,
\ //a E/ ! hydroxyoxetan-3- J=7.04 Hez, 2 H) 4.58 - 4.65 {m. 2
Q" N = Diovridin-3-v1-d HY4.98-306(m 26,1151
- vipyridin-3-y S 727755 (m LD 761 -7
methylphenyDisonicotin | (m 3781 -788 (m, L TH7.94 -
e 801 (m 1H) 804 -8.12 (m, 1 )
anide 8.75 - 8.83 (m, 1 H) 10.45 - 10.57
{m, 1 7). LOMS (n/) (VD =
4731, Bt = 0.86 min.
122 - N-(3-(6-cthoxy-5-(3- H NMR (400 MHz, <dmso>)
o o /E\ o LF | hvdroxvoxetan-3- ppin £.27 - 1.40 (m, 3 H) 1.61 -
5 NN NN OyQroxyoxeian-. 175 (m, 6 H) 2.22 (s, 5 Hy 4.51 -
Py Hool yDpyridin-3-y1)-4- 4.46 (m, 2 H) 4.56 - 4.63 (m. 2 £D)
o N il i inherv 0 4.99 - 5.06 (m, 2 1) 6.11 (s, 1 1)
P ey ipaonyj-o-t - 7.26 -7.35 (m, LH) 7.59 - 7.66 (m,
fluoropropan-2- THY 767 - 774 (m, 1) 776 -
A 784 (m, 1H)7.97 - 803 (m, 17D
yhjisonicotinamide 8.06 - 8.11 (m, 1 H) 8.69 - 8.76 {10,
1H) 10.56 - 10.57 (m, 1 H.
LOMS (n/2) (M) = 466.1, Ri =
(.83 min.
123 2-(1, 1-difluoroethyl)-N- | "HNMR (400 MHz, <dmso>) &
o0 on o e s ppm 133 (4 J=7.04 He, 3H) 1.94 -
LK ELN)i\ . {3-{6-cthoxy-3-(3 213 (m, 3 H) 2.22 (5. 3 H) 4.38 ¢d,
P H | N hydroxvoxetan-3- J=7.04 Hz, 2H) 4.61 {d,J=7.43
o7 ON eDipvridin3-vld- He, 2 €3 5.02 (d, /=7.04 Hz, 2 1)
P yhpy YU GAL(s, FH)7.25 - 735 (my | H)

methyiphenyDisonicotin
amide

7.64(d,.J=235Hz, 3 H)7.98 -
8.03 (m, 1 H}8.09(d, /~235Hz 1
H)8.13-821(m, 1 H}882-854
{m, 1 H) 10.53 - 18.65 (m, 1 H).
LOMS (m/z) (M) = 4700, Rt =
0 .86 min.
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124 N-(3-{6-ethoxy-3-(3- TH NMR {400 MHz, <dmso>)}
o\ o o F . BN ppr £33 (. J=7.04 Hz, 3 1) 2.23
K AN | N N hydroxyoxetan-3- (s, 3T1) 4.39 (4, =704 Tz, 2 TT)
» ol j vipyridin-3-y1)-4- £.58 - £.68 (m, 2 H} 4.96 - 5.07 (m,
07N methvisheny])-2 JHY6.12 (s, L HD) 7.20 - 738 (m, 1
A MOLYIpCays j-o- H)7.64 (5.3 H) 8.03-8.12 (m,
(triflacromethyisonicot | H)8.15-8.22 (m, | 830 -2.38
cnamide (m, 1 ) 8.92 - 9.04 (m, | H) 10.55
BAHBOE 10,70 (m, 1 ). LOMS (m)
(M) = 474.0, R = 0.88 min,
125 2-(difluoromethyl)-N- 'H NMR (400 MHz, <dmso>) 3
ZN o F o o s .33 (5.3 H) 222 (s, 3 HD)
O\ o i | TP e o Pp : (s, 3 H)
NGE NG P N . (3-(6-cthoxy-53-(3 430 - 445 (m, 2 H) 4,56 - 467 (m,
P Hool o hydroxvoxetan-3- 2H}4.96-508 (m, 2HY6.11 (5,
o N S H)6.89 - 7.35 (m, 2 H} 7.60 - 7.73

yipyridin-3-yi)-4-
methylphenyi isonicotin
amide

(m, 3 H)7.98-821 (m, 3H)8.78 -
8.95 (m, 1 H) 1055 - 10.66 (m, 1
H). LCMS (m/zy (MAH) = 436 .0,
Rt = 0.81 min.

126 N 4-(2-cyanopropan-2-yi}- | H NMR (400 Mz, <dmso>)
. ety o ) i Sppm 1.66 (5, 3H) 175 (5,6 1)
U NN N-{G-methyl-5-(3-(3- 4.56 (d, J=5 48 Fiz, 2 ) 4.78 -
ro N Y oo methyloxetan-3- 4.91 (e, 2 H) 7.26 - 7.38 (m, 3 D)
N N VhenyDpyridin-3 744 -7.36 (m, 1H) 7.86 (dd,
YUpROmy L pynat-a- J=548 196z, | Y827 (d,
vlpicolinamide J=1.56 Hz, 1H)y 8.34 -8.44 (m, }
1)8.77 - 8.84 (m, 1 H) 9.08 - 9.16
(w171} £0.98 - 11.36 (m, § HD)
LOMS on/z) (M) = 427.1, Rt =
0.70 min.
127 | 2-(1, 1 -difluoroethyl}-N- | [H KMR (400 Mz, <dmso>)
v N fo) F ) 5 ppm 1.36 (¢, /=685 Hz, 2 H)
] 1] \,;L kF (3-{(6-othoxy-3-(3- 1.59 - 1.76 (m, 6 £} 3 .80 (s, 3 1)
L - 1.76 (m, {s. 3 )
il N T \f methyvloxetan-3- 4.45 (4, J=6.26 Hz, 2 H) 4 .54 (4,
o N N Dpyridazin-3-s1)-6 J=7.04 Hz, 2 H) 4.90 (d, J=6.26
J YUPYTIGAzIn-- -6~ Hz 21 7.65 (s, F H) 7.84 (d,
methylpyridin-3- J=3.91 Hz, 1 H) 805 (s, 1 H) 8.25
L (d,J=1.96 Hz, } 1) $.77 (d, J=35.09
7 . o~ L) > s,
yiisonicotinanide Hz, 1 H) 8.92 (d, J=2.35 Hz, i)
1083 (s, 1 F). LOMS (m/2)
(MHTT) = 466.1, Rt = 0.66 min.
128 i} N-(5-(6-cthoxy-5-(3- gCMS {m/z) (M = 470 1, Ri =
: N ) 67 min.
o | \L ﬁ Lr | methyloxetan-3-
Y N o /\[/{ e o
] ! H \H N yhpyndazin-3-y1)-6-
P MR- N/'l s
j N g methylpyridim-3-yH-2-
e
(2-fluoropropan-2-
vhisonicotinanude
129 3. LOMS (m/z) (MHH) = 530,10 Rt =
e N 1 . o 1 059 pin
33‘/}}\/ P! {({dimethylamino)methyl
AN LN N N
ST TN N N5 -(6-ethoxy-5-(3-
g ST 3
N methyloxetan-3-
/; OFs Y0 an-.

yvipyridazin-3-v1)-6-

methvipyridin-3-y1)-5-

201
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{(rifluoromethyDbenzam
ide
130 N 3-(2-aminopropan-2-yl)- | 'HNMR (400 MHz, <cd3od>) 8
- VLN ! , ppm 147 (1 37,04 Hy, 3 10) 1.86
F Y __/ e . - ‘.. ~
LA A N-(6-othoxy-3(3 (5,6 H) 2,62 (5.3 H)4.56 @,
1 ji/ \/ fluorooxctan-3-y1)-2- J=7.04 Ha, 2 ) 4.95 - 5.09 (m, 2
g A A o ) 5.19 - 536 (m, 2 H) 7.86 - 7.90
Q" N Qo Ry NH Aibye tirvordin . (
P EJ\/}) 2 | methyi-]3,3"-bipyridin] (. 1 H) 812 (s, 1 H) 831 (dd,
J: 5.91)-5- 3=2.35, .56 Hz, 1 H) $.35 (4,
Fgg : J=2.35Hz, 1 H) 8.44 (d, }=0.78
: E . - : e . ., Jo. &, 0 .
F ( triffucromethyvDbenzam Fr L) 8.47 - 8.50 (. 1 H) O 14
ide (d, }=2.35 Hz, 1 H). LCMS (n/2)
(M) = 5331, Rt = 0.65 min,
131 . N-{6'-ethoxy-3-(3- T NMR (400 MHz, <cd30d>) 5
N o m 140 (1, J=7.04 Hz, 3 H) 1.67 -
CL-"; Y0 {(fluoromethyl)oxetan-3- I;pga, n 6(11) 268 (5,3 Hy 4.4 7)(d
| Ry N/U\/\ y1)-2-methyi-{3,3"- J=7.04 Hz, 2 Hy 4.75 - 4.81 {1, 3
i H o S , H)4.92 (s, 1 H) 5.02 (dd, /=653,
e K, ,N Tt T A _{':)_ > L S s s
07N 7 bipyridin]-3-v1)-2-(2 3.13 He, 2 1) 7.60 (d,./=2.35 Hz, 1
- - fluoropropan-2- ) 7.83 (dd, J=5.09, 1.57 He, | 1)
N comin et s 8.14 (s, L 5) 823 (d,/=2.35 Hz, 1
yhjisonicotinamide ¥ 8.45 (/=235 Hz, 1 H) 876
(d, J=5.09 Hz, 1 1) 9.34 (d, J=2.35
Hz, 1 H). LOMS (n/z) (M) =
483.3, Rt = 0.80 min.
132 N N-(Z'_(j_ "H NMR (400 MHz, <dmso>)
. Mo g £ , 8 ppm 10.72 5, LHY 8.92 (d,
N Ny N ) j i /4 EE, 38 (s, 1 H)
\/\ ol vh-6"-(2- (d, J—/,&% Hz, 1 H) 8,10 (d, J=2.35
Ny =3 tydroxvehoxy)- Hz, | H) 8.00 (dd, J=7.82, 0.78 Hy,
& BYQROXYCOXY Jmam $H) 782 €L J=7.85 Hz, 1 F) 7.09
[ methyl-{3 4-bipyridinf- | (4 3=1.17 Hz, 1 H)6.83 (d. J=1.17
oH Sey1)-3- Hz, ;Hwh 99 (s, 1 1) 494 (dd,
> J=6.06,3.33 Hz, 2 H) 4.87 (s, 1 FD)
(rifluoromethvitbenzam | 4.71 (d, 7=6.26 Hz, 2 H) 430 -
ide 437 (m, 2 H)3.71-3.78 (m, 2 H)
3.41 (br s, 6 H) 2.45 (5, 3 H).
LOMS (n/z) (MHH) = 5061, Rt =
0.72 vain.
133 fn N-{2'-(3- 'H NMR (400 MHz, <dmso>) 5
R AN g , e ppm L0.80 (s, L 1) 8.90 (d, J=2.33
\(:_\ P I !;\ i _F | (fhuoromethyvDoxetan-3- Hz, | H) 878 (dt, 3':5,09\, .98 iz,
)\@ N e yH-6'-(2- 1H)8.03 - 8.10 (m, 2 H) 7.84 (dd,
Ny N hvdroxvethoxy)-2 J=35.09, 1.56 Fz, 1 H) 7.09 (4,
b TEIOXYCMOXY 22 =117 He, 11D 682 (. J=L17
L methyl-[3 4'-bipyndinf- | Hz 1) 498 (s, 1 H) 4.94 (dd,
- _— 1 J=626,3.13H2, 2 H) 4.86 (s, 1 1))
S-yD-2-Q2-fluoropropan- | o7 L w471
2-y1Yisonicotinamide J=6.26 Hz, 2 H) 4.32 - 437 (m, 2
H) 3.75 (g, }=5.48 Hz, 2 H) 2.44 (5,
BH\ 164~ 177 (ue, 6 Hy. LOMS
/sy (MHT) = 4992, Re = 0.65
mm.
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34 (33 stane3~ | H NMR (400 MHz, <dmso>) 8
134 o N-(3'-(3-fluorooxetan-3 iR {400 MHz, )
o ¢ “ 3 O F' Do dreeomaatan, | PP 04T (s, 3 H) 824 - 831 (w,
LA /E/\MJ\/\ /<; yD-3'-(3-hydroxyexetan- | 34y, 7 67 4 1=782 tz, 1 1) 7.73
i H | 3-yh-6-methyl-fi,1'- -7.82 (m, 3 H) 7.69 (d, J=2.35 Hz,
N S binhenyvii-3vtid LE) 7.64 (1, J=1.37 Hz, 1 H) 745 -
-OH iphenyif-3-yi)-3- 748 (e, 1EH) 735 (d, 17822 He, 1
~ (trifluoromethyl)benzam | ) 6.54 (5, 1 F) 4.95-5.07 (m. 4
¥ ide W) 473 - 484 (m 4 ) 224 (5,3
4 ). LOMS (m/z) (VD) = 502.2,
R = (.90 min
135 N-(3-(3-fluorcoxetan-3- | 'HNMR (400 MHz, <dmso>) 3
o - 4 o F , ppm 6.6 (s, 1 1) 8.99 (4, I=5.09
O [ " F ALS (2 hye S ot ey 7 M
(BN E A AE | ¥D-3-G-hydroxyoxetan- |y, 37 (s 1w 820 dd,
o Hofl ) 3-y1)-6-methyi-[1,1'- 3=469, L17Hz 1H)7.72-7.79
4 & . , (m. 2 H) 7.69 (d, J=1.96 Hz, | )
! - Aaohuo. un, > ;
{t{}OH biphenyl]-3-yl)-2- 7.64 (¢, 3=1.37 Hz, L H) 745 - 7.49
o (trifluoromethyvinsonicot | (m L H)y 736 (d. J=8.61 Hz, | 1)
N 6.54 (s, § 1) 4.94 - 3.08 (m, 4 H)
mamide 472 -4.86 (m, 4D 225 (5,3 T,
LOMS (n/z) (M) = 503.2, Rt =
(.91 min.
136 2-(1, 1 -difluorocthyl)-N- | 'HNMR (400 MHz, <dmso>) &
o f’\. o] E ; 3.(3-Fhuor an-3 ppre J0.65 (s, § HY 8.82 - 8.91 (w,
BN MMK'{\ (3"-(3-fluorooxetan-3- 1H) 815 -8.21 {m, 1 H) .03 (dd,
L Nl 1)-3'-(3-hydroxyoxetan- | =509, L36 Hz 1H)7.72 -7 80
- N 3T )betnethy 1T 1 (e, 2 1) 7.70 (4, 7=2.35 Hz, 1 1D)
or S7y1)-6-meily LT 764 (1, F=1.57 Hz L 1) 744 -7.50
- biphenyi}-3- {m, 1 H) 7.35 (4, J=8.61 Hz, 1 H)
¥ PN R 6.54 (s, L H) 4.94 - 5.07 (m, 4 1)
vinsonicotinamide 474 - 485 (m 4 H) 205 (5. 3 H)
1.99 -2 11 (m, 3 H). LOMS (mm/z)
(M) = 499.2, Rt = 0.90 min.
137 ~ N-(B‘-('}; ~fluorooxetan-3- "H NMR (400 MHz, <dmso>) §
o\ & o | e . e | ppm 10.57 (5, L H) 8.75 (dt,
(. I\}N v yi)-3-(3-hydroxyoxetan- | 1-509 6 98 1, 1 1) 8.02 (s, 1
J W 3-yh-6-methyl-{1,1'- 7.82 (dd, }=5.09, 1.57 Hz, 1 1)
. . o, 772 ~7.79 (m, 2F) 7.69 (d, =2.35
: A3y D-2-02- / ' ~
{SOH biphenyl}-3-yD)-2-2 Hz, 1 H}7.64 (4 J=1.37 Hz, | 1}
o fluoropropan-2- 743 ~7.50 (m, | H)7.34 (d, I=8.61
Y Hz, LE)6.34 (5, 111) 4.94 - 5.07
yhiisonicotinamide (ot 4 ) 4.74 - 4.85 (m, 4 1) 225
(5,3 1.65- L.75 (m, 6 71,
LOMS (n/z) (M) = 4952, Rt =
(.88 min.
138 L7 o 2,<2-cyangpg~()pan-2.y{), "H NMR (400 MHz, <dmso>) &
ot e 0 on N 5 | ppm10.56 (s, | H) 8.80 (dd.
A \}\N}\./\/Q\ N-(3'-(3-fuorcoxetan-3- | 72569 47817, 1 1) 798 - 8 04
« H/ L vi)-3'-(3-hydroxyoxctan~ | (u, 1 H) 7.87 (dd, J=3.09, 1.57 He,
N 1T 7.76 - 7.78 (m, 1 1D 7.74 (dd
,-u” R AW An - i_ A5, 5
?; “"hfylf’ f-methyl-{1L.1 J=8.22,2.35 Hz, 1 H) 7.68 (4,
o biphenyi}-3- =235 He, 1 ) 7.64 (1, 3=1.37 Hz,
PR $HY 747 (d =078 Hz, 1 1) 735
vinsonicotinamide (d1=8.61 Fiz, 1 1) 6.54 (5, § 1)
495 -5.07 (m, 4 HY 4.74 - £.84 (m,
42255, 31 176 (5, 6 T,
LOMS (m/z) (M) = 502.3, Rt =
0.77 min.
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139 N-(5-(3-(3-fluorooxetan- | H NMR (400 Mz, <dmso>) 5
~ F o ppm $0.68 (s, | 71 8.89 (d, J=2.35
JEL LF3-yD-3-(3- Tz, 1 T1) 8.26 - 835 (my, 3 1) 8.08
N \'/(:F Z, 38.26 -6.55 (m, 5 H} 8.U3
| hydroxyoxetan-3- -8.17 (m, 1 H) 8.00 (d. J=7.82 Hz,
& b foayD-6 LE) 777 -7.85 (m, 26 7.70 (¢,
FUPRERyR-t- ‘ I=1.57 Hz, 1 H)7.55 (g, 3=1.56
methylpyridm-3-yi)-3- Hz, I HY6.57 (s, 1H)4.95-5.10
e s (m 4T 474- 485 (m, 4 ) 2.45
Qnﬁuo romethylbenzam (.3 11y, LOMS (mis) (M)~
ide S03.0, Rt = 0.7 min,
140 N-( '3..(3..(3 -flucrocoxetan- T NMR {400 MHz, <dmso>) 8
o Mo F 31503 ppm 10.90 (5, 1 ) 9.02 {d, J=4.69
< M Foj2yimo-t2 Hz, | [)8.34 - 8.93 (m, 1 H) 8.3¢
i g \\]/<F hvdroxvoxetan-3- (s, } HY8.22 (dd, J=4.69, 1.17 Hz,
N ¢ i 7 d < g
N N P 1) 803 -815 (m, L FT) 7.80 -
[.OH fyl"ph”nyl)fé‘ 7.84 (s, L H) 770 (L J=1.57 Hz, 1
(} methyipyridin-3-vi)-2- | 1 7.56 (g J=1.56 Hz, 1 ) 6.58 (5,
8 . o 1E)4.92-5.16 (m, 4 H) 4.70 -
‘( tnﬂgoromethyl)mcmcet 11 (m, 4 F1) 2 46 (5, 3 H).
inamide LOMS (m/z) (MHT) = 504 .0, Rt =
(.63 win.
141 N 2-(1,1~-ditfluorocthyi)-N- "H NMR (400 MHz, <¢mso>) 5
) s “ . G N QR 3
o - d o) F . § R ppm $0.85 (s, | H)8.87 -8.93 (m,
8 F kj\ M K (5~(3-(3-fluorooxetan-3- | 57y x5 (¢ 1y 808 -8.41 (m, 1
U M (T vD)-3-(3-hydroxyoxetan~ | H)8.05 (dd, J=5.09, 1.57 Hz, 1 F)
3 ~# 3 iphonsDi6 7.81 (d, T=0.78 Tz, 1 H} 7.70 (¢,
(SOH “YLpheny b J=157Hz, 1 HY7.5% - 7.57 (m, 1
o methylpyridin-3- H)6.57 (s, 1H)4.93 - 5.11 (m, 4
P H)4.74 - 4.86 (m, 4 F) 2.45 (5,3
vinsonicotinamide H) 2.06 (1. J=19.17 Hz. 3 1D,
LOMS (m/7) (MHD = 5001, Ri =
0.60 miu.
142 N-( '3..(3..(3 -flucrocoxetan- "H NMR (400 MHz, <dmso>) 3
o\ g ~ /N} o) " 31153 ppm 10,78 (s, 1 H) 8.86 - 8.93 (m,
! sk = Yij=o-i2 1F) 872 - 8.8 (m, 1 F) 8.00 -
/\/ “-‘;/u\g/\\\l/(\ hydroxyoxetan-3- 843 (m, 2 H) 7.85 (dd, J=4 89,
Xy SN s 1.76 Hz, 1 H) 7.81 (4, J=0.78 Tiz, 1
[-OH ?L’phvm’i).‘ﬁf H)7.69 (, 3=1.56 Fiz, | H) 7.55 (q,
(5 methylpyndin-3-yi)-2- J=1.56 Hz, 1 1) 6.57 (s, 1 H) 4.93 -
© . S.10 (m, 4 F) 4.75 - 4.86 (m, 4 1)
3. apan-7- (i, 4 H) {m,
(2-fluoropropan-2 2.43 (5,3 1) 1.66 - 1.76 (m, 6 H).
vinsonicotinamide LOMS (n/zy (MHH) = 4961, Rt =
.67 min.
143 N zm(zncyvgt}gpg'gpgn_zny 1).. "H NMR (400 MHz, <dmso>) &
ot Ny g = a o " ppm £0.78 (s, | H) 8.86 - 8.90 (m,
A \J\N P N-(5-(3-{3-fluorooxetan- | {'ip g 53 (dd =509, 0.78 Hz, |
! W \E 3v1)-5-(3- 1) 8.06 - 8.10 (m, | H) 8.02 - §.05
N S hvdroxvoxetan-3- (m, | H) 7.89 (dd, 1=5.09, 1.56 Hz,
-OH yaroxyoxetan-o VH)7.79 -7.83 (m, 1 H) 7.70 (1,
- viphenyl)-6- J=1.56 Hz, 1 1) 7.53 - 7.57 (m, 1
PRSI 6,57 (s, 1) 4.93-5.10 (m, 4
methylpyridin-3 H)4.75 - 485 (m, 4 H) 2.46 (s, 3
vhisomicotinamide HY 177 (s, 6 H). LOMS (/)
(M+H) = 503.1, Rt = 0.60 min.
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144 2-(1,1-difluoroethyl)}-N- | 1H NMR (400 MHz, <dmso>)

s (3 ) vemtan. | O PP 205 (1, }=20.0 Hz, 3H)

e | (3-G5-Grhydroxyoxetan- | 5 36 556391 (s, 380 470 @,

! PRy 3-yD)-6-(1-methyl-1H- J=3.0 Hz, 24} 4.76 (4, }=5.0 Hz,
pyrazol-d-yDpyridin-3 7H) 6.78 (s, 1H) 7.38 (d, 1=5.0 Hz,
PYTAZOL-A-YUPY R34y 737 76 (my 3H) 7.94 (5, 1H)
yi)-4- 2.03 (d, J=5.0 Hz, 1H) $.19 (s, 2H)

e e gt | 835 (m, UH) 8.88 (d, J=5.0, 1H)
m"’?h}' Iphenylyisonicotin {0 e 1 "1 CMS o) (VD
amide = 506.1, Rt = 0.64 min.

145 ~ 3-(5-(3-hvdroxyoxetan- | NMR {400 MHz, <dmso>) 8
9\ on I\/ H R i | PPM232-2.35 (m AHY 325 (5.3
ANy | LN 3yl)-6-methoxypyridin. | 117393 (s 3 1) 4.59 - 4.68 (m, 2

/l P L 3-yD-4-methyl-N-(2- H) 4.96 - 5.06 (m, 2 FD 6,09 -6.17
o - 3 ; o T
7 (methylsulfonypyridin. | 0% ! 3748754 m 1 7.70 -

, YV 7.76 (m, 1 H) 7.89 - 7.97 (m, 2 D)
4-yhbenzamide 8.0%-8.14 (m, FHY$.15-8.22 (m,
1H)8.45-8.52 (m, 1 H) $.60 -
8.69 (m, 1 F) 16.86 - 10.95 (m, 1
H). LOMS tz) (M) = 470 0,
Rt =0.71 min.

146 NN N-{3-(Z-cyanopropan-2- "H NMR (400 MHz, <dmso>) &

O™\ o 0N H Ayt P ppm 67 (s, 6 H)2.32 (5,3 H)
) _/\\,/'%/!'\_ f \(‘\])(CN vhphenyl)-3-(5-(3- 3.93 (5.3 H) 4.63 (d.J=7 04 Hz, 2
A o Uz hydroxyoxetan-3-y1)-6- | H)5.01(d, /=704 He, 2H) 6.14
Q methoxyoyridin-3eyld- | & 1716728 n 1EH 735 -
Xypynain-S-y, 7.44 (m, 1 H) 745 - 7.54 (m, 1 Iy
methylbenzamide 77244, S35 He, L) 777 -
7.83 {m, 1 H) 7.84 - 7.97 (1, 3 H)
808 (d,/=2.35 Hz, 1 H) 10.29 (s, 1
H). LCMS G2y (MH+H) = 4582,
Ri = (.86 min

147 . (3..(2.1 aminoprgp an-2 ..yl).. "0 NMR (400 MHz, <d§1\50>) 3
o\ OH c l e - i~ g & ppm .33 (s, 3 H) 1.62 (s, 6 H)
LA \I:' NN ,F N-(3-{6-ethoxy-3-(3- 224 (5,3 H) 4.26 - 448 (m, 2 H)

i H Ni P hydroxyoxetan-3- 4537 -4.67 (m, 2 H) 4.96 - 5.07 (m,
07w , Dpyridin-3-y1)-d 2H) 6.05-6.18 (m, 1 H) 7.28 -
Ny < YPYHGMS -V -G 742 (s, LH) 761 - 7.69 (m, 2 H)

o methyiphenyl)-4- 7.74 - 7.85 (m, 1 H) 8.05 - $.16 {m,
s et i i | 1 H) 820 - 8.30 (m, 2 H) 10.51 -
(tr.lﬂuammcthy Dpicolina 10,61 (m, 1 1), LOMS (n/2)
mide (M+H) = 331.0, R = 0.78 min.

148 6-(2*&111]11’10})1’01}%-2 .yl)- "H NMR (400 MHz, <dmso>) d

N-£5-03 ppm 10.70 (s, 1 H) 8.99 (d, J=2.35
{9~ Hz, L) 827 (4, =235z, 1 1)
{(difluoromethyoxctan~ | 820(d, J=3.09 Hz, 2H}; 816 (4,
PN =235 He, 1H)7.72 (d, J=2.35
3-y1)-6 i "‘th‘);‘*? AT Hz L HY6.46 (4 1=56.0 Hz, L H)
methyl-{3,3"-bipyndinf- | 576 (s, 1 1) 4.93 (& F=7.04 Hz, 2
5oy l)ed- Hy4.83(d J=7.04 Hz, 2 HI 392 (s,
R o 3H)2.45 (s, 3 Hy 1.53 (s, 6 1.
(rifluoromethyl)picoling | LOMS (n/z) (MAI]) = 552.2, Rt =
mide (.63 min.
205
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149 . 6-(2-antinopropan-2-yl)- | T NMR (400 MHz, <dmso>) &
o LF Yy o E o Net3-05-(3 } ppm §0.52 (s, L Y812 - 823 (m,
PN N '\N/'l\/\ < N-3-(3-(3- 3H) 7.86 (dd, J=8.22, 2.35 Hz, 1

g HoR (difluoromethyDoxetan- | H)7.71(d, J=2.35 Hz, 1 H) 7.62
6 N 3y 1)-6-methoxypyridi (d, J=2.35 Hz, 1 H} 7.36 (d, J=8.61
e SYU-L-MOIMOXYDYICH- | 7§ 1y 6.45 (1, 7=56.0 Hz, | B
NH; 3-vD-4-methylphenyl)- | 492(d. J=7.04 Hz, 2 ) 4.83 (4,
4- J=7.04Hz, 2H) 3.91 (s, 3H)Y 2.23
. . . (s, 3H)1.52 (s, 6 H). LOMS (mZ2}
(trifluoromethyviipicolina | (MiH) = 551.2, Ri = 0.84 min.
mide
15¢( N- (3 ( ; _mninopf(}pdn../.- LOMS (m/z)y MHHY = 516 1, Rt =
- S F 0.73 min
O\ _oH | F 1 vi)-5- i
L N Ny .
L & i\« ) (trifluoromethyiphenyl)
07N 7 o e g
[ P -3-{5-(3-hydroxyoxetan-
N 3-y1-6-methoxypyridin-
3eyly-4-
reethylbenzamide
151 N-(3-2~((2- 'H NMR (400 MHz, <cd3od>) 3
e I Ppm $.92 (4, J=5.09 Hz, 1 H) 831
hydroxyethyDaming)-6- (5. 1 T 8.14 (dd. /=309, 1.57 Hz,
(3-methoxyoxetan-~3- 1 H} 768 (dd, J=8.22, 2.35 Hz, |
et Ny M) 7.64 (4, /=2.35 1z, 1 1) 733
yhpyridin-4-yl)-4- (d, /=822 Ha, | H) 6.66 (3, J=1.17
methviphenvi)-2- Hz, 1 Hy6.4%(d, /=156 Hz, 1 H)
. o 5.07-512(m, 2H) 4,81 -4.85 {m,
.( mﬂgoromethyl)mcmcet Y H) 375 - 3.57 (. 2 1) 354 -
inamide 361 (m, 2 H) 327 (s, 3 H)2.29 (s,
3H). LCMS (/2 (MHH) = 503.0,
Rt= §.71 min.
152 N-{2'-((2- TH NMR (400 MHz, <cd3od>)
hvd ] « o | O ppm8.88(d,. /=235 Hz, I H)
ydroxyethylamino)-6' | 36 g 54 (m 1 1) 8.26
(3-methoxyoxetan-3-yi)- | (d.J=783 Hz, iﬂ)ﬁi (d,/=2.74
Hz, 1 H) 7.94 (dd, /=782, 0.78 Hz,
Yomethvli 4. J %R
{mcfhffl [3.4 VH)Y 777 i, J= ’782}{7 UH) 674
bipyridin}-5-vI)-3- (d,/=1.17 He, | 1) 6.56 (4, J=1.17
o e T e Hz, | H) 5.09 (d, J=7.04 Hz, 2 1D
.(mﬂu()mmc&h}l)bcnmm 485 (=078 Ha, 2 H) 3.77 - 3.84
ide (m, 2H)3.57-3.63 (m, 2 1) 3.30
(5.3 H)2.52 (s, 3 H). LOMS (m/2)
(M+H) = 503§, Rt = 0.62 min.
133 N-(3-(2-(2- "H NMR (400 MHz, <cd3od>) 8
) et v don e ppm 828 (s, § H) 8.22 (d, /=7.83
hydrosvethyDamimo)-6- Tz, L1 7.91 (d, J=7 83 Hz, EH)
(3~-methoxyoxetan-3- 772-7.79 (m, 1 H) 7.62 - 768 (1,
g 2H)7.33 (d, /=822 Hz, | H)6.70
7 hs i BEYS B T
yhpyridin-d-yl)-4 (s, ) 6.51 (s, 1 H) 5.09
methylphenyl)-3- (d,J=704 Hz, 2 H) 4.85 (d, J=6.65
T Py Hz, 2H) 579 (L J=35.48 Hz, 2 H)
b(mﬁuoromeah}})bcmam 3,55 -3.63 (m, 2 H) 338 {s. 3 )
wde 2.30 (s, 3 ). LOMS (m/2) (MHD
=502.0, Rt=0.7% mun.
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154 N-(3-(2-((2- TH NMR (400 Mz, <cd3od>) &

hydroxyethylamine)-6-
(3-methoxyoxetan-3-
yhpyndin-4-yi)-4-
methylphenyi)-4-

{(trifluoromethylipicobna

ppm 898 (4, /=300 Hz 1 H) 843
{d../=078&Hz, I H)7.954

{dt, /=5.09,0.98Hz, { H)7.74
{dq,./=4.50,2.28 Hz, 2 H} 7 38 -
737 (m, 1 H) 668 (d, /~1.56Hz
HY6.49(d, J=1.17Hz, 1 H) 5.06 -
5,03 (mm, 2 H)y 4.84 (dd, J=6.65,
078 Hz, 2 HYy3.79 (4, /=367 Hz, 2

mide H)3.55-3.62(m 2 H)3.28(5,3
H) 229 (s, 3 H). LCMS Gn2)
(MHED = 5031, Rt = 0.79 min.

155 N-{3-(2-(2- TH NMR (400 MHz, <cd3od>) 3
A pprm 8.92 (d, J=5.09 Hz, 1 1) 8.32
hydroxyethoxy)-6-(3- (s, 1TD) 8.14 (4, /=430 iz, 1 1)
hydroxyoxetan-3- 7.70 (dd, /=822, 2.35 Hz, 1 1)

vt ] 7.67 (d,J=1.96 Hz, 1 ) 7.36

yhpyridin-4-yi)-4- (d,J=822 Hz, 1 H) 7.25 (d, J=1 17

methylphenyi)-2- He, 1 1)6.76 (d, J=1.17 He, 1 1)

Y TN e 5.16 (d,.7=6.26 Hz, 2 H) 4.83

.(ﬁ‘lﬂl.lOYOmLih}i)lSOHmOY (. J=6.26 Fr, 2 1) .52 - .62 (m.

mamide 2H)3.92 - 4.00 (m, 2 H) 2.29 (s, 3
). LOMS (n/z) (MHH) = 490.0,
Rt =0.82 min.

156 2~(1. 1 -difluoroethyD)-N- | "H NMR (400 MHz, <cd3od>) 8
(3-(2-(2 Pom S 80 -885(m, FH) B I8 -
(3-(2-(2- 8.21 (m, L H) 7.98 (4, /=5.00 Hz, 1
hydroxvethoxy )-6-(3- H) 7.71 (dd, J=8.22, 2.35 Hz, 1 1)

(hoxvoxeian-3 7.67 (d, J=2.35 Hz, 1 H) 7.36
metitoxyoxctan-3- (il J=8.02 o, | 1) 7.08 (d, J=1.17
vhpyridin-4-vi)-4- Hz, LH) 6.81(d, /=117 Hz, 1 1)

, SR NIRRT .12 (dd, J=6.65, 0.78 fiz, 2 )
me?hyiphenyE)ibomwtm 189 (d.~0.78 Hz, 2 H) 4 51 - 4.57
amide (w2 H) 3.92 - 4.00 (m, 2 1) 3.3
(5,3H)2.29 (5. 3H) 2.05
(t,.J=18.78 Hz, 3 H). LCMS (m/2)
(MIHED = 500.2, Rt = 0.88 min.
157 N-{3-(2-(2- 'H NMR. (400 MHz, <cd3od>) 8
s - ppm 8.93 (d,./=5.09 Hz, 1 H) 8.32
hydroxyethoxy 3-6-(3- (s, FID8.14 (4, /=352 Hz, 1 H))
methoxyoxetan-3- 7.69-7.74 (m, § F1} 7.08

vDpyridin-4-v1)-4-
methylphenyl)-2-
(trifluorornethyl}isonicot
mamide

{d, /=235 Hz § H)7.36 (d, J=8.61
Hz, TH)7.08 (d, J=L.17Hz I H)
6.80 (d, /=1.17Hz, 1 H)5.12

(4, /=665Hz 2H)490 (5,2 H)
451 -4.58 (m, 2 H} 3.91 -4.00 {m,
2HY3 38 (s, 3H)2.30 (s, 3 H).
LOMS (m/z) (MHH) = 504 0, Rt =
0.90 min.
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158 "—(diﬂuammethyl)-N- "H NMR (400 MHz, <cd3od>) 3
32 ppm 8.85 (dd, J=5.09, 0.78 Tz, |

(3-(2-(2- 1) 8.19 (s, 1 F1) 8.03 (d, J=3.09
hydroxyethoxy )-6-(3- Hz, 1 1) 7.71 (dd. J=8.22, 2.35 Hz,
methoxvoxetan-3 1 H) 7.67 (d, J=2.35 Hz, | 1) 7.36
MOIMOXyoxetan-I- (d, J=8.22 Hz, § H) 7.08 (d, J=1 17
yhpynidin-4-y1)-4- He, § 13 6.69 - 7.00 (m, 2 H} 5.12

e e i agin | (00, J=6.65, 078 Hz, 2 H) 4.89
m"’?hf" Iphenybisonicotin | 40 5, 5y 452 -4.57 o,
amide 2 H)3.95 (dd, J=5.48, 4.30 11z, 2

)3.31 (s, 31) 229 (s, 3
). LOMS (mrz) (ML) = 486.2,
Rt =0.83 min.

159 N-(3-(2~(2- T NMR (400 Mz, <cd3od>) &

) ) N ppm T NMR (400 Mz,
hydroxyethoxy)-6-(3- “ed3od>) d ppm 8.98 (d, /=500
methoxyoxetan-3- Hz, 1 H8.42-8.47 (m 1 H}7.94
At 4 N (. /=509, 117 Mz, 1H)7.75 -
yhpyridn-d-yi)-4- 7.80 (m, 2 H) 737 (d, J=9.39 Hz, |
raethylphenyi)-4- H)7.09¢d, /<117 Hz, 1 H)6.82

e . @, J=L17Hz, § T 5.02
{ tawafiuOmmcﬁlyl)ptcoima (A J=6.65. 0,78 Tz, 2 H} 4.89
mide (dd, J=6.65, (.78 Tz, 2 F1} 4.5} -
4.58 (m, 2 F) 3.92 - 3.99 (m, 2 )
3.32 (s, 3 H) 2.30 (s, 3 ). LCMS
{an/2) (MFED) = 5041, Re= 1.01
N,

160 N-(2'-(2- T NMR (400 MiTz, <cd3od>) 3
oy ppr 8.89 (4, J=2.35 1z, 1 1) 8.32
hydroxyethoxy)-6'-(3- (s, } H)R26 (4. /=782 Hz, 1 H)
methoxyoxetan-3-y1-2- | 848 (d.J=235Hz, § H)7.91 -

ol E A i 7.57 (my, 1) 773 - 7.8 (m, 1 1D
methyl-[34-bipyrdimnl- 1 5'yc ey 56 1 11 688
S-y1)-3- (4, /=556 Hz, L ) 5.12
e o Ve (dd, J=6.65,0.78 iz, 2 1) 4.90
.(trlﬂucymmcthy Dbenzam | & =6.65.0.78 1z, 2 H) 453 -
ide 4.59 (m, 2 H) 393-39%(m, 2 H)

3.33 (s, 3 {) 2.51 (s, 3 H). LCMS
(m/z) (MHHD) = 504.1, Re=0.58
min.

6-2-cyvanopropan-2-v=-N-{&'-ethoxv-2-methyl-3'-

EXAMPLE 161

-

(tetrahvdro-2H-pyran-4-v1)-[3.3'-

o
<
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(36418} To a solution of 6-(2-cyanopropan-2-vhpyridazine-4-carboxylic acid (1.2
eqmiv.) and 6'~cthoxy-2-methyl-3'-(fetrahydro-2H-pyran-4-v1)-{3,3-bipyndin}-5-amine (1.0
equiv.) in DMA at «t was added HOAt (1.3 equiv.), EDC (1.3 equiv.) and DIEA (3.0 equiv )
and the mixture was stirred overnight at rt. The solubion was dibuted with water, filiered and
purified via reverse phase prep-HPLC. The pure fractions were Jvophilized to give 6-(2-
cyanopropan-2-yl-N-(6"-ethoxy-2-methyvi-5'-(tetrahy dro-2 H-pyvran-4-y1)-[ 3,3 -bipyridin}-5-
vhipyridazine-4-carboxamide in 7% vield. "H NMR (400 MHz, <cd3od>) & ppm 1.44 (t,
S=T04 Hz, 3H) 1 84 (dd, /=880, 333 H2, 4 H} 193 (s, 6 H) 262 (5,3 H)3.19¢br. 5., 1 H)
36038, /1105 372 Hz, 2 H)4.06 (d, /~1036 Hz, 2 HY 448 (g, J=7.04 Hz, 2 H) 7.67 (d,
J=196Hz, 1 H)8.09(d, /=235 Hz, 1 H) 831 (d, /=196 Hz, 1 H) 841 (d, =195 Hz 1 H)
915(s, 1 H)9.66{d. /=196 Hz, 1 H). LCMS (m/2) (M+H) =487 1, Ri = 0.71 min.

EXAMPLE 162

N-{3-(2-(2-hyvdroxyethoxy -6-3-hvdroxvietraby dro-2H-py ran-4-vpy ridin-4-v )4 -

methviphenvD-2-(trifluoromethvhisonicotinamide

B

e OH S

'Y Za ,

PP o on \[ﬁ\ & e

\/’\lli \\/ NH; o F o kv N N M/\\Kg\\l/ﬁ’
\{/y + i T i - Nz A N

© 2N 0
OTHP EOH
66419 Into a 20 mL vial was charged 4-(influoromethylpicolinic acid (1.0 equiv),

HOAT (1.2 equiv), EDC HCH (1.2 equiv.) and 4-(4-(5-amino-2-methylpheny}-6-(2-
((tetralivdro-2H-pyran-2-vDoxyethoxy jpyvnidin-2~yDtetrahvdro-2 H-pyran-3-ol (1.0 equiv.}.
The mixture was dissclved m DMF (0.2 M) and agitated at room temperature for 1 h and then
diluted with EtOAc and brine. The organic layer was passed through a plug of anhydrous
Na;SO4 and then concentrated i vacuo. The residue was dissolved i MeOH (0.03) and
treated with 4 N HCL in dioxane (40 equiv.). The mixture was agitated at room femperature
for 30 mmn and concentrated i vacie. The residue was dissolved in DMSO and purified by
reverse phase HPLC and the product fractions were combined and Ivophillized to afford .

The product fractions were combined and lvophillized to afford N-(3-(2-(2-hvdroxvethoxy)-

209
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(trifluoromethylisonicotinamide in 30.4% vield. "H NMR (400 MHz, DMS0-d6) 8 ppm
1084 G, 1 HY9.03(d, J=501 He, 1 H) 832 -837 (1, 1 H) 8.09 (dd. J=3.07, 1.16 He, 1 H)
782793 (m, 2Hy732(d, =029 H2 T H) 687 (4, =073 He, T H) 662 (d, J=1 10 Hz, |

H)4.26-4.41 (m. 2 H)3.92-4.04 (m. 2 ) 381 (dd, J=11.62, 2.08 Hz, 1 H) 3.75 (1, J=5.20
Hz, 2 H)3.55 (dd, J=11.55, 1.16 Hz, 1 F) 3.47 (td, J=11.58. 2.14 Hz, 2 H) 2.98 (d. F=12.29,

3.09 Hz, 1 H)2.19 - 2.31 (m, 4H) 1.60 - 1.75 (m, 1 H); LCMS (m/z) (M+H) = 518.0, Rt =

1.33 mn.

6428 The compounds listed in Table 3, below, were prepared using methods smilar
to those described for the preparation of the above examples using the appropriate starting
prep p £ pprop g
materials:
TABLE 3
Example Structure Name Physical Data
163 N~{6"-ethoxy-2-methyl- | 'HNMR (400 MHz, <cd3od>) 5
N S it atrab AN reran, | PP P44 (6, /=704 8z 3H) 1.75-
I S'-{tetrabydro-2H-pyran- | {'sg 0 i 265 5,3 4320 .
; 4-yD-13 3"-bipyridin}-35- | J=5.09 Hz, 1 H) 361 (1d, J=11.05,
o~ -6 3,33 Hz, 2 1 4.06 (d..J=10.56 Hz
cn ¥ o . 2H)y 449 (q, /=704 Hz, 2 H) 768
(trifluorornethy Dpyridaz | (d,/=2.35 Hz, 11D 8.10 (d, /=235
A o Hz, LH) 835 (d, J=2.35 Hz, 1 H)
mne-4-carboxamide 8.63 (d, J=1.96 Hz, 1 #) 9.22 (d.
J=2.35Hz, 1 H) 9.92 (d, J=1.96
Hz, | H) LCMS (/2 (M+H) =
488.1, Rt = 0.74 min.
164 2“(2~C}’8ﬂ0£}1’01}8ﬂ“2“},’1)_ TH NMR (400 MHz, <cd3od>) 8

N-{6"-ethoxy-2-methyi-
S'-(tetralydro-2H-pyran-
4-y13~13, 3 -bipyridin}-3-
yhisonicotinamide

ppm 144 (g, 3 Hy 1.76 - 1.88 {m,
108267 (5, 3H)3.14-3.24 (m,
THY3.68 (id, J=11.45,3.52 Hz, 2
H)4.06 (4, ~i0.96Hz, 2 H} 4 .49
{gq, /=704 Hz, 2 H) 770 (4, /=2.35
Iz, 1 Hy 788 {dd, J=5.09, 1.57 iz,
TH)8.12(d, /=235 0z 1 )8 14
(5, 1 Y840 (d, /=196 Hz, 1 H)
8§82 (d, /=5.09 Hz, 1 H) 2.29 (4,
J=2.35Hz, 1 H). LOMS (m/2)
(M+H) = 486.2, Rt = (.76 min
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165 N-{6'-ethoxy-5-(3- TH NMR (400 MHz, <cd30d>) 3

(fluoromethyhitetrahydro
[3.3-bipyridin}-5-vi}-2-
(2-fluoropropan-2-

furan-3-yi)-2-meothyl-

vihsonicotinarnide

ppr £.46 (1, J=7.04 Hz, 3 H) 1.67 -
1.81 (m, 6 F) 2.24 - 2.35 (m, 1 HD)
2.37-2.45 (m, LH} 269 (5. 3 1D
2.80-3.96 (m, 2 H34.03 (d,
J=8.27 Hz, § H) 4.28 (4, J=9.39
Hz, | H)4.45 - 457 (m, 3 H) 4.67
(d, J=4.30 Hz, 1 1) 7.71 (4, /=235
Hz, § H)7.84 (dd. J=5.09. 1.57 Uz,
1H)8.14 (s, 11D 822 {d, J=2.35
Hz, 1 1) 8.46 (4, J=1.96 Hz, 1 1)
876 (d,/=5.00 Hz, 1 H) 9.37 (d,
J=2.33 Hz, VH). LOMS (n/n)
MR = 4973, Ri = 0.78 min.

166

2-(2-cvanopropan-2-vi)-
N-{6'-gthoxy-3'-(3~
{flnoromethyteirahydro
furan-3-yh-2-methyl-
[3,3-bipyridin}-3-
vinsonicotinamide

H NMR (400 MHz, <cd3od>) &
ppm 46 (t,./=7.24 Hz 3 H} 1.82
(5,6 Hy2.23-235(m, | H) 241
(s, 1 H)2.68 (5,3 H)3.93 (dd,
J=9.19, 528 Hz, 2 H) 402 (d,
J=822 Hz, 1 H) 4.28(d, /=9.00
Hz, 1 HY4.46-436 (m, 3 HY4.67
(d, /=430 Hz, } 770 (d, J=2.35
Hz ) 7.88 {dd, /=3.09, 1.57 Hz,
1H) 8 14 (s, L H) 821 (d, /=1.96
Hz, FHY842(d. J=235Hz, | 1)
882 (d.J=5.09 Hz, 1 H) 9.34 (d,
J=2.35Hz, 1 H). LCMS (m/72)
(M#H) = 504.3, Rt = 8.76 min.

167

N-{(6'-cthoxy-3'-(3-
{flooromethylitctrahydro
furan-3-y1)-Z-methyi-
[3,3"-bipyridin}-5-y1}-3-
(trifluoromethvDbenzam

ide

"H NMR (400 MHz, <cd30d>) 8
pom 142 150 (m, 3H)2.23 -
235 (m, VHY236-2.46(m, 1 H)
2.67(s,3H)3.89-397 (m, 2 H)
3.99-4.09 (m, 1 H)Y4.28 (d,

J=5 30z, THY4.43-4.5% (m, 4
H)4.64-4.72 (m, 1 HY 7.71 (d,
J=3353Hz 1H) 7.75-7.84 (m, 1
H)7.97 (. /=783 Hz 1 H)8.22
(d,/=235Hz, | H) 829 (d./=7.83
Hz, L H)8.35 (s, 1 H) 8.44 (d,
J=1.96 Hz, 1 H) 9.36 (d, J=2.33
Hz LH). LOMS (m2) (MAH) =
504.3, Rt = 0.86 min.

[a—
"y
S0

pEe]

N-3-(5-(3-
cvanotetrahvdrofuran-3-
yi-6-cthoxypyridin-3-
vii-4-methylphenyl)-2-
(rifluoromethyl)isonicot
inamide

TH NMR. (400 MHz, <cd3od>) 8
ppm 149 (4, J=7.04 Hz, 3 H) 2.28
(s,3H)2.64 -2.73 (m, 1 H} 2.75 -
2.86 (m, 1F)4.02 - 4.1 (m, 2 H)
4.52-4.20 (m, 1 E) 4.50 - 4.62 (m,
3H) 735 (d, J=8.22 Hz, | 1) 7.63
(d, J=1.96 Hz, 1 H) 7.67 (dd,
J=8AY, 245 Hz, LH) 775 (4,
J=1.96 Hz, 1 HY 8.12(d, /=4.30
Hz, 1 H)8.16 (d, /=235 Hz, 1 1)
8.30 (s, | H) 8.91 (d, J=3.09 Hz, 1
). LOMS (m/z2) (MAHD) = 497 1,
Rt = §.04 min.
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169 ) 2_(2-35,'31'1@})1*01)3{;_2.yl)_ TH NMR. (400 MHz, <cd3od>) 8
o 2N ) Net 30503 ppre £.49 (¢, J=7.04 Hz, 3 H) 1.81
%\ s A N-{3-(5-(3- (5.6 1) 2.28 (5,3 H) 2.62 - 2.73
oo N E cyanotetrahydrofuran-3- | (s, 1H) 274 -2.85 (m, 1 1) 4.01 -
TV a2 Ce A 411 (m 2H)4.12-421 (m, 1 B
o N \/ v)-6-ethoxypyridin-3- tm, 2 1) & 12 -2 L, )
P | 3 yP3 4.50 - 4.59 (m, 3 H) 7.34 (4,
//\%N yi)-4- J=8.22 Hz, 1 )Y 7.65 (d, J=1.96
A e gt | HZ EHY 766 (dd. /=822, 235 Hy,
m"?hf” Iphenylyisonicotin {0 o 4 oy Go 1, § 1 781
amide fdd, J=5.00, 1.17 1z, 1 1) 8.07 (s,
1H)8.16(d, /=1.96 1Tz, 1 H}8.76
(d, J=5.09 Hz, | 1), LOMS (m/)
(MHED = 4962, Re = 1.00 min.
170 N-(5-(3- T NMR (400 Mz, <cd3od>) 5
) s o | ppm 151 (L=7.04 112 5 H) 1.67 -
cyanotetrahydrofuran-3- | ey (061 2,66 (5.3 1 2.71 6,
| = vi)-6'-ethoxy-2-methyl- | 1H) 281 (d, /=509 Hz, 1 H)4.04
N 1 il d ot | 42 (2 HP 414 <420 (m, EHD
[3.3%bipynidin}-3-vD-2- 1 S50 0 00 1. 1 1) 400 G,
Tp (2-fluoropropan-2- J=7.04 Hz, 2 H) 7.83 (dd, J=5.09,
- PO » 157 He, 1 T 7.85 (d..J=2.35 Hz, |
vinsonicotinamide H 8.0% (s, 1 H) 851 (4, /~2.35
Hz L) 843 (d, /=235 Hz, L 1D
876 (d, J=5.09 Hz, 1 1) $.28 (4,
J=1.96 Hz, § 7). LOMS (n/s)
(MAE) = 490.2, Rt = 0.75 min,
171 N-(5'-(3- TH NMR {400 M1z, <cd3od>) 3
o b A fr | DD ESE(EJ=T 24 Hz 3 H) 265
; cyanotetrahydrofuran-3- | "5 70 o0 T 2.6
N | SN yi)-6"-cthoxy-Z-methyl- | (dd,J=7.43, 5.09 Hz, 1 H) 4.05 -
: P Vi o 437 (2 F) 414 -4.21 (m, 1 1)
I {3{3 -bipyndin}-S-yi-3- | 5 (d, J=6.00 Hz, 1 Hy 4.60 (q.
FIE (triffacromethyDbenzam | 7=7.04 Hz, 2 H)7.73 - 7.82 {m, 1
F ide 11) 7.89 (d, /=1.96 Hz, 1 1) 7.96
(d,J=7.83 Hz, | ) 828 (d, J=7 83
Hz, 1 H) 8.31 (d, J=2.35 Tz, 1 1)
834 (s, H) 840 (4. J=2.35 Hz, 1
) 9.25 (4, .J=2.35 He, 1 H).
LOMS On/z) (M) = 497.1, Rt =
(.85 min.
172 . N N-(3-(2-((2- 1 NMR (400 Mz, <cd3od>) ¢
7 0 o et ppre 8O - £.96 (m, 4 H) 2.27 (5,3
L N :L/\;\ SN hydroxyethyDamino}-6- | 11,5 77250 {m, 1H) 3.49 (1,
Nw/j/ H ‘\¢N {(tetrahydro-2H-pyran-4- | J=5.48 Hz 2 H)3.36 (td, J=11 34,
, ; Dpyridin-d-y1-4 374 Hz, 2 H) 3.75 (¢ }=5.28 11z, 2
AN P yUpyridis-4-yij-4- H) 4.05 (dd, 7=10.56, 3.52 Hz, 2
L, F methylphenyl)-2- }f;) ?.3!51(3 H_lliiji )Hf%l} 1—({; ?.485))
i - Ariemminmg | (& I=HT Hz, VHY7.30(d, J=822
Qﬂﬂg@mm&ihy {nsonicot Hz, 1 ¥ 759 (d, =235 7, 1 F)
inamide 7.65 (dd. 7=8.22, 2.35Hz, 1 )
8.12(d, J=3.52 Hz 1 ) 8.29 (s, 1
11) 8.90 (4, F=5.09 Tz, |
). LCMS (m/2) (MHHD) = 501.3,
Re=0(.78 min
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173 2_(j R i ..djﬂu()r@pr@py})- TH NMR. (400 MHz, <cd3od>) 8

N-(3-(2-((2-

1.95 (m, 3 H) 2.29 (s, 3 [) 2.40

‘P L hydroxyethylamine)-6- | (1, J=16.73,7.63 Hz, 2 ) 2.79 -
N 7 (totrahvdro-2Hepyrand. | 28000 1H)3.50-3.52 (u, 2 1)
HM . ACHaRYQIO-~ B-PYFAR-S - 4 4 g5 04 3=11 54, 3,13 Hz, 2 HD
\L L yhpyridin-4-y1)-4- 3.77 (1 J=5.28 Hz, 2 F) 4.07 (d,
OH A e I=10.56 Tz, 2 H) 6.38(d, I=1.17
methyiphenyl isonicotin g{z’ T 6 48 " d;)]: 1,1(7di;z, L H)
amide 732 (d, J=8.22 Hz, 1 H} 7.61 {d,
J=233Hz, | H) 7.67 (44, }=8.22,
2.35 He, 1) 7.98 (d, J=3.52 Hz, |
H) 8.8 (s, 1 H) 8.83 (d, J=5.87
Hz, | H). LCMS (m/2) (M+H) =
5114, Ri=0.78 min,
i74 N-(3-(2-{(2- TH NMR (400 MHz, <cd3od>)
?/\\, ~ i = ] hvdrox ) Wl N ppm £79-2.02 (m, 4 H)2.29 (5. 3
SNPEN ‘%/ NJ\ PNy ydroxyethylamme)-6- | g4y 95203 (m, 1 Hy3.51 4,
N Hoi {tetrahydro-2H-pyran-4- | 1=5.28 Hz, 2 H) 3.58 (td, J=11.54,
b \f Dovridin-d-yT)-4 274 Hz, 2HY 377 (L =528 Hz, 2
HN A yhpyridin-4-y1)-4- 403 - 412 (m, 2 1) 6.38 (d,
\L TF T methylphenyi)-3- J=1.17Hz, 1H)6.48 (4, J=1.17
OH o P Hz 1 H)7.31(d, =822 Hz, 1 H)
{(trifluoromethvbenzam 760 (d, =235 iz, 1 H) 7.64 (dd.
tde J=8.22,235Hz 1H)7.71 - 7.80
(m, 1 H)7.91 (4, =783 Hz, 1 1)
822 (d, =783 Hz, LI 828 (5, 1
). LOMS (/) (MHD = 500 4,
Ri= (.85 min
175 2-(2-cyanopropan-2-yi)- "H NMR (400 MHz, <cd30d>) 8
Q ; \i 0 N-(3..("P_("’- pem 84 (s, 6 HY 186 -1.95(m, 4
Ny o A/\N)ky/\ 2-((2 H)2.29 (5,3 H)y 2.80 - 2.89 (m,
N J oy hydroxyethyljamine)-6- | ) 3.49-3.53 (m 2 H) 3.58 (id,
i - J=31.54, 2,74 Hz, 2 ) 3.77 (4,
HN J% (tetrahydro-2H-pyran-4- |1 % Hz, 2 1) 4.07 (dd, J=10.56,
1 i vhpyridin-4-yi-4- 3.13 Hz, 210 6.38 (4, J=1.56 Tz, |
“OH N , o TV iagin | H) 648 (d, J=1.17 Hz, 1 H) 7.32
methyiphenyiisonicotin @ jzg,ztz Hz, 1 H)7.60 (d =235
amide Hz, L H)7.66 (dd, }=8.22, 2.35 Hz,
1 H) 7.83 (dd, I=5.05, 1.57 Hz, |
H) 8.08 (s, 1 H) 8.78 (dd, J=5.09,
117 Hz, L H), LOMS (n/z) (MHH)
= 500.4, Bt = 0.74 min.
176 N-(3-(2-(bis(2- TH NMR {400 MHz, <cd3od>)

hydroxyethyDamino)-6-
(tetrahydro-2H-pyran-4-
yDpyridin-4-y1)-4-
methylphenyl)-2-
(trifluorornethyl}isonicot
mamide

Sppm 181 -1.89 (m, 2H) 1.90 -
2.02 (m, 2 H) 2.30 (s, 3 1) 2.81 -
2.92 (m, 1 H)3.59 (td, J=11.74,
235Hz, 2Hy3.71-3.78 (mn, 4 1D
3.80 - 3.87 (m, 4 H}4.07 (dd,
J=11.352.74 Hz, 2 H} 6.50 (d,
J=3.13 Hz, 2 H) 7.35 (4, }=8.22
Hz, i HY7.62(d, J=235Hz { B)
7.68 (dd, J=8.22, 235 Hz, | H)
814 (d, J=5.00Hz 1 H) 832 (s, I
H)8.93 (4, =509Hz 1

). LOCMS (m/z) (MHH) = 345 4,
Rt =075 min.
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177 N-(3-(2-(bis(2- TH NMR (400 Miz, <cd3od>) 3
07 NN 9o o ppr 181 - 1.89 (m, 2 1} 1.89 -
oA \/’E\yi\w) NG hydroxyethylammo)-6- | Y'qq {m, 2 1) 2.06 (1, F=18.58 Iz,

A \r”’ HoOE {(tetrahydro-2H-pyran-4- 3H)2.30 (S,\3}i_‘a 2.86 (i, 1331-542
! yUpyridin-d-yl)-4- S T
N N P 3 235 Hz, 2 H) 3.7 - 3.79 (m, 4 1)
I L ! methylphenyl)-2-(1,1- 3.80 - 3.87 (m, 4 H) 4.07 (dd,
HO OH difluoroethyDisonicotin: J=11.15,2.54 Hz, 2 B) 6.51 (4,
DUOTOCHYIASOMEOMAS | 12 4315, 2 1) 7.52 (4, =8.22
mide Hz, P HY7.62(d, J=2.35 1z, 1 H])
7.67 (dd, 3=8.22, 2.35 Hz, 1 ID)
798 (d, }=5.00 Iz, 1 H} 8.20 (d,
I=0.78 He, § 1) 8.82 (dd, 3=5.09,
0.78 Hz, | ). LOMS (n/z) (VA
=35413 Rt =0.74 mun.

178 N-(3-(2-{bis(2~ "H NMR (400 Mz, <cd3od>) &

o \TE A o hvdrox ) Wl N ppm £.82 - £.8% (m, 2 H) 1.90 -

LA Az NN ydroxyethyDamimno)-6- | 5y w211y 229 (5, 3 1) 2.96 (it
i /J H Ti:\; {(tetrahydro-2H-pyran-4- | J=11.74,3.91 Hz, 1 1) 3.39 (id,
y s I=HE74,235Hz 21 3.7 378

. B} yDpyridin-d-yl)-4- (. 4 H) 3.80 - 3.80 (m, 4 H) 4.07
L £ methyiphenyl)-3- %id,] in L 11 i , zéssrﬂz, ; {((Ii) f;,s;q )
.(mﬂu()mmc&h}l)bcnmm Ha. 1D 7.61 (d, =235 Hz, 1 H)
ide 765 (dd, 3=8.22. 1.96 Hz, 1 H)
772 27780 (m, L) 791 (4, I=T7.83
Hz | D822 (d, =785 Hz, 1 D)
8.28 (s, 1 70, LCMS (/) (MHTD
= 3442 Rt=0.82 min.

179 N-{3-(2~{bis{2- ¥ NMR (400 MHz, <cd3od>) 5
o pm 1.82 - 1.85 (m, 7H) 1.85 -
hydroxyethyDaming)-6- ?ng (l{“, 1 ;})81.;2‘_‘_ ,2 :n? 70
{tetrahydro-2H-pyran-4- | 2.30 (5,3 H) 2.81 - 291 (m, § H)
N , 3.5% (td, J=11.74. 2.35 Hz, 2 H)
yhpyridin-4-yb-4- 370 ( 3.79 (e, 4 1) 3.8 - 3.87 (m,
methvipheny)-2-(2- 4H3401-4.12 (m, 2 H) 6,51 (4,
J=3.13Hz, 2H) 7.33 (d, }=8.22
Hz, L H) 7.60 (d, J=2.35 Hz, 1 H)
yhisonicotinamide 7.67 (dd, =841, 215 He, 1 HD)
7.83 (44, J=5.09, 1.57 He, 1 1D
8.05 - 8,13 (m, 1 H) 8.78 (dd,
J=5.09, 1.17 Hz, 1 H). LCMS (m/5)
(MTH) = 544.3, Rt = 0.71 min.

cyanopropan-2-

180 N N-(2'-({2- "H NMR (500 MHz, Mothanol-d4)
o™ N g . 3890 (d.J=24Hz IH), 839 (d
LA I A . hydroxyethyDammo)-2- 1 525 54, 1), 831 (s, 1H), 825

P B methyl-6-(tetrahydro- | (d./=80Hz U1, 7.94(d, /=79
¥ ; o panedoy g 3.4 He, 11, 777 (4.7 = 7.9 He, 11,
HN, PN 2H-pyran-4-yi)-{3.4" 7.03 (s, 11D), 6,90 (s, 1H), 4.15 -
L F bipyndinj-5-y1)-3- 4.04 (s, 2H), 3.86 (1, J = 4.5 Hz,
CH gL _ 25), 3.70 — 3.52 (m, 5H), 2.56 (s,
b(mﬁuoromeah}})bemam 3H), 2.02 — L84 (m, SH), LOMS
ide (m/2) (M) = 501.0, Re= 0.65

min.
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181 N-(2'-((2- "H NMR (500 Mz, Methanol-d,)
~ N ] TN , 3827 (d.J=80Hz 1H), 7.97 (4
O[\:j\ o (fk/ hydroxyethyDamino)-2- | 72561, 11 411 (d /= 169
ﬁ/\ = &’ | methyl-6'-(tetrahydro- Hz, 20}, 3.4~ 3 84 (m, 24D, 3.67
N o S Y : i (d,J=4.4Hz 21D, 3.60 (1, J =
i ” 7HP‘ ‘”f"‘i""‘i“f?’i/‘“{je‘g' - 114 Hz, 2H), 2.59 (5, 3H), 2.03 ~
HN\] e-Ie | bipyridin}-S-y1)-2- 1.84 (m, SHY. LOMS (m/s) (MAHD
F o . . = 5(2.0, Rt = 0.56 min.
ot (trifluorornethyl}isonicot R v
mamide
182 2-(1.1-difluoropropyl)- | T NMR (366 Milz, Methanok-d4)
o™ ~zN | o N-(2'-((2 58.86 (dd, 7= 7.5, 3.8 Hz, 2H).
P | (-2~ 8.37 (d,J = 2.6 Hz, 111), 8.20 (4, ./
gy » , 8200
\/W N hyvdroxyethyDamino)-2- | =1.6Hz, 1H) 8.03 - 7.95 (m, 1H),
N, 7 ’ ) A 7.02 (s, 1H), 6.90 (s, 1), 4.09 (¢,
o mothyl-6-(tetrahydro- | 7275 6117 280, 3.90 - 3 81
N 2H-pyran-d-y {34 | (. 2H), 369~ 3.52 G, 5H), 2.56
. s (s, 3FD, 2.39 (44, J = 16.5, 8.1 He,
OH blp?nd?“} 3 , 3H), 2.02 - 1.81 (m, SED, 105 (. J
vhisonicotinanude =7.5 Hz, 3H). LOMS (n%)
(M) = 512.0, Rt = 0.60 min,
1%3 N-(2-(- TH NMR (400 Mz, Methanol-dd}
> N. * 5915 (d, /= 2.5Hz, 1H), 840 (d
O -z fe} . Y- T N 9 £y s O,
; Lﬂ i hydroxypiperidin-f-yl)- | yoo 4w, 11y, 833 (0= 1.8 12,
SN RS \ﬁ/\E | 2-methyi-6-(tetrahydro- | 1H). 829 - 823 (m, [, 7.96 (dd,
Nz ' o , ) J=83, 181z L), 778 (¢, J =
Nz P J " ; > LEL), &
a J\ 2H-pyran-4-y1-{3.4 7.9 Tiz, 1ED), 6.99 (s, 1), 6.77
N e T | bipyridin}-5-y1)-3- (51D, 414 (@ /= 135,46 7,
| F - e 3H), 4.09 (5, 2H), 3.95 (11, = 8.2,
; .(mﬂu()mmc&h}l)bcnmm 5.9 Hz, 1H), 3.69 336 (m, 61),
OH ide 3.17 -2.99 (m, 1), 2.61 (s, 31D,
2.30 - 1.84 (m, 7HD, 1.62 (ddt, J =
13.6.9.1, 4.5 Hz, 21, LOMS
Om/e) (M) = 3411, Rt = 0.63
min.
184 N-(2'-(4- TH NMR (400 MHz, Methanol-d4)

N.# N
AN £ TN e

hydroxypiperidin-1-yi)-
2-methyl-6"-{tetrahydro-
2H-pyran-4-y1)-[3.4'-
bipyridin}-5-vi)-2-
{(trifluoromethvlnsonicot

59.06 (d,J= 2.5z 11D, 8.96 (d,
J=52 1z 1H), 838 (d, J=2.4
iz, 1), 8.36 - $.31 (m, HD), 8.16
(dd J=4.9, 1.6 Hz, 11D, 7.04 (s,
1H),6.79 (d.J= 1.2 Hz, 1), 4,10
—4.03 (m, 4H), 3.96 (1, /= 8.1, 39
Hz, 1), 3.66 - 3.39 (m, 5H), 3.15
~2.99 (m, H), 2.60 (s, 37D, 2.08 -

OH imamide 1.95 (s, 2H), §.94 - 1.81 (m, 4H),
1.63 (did, J=12.8, 8.7, 3.7 Hz,
2H). LOMS (m/%) (MH) = 542.1,
Rt =0.58 min.
215
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18% 2-(1,1~difluoropropyl)- | H NMR (400 MHz, Methanol-d4)
TN . NI §9.10(d../= 2.4 Hz, 11D, 8.92 -
P h N-(2'-(4- 2.83 (m, 1), 8.40 (4, J =23 Tz,
e hydroxypiperidin-1-yl)- | 1H). 825 -820 (n, [H), 801 (@4,
Nz - F=350, 17 He, 1), 7.04 (s, 11D
2-methyl-6'-(tetrahydro- o0y 1ot o, 115 410
L ~=FOL) YOG~ 4 579 (@, J = 1.2 Tz 131), 4.19 -
2H-pyran-4-v1)-{3,4"- 4.04 (m, 4H), 396 (i, J= 8.1, 3.0
ky bioveidinl-5 Hz, 1}, 3.65 - 3.38 (m, 310, 3.17
Pyt f“}“j T ~3.02 (my, B, 2.64 (5, 34, 2.39
yliisonicotinamide (tq..] = 16.7,7.5 ¥z, 2D, 2.06 —
1.84 (m, TED), 1.64 (ded..J = 12.9,
8.8, 3.8 He, 2H), 1L.O2 (1, J =73
iz, 3H). LOMS (m/s) (MDD =
5522, Rt=0.61 min.
186 N-(3-(2-(4- l HNMR (106 ;\gHz, Methanol-d1)
hydroxypiperidin-1-yl)- | o226 /7 L9 Hz 1, 8.21 @,
3 YPIp Y} J=7.9Hz, 1), 7.94 - 7.87 (m,
O-(tetrabydro-ZH-pyran- | 1H). 7.81 (L J=2.6Hz, 1), 7.74
PN (6. ="79Hz 1H), 761 (dt.J=
4-yhpyridin-4-y1)-4- 83,2.4Hz, 1R, 738¢d,J =83
methylphenyl)-3- HziH), 7.17 (d, /= 1.4 Hz, iIH),
. o 6.88 (d,.7= 1.2 Hz, 1TD), 4.06
iiriﬂlieranlc&h} Dbenzam (dddd )= 21 8, 114 6.0.2.8 B,
ide 6H), 3.57 (1. J = 112, 2.4 Tiz, 410,
3.22 ~3.07 (m, 25y, 2.33 (s, 31D,
2.05 (ddd, J= 136, 7.3, 3.8 Hz,
261y, 1.98 —1.84 (m, SED), 1.70 (did,
J=12.6,8.3,3.7 Hz, 75). LCMS
(m/zy (MAHD) = 540.2, Re = 0.82
min.
187 — N-(3-(2-(4- TH NMR (400 Milz, Methanol-d4)
o™ L 58.92 (4, 7= 5.0Hz 1f), 835 -
PP hydroxypipertdin-1-yD- | 376 (m. 111 813 (dd, /= 5.1, 1.6
i O-(tetrabydro-2H-pyran~ | Hz IH), 7.80(d, /=23 Hz, IH),
o N 7,65 (dd, J= 8.3, 2.3 Hz, 1H),7.39
4-yhpyridin-d-yb-4- (d,J=84Hz 1), 7.14 (5. 1D,
methylphenyt)-2- 6.85 (d,/ = 1.5 He, 1H), 4.17 -
. o354 (m, SH), 3.57 (4dd, S = 112,
Qﬂﬂg@mm@ihy {nsonicot 78.3.0 1z, 411, 3.3 - 3.09 (m,
tnamide 1H), 2.34 ¢s, 35, 2.04 (ddt, J =
13.6,7.1,3.6 Hz, 21%), 1.99 - 1.86
(m, 4H), 170 (dtd, J = 126, 8.4,
3.7 Hz, 280, LOMS (m/s) MHD
=354§.2, Rt=0.75 wain.
188 2-(1,1-diflooropropyl)- | U NMR (400 MHz, Methanob-d4)
o™ ~ NC3-(2oi 4 58.83 (4, 7=51Hz 11), 816 (1,
I -3-{Z-(4- J=13Hz, 1), 7.96 (dd, J = 5.0,
hydroxypiperidin-1~y1)~- | L6 Hz, 1H), 782 (d, /=23 Hz,
. . 1D, 7.64 (dd, J = $.3, 2.3 Hz, HHD,
6“@?”3‘}1?“ dro-ZH-pyran- | 5 35.q =51 Hz, 111, 716 (d./
4-vhpyridin-4-yi)-4- =141z 1H), 687 (d, /= 1.3 He,
o ety | 1H), 4.15 - 3.95 (m, SH), 3.63 -
meg}g Iphenylusonicotin {55y "3 310 (m, 110),
amide 2,49 —2.29 (m, 5K, 2.03 (ddd, J =
37,6.9,3.5 He, 21), 1.98 - 1.86
(m, KD, 170 (did, = 12.5, 8.4,
3.8 Hz, 21D, 1.04 (¢, 7=7.4 Hz, 31,
LOMS (n/z) (M) = 5512, Ri =
(.77 min.
216
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189 N-(3-(2-(2- T NMR (400 MHz, Methanol-dd)
o N o} o . $8.26 (s, 1) $.20 (4, J = 7.8 Hz,
L o hydroxyethoxy )-6- 1H)7.89 (d, ] = 7.8 Hz, 1H) 7.73

~ N f - (tetrahydro-2H-pyran-4- | (4,7=7.9Hz, 1) 7.68 - 7.57 (m,
N,z N Dovridinedul g 2H) 7.32 (4d, T = 8.4, 6.0 Iz, 1H)
Y i yDpyridin-4-y1)-4- 7.00 - 6.57 (m, 3H) 4.80 ~ 4.66 (m,
\1 FrLF methyiphenyl)-3- 2H) 4.51 - 4.40 (m, 2H) 4.13 ~
N g e 4.01 (m, 3H) 3.96 - 3.83 (m, 2H)
OH Qnﬁuoromeahy Dbenzam 3581 J = 116, 2.6 Hz, 350 2.08
1de (. 7=11542Hz 1H) 2.28 (s,
379} 2.04 — 1.80 (m, 6H),
LO-MS: R0.95, Mass-501.2

190 N(3-(2-(2- H NMR (400 MHz, Methanol-d4)
o™ AT o 5891 (4, I=51Hz B 836 (L]

A \J\ . N hydroxyocthoxy)-6- =11 Hz IH)R12{dd J=51 16
o h | /\ﬁ {(tetrahydro-2H-pyran-4- | Hz HED 770764 (m, ZH) 7.34
N N Vovridi " (A I=910z D691 (8 1=12

O ,E yhpyridin-d-yl)-4- Hz, TH)Y6.75 (d, J= 1.2 He, 1H)
\i F ¢ F rﬁegh’yiphen}/uuz_ 4524539 (m, 2HY 4.07 (ddd. I =
b, . . 104,43, 18z 21 3.95 - 3.85
OH - sthv o s -3 ,
.(ta aﬂgommcthyl)asemwt (. 2ED 3,59 (1d T = 11.6, 2.6 Hiz,
inamide 2H) 2.97 (1, T = 11.5, 4.3 Fz, 11D}
2.28 (s, 3H) 2.03 ~ 1.86 (m, ST).
LOMS: Ri-0.86, Mass-502.1
191 2-(1,1-difluoroethyl-N- | 'H NMR (400 MHz, DMS0-d6) &
B pm 10,58 (s, 1 1) 16,39 (s, 1 H)
1-(2~(hydroxymethyl)- | bog - -
2 3 .88 (d, J=5.13 Hz, { ID 818 (5, 1
: 2-methyi-3-0x0-5- H) $.03 (dd, 3=5.01, 1.34 Hz, 1 )
. T o 1759772 (w2 ) 729 (4. J=8.44
0417\’0 (totrahydro-2H-pyran-4- Hz, 110 6.81 (dd, 3=16.81, 1.77
-OH vh-3 d-dihydro-2H- Hz, 2 )y 5.10 (¢, J=3.99 Hz, 1 H])
.. 0 e 3.91 (d, J=11.25 Hz, 2 H) 3.77 (dd.
benzofb]i1,4oxazin-7 J=1E.62. 6.1F Hez, | ) 3.53 (dd.
yi)-4- I=1162,575Hz, 3 3.44 -3.28
bt eomiontia | EHY225 (s, 3 H) 2.00 - 2,13
mc.&‘} Iphenybhisonicotin (o 3 F1) 1,55 - 172 (m, 4 1) 134
amide (s, 3 H); LCMS {m/2) MDD =
352.1, Rt = 1.27 min.
192 s fl o e N-G-(2- TH NMR (400 MIlz, DMSO-d6)
) . Sppm 1078 5, 1 ED) 1639 (s, 1 11
A S NS kF (hydroxymethyl)-2- )?;ﬁj (d, J=5.01 Hz )EH; 828 - :
HT N o N methyl-3-ox0-3- 8.42 (m, 1 F) 8.09 (dd, }=5.07,
L ; , 5z, 11,78 =4,
04l © (tetrahydro-2H-pyran-4- Eég gj ; ﬁ;"ii Sf}igi%z i
NoH vi)-3 d-dihyvdro-2H- H)6.83 (dd, J=16.99, 1.83 Hz, 2
- T dlescasin.?. | H)3.87-4.03 (m, 2 H)3.77 (4,
b?nmﬁ)“ LAjoxazin-7 J=11.49 Hz, 1 H) 3.46 - 3.57 (m, 3
yi}-d-methylphenyD-4- | 13264 =819 1 1) 226 s,
triffucromethvpicolina | 2 HI P58 - 172 (m. 4 H) £.34 (5,3
( ) U 1 H) LOMS sy (MAED = 556.1,
mide Re= 142 min.
193 N-(3-(2- T NMR (400 MHz, DMSO- d6)

(hydroxymethyi}-2-
methyl-3-ox0-5-
(tetrahydro-2H-pyran-4-
v1)-3,4-dihvdro-2H-
benzolbl[1.4]oxazin-7-
vi-4-methylphenyi)-4-

(rifluoromethylpicolina

5 ppm 10.78 (s, 1 F) 16.39 (5. 1 ID)
9.03 (d, J=5.01 Hz, 1 1) 828 -
8.47 (m, 1 H) $.09 (dd, J=5.07,
1.16 Hz, 1 15.7.81 {dg, J=4.40,
2.90 He 2 T 7.28 (4, J=0.17 Hz, |
) 6.83 (dd, J=16.99, 1.83 Hz, 2
) 3.87 - 4.03 (w, 2 H) 3.77 4,
J=11.49 He, 1 H)3.46 - 3.57 (n, 3
HY3.26 (d, J=8.19 Hz, 1 1) 2.26 (s,
FHY LS8 -172 (m 4 HD 134 (s, 3
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mide carboxamide {,
single enantiomer, Peak
I 1 Chiral SFC)

HY; LCMS (m/7) (M+H) = 5356.1,
Ri= 142 min

194 7N
L ~
HN #

N-(3-{2-

£ | {(hydroxymethyi}-2-
raethyl-3-0x0-3-
{(tetrahydro-2H-pyran-4-~
v1)-3 4-dihvdro-2H-
benzofblfl.4joxazin-7-
y-4-methvlphenyl-4-
(trifluoromethyviipicolina
mude carboxamide (|
single enantiomer, Peak
2 in Chral SFC)

TH NMR (400 Mz, DMSO-d6)
Sppm 10.78 (s, 1 H) 1639 (5, 1 I}
203 (d, }=5.00 Hz, t H)8.28 -
8.42 (m, 1 H) 8.09 (dd, J=3.07,
1,16 Hz, 1 H),7.81 (dq, J=4 40,
2208z, 2 H)7.28 (d, J=217 Hz |
HY6.83 (dd, J=16.99, 1 83 Hz 2
H)3.87-403 6, 2HY3.77(d,
J=1149Hz 1 H)3.46 -3.57 (m, 3
HY3.26(d, J=8.19 7 1 Hy2.26 (s,
SHYES8-1.72 (e, 4 HY .34 (5,3
Hy, LOMS (m/zy (MHH)Y = 5364,
Rt= 142 min

o
x / /

\j*

N-(3-(2-
{(hydroxymethyl}-2-

methyi-3-0x0-5-
(tetrabydro-2H-pyran-4-
v1}-3 4-dihydro-2H-
benzofblfl 4joxazin-7-
yD-4-methyiphenyl)-3-

"H NMR. (400 MHz, DMSO-d6)
Sppm 11.22 (s, 1 H) 1639 (5, L I}
9.95(d, J=1.71 Hz, 1 H) 8.58 (dd,
J=220,0735Hz, {1 H)7.77-792
(m, 2 H)?.RG (d, =783 Hz, | /)
6.83 (dd, J=16.44, 177 Hz, 2 H)
SHV (A, =593 Hz, 1 H)3.92(d,
J=11.00 Hz, 2 H) 3.77 (dd,
J=11.62, 6.11 Hz 1 Hy3.46-3.60
{m, 3 }i) 3.19-3.26 (m, | H)2.27

. ) raa (s 3H) 156 - 173 (m, 4 Hy 134
e {s
.(tﬂﬂﬁuc)re.,mcthyi))pyndaz (53 Ty LOMS () (M) —
ie-3-carboxamide 557.1, Rt= L.31 min
196 R} N-(3~(2.2-dimethyl-3- | 'H NMR (400 MHz, DMS0-d6)
cﬁf V\! o 3 OXO_Q_,E'_)M}W dm’_7 [p. | PPm 1065 (d =232 Hz 2 1) 8.99
P NN fﬁ* S-{tetran (d,J=501 Hz, LH)}&37 (s, | H}
A Hod pyran-d-y1)-3,4-dilivdro- | 8.20 (d, J=5.01 Hz, 1 H) 7.6% (dd,
Y IH. J=8.25 2 14 Hz 1H)7.64 (d,
A “ C 1 J=2.08Hz 1H)7.30 (@ J=8.44
o benzofbifl 4joxazin-6- | Hz, 1 H)6.83 (d, J=1.83 Hz, 1 H)
AN et ~ 6.75 (d, J=1.96 Hz, } H) 3.95 (dd
e = 7 O Yol > 5
VD 4-methy iph@yi{z J=1L18, 2.75 Hz, 2 F)3.46 (i,
{triflucromethyyisonicot | J=11.43,1.96 Hz, 2 HY 332 (5,
i HI3E3 (1, J=1152 394 Hz, 1 H)
mamide 223 (5,3 1) 157 - 1.82 (m, 4 )
1.45 (s, 6 H); LOMS (m/7) (MHH)
= 5401, Bt = 1 45 min.
197 2-{1.1-difluoroethyl}-N- | "HNMR (400 MHz, DMSO0-d6) 3

(3-(2.2-dimethvl-3-oxo-
3-(tetrabydro-2 H-pyran-
4-v1)-3 4-dihvdro-2H-
benzofbif1 4joxazin-6-
yh)-4-
methyviphenviysonicotin

ppm 16.6§ (br. 5., 1 H) 8.87 (d.
I=501Hz 1H) 818 (s, 1H)RO03
{ =501, 147 Hz 1 HY7.58-

{da,

TA7 (m, 2HY7.29 (d, J=8.44 Hz, 1
) 6.82(d J=196Hz 1674
(d, J=19Hz, 1 H)3

B6-4.02 (m,

1.79 (m, 4 H) |44 (s, 6 H); LOMS
(/z) (M) = 536.1, Re =142

W]
-
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amide FTIN
198 Lr N-(3-(2,2-dimethyl-3- | "HNMR (400 MHz, DMSC-d6) 3
. N e " ppm 10.65 (s, 1 1) 9.92 (d, J=1.83
[ F oxo-8~{tetrahydro-2H- Hz, 1 H) 865 (d, J=1.71 Hz 1 £
o pyran-4-v1}-3 4-dihydro- | 7.52-7.75 (m, 21 7.29 (d, J=8.19
1L Hz, 1H) 6.61 -6.88 (m, 2 H) 3.78 -
B A 4.06 (m, 2 H) 3.46 (1d, J=11.40,
benzojblll.4joxazin-6- | 226 Hz, 2 H33.03 -3.19 (wm, | H)
Tl ime P, | 223 (5,3 ) 159 - .82 (m, 4 H)
}1;) 4 methyiphenyi} O 104 (e 6 1) LOMS (mrz) (METD)
(rifluoromethyDpyridaz | = 5411, Rt = 1.39 min.
ine-4-carboxamide
199 o j)\ F o N-G2.2-dimethyl-3- TH NMR {400 Miiz, DMA0-d6)
{ - S ppm 10,78 (br. s, | H) 10.64 (br.
- A crvn R - S
\/)\i X N YR | oxo g-{tetrahydro-2H 5. 1) 9.03 (d 1=5.01 Hz, | 1)
N N pyran-4-y1)-3 d-dihydro~ | 8.27-843 (m, 1 H) 8.05 (dd,
_____ N H J=5.01, 1.10 1z 1 1) 7.70 - 7.88
' , e . (2T 7.22-7.34 (m, 1 1) 6.84
O benzolbll 1 4loxazin-6- | (¢, =183 8z 1H;6.77 (& =208
d oDy, | HZ DH)3.88 - 4.04 (m, 2 H) 3.46
51;’ 4 meﬂlﬂph@ﬂ} 4 (d, J=11.49 2,08 Hz, 2 H) 3.13 (&,
(triflucromethyDpicolina | 5=11.60,5.87 8z, 1 H) 2.23 (5.3
i W L62-183(m 4H145(5,6
mide H): LOMS (n2) (M+H) = 540 1,
Ri= 1.56 min
200 N-(3-(2- TH NMR {400 MIz, DM30-d6) 5
P 7 IR ppm 10.64 (br. s, 1 H) 8.99 (4,
(hydroxymethyl}-2- J=5.01Hz 1 H) $.37 (s, 1 ) 8.19
methvi-3-ox0-§- (dd, J=501, L10Hz | H) 7.68
) (dd, J=8.252.26 Hz, 1 1D 7.63 (d.
strahudra Y T omwuran.d. | G99 , NEAR Y s
{tetrahy d”"zH pyTan=d- | 5001 1 1) 750 (d, =8 44
vi3-3,4-dibydro-2H- Hz, L) 679 (4, J=1.83 Hz, 1 )
. | Alecarin.f. | 071 (d 1=1.96 Tz, 1 ) 509 (¢,
benzofb[ L4Joxazin-6- | 1 1o by " i 100 4,03 (m, 2
yi}-4-methylpheayvh-2- | 1) 3.80 (dd, =11 49, 6.24 Hz, |
fooip ot T | 3,36 (dd, J=11.55, $.56 Hz, |
x\mﬂuorgm\,ﬁgI)lsomwt F) 337 - 3,50 (m. 2 1) 3.05 - 3.23
amide (m, 1F1) 223 (s, 3D 1.58-1.79
(i, 4 H) 1.36 (s, 3 H), LCMS
Gn/zy MAID) = 540.1, Re= 1.45
min.
201 o Y 0 F o N-{3-(2- TH NMR (400 MHz, DMSO-d6) &
g . k" v ool 17 ppre f0.64 (br s, 1 ) 9.92 (d,
; \\/\’ ‘j)ky\/\ F (hydroxymethyl)-2 J=1.96 Hz, 111) 8.68 (d. J=1.96
. £ N methyi-3-0x0-8- Hz, 1 1) 7.67 (dd. J=8.25, 2.26 iz,
) e e 4 TEDT62(dI=220 Hz 1H) 731
e @W?‘h?dr OfZH“i)yra""i“ (d, J=8.44 Hz, 1 H) 6.79 (4, J=1 83
Q vi}-3,4-dihvdro-2H- Hz, | Y671 (d, =196 Hz, 1 H)
o TEE Alenminf. | 309 (LI=5.81 Hz, 1 H)3.90 - 4.03
benzo[bJH Aloxazin-6- 1 e dd 1149 6,11
vi}-4-methylphenyi)-6- |tz 1 H)3.56 (dd, J=11.55, 5.44
" s D Hz, 1 F) 339 -3.50 (m, 2 H) 3.04
(mﬂmmmmﬁ} i)p} nidaz |00 (m, 1 H) 2.16 - 2.27 (m, 3 H)
ine-4-carboxamide 1.62 - 1.80 (m, 4 H) 1.36 (8,3 H);
LOMS (n/z) (M) = 5571, Ri =
1.24 win.
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202 ?:j SV o F N-(3-(2- THNMR (400 Mz, DMSO-6)
NG i Mo eneomethol 1. 5 ppm 10.78 (s, 1 H) 10.62 (br. s,
; Sy N \\;‘/<F (hydroxymethyl)-2 1H)9.03 (d. J=5.01 Hz, 1 H) 8.29
o 7 No? methyl-3-ox0-8- - 8.42 (m, 1 1) $.09 (dd, }=3.01,
L e o g 1 LIOHZ 1) 771-7.85 (m, 2 H)
™~ 4 (tetrahydro-2H-pyran-4- | 'q (d 1=9.2 Hz, 1 1) 6.81 (d,
o viy-3,4-dihydro-2H- J=1.96 Hz, 1H) 6.75 (d, }=1.96
e FRIET Al pe | HZ FHY 500 (or 5., LH) 3.90 -
bc\“’m IbIL Alosazin-6- 1 oS 1 381 dd, =11 25,
vi}-4-methylphenyiy-d- | 2.81 Hz, 1 1) 3.56 (4, }=10.27 Hz,
: Fyeiand: 1 H)3.39 - 3.50 (m, 2 11 3.17 (i,
e - {m, 2 H) (i,
{(trifluoro mg'ﬁlyl)pmoima 1=10.27. 5.26 He, § H) 2,23 (s, 3
mide ) 161 - 130 (m, 4 H) 1.36 (s,
3F1y: LOMS () (MAHED) = 5561,
Rt =} 40 min.
03 o~ \@\ )OL z/ 2-(1.1-diftuorocthyl}-N- | H NMR (400 Milz, DMSO-d6)
o | | , . i Sppm 10.78(s, 1 TD 1039 (s, L)
. B - 2 - I P eraes = - Pp H
Y h N If\/ F i G-C-(hydroxymethyll 1o 43 32501 12 1 113 8258 -
e 07 M 2-methyl-3-0x0-8- 8.42 (m, 1 1) 8.09 (dd. }=5.07,
RN 1.16 Hz, 1 1).7.81 (dq, }=4.40,
NH . 3t VAT -G e > i
N (tetrahydro-2H-pyran-4- | 561" 5 1,728 (4. =9.17 1z, 1
O -3 4-dihydro-2H- H) 6.83 (dd, J=16.99, 1.83 Hz, 2
Yij=2, 3 ) (dd, : ,
. . 1) 3.87 - 4.03 (m, 2 H) 3.77 (4,
benzofbl L4joxazn-6- 1 1o 1y 36 - 3.57 (m, 3
yij-4- HY3.26 (4, 3=8.19 Tz, 1 H) 2.26 (s,
stholphenvhisonicotin | 2 HY 138172 (m 4 H) 1.34 (5, 3
mcfhyiphuxyl,m mcotin 1y, LOMS (053 (V) = 56,1
amide Ri= 142 min
204 o ~FY o £ N-(3-(2- 11 NMR (400 Mz, DMSC-d6)
g i F ‘ 0.7 ) 16,39 (s, L H
N o AL NN Sppm 10.78 (5, L ) 10.39 (5, L H)
b N YR | (ydroxymethyl)-2 9.03 (d. J=5.01 Hz, | H) 828 -
R S methyi-3-0x0-8- 8.42 (m, 1 FD) 8.09 (dd, I=5.07,
M - . ) 1.16 Hz, | 1).7.81 (dg, J=4.40,
NH mtrabodre Y e arod. 1D , ,
\7H( (tetrahydro-2H-pyran-d- 1, 13,75 17 28 (0, 129,17 11z, 1
o v1)-3 4-dibvdro-2H- ) 6.83 (dd, }=16.99, 1.83 Hz, 2
! Toowmpin . | 1) 387403 (m, 2 H}3.77 d,
b?“‘joﬁﬁmﬂd‘jox“m O | =11 49 Hz, 1 H) 346 - 357 (m. 3
yh-4-methviphenvh-3~ | H)3.26 (4. 7=8.19Hz, 1 H)2.26 (5,
o s e U 3FD LS8 172 (m, 4 D) L34 (5,3
(triflporomethyDpynidaz | 105 S e 2 i) = 556.1.
ine-3-carboxamide Re= 142 min
205 (3{7-(]- H NMR (400 Mz, DMSO-d6) 5
03 o Yo £ b N 7‘3;““ (i 604 ppm 10,69 (s, 1 113 8.99 (d, 1:5?01
L !/\\/*%AN/L\(\ kel VAFOXYCIROXY 0%~ | 1y | 14y 836 (s, | H) §.14 - 8.20
N R n methyltetrahydro-2H- | (m 1 H) 775 (dd, 1=8.25, 2.26 Hz,
i yran-d-yl)pyridin-4- 1) 7.66(d, =220z, 1 ) 735
Y P YLUPY (d, =844 Hz, 1 H) 6.94 (¢, J=0 98
Non vi-d-methyiphenyl}-2- | Hz, 1 1659 (4, =098 Hz, 1 H)
- 1 481(LI=5.50 Tz 14524
(‘tnﬂucmmetﬁyi)mcmm& 145,26 Hz, 2H) 3.64 - 3.81 (m, 4
inamide ) 3.49 (ddd, J=11.37, 8.01, 3.12
Hz, 2 H) 2.15 - 2.30 (m, 6 H) 1.66
(ddd, J=13.27,8.07, 348 7, 2 1)
1.28 (s, 3 Hy, LOMS (m/ny (M)
=35§6.1, Rt = 1.43 mun.

b

o
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206 o™ 2-(1, 1-diffuoroethy])-N- | "HNMR (400 Mz, DMSO-d6) 5
(N (3-(2-(2- ppin mf().i (s, 1 HY8.88(d, FD,GE
o Hz 1 H)8.18(s, 1 1) 8.03 (dd,
hydroxyethoxy)-6-(4- J=532, 1AL Hyz, 1 1D 7.76 (dd,
methyltetrahvdro-2H- | 1=8.25 2.76Hz 1 8)7.67 (d,
pyran-4-vDpyridin-4- | =220 Hz 11)7.34 @ 1=8.44
i Hz, L H)6.94 (4, FF098 Hz, 1 H)
S 6.59 (d, F=0.98 Hz, 1 ) 4.81 (1,
methylphenyDisonicolin | =5 50 1y, 1 1) 432 =520 H,
amide 2HY3.65-3.85 (m 4 ) 3.49
{ddd, J=11.34, 7.8, 3.06 Hz, 2 )
2.19-2.28 (m, SHY1.98 - 2.1 {m,
3 Hy §.66 (ddd, 3=13.33, 8.07,
3,42 Hz, 2 1) 1.28 (s. 3 1y LOMS
(m/sy (WHH) = 5121, Re= 1,40
1R},
207 N-(3-(2-(2- NI NMER (400 MEHz, DMSO-d6) 5

bydroxyethoxy)-6-(4-
methyltetrahvdro-2 H-
pyran-4-yDpyndin-4-
v)-4-methylphenyl)-6-
{(trifluoromethyDpyridaz
me-4-carboxamide

ppm 10.86 (5, 1 H) 2.92 (4, }=1.9¢6
Hz, 1 H)8568(d, =208 Hz 1 H)
7.75 (44, =825 226 Hz, 1 H)
7.66 (d,J=2.20Hz, { H)7.37 (d,
J=8.44 Hz, 1 H)6.94 (d. =098
Hz, 1 H)6.59(d, =098 Hz, 1 H)
481 (1, J=550Hz, t HY433
I=520Hz, 2 H)3.65-3.84 (m, 4
H)3.49(ddd, J=11.37,7.95,3.18
Hz, 2HY2.56 - 227 (m, S H) 1.66
(ddd, 1=13.30,804, 348 Hz, 2 th)
1.28 (s, 3 H)y; LOMS {m/zy (MHH)
= 5121, Bt = 1 40 min.

208 @

2-2~cyvanopropan-2-vi)-
N-(3-(2-(2-
hyvdroxyethoxy 3-6-{4-
methyltetrahvdro-2 H-
pyran-4-yDpyndin-4-
yh)-4-
methyviphenviysonicotin
amide

TH NMR (400 MHz, DMSO-46) 3
ppm 10.55 (s, 1 ) 8.81 {dd,
J=507, 067 Hz, 1 ) 8.00 (5, L H)
7.86 (dd, J=5.01, 1.47 Hz, | H)
774 (dd, J=8.312.20Hz, 1 H) 7.65
{d,J=2.20Hz | F)7 34 (4, J=8.44
Hz, § H)6.94 (d. J=0.98 Hz, | H)
6.59 (d, J=0.98 Iz, | H}4.82 (¢,
J=5.50Hz, 1 H)4.32 (t,]=5.26 He,
ZHYZ.63-382 (m, 4 H)3.49
{ddd, =11.40,7.98 312 Hz, 2 1)
208 -2290m, SHY 1.72 - 1.88 {m,
7H) 1.66 (ddd, J=13.27, 8.01,3.42
Iz, 2 Hy1.28 (s, 3 I); LCMS
nzy (M+ED) = 5151 Re= 136
nun.

S

]
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209 o™ o F . N-(3-{2-(2- TH NMR (400 MHz, DMS0-d6) 5
L /V\T/x\\ NJWXF bydroxyethoxy)-6-(4- | PP 10.83 (. 1H) 9.03d, 1=5.01
F\E P H N! P ) Fiz, 1 H) 8.29 - 8.43 (m, 1 H} 8.00
~ ~FF methyltetrahvdro-2H- (dd. 3=5.07, 1 16 Hz, 1 ) 7.90
[0 pyran-4-vhpyrdin-4- | dd =831 232 Hz, | 1) 785 (d.
Dedomethulnhenuiod. | 152,20 He, 115 7.33 (4, 1=8.44
OH N 1)4 nlmh}iphw.} 1’) 4 Hz, 1 H)6.95¢d, }=0.98 Hz, 1 H)
(mﬂuarome.ihy!,)plcghna 6.61(d, J=0.98 Hz, 1 1) 4.82 (&
mide J=5.36 Hz, 1 H)4.33 (1, }=5.20 Hz,
2HY3.65-3.87 (m, 4 H) 3.50
(ddd, J=11.37, 8.01,3.12 Hz, 2 )
2.10-2.30 (m, 5 H) 1.67 (ddd,
I=13.24, 8.04, 3,42 Hz, 2 H)
1.28 (s, 3 H); LCMS G2y (M+H)
=516.1, Rt = 1.55 min.
210 - N-(3-(2- H NMR. (400 MHz, DMSO-d5) &
c@ \f\l o F hydroxyethoxy)-6- ppne 0,76 (s, 1 H) 8.99 (d, J=3.01
NS AN Hz, | H) 836 (5, | H) 8.19 (dd,
N L P methyl-5'-(4- 1=4.95,0.92 Hz, 1 H)7.77 (dd,
/é methyltetrahvdro-2H- | 12831, 22002, 1 H) 767 (&,
L pyran,gg_yj)_ﬂ }'_ J=2.20Hz, 1 H) 7.35 (4, 3=8.44
OH Hz, V H) 704 (4, }=061 Hz, 1 1)

biphenyl}-3-y1) 6.66 (. J=0.86 Hz, | 1) 4.82 {t,

(tl’]ﬂll(}f‘ﬂ!l’ieﬁlyl)lSOI’UCOE J=3.50Hz, 1 H) 4.42 - 4.63 (m, 2
mamide ) 4.33 (1, J=5.20Hz, 2 1) 3.67 -

3.85(m, 4 H) 337 - 3.5 {m, 2 H)
2 r' 231 (m, 5 H)y 1.81 (ddd,

3.79. 10.00, 3.97 Hz, 2 H);
LLMS (m/z) (VAT = 5343, Rt =
1.26 min.

711 2-{1.1-difluorocthy}-N- | "H NMR (400 MHz, DMSO-d6) 3
(3-(2-(4- ppm iO\b? (s, 1 1) R.88 (4, J=5.14
) Tz LH)8.18 (s, | 71 8.03 (dd.
{fluoromethyietrahydro | 5. 501134z 11 777 (dd,
2H-pyran-4-v1)-6-(2- | 1=825 226Hz, 1 H) 7.67 (4,
hydroxyethoxy)pyridin- | 97220 He, LH) 734 (d, J=8.44
doylyed- Hz, | 1) 7.04 (d, }=0.86 Hz, | I}
FETTT 1665 (d, J=0.86 Hz, | H}4.82 (1,
methylphenyiisonicotin | j=550 Hz, 1 Hy4.42 - 4.64(m, 2
amide ) 4.32 (1, 7=5.20 Hz, 2 H) 3.66 -
3.83 (m, 4 F)3.35-3.53 (m, 2 £5)
247 -2.32 (m, SHI2.05 6,
3=19.13 Hz, 3 H) 181 (ddd,
I=13.82, 10.03.4.03 Hz, 2 H),
LOMS (n/z) (M) = 530.3, Rt =
1.24 min.

]
o
N2
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212 . F o . N-(3-(2-(4- e} NME 24100 MI?Z, ?w{sa-de) 3
i M <P (fuoromethyltetrahydro | PP 1087(s, 115952 (d, J=1.96
\(% N STF 7 , . Hz, L 1) 868 (4, =196 Hz, 1 1)
N. o7 ' W 2H-pyran-d-yD-6-(2~ {775 44 3=831.220 Bz, 115
5 hydroxyethoxy)pyridin- | 7.66 (d, }=2.20 Hz, 1 H) 7.37 (4,
L 4])-d-methylphenyl)- | =844 Ha, 1H) 7.04 (& 1=0.86
O 6 Hz, L H) 666 (4, FF0.98 Hz, 1H)
‘ ’ _ 482 (t, F=5.50 He, 1 1) 4.43 - 4.61
{trillooromethyDpyndaz | oy 2 1)433 =520 He 2 1)
ine-d-carboxamide 367 -3.85 (m, 4 1) 3.36 - 350 (m
2HY2.21-2.33 (m, 5 ) 1.81
(ddd, 7=13.79, 10.00, 3.97 Hz, 2
HY, LOMS (m/z) (MHH) = 530.3,
Ri=1.24 min.
213 o £ L . 2-{2-cyanopropan-2-vij- "H NMR (400 MHz, DMSO-46) 3
y W CN i ppm 1056 (s, 1 H) 8.81 (dd,
~ \ii/%f R |A\‘;/L\ N-(G-(2-(3- 3=5.01.0.73 Hz, 1 H) $.00 s, 1 H)
N7 LN (fluoromethyDetrahydre | 5 56 ag. =501, 1.47 1z, 1 1)
& 2H-pyran-d-y1)-6-(2~ {775 (dd, J=8.192.20 Hz,  H) 7.63
[ v hydroxyethoxy)pyridin- | (=220 Hz, 1 F) 734 (4, J=8.56
OH Ay Tyede Hz, | H) 7.04 (d, J=0.86 Hz, 1 H)
S 6.65(d, J=0.86 Tz, § Ty 4.42 -
Hl@ﬁlyl})h@!lyi)iSO]liCOﬁl’! 4.66 (m, 2B 432 (,J=520Hz 2
amide 1) 3.62 - 3.83 (m, 4 TI) 3.37 - 3.52
(m 2T 2.17-232 (0, STH 1.68 -
1.87 (m, 9 H); LOMS (m/7) (MHD
=533.3 Rt=1.24 wmin.
214 N F - o | N-(3-(2-(4- 1 NMR ’(4()0 \AHZ( ?\/Isoii@qa
L / PN J-H/\ <P 1 (fluoromethyietrahydro | PPP 10846, LD 9.05¢d, =501
- ‘7;/\ N F e . Hz, V H) 834 (4, }=061 Hz, 1 1)
N 7 TNz -ZH-pyrat-4-yD-6-(2- | g 59 (dd, }=5.01, 1.10 He, 1 10
0 hydroxyethoxy)pyridin- | 7.73 - 7.85(m, 2 H) 7.33 (d, J=8.44
L 4y])-d-methviphenyl)- | Hz 1H)7.03 (d J=098 iz, 1 H)
OH i 6.67 (d, 7=0.98 Tz, 1 H) 4.83 (1,
) o I=5.56Hz, 1 H) 4.42 - 465 (m, 2
(trifluoromethyDipicolina | 1y 433 (t, 7=5.20Hz, 2 H) 3.70 -
mide 3.26 (m, 4 F1) 3.38 - 3.53 (m, 2 I
2.19 - 232 (m, 6 H) 1.82 (ddd,
3=13.82, 10.03, 4.03 Hz, 2 H);
LOMS on/z) (M) = 5343, Rt =
1.32 min.
215 o N-{3'-(2- T NMR (400 MHz, DMSO-d6) 8
?/ \W\T /[O [ hyd.roxyethoxy)mén ppm 10.6% (s, | H) 899 (d, }=5.01
T T I methyl-5'(4- Hr T80 s D 819 @d.
N o methyltetralydro-2H- j'fs l?’ Hz, 1H)”" '3 dd,
) eanodooh LA 1=8.31, 220Hz, 1 H) 7.68 (d,
¢ pytan-3-yi}-{1, =220 Hz, 1 H) 7.34 (d, J=8.44
o A biphenyi}-3 “y?)“zf He, | ) 6.93 (d, J=0.98 Hz, | H)
(i’ﬁﬂuOE'Omﬁthyi)ls@ilECOE 6.58 (d, J=0.98 Hz, 1 H} 4.81 (¢,
wamide J=5.50 Hz, } 1) 4.56 - 4.70(m, 1
) 431 (1, J=5.26 Tz, 2 1) 3.65 -
3.82 (m, 4 F) 3.49 (4, 7=5.62 Kz, 2
1333 -3.42 (m, 2 H) 208 - 2.27

b
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(m 6H) 178 - 182 (m, 2 H);
LOMS (m/z) (MHH)y = 5321 Rt =
1.22 win,
216 3 ,(] A ~di ﬂu@r(}@(hy})—N- "H NMR. (400 MHz, DMSO-d6) 8

(3-(2-(2-
hydroxyethoxy}-6-(4-
(hydroxymethyletrahy
dro-2H-pvran-4-
vhpyridin-4-y1)-4-

ppm 10.65 (s, 1 H)8.88(d, }=3.01
Iz, 1 Hy8.18 (s, | II) 8.03 (dd,
I=5.01, 134 Hz, 1 H) 775 (dd,
J=8.25,2 26Hz, 1 H) 7.68 (4,
J=2.20Hz, 1H)7.33 (d, =856

OH Hz, 1 H) 6.93 (d, J=0.98 Hz, 1 H}
methylphenyljisonicotin | ¢ 53 (q j=0.98 Hz, | 1 4.81 ¢
amide J=5.56 Hz, 1 1) 4.57 - 4.68(m, i
) 431 (4 J=5.26 Hz, 2 1) 3.67 -
2.82 (m, 4 H) 349 (3, J=5.50 Hz, 2
1) 3.34 - 3.42 (m, 2 H) 2.16 - 2.29
G 5 H) 2.05 (L 351943 He 3
L9 (ddd. 1=13.72, 10,12, 3.91
Hz, 2 1y, LOMS (m/z) (MIH) =
5284, Rt = 1.1 min.
217 N OH ‘ o N-(3-{2-(2~ g Nmﬁ& Sm MH\L ?34{80-5;{6)(6
G N B S e A M
! T qo (hydroxymethylitetrahy Z, 3 RpeheRd, JELIL Bz, 3 Ry
N7 ol A . 774 (dd, JFR.25, 2. 26 Hz, 1 H)
bl N dro-2H-pyran-4- [miad o
& o , 7.67 (4,J=2.20 1z, 1 H) 7.37 (d,
[ yhpyridin-4-yl-4- J=8 44 Hz, 1 1) 6.93 (4, }=0.98
OH . mothylphenyl)-6- Hz, | H)6.59 (d, 5098 Hz, 1 H)
(trifluoromethylpyridaz | 4 g1 =550 Hz 1 H) 463 (1
me-4-carboxamide J=5.56 Hz, 1 H) 4.31(t, }=5.26 Hz,
2HY3.67 -3.79 (m, 4 H) 5.49 (4,
J=5.62 He, 2 H) 3.34 - 3.42 (m, 2
W) 2.25 (5. 3 F) 2,19 (d. J=13.82
Hz, 2 H) 1.79 (ddd, J=13.60, 9.93,
3.61 Hz, 2 1) LOMS (n/%) (MHD
=533.1, Rt=1.16 min.
218 g™ OH L o 2-(2-@}3}3@})1‘0;}3{1-2.}/1)- "H NMR (400 MHz, DMSQO-d6) 8

e

L

-
_../.\ p
TZ
(ﬁ
L

N-(3-(2-(2-
hyvdroxyethoxy 3-6-{4-
(hydroxvmethyljtetrahy
dro-2H-pyran-4-
yhpyridin-d-yl)-4-
methyiphenvisonicotin
amide

ppm 1087 (s, 1 1) 9.92(d, }=1.96
Hz 1D 868 (d J=19 Hz, 1 H)
7.74 (dd, 3=8.25,2.26 Hz, 1 H)
767 (d,J=220Hz 1 H)7.37 (d,
J=8.44 Hz, 1 H)06.93 (d, }=0.08
Hz, § H)6.59 (d. J=0.98 Hz, | H)
4.81 (4, J=5350Hz I Hy4.63 (¢,
J=556Hz, § HY4.31(t J=526 iz,
2HY3.67 -3.79 (e, 4 H) 3.49 (d,
I=562Hz 2H)3.34-342 (m, 2
HY2.25(s, 3E) 2.19 (4, I=13.82
Hz, 2 Hy 1.79 {ddd, J=13.60, 9.93,
3.61 Hz, 2 H); LCMS (m/z) (M+H)
=533.1, Bt=1.16 wmin.

b
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[
et
D

N-(3-(2-(2~
hydroxyethoxy)-6-(4-
(hydroxymethylitetrahy
dro-2H-pyran-4-
vhpyridin-4-yi)-4-
mothylphenyl}-4-
(triffucromethvlpicolina
mide

TH NMER (400 MHz, DMSO-d6) 6
ppm 10.84 (s, 1 H) 9.03 (d, }=3.01
Hz, 1 H) 834 (d, }=0.73 Hz, 1 H)
8.09 (dd, I=5.07, L16 Hz, 1 H)
7.82-7.95

{m, 2 H) 7.32 (d, J=8.44 Hz, | H)
6.95 (d, J=0.86 Hz, 1 H) 6.60 (d,
=098 Hz, 1 H) 4.81 (1, J=5.56 Hz,
1H}4.56 -4.66 (m, 1 H) 431 (4,
J=5.26Hz, 2 Hy3.67 ~3.83 (m, 4
H)349(d, J=575Hz 2 H) 334 -
343 (m, 2HY 2,16 ~2.2%9 (m, S )
1.79 (ddd, 1=13.75, 10.09, 3.91 Hz,
2 Hy, LOMS (m/z) (MAHD) = 532.3,
Rt =123 min.

220

N-(4-methv]-3-(2-
methyl-5-(tetrahydro-
2H-pyran-4-vi)-1H-
benzofdimidazol-7-
yhiphenyl)-2-
{(trifluoromethylyisonicot
mamide

"H NMR (400 MHz, DMSO-d6) &
ppr 11.66 - 12.34 (m, 1 H) 10.66
(d, ;16.87 Hz, 1 H)8.81 - 215
(m, 1 H)837 (s, 1 H)8.20(d,
=489 Hz 1 H)7.71-754 (m, |
H)Y 763 (dd, J=7.21, 1 96 Hz, 1 H}
TA8-746(m, 2H)6.88 (5, 1 H)
3.89-4.08 (m, 2 H) 3.46 (id,
J=15.19,3.06 Hz, 2 H) 2.82 -3.00
(m, 1 H)242 (4, J=1.96Hz, 3 H)
24244, =721 Hz, 3HY 165 -
1.87 {(m, 4 H).; LCMS Gz}
(M+H) = 4952 Rt = 1.27 min.

221

N-(4-methv]-3-(2-
methyl-5-(tetrahydro-
2H-pyran-4-vi)-1H-
benzofdimidazol-7-
yhiphenvl}-6-
{iriffncromethyDpyridaz
me-4-carboxamide

11 NMR (400 MEz, DMSO-d6) 5
ppre 12,16 (br. s, 1 H) 10.82 (br.
s, 1H) 992 (d, J=1.96 Hz, L 1)
8.6% (d, 3=2.08 fz, } 1} 7.76 (or.
5., 1 Hy7.64(d, J=2.20 Hz, | H)
789750 (m, 2 H) 6.88 (d, J=1 47
Hz, 1 H)3.97 (dd, 3=10.51, 2.93
Hz, 2 H) 3.46 (1d,7=11.25, 2.93 Tz,
THY283-3.04 (m i H) 243 (s, 3
H)2.13(5,3HY1.66-1.88 (m, 4
), LOMS (/o) (MEHT) = 496.2,
Ri= 121 min

2-(1,}-diftuoroethy)-N-
{(4-methyl-3-(Z-methyl-
S-(tetrahydro-2H-pyran-
4-y1)-1H-
benzofd fimidazol-7-
vhphenyhisonicotinami

de

TH NMR (400 MHz, DMSO-46) 3
ppm 12.15 (br. 5., 1 H) 10.61 (br.
5. 1H)887(d, J=5.13Hz, I H)
858 (5, L H) 8.0% (dd, J=5.07, 1 4}
Hz, t Hy706(d, J=183 Hz 1)
TAT-746(m, 26,89 (d, J=1.22
Hz P 1) 3.97(dd, }=1045,3.00
Iz, 2 Hy3.46 (¢d, J=11.22,3.12
Hz, 2H)y2.80-302 (m, 1 H}2.43
(s,3H) 1.97-2 14 (m, 6 H} 1.65 -
1.86 (m, 4 H); LCMS (n/zy (M)

]

(W]
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=4962 Bt= 1.2} min
223 o \f“i o L on 2-(2-cyanopropan-2-y1)- | H NMR (400 MHz, DMS0-d6) 5
. RSN N-{(4-methyl-3-(2- ppim 11.70 - 12.38 (m, 1 1) 10.52
P H)\C‘\; ‘ - o (d, J=1748 1z, § H) 8.68 - 8.99
R Z mothyl-3-(totrabydro- | (0 1y 500 (s, 1 1) 760 - 791
\J:\ 2H-pyran-4-yl}-1H- (m, 3 H)7.24 - 7.42 (m, 2 H) 6.79 -
benzo[d]imidazol-7- | 6.94 (m, 1 H)3.88-4.06 (m, 2 H)
v 34610, 3=1113, 281 Hz, 2 H)
yDphenylisonicotinami | o0 S o0 200 (=257
de Hz, 31212 (dJ=5.72 Hz. 3 1)
1.68 - 1.90 {m, 10 H); LOMS (m/5}
(MHED = 494.3, Re = 1.21 min.
724 o™ 7P ) © F o N-(4-methyl-3-(2- 1 NMR (400 Mz, DMSC-d6) &
’~\ SN N,JL\ SN =\F' methyi-5—(tetrahydm— ppmt F1.61 - 1232 (m, | ) 10,57
O. Hol P S Hoovre 1L - 1101 (m, | 1) 9.03 (dd, J=4.95,
NH ~ 2H-pyran-4-y1)-1H- 352 Hz, | 1) 8.34 (dd, T=2.81,
Nz{\ benzo|d jimidazol-7- 0.73 Hz, 1) 778 - 8,05 (m, 3 H)
vipenyl)-4- 7.22 - 7.40 (m, 2 H) 6.89 (¢, 3=1.90
. P Hez, § 1) 3.86 - 4.09 (m, 2 F) 3.46
{ts afhmmmeﬂlyl)plcoima (. J=10.13, 2,93 Hz, 2 H) 2.89
mide (td, 3=11.00, 6,36 Bz 1 H) 243 (4,
I=1.71Hz, 3H) 2.12 (4, 3=6.72
Hz, 3H) 167 - 1.96 (m, 4 H);
LOMS on/z) (M) = 4952, Rt =
1.37 min.
225 N e . 2-(1,1-diflucroethyD)-IN- | "HNMR (400 MHz, DMSO-dq) &
U R s {3-(6-cthoxy-3- ppm £0.68 (s, | H) 8.84 - 8.93 (i,
J//’ YN \)( ~ e T 1) R26(d, J=0.61 Ha, 1 H) 804
oSN NS (tetrahydro-2H-pyran-d- | 4 507 1 411, 151776 -
vlpyridazin-3-y1)-4- 7.89 (m, 2 H) 7.59 (s,  H) 737 (d,
methylphenyDisonicotin | /=831 Hz 1H} 4.59 (q./=7.09
amide Hz, 2 1) 3.51 - 4.00 (m, 2 F) 3.40
-3.52 (m, 2 HD) 3.05 (s, 1 1) 2.30
(s, 310 2.05 (1, /=19.13 Tz, 3 1)
1.66 - 1.80 (m, 4 H) 1.43 1, J=7.03
Hz, 3 H). LOMS (mz) (M) =
4831, Rt = 1.40 min.
226 o~ I/.Ql o N-(3-(6-cthoxy-3- :; ;Jrl»{rz )f((;@‘\/mle 1?\}45(/)845)?
i ] g I v A 342 LS.ty ELY/S (S ]
K/[\H/*\i 7 ﬁ/v\‘("‘ 3 (1s§1ahy§irk> ',‘H mr‘an 4 ) 8.50 (4, /=218 Hz, 1 £ 840
o N yhpyndazio-3-yh-4- 1o ymyrs e 1771,
H methyiphenyl-2-0x0-5- | J=8.16 Hz, 1 H)7.59 (s, 1 H} 7.35
(trifluoromethyl)-1,2- | (d./=8.44 Ha 1 1) £.50 (q, /=6.88
ditvdropyridine-3- Iz 2 1) 3.96 (d, J=10.91 Hz, 21D
J S 343 -3.53 (m, 2 H} 2.97 - 3.10 {m,
carboxamide 1H)2.28¢s, 38 1.70-1.82 (m, 4
1) 143 (4, J=6.92 Tz, 31D). LCMS
(m/) (MHH) = 503.0, Re = 1.35
1R,

o
b
N
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227 N o N-(3-(6-cthoxy-3- TH NMR (400 MHz, DMSO-d,) 5
b I i i \/ 3.538 (s Y 8.76 {dd
\”1\(;\ N ﬁ" Eﬁ\\ry‘cﬂ (tetmhy(,im"%H,:pymn"4' pgfiqliokifﬂmi)lsﬂ 7.5\:?{5;,1}{3
oSy o yhpyndazin-3-yD-4- | 795 700 0m am 758 5. 1 1)
P methylphenyl)-2-(1- 7.36 (4, J=8.31 Hz, 1 H) 4.59 (g,
(trifluoromethyvljeyclopr | /=705 Hz 3 Hy3.91 -4.02 G, 2
T T Y 341 - 354 (m, 2 H) 3.06 44,
opylhisoricotinanude J=5.01 He, 1H)2.29 (5. 3 H) 167
S183(m 4 H) 139 - 1.50 (m, 7
Y. LOMS (r/7) (MAFD = 5271,
Ri= 148 min
98 5 _ . 5-chloro-N-(3-(6- TH NMR (466 Mz, DMSO-dg) 8
b PR v 10.86 (s, 1 1) 9.10 (5, 1 H
L::L;f\;: SN ethoxy@-(tgtmﬁydro- ?39 (s, 1 H) 7.98 (31,}1-—-250 Hz, f
oSN N, 2H-pyran-4- H) 7.93 (dd, J=8.31, 2.32 Hz, 1 H}
P vhpyndazm-3-v1}-4- | 757 (s, 1 H) 7.35 (d, /=844 Hz, |
methyiphenyl)-4- ) 4.59 (g, /=6.97 Hz, 2 H) 348
o ) oG =110, 3.36 Hz, 2 H) 3.05 (1,
(‘mﬂwmm@h}]l)ph‘chm J=10.32, 5.09 Hz, 1 H) 2.31 (5, 3
mide Hy 167 - 1.81 (m, 4 H) 143 (¢,
J=103 Hz, 3 H). LCMS (m%)
(MVHH) = 5212, Bt = 162 min
220 N , 2-cyano-N-(3-(6-cthoxy- | 'H NMR (400 Milz, DMSO-d) 5
C{ M \’fi o _ < (;ﬁ td ZH . ippm 1068 (s, 1 H) 897 (dd
NN T_J!J\O’LN A Otraiyaro- h—py\ram- =507, 079 Hz, 1 1) 852 (dd,
oy N N 4-yDpyridazin-3-v1-4- | o565 679 1 1 ) 819 (g,
P methylphenylisonicotin | j=5.07, 165 Hz, 1 B) 7.76 - 7.85
amide (m. 2 H) 757 (s, 1 1) 737 (4,
J=831 Hz, | H) 459 (g, =703
Hz, 2 H) 393 - 401 (m, 2 H) 347
d. /=11.07, 3.42 Hz, 2 H) 3.05 (&,
J=10.30, 5.10 Fz, 1 ¥ 2.30 (s, 3
H) L66 -~ 179 (m, 4 ) 143 @,
J=703 Hz, 3 H) LOMS (w2
(M) = 444 1, Re = 1.30 mie.
230 . s . N-(3=(6-cthoxy-5- H NMR (400 Mz, DMSO-dg) 5
Lr TN Dpyridazin3-yhd- | 5o 501 oot
o N SNENCE, Yipy S 788 - 8.01 (w, 2 H) 758 (s, L F)
methylphenvl)-5- 737 (4, o844 Hz, | H) 4.59 (q,
(trifluoromethyDpyrazin | /=6.97 He, 2 H) 3.97 (dd, J=10.33,
o2 -carboxamide 263 Hz, 2 H) 348 (1d, J=11.10,
336 Hz, 2 H) 2.99 - 3.12 (m, | H)
2.31 (5.3 1) 1.66 - 1.81 (m, 4 1)
144 (1, /=703 Hz, 3 H). LCMS
/2y (MHE) = 4851, Rt = 148
in,

b
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N-(3-{6-cthoxy-5-
(tetrahydro-2H-pyran-4-
yhpyndazm-3-yi-4-
methylphenyl)-3-
{triftucromethyDnicotina
mide

"H NMR (460 MHz, DMSO- ds ) S
ppm 10.67 (s, 1 H) 939 (d, /=183
Hz, THY 919 (4, J=1.22 Hz, 1 I
870 (5, 1 H) 7.76 - 7.85 (m, 2 H)
737 (s, P H) 737 (d. /=807 Hz |
) 4.5%9 (g, /=6.97 Hz, 2 F) 3.88 -
4.05 (m, 2 H) 347 (d, S=11.07,
342 Hz 2305 (s,  HY 230 (s,
3H)y 165 - 181 (m, 4 Hy 143 (¢,
J=T703 Hz, 3 H). LCMS (w2
(M+H) = 487.1, Rt = 1.40 min.

N-(3-(6-cthoxy-3-
{(tctrabhydro-2H-pyran-4~
vhpvridazin-3-vl)-4-
mothylphenyl}-0-
(trifluoromethyDpyomad
ine-4-carboxamide

"H NMR {400 MHz, DMSO-dg) 3
ppm 11.06 (s, 1 H) 968 {d, /=0.8¢
H71H)S4’('i =§22 Hz, 1 H)
8.00 (d, /=220 Hz, 1 H) 7.94 (dd,

7=8.25,226Hz, F H)7.58 (s, 1 H)
738 (d, J=8.44 Hz, 1 H) 459 (g,
J=6.97 Hz, 2 H) 3.97 (dd, J=10.27,
2.57 Hz, 2 Hy 3.47 - 3.51 (m, | H)
3.05(br. s, 2H) 232 (s, 3H)y 167
-18E(m, 4 H) 144 (g J="-’ Hz,
3 H) LOCMS (m/zy (MAH) = 488 1,
Rt = §.50 min.

N-(5-(6~cthoxy-3-
{tetrahydro-2H-pyran-4-
yhpyndazm-3-yi-6-
methylpyridin-3-yi)-2-
(2-fluoropropan-2-
yijisonicotinarnide

H NMR (4060 MHz, DMSO-45)
ppm 10.81 (s, } H) 8.89 - §.97 (m,
1 FY 879 (d, /=501 Hz, 1 H) 8.20
=829 (m, 1 E) 807 (s, 1 H) 7.82 -
7.88 (m, 1 H) 7.70 {5, 1 H) 4.60 (g,
F=7.05 Hz, 2 H) 3.93 - 4.02 (m, 2
H) 3.41-3.54 (m, 2 H) 3.29 (s, 1
HY 3.00 - 3.10 (m, 11—1) 162 - 1.82
(m, 12 H) 144 ¢4, /=703 Hz, 3 H).
LOMS (m/zy (M+H) = 4801, Re =
1.23 min.

N-{5-(6-cthoxy-3-
{(tctrabhydro-2H-pyran-4~
vDpyridazin-3-vi)-6-
methylpyridm-3-yi)-3-
(trifluoromethylbenzam

ide

TH NMR (400 Mifz DMSO-dg) 8
ppm 1071 (s, 1 1) $.93 (d, =245
Hz | ) 827 - 845 (m, 3 1) 2.00
(d, J=7.82 Hz, 1 1) 7.82 {1, /=7.76
Hz, £ ) 7770 (s, 1 H) 460 (q
=701 Hz, 2 H)Y 3.93 - 401 (m, 2
1) 3.43 - 3.53 (m, 2 1D) 3.01 - 3.11
(m, | H) 168 - 185 (m, 4 1) 144
{4 J=6.97 Hz, 3 H) LOMS (w/)
(M) = 487.3, Rt = 1.35 min.

.
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N-(5-{6-cthoxy-3-
(tetrahydro-2H-pyran-4-
yhpyrdazin-3-yi-6-
methylpyridin-3-vi-4-
{trifiuoromethyDpicolina

TH NMR (460 MHz, DMSO-dg) 8
pom 1612 (s, 1 H) 9.01 - .14 (m,
2 H)y 830 -846 (m, 2 ) .12 (dd,
J=505 LIOHz FH) 769 (5, 1 H)
4.61 (g, /=697 Hz, 2 H) 3.87 -
4.04 (m, 2 HY 3.42 - 3. 36 {m, 2 H)
328 (s, 3 H) J,O() (s, 1 H) 1.67 -
1.82 (m, 4 H) 144 (1, /=703 Hz, 3

]

<
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mide ). LOMS (m7) (MHD = 488 1
Ri=1.33 min
736 N N-(5-(6-ethoxy-3- H NMR (400 Mz, DMSO-dy) &
?\/:L/ 4 \—L bt (tetrabydro-2H-pyran-4- ppm 10.96 (s, 1 H) .03 (d, J=5.0}
A -y WCM 0 j"d oA ii p Hez, 1 H) 894 (4, J=2.45 Hz, | i)
N LAY Yipyrt 3’”‘ vh-6- 8.41 (s, 1 I 8.27 (d. J=2.45 Hz, 1
methylpyridin-3-y1-2- {1y 823 (@, =501 Hz, + H) 771
(trifluoromethylisonicot | . 1 H) 4.60 {g, /=7.01 Hz, 2 H;
inamide 3.92 -4.02 (m, 3 H) 3.37 - 3.52 (m,
S H) 2.96 - 3.12 (m, } ) 1.65 -
1.82 (m, 4 H) L.44 (¢, J=7.03 Hz, 3
D). LOMS (mz) (M) — 4880,
Rt = 1.26 min.
237 " —~—m o i N-(3-(6-cthoxy-5- H NMR (400 MHz, DMSO-4) 5
i b7 T E ,, A Y ovoranad. | ppm 1090 (s, 1 H) 993 (d, /=196
o ”\igl Mﬁ)\f‘* k? (totrahy (.j'm ?’Hﬂp}mn 3 Hz, 1 H) 8.70 (4, J=2.08 Hz, | 1)
oSN ANV yhpyndazin-3-yh-4- 1555 5 9; (m 2 H) 759 s, LD
P methyiphenyl)-6- 740 (6 J=.10 Hz, EH) 459 @
(trifluoromethyDpyridag | /=701 Hz, 2 H) 385 - 405 (m, 2
. ) - . H) 332 -« 357 (m, 2 H) 3.06 (4,
me-d-carboxamide {0 0 TN (m, 3
W L6 - 182 (m, 3 T 143 (4
J=703 Hz, 3 H). LOMS (m)
(VD = 488.1, Rt = 1.38 muin,
238 ~ o ] N-(3-(6-cthoxy-5- TH NMR (466 Mz, DMSO-dg) 8
; P ot AT oyoran.d. | Ppm 1061 (s, TH) 865 - 883 (m,
/\/\ \/I N S (teuahy«?im ',‘H pyran 4 1H) 804 (@ =301 Hz, 1 5) 774
O/’%N»'* N vOpyndazin-3-yh-d- 1 5 e 0 31y 760 (s, 1 ) 7.36
j methyipheny]}-2-(2- (d, /=831 Hz, | H)4.59 (q, /=7 0%
fluoropropan-2- Hz, 215 3.90 - 401 (e, 2 8 336
vhisonicotinamide - 3.54 (m, 2 1) 3.05 {, J=5.01 Hz,
1H)229¢s, 3 1 160 - 1.84 (m,
10 H) 143 (L =703 Bz, 3 H).
LOMS (n/z) (M = 4791, Rt =
1.40 min.
730 i P . N-(3-(6-cthoxy~-3- T NMR (400 Mz, DMSO-d,) &
1S b den? H ororan 4. | ppm 1073 (s, 1 H) 9.00 (d, J=501
[\j\,—/f\‘, S NAWCFB (ici{ahy{lm 2H pyran-4 M | H) 838 (s, 1 1) 8.21 (dd,
oy N S vhpyridazin-3-yi)-4- J=501 VIO Hz 1 772 - 797
methylpheayi)-2- (m, 2 H) 759 (s, I H) 738 (d,
(trifluoromethyl}isonicot | /=831 Ha LD 439 (g, /=7.0
inamide Hz, 2 H) 384 - 407 (m, 2 H) 347
' {d. J=11.10, 3.48 Tz, 2 H) 3.05 (s,
1H) 2.30 (s. 3 H) 1.65 - 1.86 (m, 4
H) 143 (L J=703 Hz, 3 H) LOMS
sy (MR = 4870, Ri = 1.44
mis.

b
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240 » N-{3-(6-cthoxy-5- TH NMR (400 Mitz, DMSO-dg) 5
J\ \C/\ (tetrahydro—ZH—pyrannZE-- ppm 1129 (s, ;H), 9.?6 (‘,d’ J{Z 1.8
f\ NH : ST Tz, 1), 8.58 (m, T}, 8.03 (d, T =
N S CF; yhpyndazin-3-yD-4- 1550 1 706 da 7=83, 22
N J/ methylphenyl)-3- Hz, 1H), 7.58 (s, 1H), 7.38 (d, J =
(trifluoromethylpyridaz 3:; H:,(”D, 4.?1(_)1 )(q, : 8— 7(.? 5’1'
. ) . I, 3.97 (m, 2ED, 348 (d T =
ing-3-carboxamide 112, 3.1 Hz, 26), 3.06 (in 16),
2.37 (s, 3HD), 175 (m, 45D, 144 (&
1= 70 Hz, 3. LOMS (m2)

(M) = 488.3, Rt = 1.41 min.
41 o~ ~ N-(3-(6-cthoxy-5- ' NMR (400 MHz, DMSO-dg) 8
LA /%/i o (tetrabydro-2H-pyran-4- | PP 1,9'34 (sj 1), 8.97 @ 1= 16
; N Hz, (D, 853 (d, ] = 1.7 Hz, 1),
N N I i Y vlpyridazin-3-y1)-4- 278 (o, 7}{\ 7.56 (s, 1), 7.33 (.
7™ methylphenyi)-6-(4- | 7=82 8z m), 459 (@ 1 =790
o Kt cthvlpiperazin-1-vl)-5- | Bz 2H), 3.96 (m. 2H), 346 (m,
(Y S 8H), 3.05 (m, 1), 237 (¢, = 7.1
(\triﬂuorome.thyl)mcotma Wz ). 208 (s, 3, ‘*”5 o,
mide 4H)y, 143 (4, 1= 7.0 Hz, 3H), 1.03
(t, J =71 Hz 3H) Signal for two
aliphatic protons are hidden under
solvent peak. LCMS (m/z) (M+EH)

=399.5, Rt = 1.06 min.

47 N-(3-2- 'H NMR (400 MHz, DM30O-46) 8

(hydroxymethyl)-2- ppm 10.63 (5, 1 1) 1039 G 1 )
| S g 8.99 (d, }=5.01 Hz, 1 ) 837 (s, |
N7 methyl-3-0x0-3- H) 8.20 (dd, J=4.95, 104 Hz, 1 1)
O‘//LX? {tetrahydro-2H-pyvran~-4- | 7.61 -7.77 (m, 2 H} 7.30 (d, ]=8 44
OH 133 4-dihvdro-2H- Hz, 1 H) 6.81 (dd, J=16.44, 1.77
)}

benzolbl[1 4loxazin-7- };; L(ZD ;_911 i:; JH]” }2 3{;} iz 21
yi)-4-methylphenyD-2- {363 qu, 3 0325 (¢ J=7.15 Hz, 1
{trifluoromethyljisonicot | H)2.25 (s, 3} 2.07 (s, 1 H) £.55 -
inamide ;71(n 4 H) 134 (s, 3H). LOMS
(mz) (MHD = 5562, R = 1.30

min.

743 RN \/E, - - 2+(1.1-difluoroethyl)-N- | H NMR (400 Milz, DMSO-d6) 3
i i - 8 g ppm 10.65 (s, 1 H) 888 (d, J=5.01
\’)\ﬁﬁ\j’ = N Y F (3422 , Hz 1 H) 818 (s, 1 H) 8.03 (dd,

N\r/ 2N hydroxyethoxy)-6-(3- | j2501 135 1z, 1 1) 766 - 778
e hydroxytetrahydro-2H- | am 2 #)7.33 (4, J=8.44 Hz, | 1)
L pyran-d-vDpyridin-4- | 685 (& =073 Hz, 1 1) 661 (4,
CH y1)-4- 3=0.98 Hz, 1 11} 4.83 (1, }=5.50 Hz,

- 170 4.66 (d, 7=5.14 Hz, 1 1) 4.25

methylphenvDisonicotin | _4 49 (m, 2 H)3.92 - 4.07 (m, 2 1)

amide 3.81 (dd, F=11.68, 2.02 Hz, 1 [

374 (g, J=5.34 Hz, 2 {) 3.55 (dd,

J=11.62. 1.10 He, 1 H) 346 (td,

J=11.55, 2.08 He, 1 H) 2.97 {dt,

3=12.32, 3.13 Hz, 1 H) 2.16 - 2.30

(m, 4 H) 1.94 - 2.10 (m, 3 1) 1.65

@, T=13.04. 263 Hz, § I

]

a3
poey
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LOMS (m/zy (MHH) = 5542, Re =

1.19 min.

244 o 2-(2-fluoropropan-2-y1)- | B NMR (400 MHz, DMSO-d6)
I J(r N-(3-(2-(2- Sppm 1057 (s, 1 H) 875 (d
T T J=5.01 Hz, 1 H) 802 (s, 1 H) 7.82
~N hydroxyethosy)-0-(3- | 4y jes1s, 159 1z, 1 1) 774
hvdroxvietrahvdro-2H~ | (dd =831, 2.20Hz, | H) 7.69 (4,
Pyran_;in}/'l)i)yﬁdin_/.i_ =2.08 HZ, i H) 7.32 (d, J=R44
Vhjed- Hz, 1 H) 685 (5. 1 H) 660
SV =086 Hy, 1 1) 4.82 (1, J=5.50 Hz,
methylphenyliisonicotin | § m) 4.66 (@ =514 Hz. 1 H)4.25 -
amide 441 (m, 2 H) 3.92 - 404 (m, 2 1)
3.81 {dd, J=11.68, 2.02 Hz, | I}
374 (q J=5.26 Hz, 2 H) 352 -
3.60 (m, T H) 346 fu 3=11.52,
202 Hzl By 2.97 @ J=12.41,
3.00 Hz, | H) 2.16 - 2.30 (m, 4 H)
1.61 - 178 {m, 7 H); LOMS (m2)

(MAH) = 510.2, Re= 150 min
745 R N7 o N-(3-(2-(2- TH NMR (400 MHz, DMSO-d6;
LRI K| itosaonyo. gm0 o o o
E\\T,J Aol N hydroxytetrahydro-2H- H7 | " 65 - 778 (m,kzﬁﬁ) 37
o pyran-4-vhpyridin-4- | (¢, =831 Hz, 1H) 6.84 (d, J=0.86
[ yl)-&me&hyiphenyi)—ﬁ- Hz, 1t HY 661 (d, J=0.98 Hz, | H)
o {triffuoromethylpyridaz 482 ¢, 1=5.30 Hz, L H) 4.65 (4,
S BIEEES L =514 Ha, 110 425 - 441 (m, 2
me-4-carboxamide H) 391 - 407 (m, 2 Hi3 81 (dd

J=11.68, 202 Hz, { H) 3.74 (g,
J=5.26 Hz, 2 H) 3.55 (dd, }=11.55,
1.6 Hz, 1 H) 346 (d, J=11.55,
2.08 Hz, 1 Hy 2.97 (dt, J=12.35,
3188z, 1 H) 2,18 - 2.31 (m, 4 H)
1.65 (dd, }=13.08, 2.57 Hz, 1 H);
LOCMS (mzy (MAH) = 5192, Rt =
1.16 min

246 N NN 2-{2-cyanopropan-2-yl}- | 1 NMR (400 MHz, DMSO-d6)
a L/L N-(3-(2-2- 8 ppm 10.57 5, 1 H) 8.81 (dd,
) 1=507,0.67 Hz, 1 H) 8.00 (s, 1 H)
hydroxyethoxy)-6-(3- | 5 g6 (ag 3=5.07. 1.53 Hz 1 1)
o hydroxytetrahydro-2H- | 7.72 (dd, 1=8.25, 226 Hz, 1 B
[ pyran-d-vhpyridin-4- {7 20 Hz, 1H 7.34 d,
J=8.44 Hz 1H)6.84 (d, }=0.73
yi)-4- e ‘
C {Hz IM66Ed =098 Hz 1 H)
methviphenyhisonicotin | 480 wr s 1 1) 465 (br. 5., 1)
amide 425-4.40 (m, 23 3.93 - 4.05 (mn,
2 HY3 81 (dd, J=11.62, 2.08 Hz, |
H) 3.74 {br. 5., 2 H) 3.53 (dd,
J=11.62, 1. EC'H[ b H) 3.46 (d.
I=11.52,2.02 Hz, 1 H} 2.97 (dt,
J=1235 318 Hz 1 H)2.16 - 2.30
(o 4 H) 177 (s, 7 H) 1.65 (dd,
J=§2.96,2.57 Hz, t H); LCMS
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hydroxvethoxy-6-(3-
hydroxyictrahydro-2H-
pyran-4-vhpyridin-4-
yi)-4-methylphenyh-4-
{(trifluoromethy Dpicolina
mide

WO 2016/0383582 PCT/IB2015/056989
(/) (MHH) = 3361, Rt = 1.42
win

247 N _(3 _(2 {7 TH NMR. (400 MH7z, DMSO-d6)

5 ppm 10.84 (s, 1 H) 9.03 (d,
J=5.01Hz, 1 H)8.32-837 (m,
1) 8.69 (dd, }=5.07 L.16 Hz 1 1)
782 -7.95% (m, 2HY 732 (d, J=9.29
Hz 1) 6.87(d =073 Hz, {1 H)
6.62 {d, J=1.10 Hiz, 1 H)4.26 -
441 (m, 2HY3.92-4.04 (m, 2 H)
3.81 (dd, J=11.62, 208 Hz 1 H)
3.75 (1.J=5.26 Hz, 2 H) 3.55 (dd,
J=11.55, 116 He, | H)Y 3.47 (d,
J=11.58,2.14 fz 2 H{} 2.98 (dt,
1=12.29 309 Hz 1 H)2.19-231
(a, 4H) .60 - .75 (m, T H);
LOMS (m/z) (M+H) = 3180, Rt =
1.33 min

248 O

. p I AT £ANMG D 3 h £
2y o - N-{3-(2~(2- H NMR (400 MHz, DMSO-d6)
’/\j/ N Ny op | hydroxvethoxy)-6-(3-

S ppm 10.84 (s, 1 H) 9.03 (d.
J=5.01Hz, 1 H)8.32-837 (m,

N TN hvdroxytetrahydro-2H-

pyvran-4-vDpvridin-4-
vi}-4-methylphenyi)-4-
{triffuoromethvpicolina
mide {single enantiomer
from chiral SF(C)

H)8.09%(dd, J=5.07, L.16 Hz, L H)
782 -7.95% (m, 2HY 732 (d, J=9.29
Hz, 1H) 687 (d, J=073 He, 1 1)
6.62(d, =110 Hz, § HY4.26 -
441 (m, 2H)3.92-404 (m, 2 H)
381 (dd, I=11.62, 208 Hz 1 H)
3.75 (1. J=5.26 Hz, 2 H) 3.55 (dd,
J=11.35, 116 Hz, § HY 3.47 («d,
J=11.58,2.14 Tz, 2 H) 2.98 {di.
J=12.29 309 Hz, t H) 2.19 - 2.31
(a, 4H) .60 - .75 (m, T H);
LOMS (m/zy (M) = 518.0, Rt =
1.33 muin

249

N-{3-2~(2~
hydroxvethoxy-6-(3-
hvdroxytetrahydro-2H-
pyvran-4-vDpvridin-4-
vi}-4-methylphenyi)-4-
{triffuoromethvpicolina
mide {single enantiomer
from chiral SF(C)

TH NMR (400 Mz, DMSO-d6)

S ppm 10.84 (s, 1 H) 9.03 (d.
J=5.01 Hz, 1 H)8.32-837 (m, |
H)8.09%(dd, J=5.07, L.16 Hz, L H)
7.82 -7.93% (m, 2H)7.32 (d, }=9.29
Hz, 1H) 687 (d, J=073 He, 1 1)
6.62(d. J=L10Hz, § HY4.26~
441 (m, 2392 -4.04 (m, 2 H)
381 (dd, I=11.62, 208 Hz 1 H)
3.75 1. J=5.20Hz,2 H) 3.55 (dd,
J=11.55 116 Hz | H) 3.47 (id.
J=11.58,2.14 Tz, 2 H) 2.98 {di.
J=12.29 309 Hz, t H) 2.19 - 2.31
{m, 4H) 1.60 - 1.75 (m, 1 H);
LOMS (m/zy (M) = 518.0, Rt =
1.33 min
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[N
ta

N-(3-(2-
hydroxyethoxy)-6-(3-
hydroxytetrahydro-2H-
pyvran-4-vhpyrdin-4-
yh-4-methyviphenyiy-2-
(trifluoromethylyisonicot
maride {single
enantiomer from chiral

1H NMR (400 MHz, DMSG-d6) &
ppm 10.84 (s, 1 H) 9.03 (d, }=3.01
Iz, 1 Hy832-8.37 (mn, 1 H) 8.09
{dd, J=5.07, 1.i6 Hz, 1 H) 7.82 -
7.93 (m, 2H) 7.32 (4, =929 Hz 1
M) 6.87 (4 J=073Hz 1662
(d, J=1L10Hz 1 H)4.26-44} (m,
2HY3.92 -4.04 (m, 2 H) 3.81 (dd,
J=11.62, 208 Hz, 1 H) 3.75 {1,
J=520Hz, 2 H) 3.55(dd, J=11.55,

SFC) 116 Hz, 11} 3.47 (¢d, J=11.58,
2.14 Hz, 2 1) 2.98 (dt, }=12.29,
3.09Hz, § 1) 2,59~ 2.31 (m, 45
1.60 - 1.75 (m,  H); LCMS (m/z2)
(M) = 518.0, Rt = 1.33 min
751 N-(3-(2-(2- 1H NMR (460 Milz, DMSO-d6) 5
hydmm’ethcxv)—é-(:%— ppm f0.84 (s, § H) 9.03 (d. J=5.01
“ 7 \ Hz ) 832 -8.37 (m, 1 £} 8.09
hydroxytetrahvdro-2H- | gy 1507 116, 111782 -
pvran-4-yDpvndin-4~ | 7.93 (m, 2H) 7.32 (d, 3=9.29 Hz, I
yvI)-d-methyIphenyl)-2- | H)6.87 (4, J=0.73 Hz, 1 H) 6,62
o Y . (d, J=1.10 Hz 1H)4.26 - 4.41 (m,
{(trifluoromethylyisonicot 2H) 397 - 4.04 (m. 2 ) 3.81 (dd.
mnamide (single J=11.62, 2.08 Hz, 1 1 3.75 (¢,
enantiomer from chiral | 7=5.20Hz, 2 H) 3.55 (44, J=11.55,
SFCY L16He, 3 347 (1d, =11 58,
’ 314 Hz, 2 1) 2.98 (dt, J=12.29,
309 Hz, 1) 2.19 - 2.31 (m, 41D
160 - 175 (m, | HY, LOMS (miz)
(MAH) = 518.0, Rt = 1.33 min
757 N-(3-(2-2- TH NMR (400 MHz, DMSO-d6) 5
hvdroxyethoxy )-6- ppm 1,84 (s, 1 11) 8.47 (d, J=2.91
(totralydro-2Hopyran-d- | H2 1H) 838 (dd, 1=2.78, 114 He,
vlpyridin-4-y1)-4- 1H)7.33-7.68tm, 2 H) 7.32 (,
, . | I=035Hz, 110 6.84 (4, =101 Fiz,
methylphenyl)-2-ox0-3- 1 e 0, (d, J=1.14 Hz, 1 H) 4.82
(wiflacromethyD-1.2- |« s 561, 11 4.27 - 4.46 (.
dihydropyridine-3- 2H)3.91 - 404w, 2 H) 3,74 (g,
carboxamide J=5.39 Ha, 2H) 3.37 - 3.51 (m 2
10 2.80 -3.00 (m, 11 2.22(s,3
W) 169 - 188 (m, 4 H); LOMS
/ey (M) = 3182, Ri=0.95
mm.
953 N-(3-(2-(2- 11 NMR (400 Mz, DMSO-d6) &

)

hydroxyethoxy -6~
{(tctrabhydro-2H-pyran-4~
yhpyridin-4-vi)-4-
mothylphenyvl)-1-
methyl-2-ox0-5-
{triffuoromethyl)-1,2-
dihydropyridine-3-

ppm 175 (s, | T 8.84 (d, J=1.59
Tz 1D 849 (d, J=2.81 Hz 1 1)
7.51 - 7.74 (m, 2 H) 7.32 (4, 1=8.07
Hz, 113 6.85 (d, J=1 10 Hz, L H)y
6.61 (d, J=1.22 1z, 1 11) 4.82 {br
L1434 (1 15526 Hz, 2 1D)
3.90 (dt, 3=11.00,3.12 iz, 2 )
3741, J=4.77 Hz 2 1) 3.68 {5, 3
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carboxamide ) 3.45 (ddd, J=11.19, .56, 6.05
Tz, 2 H) 2.87 - 2.99 (m, 1 H) 2.23
(5,3 172 - 1.90 (m, 4 FI);
LOMS (n/z) (MAHD = $32.0, Bt =
1.40 min.
34 (3(23 0 NME (400 MHz, Methanol-d4)
254 o \,/\F ,N (3-(2-2 5947(d,.J= 10z, D, 0.4 (d,
N P A hydroxyethoxy)-6- J= 111z 11D, 7.79 - 768 (un,
Ny (tetrabhydro-2H-pyran-4- | 2H).7.33 (d.J= 8.2 Hz, 11]), 6.83
L i (d,J=1.0Hz 10,663 (d,J=12
O yDpyndin-4-yl)-4- Hz, 1H), 4.47 - 4.43 (m, 28),
L oH nethylphenyi}-2- 4.08-4.0% (m, 2HD), 3.91 (dd. J =
Py D55 43 Wz 2, 3.58(d, J= 117,
(trifhuoromethyDpyrimid 35 iz, 21, 2.99 - 288 (m, D).
ine-4-carboxanude 2.26 (s, 310, 1.98 ~ 1.84 {m, 4H).
LOMS (m/z) (M) = 503.1, Rt =
1.40 min.
755 N-(3-(2-(2- T NMR (400 Milz, Methanol-d4)
7 89.59 - 9.50 (m, 111}, 8.97 (s, 1D,

3
—

hydroxyethoxy)-6-
{(tetrahvdro-2H-pyvran-4-
yhpyridin-d-yl)-4-
methyviphenyl)-2-
{trifiuoromethyl)-1,6-
naphthyridine-3-
carboxamide

8§91 (d,/=60Hz IH) 814(dJ
=60Hz, [H), 760 (dd, J=8.2,253
Hz, 1H), 756 (4,7 = 2.3 Hz, 1H),
733(d.J=83He, EH) 683 (dJ =
FOHz ) 663(d.J=12He,
iH}, 449 - 439 (m, 2H), 4.12 ~
3.99 (m, 23, 3.90{dd, J= 55,43
Hz, 2H) 3.58 (1d, /= 11.7,2.5 H,z
2H), 3.01 - 2.36 (m, ms,_ 27 (s
3H‘ 2.02 — 181 (m, 4H); IC\N
{(m/zy QM+HE) = 53532, Rt = §.28
min,

H-{tert-butyl)-2-
hyvdroxy -N-(3-(2-(2-
hydroxyethoxy )-6-
(tetrahydro-2H-pyran-4-
vipyridin-4-yi)-4-
methylphenyDpyrimidin
¢-4-carboxamide

TH NMR. (400 MHz, Methanol-d4)
§774-763(m, 2H), 731 (d,J=
8.! Hz, iH), 7.22 (s, 1H}, 6.82 (d..J
=108z 1H),662(,/=1.2Hz,
1H), 4.44(dd, J= 5.5, 4.3 Hz, 2H),
4.1 —3.99 (m, 211), 3.95 - 3.85(m,
28),3.588(id, J =117, 253 Hz 2H),
3.02 - 2.86 (m, 1H), 2.25 (s, 3H),
2.01- 183 (m, 4HD, 1.39 (5, 9H):
LOMS (m/z) (MAH) = 3072, Rt =
.97 min.

N2
(]
~J

\ /\\./’\

o

“OH

2-(dimethyvlaming -N-
(3-(2-(2-
hydroxyethoxy )~6-
(tetrahydro-2 H-pyran-4-
yhpyridin-4-vi)-4-
methylphenyi}-6-
(trifluoromethyDpyomad
ine-4-carboxamide

TH NMR {400 MEz, Methylene
Chionide-d2} 6 7.62 (dd, 7= 8.2,
2.3 Hz, [H), 752741 (m, 211,
722 (4, J=83Hz ), 669, .7
=094z, IH), 653 (d,./= 11 He,
1H), 4.47 - 435 (m, 2H), 4.01 -
3.8%(m, 2H), 3.89 - 378 {m, 2H),
342 4d, J=113,33He, 21,

3.0 (s, 651, 2.85 — 2.72 (m, 151).
317 (s, 31D, 1.86 ---173( L 41
HRMS (r/z) (MHH) = 546.2350

Re= 304 min.
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248% /\ \j\//} o . N-(3-{2-(2- T NMR (400 MHz, Methanob-dd)
R ANE Ry hydroxyethoxy)-6- é 573, J —191}z EFD,_", 803 (d,
P;‘l\J/ H N‘\ P totrahvdro-2 Hepvran-4 J=14Hz 1H), 7.83 - 7.70 (m,
¥ A {tetrahydro-2H-pyran-4- | opy 734 ¢d 7= 8.1 He, 11D, 6.84
o vhpyridin-4-yl-4- (d.J=10Hz ), 664 (1, 7= 12
IOH methylpheny!)-3- £z, 1H), 4.48 - 4.42 (m, 24D),
: , J 4.06(dd, /= 11.5, 2.6 Hz, ZH),
{triffuoromethylpyridaz 3.5 3 87 (m, 2415, 3.58 (td. /=
ine-3-carboxamide 117, 2.5 Fz, 211, 2.99 - 2.90 (m,
1H), 2.27 (s, 3H), 2.00 - 1.83 (m,
4FD); LOCMS (/%) (M = 503.0,
Rt= (.37 min.
250 ?”\1\ \vf\ o Ve N-(G-(2-(2- TH NMR (400 MHz, Methanol-04)
o LN N ; g 6 8.69 (dd, 7=5.1,0.7 Hz, 1H).
i)/ " E:w - hydmx_‘\’( cthoxy ) e 8.05 (s, IH), 7.79 (dd, /= 5.1, 1.6
i ? (tetrahydro-2H-pyran-4- | y, 11y, 765 (dd. /=82, 23 Hz,
O\L vhpyridin-4-yl-4- 1H),7.59 (4,7 = 2.2 Tz, 1H), 751
OH methylphenyi)-2-(1- (d. ’" 3’5H7 i), 6.82 (s, /
(tiflaoromeths heyelopr | 05" G B
opyDisonicotinamide | 2.4 Hz 20, 3.92 - 3.88 (m, 2H),
358 (td, /= 11.7, 2.5 Hz, 2H),
2.57 2.8 (m, 1), 1.57 - 1.84
(m, 4H), .50 — £.42 (m, 4H):
LOMS (n/2) (MAED) = 542.1, Bt =
141 min.
260 o™ N I o ] N-(3-(2-(2- 1H NMR (400 Mz, Methanol-d4)
W \:L\N s : hydroxyothoxy )-6- 3 9'5f (s, 11—1)18,50 (, :"1.3 Hz, )
' | H ql B otal - A iH), 430 - 7.09 (m,gH), 7.34 @, J
Y ~F (tetrahydro-2H-pyran-d- | Zg2n, 110y, 6.83 ¢d, /= £.0 Hz,
0 yvhpyridin-4-yi-4- 1), 6.63 (d,J= 1.2 Hz, 1H), 448
\L . methyiphenyl)-6- (dd, J=5.5,43 He, 2H), 4.06(dd,
oH o L i J=10.6,3.3 He, 21D, 301 (dd. =
{(triftuoromethyDpvonud 55,43 He, 2H), 358 (1, J = 117,
ine-4-carboxamide 2.6 Hz, 2H), 3.00 - 2.88 (m, 1H),
2.76 (s, 3, £.99 - 1.84 (. 4H);
LOMS (m/z) (MHH) = 503.0, Rt =
1.43 min.
261 4-chloro-N-(3-(2-(2- 1H NMR (400 MHz, Methanol-d4)

OH

hydroxyethoxy )~6-
(tetrahydro-2 H-pyran-4-
yhpyridin-4-vi)-4-
methylphenyhpicolinam
ide

5 8.64 (dd,J = 5.3,0.5 Hz, 1),
8.20 (dd, J= 2.1, 0.6 Hz, 11D),7.73
~ 764 (m, 3D, 7.34 - 729 (m,
1H), 6.83 (d,J = L0 Tiz, 1), 6.63
(d,J=1.2 Hz V), 447 - 4.41
(m,20), 4.06 (dd, /= 11.5, 2.4 Hz,
3H), 3.93 - 3.88 (m, 201), 3.58 (td,
J= 117, 2.5 Hz, 211}, 3.00 - 2.88
(16D, 2.25 (s, 3H), 1.98 — 1.83
(o, 4H); LOMS (m/s) (M) =
4680 Ri= 145 min

]

£ad

(W]
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N-(3-(2-(2~
hydroxyethoxy)-6-
{tetrahydro-2H-pyran-4-
vDpyridin-4-yl)-4-
methylphenyi}-3-
(trifluoromethyDpyrazin
e-2-carboxamide

"H NMR (400 MHz, Methanol-d4)

9.47(d,J=1.0Hz 1), %14 (4,
J= 1.1 Hz, 1H). 7.79 - 7.68 (m,
JH), 7.33 (4, J = 8.2 Hz, 1H), 6.83
(d,J=10Hz D, 663(d, /=12
Hz, 1H), 4.47 - 443 (m, 7H),
4.08-4.03 (m, 28), 3.91 (dd. /=
5.5, 4.3 Hz 2D, 3.58 (¢d, J = 11.7,
2.5 Hz, 2H), 2.99 - 2.88 (m, IFD,
2.26 (s, 3H), 1.98 — 1.84 (m, 41);
LOMS (n/2) (MHH) = 303 .0, R =
1.47 min.

]

%i
g

2-cyano-N-{3-2(2-
wdroxyethoxy)-6-

N hvdrowethonyro
/\E {tetrahvdro-2H-pyran-4-

vDpyridin-d-yl)-4-
methylphenyl)isonicotin
amide

1H NME (400 MHz, Methanol-d4)
G888 (dd, /=51, 0.8 Hz, 1H),
834 (dd, J= 1.6, 0.8 Hz, 1), 8.11
{dd,J=35.1,1.7Hz 1H), 769 -
7.57 (m, 2H), 7.32 {d, J = 8.3 Hz,
1H), 6.82 (d,/= 1.0 Hz, 1H}, 662
(d, /=127 1H) 444 (dd,J =
5.5, 43 Hz 2H), 4.05(dd, J =
116,22 Hz 2H), 3.90 (dd, J =
3.5,43Hz 2H), 338 (i, S=11.7,
2.6 Hz, 2H}, 2.97 - 2.88 (m, 1H),
2.26 (s, 3H), £.98 - 1.83 (m, 4H):
LOMS (m/z) (M+H) = 4590, Rt =
1.24 min.

2-chloro-N-(3-{22-

’ hydroxyethoxy )~6-

(tetrahydro-2 H-pyran-4-
yhpyridin-4-vi)-4-
methylphenyljisonicotin
amide

1 NMR (400 MHz, Methanol-d4)
§8.54 (dd,./ = 5.2,0.6 Hz, 1),
7.93 (d,.J = 6.7 He, 11), 7.81 (dd,
J=35.2, 15 H, 11, 7.66 - 7.57
(2D, 738 (4 J = 83 Hz 1),
6.81 (d,J= 1.0 He, 1), 6.61 (d.J
=28z 1), 444 (dd, /= 56,43
Hz, 20, 405 (dd. /= 11.5, 2.3 Hz,
IH), 3.90 (dd, J = 5.5, 4.3 Hz, 28D),
3.58 (id, J= 11.7, 2.5 Hz, 2H),

2.00 - 2.87 (in, m» 2.25 (s, 3H),
1.7 - 1 82 (m, 478y LCMS (/)
M) = 4680 Ri = 128 min

N3
o
Tn
O
N

N-(3-(2-(2-
hydroxyethoxy)-6-
{(tetrahvdro-2H-pyvran-4-
vDpyridin-4-yl)-4-
methylphenyi}-3-
(trifluoromethy Dnicotina
nde

T NMR {400 Milz, Methanol-d)
8934 (d, 7= 1.9z, 11D, 9.06 (s,
1H), 8.65 (s, 1), 769 — 7.59 (m,
IHY, 732 (d, =83 He, 11D, 6.82
(d,J=1.0Hz H).6.62 (4, 7= 1.2
Tz 1H), 444 (dd, 7= 56,43
12,250, 4.08 — 4.02 (m, 21, 3.90
(dd, J = 5.5, 4.3 He, 25, 3.58 (¢4,

J= 187,25 He, 740, 2.98 - 2.88

(o, 1H), 2.26 (s, 3H), 198 - 1 .84
(m, 4H); LOMS 27y (M+H) =
502.0, Bt= 134 min

[ ]
£ad
N




WO 2016/038582 PCT/IB2015/056989
266 S-chloro-N-{3-(2-(2~ TH NMR (400 MHz, Methanol-dd)

“OH

hydroxyethoxy)-6-
{tetrahydro-2H-pyran-4-
vDpyridin-4-yl)-4-
methylphenyi}-4-
(trifluoromethy Dpicolina
mide

3 8.94 (s, 1T1), 8.48 (s, 11),7.75 ~
7.67 (m, 2H), 7.32(d, /= 8.1 He,
1H), 683 (d,J=10Hz 1H) 663
{d,J=12Hz HD, 445 (dd, /=
5.5,43 Hz, 25, 4.05 (dd, 7=
10.6,3.3 Hz, 2H), 3.90 (dd, S = 3.5,
43Hz 2H), 358 (1d, /= 117,25
Hz, 2H), 3.02 - 2.85 (m, 1H), 2.26
{s, 3H), 2.60 — 1.82 (m, 4H);
LOMS (m/z) (MHH) = 536 0, Rt =
1.58 min.

]
3
70
N
j S 7
Xz
5
=0
2
/
o
/

N-(3-(2-(2~
hydroxyethoxy)-6-

"H NMR (400 MHz, Methylene
Chionde-a2) §8.73 (d, J= 1.1 Hz,
1H), 761(dd, /=82, 2.3 He, IH),

M N (tetrahydro-2H-pyran-4- | 7 56 @ y=23 0z 1), 747 @/
é\. yhpyridin-4-yi-4- =111z, 11, 7.23 (d, /= 8.3 Tz,
\ _ methylphenyi)-é- 1H), 6.73 (d, /= 1.0 Hz, 1H),
OH C 6.56(d, J = 1.2 Hz, 11, 4.49 -
methoxypynaudine-4- 1 5o (s, ZH), 4.02 3.90 (m, SH),
carboxamide 3.89-3.81 (m, 7H), 349337
(m, ZH, 2.94 - 2.79 (m, 1H), 2.18
(s, 30, 1.86 — 1.75 (m, 4H);
LOMS (n/7) (M) = 4651, Rt =
1.35 min
268 o \//\i 9 F N-(3-(2-2- TH NMR (400 Mz, Methanol-74)
y LN < F . 1 58.85(d, = 4 Hz, 1H), 825 (s,
F\/JN N \(\/\\l/( F by drquethgxy)—éu 1H), $.01 ¢, J = 4.4 Hz, 1H), 7.66
] (tetrahydro-2H-pyran-4- | (aq =82 25 He 11, 762 (4. J
":’I Vipyridin-4-y)-4- =231z 1H), 732 (d,/= 83 Hz,
OH wmethylphenyh-2-(1,1.2- | 1), 6.82¢d.J= L0 Hz, 1),
. T 66d = 1.2 He, 1HD, 5.02 (de J
trifluoroethylisonicotin | _ 462127 Hiz, 2H), 444 (4t J =
amide 55,43 Hz, 2H), 4. 11 - 4.00 (m,
2H), 3.90 (dd, J = 5.5, 4.3 Hy, 2H),
358 (4d 7= 117, 2.5 Hz, 2H),
2.98 —2.90 (m, FH), 2.26 (5, 3H),
2.00 -1.83 (m, 4Hy, LOMS (m%)
(MHH) = 5162 Ri= 134 min
769 N 2-(1, I-difluoroethy -N- | 1 NMR (400 Mz, DMSO~6) o
S (3_(2_(2_ ppm 10.64 (s, 1 H) 8.77 - 8.98 (m,

hydroxyethoxy)-6-
{tetrahydro-2H-pyran-4-
yhpyridin-4-y1)-4-
methyiphenyl isonicotin
amide

1HD 8,18 (s, 1 1) 8.03 (dd, J=4.95,
141 He, |1 7.75 (dd, 3=8.25.
3.26 Hz, HI) 768 (d, }=2.20 1z, 1
H)7.33(d =844 11z, 1 H) 6.84
d J=L10 Hz L D 6.60 (d, J=1.10
Tz 1D 4.82 {1, J=5.56 1, 1 1)
434 (4, F=5.26 Tiz,2 H) 3 96 (dt,
I=1103,3.04 Hz 2 1) 375 (@
3=5.42 Hz, 2 H) 3.45 (ddd,
J=11.23, 850, 6.05 Hz, 2 1) 2.84 -
2.97 (m, 1 H) 2.24 (5, 3 H) 2.05 (¢,
J=19.13 Hz, 311) 1.75 - 1.86 (i, 4
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), LCMS (mz) (MAH) = 498.0,
Re= 1.38 min.
270 o] \f\l Q | on 2-(2-cyanopropan-2-yl)- | 'HNMR (400 MHz DMSO-d6) &
L - g NAM N-(3-(2-(2- ppum 10,55 (5, 1 H) 831 (dd,
fe H L<¢N tvdroncrothoxy) 3=5.07, 0.67 Hz, 1 H) 8.00 (s, 1 1)
hydroxyethoxy)-6- 7.86 (dd, 3=5.01, 1.47 Hz, 1 ID)
I/O (tetrahvdro-2H-pyran-4- | 7.73 (dd, =8.31,2.20 Hz, | 1) 7.66
“en yhpyridin-4-v])-4- (d, J=2.20 Hiz, 1 H) 734 (& J=5.44
methviphenylisonicotin Hz,’ ! }{b,b'84 @?Jzu'% Hz, 1}1)
. o 6.60 (d, J=1.10 iz, 1 H) 4.82 (¢,
amide J=5.50 Hz, 1 H) 4.34 (t, J=5.26 Hz,
2 H) 3.96 (&, J=10.94, 3.03 Tz, 2
H)3.75 (q. }=5.42 Hz, 2 1) 3.45
{ddd, J=11.25, 850, 6.05 Hz, 2 )
2.84-2.98 (m, LH)Y 224 (s, 3
T)1.69 - 1.85 (m, 16 H); LCMS
(2} (M) = 5011, Re= 1.30
in.
271 o/\ \@\ o F o N-(3-(2-(2- H NMR (400 MHz, DMSC-d6) &
NS A H<F hydroxysthoxy )-6- pp 1086 (s, 1 1) 9.92 (d, J=1.95
fe | H l‘ A (tetrahvero. Hz, § 1) 8.68 (d, }=2.08 Hz 1 1)
N (tetrahydro-2H-pyran-4- | 773 (44 =825 2,26 Hz, 1 B)
~O yhpyridin-4-vi)-4- 7.67 (d,=2.20 Hz, 1 H)Y 7.37 {d,
g methylpheny)-6- J=8.44 Tz, 110) 6.84 (d, J=0.98
O (tri ﬂ' "i Dovrid He, | HY660(d J=1L10Hz, 1 D
(tritluoromethy .)py” A 487 =550 He LH) 4534 (1,
mne-4-carboxamide 3520 Hz, 2 H) 3.96(dt, J=11.03,
3.04 Hz, 2 W) 3.75 (g, F=5.42 Fiz, 2
H)3.37-3.55(m, 2 H) 2.82 - 2.97
(i, 1E) 225 (s, 31D 171 - 1.90
(m, 4 H); LCMS (n2) (MHD =
$03.0,Rt= 131 min.
272 o™ :ij\ o F o N-(3-(2-(2- H NMR (400 MHz, DMSO-d6) &
\/\{, \ Y\j/kF hydroxvethoxy )-6- ppu 10.83 (s, 1 ) 9.03 (d, J=3.01
‘Qj ROl e e HZ EH)831-839 (m, LH) .05
~ (totrahydro-2H-pyran-d- | g 3 0 110,782 - 7.96 (. 2 1)
~ vhpyridin-4-y1}-4- 732 (4,J=831 Hz, 1 H} 6.86 (4,
= Anhenviied. I=110Hz 1H) 6,61 (@ J=1.10
OH méii} i?h?n};} f coling | 5 L H) 482 (4 1=5.50 fiz, 1 H)
(ufl uoromeliviipeoling | s o1 21 3.96 (.
mide J=11.00, 3.00 Hz, 2 H)3.75 (4,
J=5.42 ¥z, 2 H) 3.39 - 3.53 (m, 2
1) 2.84 - 2.95 (m, LT 225 (5, 3
H) L.70 - 1.89 (m, 4 F); LCMS
{m/y (VD) = 503.0, Re= 131
mis.

£ad
]
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{(R)-N-(3-(2-(2,3-
dihvdroxypropoxy)-6-
{(tetrahydro-2H-pyran-4-~
vDpyridin-4-v1)-4-
methylphenyl)-2-(1,1,2-
trifluoroethylisonicotin
amide

"H NMR (400 MHz, Methanol-d4)
5 8.85 (d,J=51Hz 1H), 825 (g,
tH). 8.01 (d,J = 4.6 Hz, tH), 766
(dd,J =82, 253 Hz 1H), 762 (4,7
=22 Hz, 1), 752 (d, /=83 Hz,
1H), 6.83 (s, JHD, 6.63 (d, J =
1.0z, 1H), 5.02 (dt, J = 46.2, 12.7
Bz, 28, 4.50 - 434 (m, 23y, 4.11
~3.99 (. 3HD), 5.74 - 353 (m,
4H), 2.99 - 2.89 (m, 1H), 2.26 (s,
3H), 2.01 - 1.84 (m, 4FD); LCMS
(m/2y (M+B) = 5461, Rt = 1.26
min.

273 C{J\ \*/\;1
7 '\/\\ \(
Nk/
O\v
Ho\/’\OH
274 o7 A
A KL
b H
N
O\
.-!O\/.\OH

(R-N-(3-(2~(2,3-
dihydroxypropoxy)-6-
(tetrahydro-2H-pyran-4-
yDpyridin-4-y1)-4-
methylphenyl)-3-
(trifluorornethy Dpyridaz
tne-3-carboxamide

T NMR {400 Milz, Methanol-d)
§9.77(d.J= 1.7 He, 1H), 86/
@, J=2.2.07 Hz, 1H), 787 -
774 (m, 281), 738 (d, /= 8.0 Hz,
1), 6 89 (4, = 1.0 Hz, 11D, 6.69
(dJ= 1.2 He 1), 454 - 438 G,
IH) 414 - 4.03 (m, 3H), 3.77 —
3.66 (m, 2F1), 3.66 — 3.5% (m, 2F),
2.99 (s, 151, 2.31 (s, 34D, 2.05 —
1.87 (m, 4H); LOMS (m/s) (MAED
=533 1L Rt= 1.28 min.

(RO-N-(3-(24(2,3-
dibvdroxypropoxv)-6-
(tetrahydro-2H-pyran-4-
yhpyridin-4-vi)-4-
rethylphenyl)-2-(1-
(triffuoromethvlicyclopr
opylinsonicotinamide

T NMR (400 Mitz, Methanol-d4)
5871 8.67 {m, D), 8.05 (s, 1H),
7.79 (dd, J= 5.1, 1.5 Tz, 1H), 7 65
Ad, /= 83,22 Hz, 1), 7.60 (4 J
=21 Hz, 1), 7.31 {d.J=8.3 Hz,
1H), 6.83 (5, 1H), 6.63 (d, J =0.9
HHz, 1), 4.30 - 4.33 (m, 2H), 4.10
~3.99 (m, 3H), 3.71 ~3.53 (m,
4HD), 3.00 - 2.88 (m, 1ED), 2.26 (s,
351y, 1.99 — §.83 (m, 4, 1.52 -
1.39 (m, 4, LOMS (m/s) (M+ED
=572.1, Re= 1.32 min.

\_.
HOw A "
276 o™ o !
'\v/‘\( Z ! o N
N :
O,
HOw ™oy

(RO-N-(3-(24(2,3-
dibydroxypropoxy }-6-
{(tetrahydro-2H-pyran-4-
yvhpyridim-4-vi)-4-
methyiphenyl-6-
(triflucromethyDpyrimid
me-4-carboxamde

TH NMR_ (400 MHz, Methanol-d4)
59.54 (5, 1H), 850 (d, J= 1.3 Hz,
1H), 779 - 7.70 (m, 2H), 734 (d,.J
=820z 1H), 684 (d,/={.0Hz,
1H). 664 (d, J=12Hz 1H), 449
- 4.35(m, 2H}, 4.04 (4d, /=
10.3,4.0 Hz, 3H},3.72 - 3.62 (m,
2H), 3.61 ~ 3.55 (i, 2H), 2.98

2.90 (m, 1H), 2.26 (s, 3H), 1.98 -
1.84 (m, 4H); LCMS (m/2) (M+H)
=533.0 RBt= 1733 min
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HO~ o

{(R)-N-(3-(2-(2,3-
dihvdroxypropoxy)-6-
{(tetrahydro-2H-pyran-4-~
vDpyridin-4-v1)-4-
methylphenyi)-3-
(trifluorornethyDpyrazin
e-2-carboxamide

"H NMR (400 MHz, Methanol-d4)
59.47 (d,J= 1.0 Hz 1), 9.14 (d,
J=1.1 Hz, 1H). 7.77 - 7.6% (m,
IH), 7533 (4, J = 8.2 He, IH), 6.84
(d,J=10Hz D, 664(d, =12
Hz, tH). 4.51 - 4.32 (m, 28).
4.50-3.98 (m, 38), 3.71 - 3.55 (m,
48D, 2.99 - 2.89 (m, 1HD), 2.27 (s,
3H). 199 — §.82 (m, 4H);

LOMS (m/z) (MHH) = 5332, Rt =
1.32 min

274 o ﬁ o (R)-4-chloro-N-(3-(2- "H NMR {400 MHz, Methanob-d4)
l\/ g L (230 5 8.64 (dd. J=5.3,0.5 Hz, 1D,
Z N Y ( K 8.20 (dd, J=2.1, 0.5 Hz, 1H),7.72
Ny, Nos? dihydroxypropoxyv)-6- | 764 (m 34, 733726 (m,
O, {(tetrahydro-2H-pyran-4- | 1H),6.84 (d,/= 1.6 Hz, 11, 6.64
] H Dpvridin-d-vi-4- d,/=12Hz IH), 450-432
HOW A o 3 >p; ohone ol (10.2H), 4.10 - 3.98 (1, 31D, 3.74
MCHYIPRORYUPICOUNAM | 5 55 (m, 411, 2.99 -2 87 (m,
ide 1H), 2.26 (5, 3H), 2.00 - 1.83 (m,
£H). LOMS (/7 (M) = 4982,
Bi= 134 min
375 PaN (R)-2-cvano-N-{3-(2- TH NMR (400 MHz, Methanol-d4)

(2,3-

dibydroxypropoxy }-0-
(tetrabydro-2H-pyran-4-
yvipyridin-4-vi)-4-
methviphenvhisonicotin
amide

58.88(dd, /=51, 0.8 He, IH),
834 (dd, J=1.6,08Hz 1H), 81}
{dd,J=31, 1.7 Hz 1H), 765 (dd,
J=82 231z {H), 761 (d,/=
2.3 Hz, 1H), 7.32(d, /= 8.3 Hz,
1H.6.83(d, /= 1.0 Hz, 1H}, 663
{d,J=12Hz i1H), 450433 (m,
2H), 4.08 - 3.99 (m, 3H}, 3.69 -
3.54 (m, 4H), 2.97 - 2.89 (m, {H),
2.26 (s, 3, 1.97 - 1.84 (m, 4H);
LOMS (m/z) (MHH) = 4893 Rt =
1.15 min

280 o > /w\ 0
1\¢ & N /u\ /\\\/Ci

T NToY H

i 404
Na o~ \;,N
\o(

™
HC‘\//:\OH

(R}-2-chloro-N-(3-(2-
(2,3-
dibvdroxypropoxv)-6-
(tetrahydro-2H-pyran-4-
yhpyridin-4-vi)-4-
rethyiphenyljisonicotin
amide

TH NMR (400 Mz, Methanol-d4)
3854 (dd,/=352,0.7 Hz, IH),
7.95 (dd, J= 14, 068z 1H), 781
{dd,J=352,1.5Hz 1H), 7.64 (dd,
J=82,23Hz, H),760(d,J=
2.3 Hz, [H), 735 {d, /= 8.3 Hz,
1H).6.83 (d, J= 1.0 Hz, IH), 6.63
(d,7=12Hz 1H), 4350433 (m,
28}, 4.09 - 3.97 (m, 3H3, 3.73 -
3.53 (m, 4H), 2.99 - 2.89 (m, 1H]),
2.25 (s, 38}, 1.98 - 1.84 (m, 4H);
LOMS (m/z) (MHH) = 498 0, Rt =
1.20 min.

o]
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281 @\ \,;;\F o {R}-N-(3-(2-(2,3~ TH NMR (400 MHz, Methanol-dd)
L i . 59.34 (d.J = 1.8 Hz, 1T, 5.07 -
X . | dihydroxypropoxy )-6- ’ >
& ME&/M dihydro ypropo ¥)-6 9.05 (m, THD), 8.65 (5, 1H). 7.69 —
N i | (tetrahydro-2H-pyran-d~ | 7 59 on 21, 732 (4, /=83 Hy,
S vhpyridin-d-yl3-4- 1), 6.83 (4,7 = 1.0 Tz, 1H), 6.63
~ F (d =12 Hz IFD 451
T ¢ F methyiphenyi)-ﬁ— {d,J=12Hz IH), 451-4733
HOw A e , .. (0, 2H), 4.11 —3.97 (m, 3H), 373
OH (ﬂilﬁueromeih}1)mcetma 353 (m, 1), 2.99 - 2.88 m,
mide 1H), 2.26 (s, 3HD, 1.98 — 1.83 (my,
4H); LOMS (n/s) MAHD = $32.1,
Ri= 125 min
282 (f\ \n L (R)-5-chloro-N-(3-(2- TH WhER (400 MHz, Methanol-d4)
A I N 27, 58.94 (s, 1H), $.48 (s, 1F1), 7.78 -
~ 8T *‘ ( . 7.65 (m, 25D, 7.32 (4, J = 8.0 Tz,
"‘Y Fey | dihydroxypropoxy -6~ | 1) 684 (4, J = 1.0 Hz, 1H), 6.64
O Fg {(tetrahydro-2H-pyran-4- | (¢, /=12 Hz, 1H), 450433 (m,
Ho H F yi)pyridinnﬁi--yi}ﬂin 2H}, 4.0% - 3.98 (m, 3H}, 3.72 —
~N0H 3.53 (m, 4H), 2.99 - 2.88 (m, {FD,
methylphenyl)-4- 2.26 (s, 3H), 1.99 — 1.82 (m, 4H);
{triflooromethylpicoling | LoMS gnz) (M+H) = 566.0, Rt =
mide 1.48 win.
283 o \//"\r o (R)-N-(3-(2-(2.3- "HNMR {400 MHz, DMSO-d6) 5
NP /U\’/\ CFs | dihvdroxy pronoxy)-6- 10.83 (s, 1 HD) 9.03 (d, J=5.01 Hz, 1
\f N il j/ - qu x¥) 1 H)8.35 (4, 7=0.86¢ Hz, 1 H) 8.09
~F (tetrahydro-2H-pyran-4- | 44 =501 13012 1 H) 780 -
O, yhpyndin-4-yi)-4- 7.92 (m, 2 Hy 7.32 (d, }=8.31 Bz, 1
HOw Ao methyiphenyl)-4- 10) 6.86 (d, 7=0.58 Tiz, 1 1) 6.62
~" ok hﬂ’ﬂp 37}}{. ok @ =110 Hz, 1 491 @4 J=5.26
(i*fi woromethylipicolina Hz, §H) 465 (¢, 1=5.75 Hz, | H)
mide 434 (dd.J=11.00, 4.40 Hz, 1 1D
422 (dd, 71094, 6. 42 Fiz, 1 1)
3.96 (dt, J=11.00, 2.93 Tz, 2 H)
3.84 (dq, J=10.87, 5.47 Hz, 1 1)
3.38 - 3.52 Om, 4 T0) 334G, LFD)
2.80 - 3.00 (m, 1 H} 2.25 (s, 31D
1.72 ~ 1.88 (m, 4 H), LOMS (m/2)
MDD = 565.0, Re = 1.48 min
284 o \///jl j? F o (5)-N-(3-(2-(2 3- T NMR (400 Mz, Methanol-d4)
NN . o ) i 0873 { Yy g 03 =5 01 1]
— M NN dihydroxy prapoxy )-6- 81083 (s, 111)9.03 (4 J=5.01 1z,
Ny’ ©OON T ; 1 H) 835 (s, 1 IT) 8.09 (dd, }=5907,
Y (tetrahydro-2H-pyran-4
4 CUARYQIO-2n-PYRan-S= 1 1 64 Hz, § 1) 7.81-7.93 (w, 2
o 3 vDpyridin-4-y1)-4- H7.32(d, =831 Hz, 1 H)6.86 (d,
T 3=0.86 Hz, 110) 6.62 (d, 7=0.98

methylphenyl)-2-
(trifluoromethyl)isonicot
mamide

Hz, PHY4.50-5.09 Om, 2 HY 435
{dd, J=10.94, 4 46 Hz, 1 H)4.22
(dd, =11.00,6.48 Hz, 1 1) 3.97
(dt, J=10.94, 2 84 Hz 2 H) 3 .85
{quin, J=5.50 Hz, { H)3.13 -3.5¢%
(m, SH)2.79-298(m, 1 H)2.25
(s,3H) 1.75 - 1.91 (m, 4H);
LOMS (m/z) (M+H) = 332 1, Rt =
1.40 min.
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N-(3-{6-cthoxy-5-
(tetrahydro-2H-pyran-4-
yhpyndazm-3-yi-4-
S methylphenyhisoindolin

e-3-~carboxamid

TH NMER (600 MHz, DMSO-d,) 3
ppm 1034 (s, 1 H) 942 (br. s, 2
) 7.96-8.01 (m, 2 H) 7.84 (d,
J=2.20Hz, LH)Y 7.79 (dd, /=8.25,
220Hz, L Hy7.35-7.58 (m, 2 H)
7.33(d, /=844 Hz, 1 H)4.39 (g,
J=T00HZ, T HY3.93 -3.99 (m, |
H)3.47 (td, J=11.39, 2.80 Hz, 3 H)
3.00-3.10(m, FHY2.28{s, 3}
1.67 - L& (m, 4 H) 1.43 (£, J=7.01
Hz 3 1) LOMS (m2) (M+H) =
4591, Bt =095 win.

EXAMPLES 286 AND 287

N-(3-(2-{4-hyvdroxvietrahvdro-2H-pyran-4-v11-6-(2-0xooxazolidin-3-vDpyridin-4-v1)-4-

methviphenv)-2~(trifluoromethviHsonicotinamide and N-(3-(2-((2-hvdroxvethvl}aming -6~

{(4-hvdroxvietrahvdro-2H-pvran-4-vDpvridin-4-v1}-4-methvipheny-2-

(rifluoromethviisonicotinamide

/

o B o
? % k o
(jl\\ N /Ji\f/ N X L\H"“' | i \E\JJ\Y/\
HO ﬁ/\J Hoo ) N HO
l\-\,; N v

N

‘ N 4~
Oy N7 F;:F | Fe F
O HO™
60421} To a solution of 2-(4-hvdroxytetrahydro-2H-pyran-4-v1)-6-(2-oxooxazolidin-

3-vDpyridin-4-v1 trifluoromethanesuifonate (1.0 equiv.) and N-(4-methyl-3

(4,455

tetramethyl-1,3,2~-dioxaborolan-2-yphenvl)-2-(irifluoromethvisonicotinamide (1.2 equiv.)

m DME (0.2 M) and 2 M aq. NayCO; (3.6 equiv) was added PACL{dpp)-DCM addact {0.05

equiv.) and the reaction wradiated at 123 °C for 15 min and then cooled to rt. Sodium

bydroxide (5.0 equiv.) was added, and the mixture was stirved at 100 °C for 40. The mixture

was diluted with water and extracted with EiOAc. The organic layer was concenirated and the

residue was dissolved in DMSQ, filtered and purified via reverse phase prep-HPLC. The

product fractions were lvophilized to give N-(3-(2-(4-hydroxvtetrahydro-2H-pyran-4-v1-6-

(2~-oxooxazohdn-3-vhpyridin-4-y D-4d-methvipheny -2 -(tritftuoromethyl jisonicotinamide in

29% vield. "H NMR (500 MHz, Methanol-d4) § 8.91 (d. J=5.09 Hz, 1 H)

831 (s, 1 H)813

(d,F=391Ho TH)BO0l (s, TH)768-775(m, 2 H) 744 (d, J=078H,, 1 H)736{d, J =
861 He, 1 H)4.51 -4.62(m, 2 H)434-443 (m, 2 H)Y3.91 - 4.01 (m, 2 H) 3.83 -3.91 (m,

242
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2H)243(d, J=1291, 509 Hz 2 HY230 (5,3 H) 1.65(d, J = 12.52 Hz, 2 H). LC-MS: Rt~
.90, Masg-343.1 N-(3-2~((2-hydroxyethyDamimo }-6-{4-hydroxytetrahydro-2 H-pyran-4-
vDpyridin-4-vl)-4-methylphenyvl)-2-(trifluoromethyl isonicotinamide was also 1solated 1n
24% vield. "H NMR (500 MHz, Methanol-d4) 6 8.92 (4, J=4.69 Hz 1 H) 831 (s, L H) 8.14
(dd, i=489 137Hz, 1 H) 766 (dd, J=8.22,235Hz, Y H)7.61 =764 (m, 1 H)733(d,J=
B22Hz THY6.79(d, I=117Hz, 1 H)639(d, J=117Hz, 1 H)391 -401 (m, 2 H)3 84~
39l (m, 2 H)378 (1, J=587Hz, 2 H). 352 -33%(m, 2 H)236(td, T=1291, 509 Hz, 2
HY2.29 (s, 3H)1.60(d. J=11.74 He, 2 H). LC-MS: Ri-0.71, Mass-517 1.

EXAMPLE 288

2-(2-cvanopropati-2-v1-N=(3-{6-ethoxv-3-3-({fluoromethvhicirahvdrofuran-3-vDpvridin-3-

vi}-4-methyiphenvDisonicotinagmide

A ) C 5 :
\/'(1/\( Br >("B T \F,y ]
17 o N o7 N r
~o” W | P
7h [y Sy
(6034221 To a sclution of 53-bromo-2-ethoxy-3-(3-(fluoromethyl etrahydrofuran-3-

yhpyridime (1.0 equiv.) and 2-(Z-cyanopropan-2-yD-N-(4-methyl-3-(4,4.5 S-tetramethyl-
1,3.2-dioxaborolan-2 -vlphenylisonicotmamude (1 4 equiv.) in DME and 2M Na,CO; 311,
.08 M) was added PACL{dppD-DCM adduct (.05 equiv.) and the reaction was purged with
argon. The solution was heated to 100 °C for 1 hour, then cooled to rt, concenirated under
vacuo, dissolved in DMSQ, filtered and purified via reverse phase prep-HPLC. The pure
fractions were Ivophilized to give 2-(2~cvanopropan-2-vh-N-(3~(6-¢thoxy-5-(3-
(fluoromethyltetrahydrofuran-3-vhpyndin-3-yi)-4-methyiphenyDisonicotinamide in 3%
vield. 'H NMR (400 MHz, <cd3od>) Sppm 142 - 149 (m, 3 H) 181 (s, 6 H)2.27 (s, 3 H)
229-235(m, 1 H) 240 (s, 1 H)3.91 {(dd, /=9.39,509Hz, 2 H)4.01 {d, /=8 22 He, 1 H)
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428, =900 Hz, 1 H}446 (d, /=704 Hz, 2 H)4.51 - 468 (m, 2H) 733 (d, /=822 Hz, 1
HY756(d, /=196 Hz, 1 H) 7.59(d, /=233 Hz, 1 H) 7.67 (dd, /=8.22, 1 96 He, 1 H)} 7.82
(dd, /=509, 137 Hz, 1 H)8.05(d, /=235 He, 1 H)B8.07 (s, 1 H}8.76 (d, /=569 He, 1 H).

LCMS (m/z) (M+H) = 503.3. Rt = 1.03 min.

(36423 The compounds listed 1n Table 4, below, were prepared using methods sumilar
to those described for the preparation of the above examples using the appropriate starting
materials:
TABLE 4
Example Structure MName Physical Data
Zgg 2_(jucyangpropan_2_ ]1’1 NMR (500 ‘1\/1}12‘ Mcihmoi—a’;)
O, P~z o : - 58.78 (d,J = 5.1 Hz, LD, .09 (s,
i A A~ yD-N-G-(6-ethoxy- | ) s03 (¢ J=22 107 1), 7.84
| 7 N C 5-(3- (@, J=5.0Hz 1H),7.72 - 7.5% (m,
o N hodroxymeti] 2HD), 7.56 (d,J = 2.2 Hz, 1H), 7.35
J PN (hydroxymethylitetr | 725310 111y, 4.74 g J =
SN ahydrofuran-3- 10.7 Hz, 1H), 448 (dg, J= 14,1,
s N 7.0 Hz, 2H), 4,10 — 3.85 (m, 3H),
yhpyridin-3-yh-4- 4 s o 254 - 23e
methylphenyhisonic | . 2T, 2.31 (s, 2H), 1.84 (s, 6H).
otinamide 147 (1,J=7.5 Hz, 3H). LCMS
R : 2y (VIHHD = 501.3, Rt = 0.90
min
790 N-(6'-ethoxy-3'~(3- | B NMR (300 MHz,

{(hydroxymethyDtetr
ahydrofuran-3-v1)-2-
methyl-j33'-
bipyvridin]-5-y1)-3-
(triflucromethyDben
zamide

METHANGL-4} dppm 145 (¢,
J=7.09 Fz, 3 H) 2.22 (66, J=12.61,
867 Hz 1 H)241-248 (m, 1 H)
268 (5,3 H)3.80(d, J=3.15Hz 2
HY3.87(d, J=9.14 Hz, 1 H)3.92
(dt, J=8.83, 441 Hz, 1 H) 3.99 (g,
=167 Hz, $ H) 4.27 (4, J=9.14
Hz, | F) 448 (q, /=7.04 Hz, 2 )
763 (4, J=221 He, 1 H) 779 (1,
=772 Hz, 1 H) 7.96 (4, /=7 88
1z, 1 H) 8.16 (d, J=1.89 Tz, 1 H}
828(d, /=788 Hz 1 H) 835 (s, 1
H)R42 (d, /=252 Hz, 11 9.31
@, =221 Hz, | ). LOMS (w5
M+H) = 5022, Ri=0.77 min
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791 N-(3-(6-cthoxy-5-(3- | B NMR (300 M7, Methanol-d;)
o L 5874 (d,J=5.0Hz 1H),$.12 (s,
(hydroxyraethyltett | 1, 805 da.J=177, 21 He,
ahvdrofuran-3- 1H), 7.72 - 7.65 (w, 13}, 7.62 (dd,
‘i“ idin-3elid J=104, 2.1 Hz, 1H), 7.57 - 7.50
yhpyridin-3-yU-d- L 0755 (g = 85 He, 1),
methylphenyl)-2-(2- | 4.54 - 4.41 (m, 2H), 411 -3.90
flunronre 5 (m, 3H), 3.88 (d, J = 9.0 Hz, 1H),
0Iopropan- < 285373 (my, 24D, 2.54 - 234
vinsonicotinamide (m, 2H), 2.29 (d, J = 25.9 Hz, 3H),
1,77 (4,7 = 22.0 Hz, 6513, 1.53
1.40 {m, 3H). LOMS (/) (MHED)
= 4943, Rt=0.90 min.

297 _ N-(6-ethoxy-5-(3- | H NMR (300 Mz, Mothanol-d)
O, §H Ne g rodrosymetin] 5944 - 937 (m, 1H), $.82-8.76
S a i (hydroxymethylitetr | g 1, 851, /=23 1z 10,

7 510 ahvdrofuran-3-y1)-2- | 820 (d,J= 2.4 Hz, 1H), 8.16 (d,J
o N 2 mothvif3 3 =11.0Hz, 11), 7.86 (dd, /= 5.0,
P A methyi-{3.3" 1.5Hz, 1H), 7.66 (4, /=23 Hz,
bipyridin|-5-y1)-2- | 1), 451 (q,J=7.0 Hz, 2H), 429
) o (d,./ = 9.0z, 1H}, 4.00 (p,J = 7.7
5. N &, > L, W,
(‘ﬁ ﬂum;fﬂpmpﬂn = Hz, 1H), 5.94 (:d,.J = 8.8, 44 Hz,
vinsonicotinamide 1H), 3.89 (d, /= 9.0 Hz, 1H), 3.82
(d,J=12.1Hz, 2H), 2.73 (s, 31,
2.50 - 2.40 (xo, 25D, 2.24 (dt, J =
12.7.8.6Hz, 13D, 176 (4, = 21.9
Hz, S}, 1.53 — 1.45 (m, 35,
LOMS (m/z) (MHE) = 495.2, Rt =
(.69 nun.
293 o ~ 2-(2-cyanopropan-2- | LCMS (%) (MHH) = 487.2, R =
™ Yy o N - 0.88 min.
SN O y1-N-(3-(6-ethoxy-
i i g = RO
,\,JLNI,V’ i 2N 5-(3~
P S hydroxyictrahydrofu
e ran-3-vipyridin-3-
yi)-4-
methylphenyijisonic
otmamide

294 N-(6-ethoxy-5'-(3~ | LOMS (m’z) (MHH) = 488.2  Re=

o) ~ . X 0.76 nun.
JOH ] ]\ i hyvdroxytetrahydrofu
ARy S Ny N N )
» S ran-3-yH-2-methyl-
07N Y [3.3"bipyridin]-5-
P 2 3,3 P N
y-3-
(trifluorornethy ben
zamiude
795 N-(3-(6-ethoxy-3-(3- | LCMS (mz) (M1H) = 480.2, Ri =

hydroxyietrahydrofu
ran-3-yDpyridin-3-

yi}-4-methylphenyi)-
2-(2-fluoropropan-2-

0.89 wmin.

]

(W]
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yhisonicotinamide

7G5 N-{6-ethoxy-5-(3- | LOMS (n2) (M = 4811, Rt =
e ~Aw g i ‘ 0.67 min.
Chon I e hydroxytetrahydrofu
o T ~ Nt \ N
| ] AN ran-3-y-2-methyl-
o N-é’ ~N J
P ; [3.3"-bipyridin]-3-
"
' Y122
fhaoropropan-2-
vhisonicotinanude
297 i} n N-{6-cthoxy-3-(3- | HNMR (400 MHz, <cdlod>) 8
] o o L ppm 146 (1, 7=7.04 Tz, 3 H} 2.29 -
O<' WAV\EL,)L A fluorotetralydrofura |54y ¢y 11y267(s,53 15275 -
| fo n-3-y1}-2-methyl- 2.93 (m, 1 H) 4.04 - 432 (m, 4 1)
| , a1 4ae (2 El T g T 84
PN | 33 bipyridin]-5- | &) EoR n. 2B T8 G T4
e ? k Hz, 1 Hy7.96 (dd, /=7 .83, .78 Hz,
F wi)-3- THY 808 (4. J=2.35 Hz, 1 H)8.26
e TR ~831 (m, 2 H) 835 (s, 1 HD 844
(trifluoromethyl)ben (d. /=235 Tiz, 1 1} 032 (d,.J=2.35
zamide Hz, 1 H). LOMS (n/2) (MIH) =
490.1 Rt = 0.86 mun.

798 . N N-(6'-cthoxy-3'-(3- | HNMR (400 MHz, <cdlod>) 3
o~ > o , , N ppm .68 - 1.79 (m, 611} 2.28 -
<\/L.F N /,%:J\\r - fluorotetrabydrofura | 57 (. 1 E) 2.68 (s, 3 1) 274 -

| ] ROl 1-3-y1)-2-methyl- 2.93 (m, 1 F1) 4.03 - 433 (m, 4 H)
Q7N a EQ ’3"“0i ‘V’I‘idi!l}-S— 454 (dd, /=704, 078 Hz, 2 H)
P e >0 ~01P) 784 (dd. J=5.09, 1.56 Hz, | H)

y1}-2-(2- R.02(d, /=274 Hz, 1 H) 812 -
815 (u, 1 H) 828 (d. /=235 Hz 1
. ‘ B)8.47 (4, =2.35Hz 1H)8.74 -
yhiisonicotinamide 8.77 (e, 1 H) 9.34 (d, J=235 Hz, 1
B). LOMS (m2) (MHED) = 483 .2,
Re=0.78 min.

flaoropropan-2-

-]
O
&

N-(3-(2-(2- TH NMR. (400 MHz, <cd3od>)
Lo N 5 ppm 8.92 (d, J=3.00 Hz, 1 1)
hydroxvethyhamino | 45 (s, 11D 8.13 (dd, =5.09, 1.17
}6- (3~ Hz, 1 H)7.67 (dd, J=8.22, 2.35 Hy,

) ) . 1H) 7.64 (47233 Hz, 1 H) 7.33
hydroxyoxctan-3- (d,J=8.22 Hz, | ) 6.89 (d, J=1.17
yDpyridin-4-y1)-4- Hz, 1H) 6.46 (4, J=1.56 Hz, 1 H}

I 5.07 (d, J=6.65 Fiz, 2 H) 4.83

methylphenyl)-2 (d,7=7.04 Hz, 2 1) 3.76 - 3.82 (m,
(trifluororethyviison | 21)3.55-3.62 (m, 2 H) 2.30 (5, 3
Hy. LOMS (mz) (MOH) = 4891,
Ri=0.67 min.

weotmande

]
=
N
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300 N-(3-(2-(2- T MR (400 MHz, <cd3od>)
o ppn 827 (s LH) 8.22 (4, J=7.83
hydroxyethylammo | g,y 11,791 (d, J=7.83 Hz, 1 1)
)_6_(3_ 71 -778 (m, 1 H) 7.60 -7.68 (m,
P 2H) 7.32 (4, /=822 Hz, 1 H) 6.89
h-‘f"dEOX??X""a""B“ (d, /=117 Hz, § 1) 6.46 (d, J=1.17
yhpyridin-4-yi)-4- Hz, VH) 5.07 (d, J=6.65 Hz, 2 1)
A . 483 (4, J=7.04 Hz, 2 H) 3.75 -
~ihadnhe Al (4, s
m‘j"hf’ Ipheny1)-3 3.87 (m, 2 H) 3.55 - 3.62 (m, 2 H)
(irifluoromethyben | 230 (.3 1. LOMS (/2 M)
zamide =488.0, Bt = 0.76 min.
301 ) N-(Z'-(4- ] NMlj, (300 NIFiz, Methanol-d4)
o™ ~oMy o e - 5904 (d, T=235Hz, 1 H) $.43
L P hydroxyietrabydro- | (@ 7=2351, 11836 65, 1 1)
S T I/\J 2H-pyran-4-y1)-2- 820(d J=782Hz LI 8.17(d T
N,z H PP Edvi 6 =157 Hz 2 1) 7.97(d, F=7.83
! metnyl-6-(2- Hz, 1 H) 7.76 - 7.83 (m, 1 H) 7.53
Cazy’ \/\ FIF oxooxazolidin-3-yI}- | (d,1= 157z L} 4.55 - 4.63
- o A (m, 2H)Y 437 —4.45 (m, 2 H) 3.93
[3.4"-bipynidin}-5 ~4.03 (m, 2 H) 3.87 - 3.93 (m, 2
yi}-3- Hy2.64 (5,3 H) 246 (1d, T= 1291,
. ot | 470F 2 HY 166 (d, 1= 1174
(trifluoromethyliben |y o 1T oM. Ri-0.75, Mass-
zamide 543.1
307 N-(2-((2- I TNMR (300 Milz, Mothanol-d4)
o™ Ny L 5884 (d, T=235Hz 1 H)$.32 (s,
a8 J 7 hydroxyethylamine | 141826 @ =782 8z 1 1)
O e gy s 3-6'~(4- 8.14 (d, = 2.35 Hz, L H) 7.94 (dd,
N._# = hvdroxvictralvds T=7.83, 0780z | H) 773 - 7.81
T WYOIOXYICraltyGro- - | o, 1 1) 6.83 (4, = L17 Hz, 1 H)
J/' ' FAF 2H-pyran-4-vi)-2- 643 {d J=1.17 Hz, 1 1) 3.61 —
i o1 bm g 4.60 {(m, 2 H) 3.84 - 3.91 (m, 2 H)
HO™ methyl-{3.4" 375 —nig f (jn, z+i—1) 3.53 in_;’.m )
bipyndmn j-5-y1)-3- (m, 2H)2.51(s,3H)2.33 - 245
Py Vi)
~ o (m, 2H) L60 (4 T = 1213 57,2
(u iﬂ; Hero methyDben | 171 o s Re.60, Mass-517.4
zamide
303 i N-(3-(2-((2- T TIMR (500 Midz, Methanol-d4)
a7 ™ ~Ry hvdro éah Damino 3898 (d, J=469Hz | H) 84S
| i yAroxyetnyl, (d,7=0.78 He, 1 H)7.94 (dd, ] =
L N 14, REAME = 20 (A LU
\qg\{\\/\/ N j }-6-(4- 509, 1.17 Hz, 1 H) 7.71 = 7.76 (m,
; P )

hydroxyietrahydro-
ZH-pyran-4-
viypyridin-4-yi)-4-
methylphenyvi)-4-
(triftacromethypic
olinamide

28733 (d, 1= 939 Hy, L)
6.80 (4, 3= 117 Hz, 1) 6.40(d, J
=178z LH)3.91 - 401 (m, 2
H)3.84 -390 (m, 2 1) 378 (LT =
567 Hz, 213,53 - 3.60 (m, 2 TH
331242 (m, 2 H) 2.29 (s, 31D
1.60¢d. F=12.13 Hz, 2 1), LC-
MS: Re-01.77, Mass-517.0

47
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204 N-G-(2-((2- T N (300 M7, Methanol-dd)
DR 5827 (s, 1 Hy 822 (d, J = 7.8 Hz,
hydroxyethyDaming | 111y7.91 @ 7=783 Bz 11D
}-6-(4- 771778 (m, F H) 7.60 - 7.66

hydroxytetrahydro-
2H-pyran-4-
yvhpyridim-4-vi)-4-
raethylphenyi)-3-
(triflucromethyDben
zamide

(m, 210731 (d,J = 8.22 Fiz, 1 [)
6.79(d, F= 1.17 Hz, 111 6,40 (d, J
= 117 Hz L H) 291400 (m, 2

Y383 -390 (m 2 Y377 (LI =
567 1z, 2 1) 3.51 - 3.5% (m, 2 1)
236 (4d, § = 12.91, 509 Hz, 2 H)
2.29¢s5,31) 166 (4, I= 1174 Hy,
2 ). LC-MS: Rt-0.78, Mass-
5161

368 N-(3-(2-(2- H NMR (400 Milz, Methanol-d4)
9N o n g F | hvdrosvethosy )6 50.07 (d,J=12.52 Hz, 2 1) 0.73
N G N N W N W R OXY O~ 1 (o 31 0.87 (1id, T = 12.89, 5.23
P Hoo a (4- Hz, 2 8} 2.26 - 245 (m, 6 H) 2.89
tvdroxvietralvdr -2.96 (. 2 Hy 5.12 (s, 1 F) 5.67
o, IyGroxVictrallydro- |« 113579 (4, 1= 8.22 Hz, 1 1)
L 2H-pyran-4- 606 ~6.16 (m, 2 H) 6,57 (d, T =
OH Tiovridined-vTied S09Hz 110675 (s, 1 1) 7.36 (&,
yhpyridin-d-yh-d- 1L S0 i LeMs: Ry-
methviphenvi)-2- 0.81, Mass-318.3
(riflucromethyison
icotinamide
(6 A3-(2-{4- TH NMR {400 MHz, Methanol-d4)
306 O/\]\F \/f\l 9 F e N-3-(2-(4 ey 13030 T=1228Hz 2H0.72
Ny eSSy \\\r/k,: flmorotetrabydro-2H- | (¢ 311,088 . 7= 1338, 5.48
,\?\7;( HooE s pyran-4-y1)-6-(2- Tz, 1 H30.98 (td, T = 13.39, 5.50
! hydroxyethoxy )pyri Hiz, 1 H) 2.5 - 2.34 (m, 2 H) 2.34
~ / SRS R —245(m, 4 H)2.83-295(m, 2
LOH din-4-yi)-4- H)y5.49(s, 1 H) 339 (s, 1 H) 3.80

methviphenvi)-2-
(riflucromethyison

@ I=831Hy, D6 I0( =
210z, § 36,55 (dd, T = 8.24,
318z 1 H)6.58 (d, ] = 4.45 Tz,
1H)6.76 (s, 1 H 736 (4, T= 5.04

icotinamide Hz, 1 H). LO-MS: R-0.97, Mass-
5203
EXAMPLE 3067

methyiphenyv-2-(fluoromethvl isonicotinamide

]

<

¢
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{66424 A vial was charged with N-(3-(6-chloro-3-(tetrahvdro-2 H-pyran-4-
vipyridazin-3-yh-4-methylphenyl)-2-(influoromethyi nsomcotinamide (1 equiv), 2-
methoxyethylamine (1.2 equiv) and 1,4-Dioxane (0.13 M). The vial was purged with nitrogen
and then BrettPhos (0.1 equiv), BrettPhos pre catabyst (0.1 equiv) and sodium tert-butoxide (3
equiv) were added. The reaction was heated overnight at 90°C. The reaction mixture was
allowed to cool to room temperature, and was partitioned between FtOAc and water. The
aquecus layer was washed with EiQAc and the combimed organics were washed with brine,
dried over magnesium sulfate, filtered and concentrated. The resulting matorial was dissolved
in MeOH/DMSO (1:1), filtered through a 0.5 micron filter, and purified by reverse-phase
HPLC (acidic). Fractions contaimng desired prodact were combined and lyophilized to give
MN-(3-(6~((2~-methoxvethyDamno)-3-(totrahyvdro-2 H-pyran-d-vhpyridazin-3-v)-4-
methylpheny!)-2-(triflucromethyl)iscnicotinamide (4% vield). 'H NMR (400 MHz DMSO-
diydppm 1079 (s, 1H), 0.00({d, J=50Hz 1H) 837 (s, 1H), 821 (d, /=49 Hz 1H), 790
(s, 1H), 778 (dd, /=18.3,2.1 Hz, 1H), 7.62 (5, 1H), 739 (d./=84 He, 1H),3.97(dd, /=
112, 2.6 He, 2H), 371 (m, 2H), 355 (am, SH), 331 (5, 3H), 3.06 (m, 1H), 233 (5, 3H), 1.71
{m, 4. LCMS (mozy (M+H) = 5161, Rt = 1.04 min.

EXAMPLE 308
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A vial was charged with N-{3-(6-chlore-S-(ietrahyvdro-2H-pyran-4-

vhpyridazin-3-vh-4-methylpheny -2 -(tnfluoromethyi nsonicotinamide (1 equiv), 2-

(methyvlaminolethanol (1.2 equiv) and 1,4-Dioxane (0.15 M), The vial was purged with

nitrogen and then RuPhos (0.1 equiv), RuPhos pre catalyst G2 (.1 cquiv) and sodium tert-

butoxide (3 equiv) were added. The reaction was heated overnight at 90°C. The reaction

mixture was allowed to cool to room temperature, and was partitioned between FtOAC and

water. The aguecus layver was washed with EtQAc and the combined organics were washed

with brine, dried over magnesium sulfate, filtered and concentrated. The resulting material

was dissolved i MeOH/DMSO (1:1), filtered through a 0.3 micron {filter, and purified by

reverse-phase HPLC (acidic). Fractions containing desired product were combined and

Ivophilized to give N-(3-(6-((2-hydroxyethyD{mmethyDamino)-3-(tetrabydro-2 H-pyran-4-

vhipyridazin-3-vl)-4-methylphenyl)-2-(trifluoromethyDisonicotinamide (6.1% vield). 'H

NMR (400 MHz, DMSO-d;) 8 ppm 10.76 (s, 1H), 9.00 (d, J = 5.0 Hz, 1H), $.37 (s, 1H), $.20

(@.J=5.0Hz 1H), 789(d. T =

22 Ho 1H), 7.76 (3, T = 8.3, 2.3 Hz. 1F), 7.66 (5. 1F). 7.

9

3

(d,]=8.4 Hz, 1H), 479 (m, 2H), 3.99 (m, 2H), 3.17 (m, 1H), 2.71 {t, J = 5.3 Hz, 3H), 2.30

(s, 3H), 1.74 (m, 4H). Signal for five aliphatic protons are hidden under solvent peaks. LCMS

(m/zy (M+H) = 516.3, Rt = .98 mun.

00426
E

The compounds listed in Table 3, below, were prepared using methods similar

to those described for the preparation of the above examples using the appropriate starting

materials:
TABLE 3
Example Structure Name Physical Data
755 (S)-N-(3-(6-((1- TH NMR (400 MHz, CD,0D) 3

H

OH

O\/E\( XMk
N o)
Y0

~x

i
CFs

hydroxypropan-2-
vhamino)-5-(tetralydro-
2H-pyran-4-
vpyridazin-3-vi)-4-
methylphenyi)-2-
{triffacromethyvisonicot
inamide

ppm 891 (d, F=5.0Hz IH), 8.29
(s, IH), 812 (d, I = 5.0 Hz, 1H),
788 (d, J= 22 Hz, 1H), 7.68 (m,
ZH), 740 (d, T=84Hz 11,479
(m, 1H), 4.65 (m, IH), 4.08(d, J =
1L2Hz 2H), 39214, 1=68,3.9
He IH), 3.62(d,F =114, 33 He,
2H), 2.31 (s, 3H}, 1.87 (m, 48),
1.49(d, J = 6.8 Hz, 3H). Signal for
one aliphatic proton is hidden
under solvent peak. Signals for
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exchangeable protons ars not
vigible, LCMS (n/z) (M) =
5161, Rt =100 min

310 (R)-N-(3-(6-{(1- TH NMR (400 MHz, CD;0D) 0
hydroxypropan-2- ppm 8.91 (4,1 = 5.0 Ha, 11, 8.29

y1)aming)-3-(totrahydro- | & 18,12 J= 5.0 Hz, 1H),

MW-pyran-i- ’ 7.88 (d. J=2.3 Hz, IH), 7.72 -

e ; 766 (m, 2H), 739 (d, J = 8.4 Hz,
T T B - -5 __.4 - - -
yhpyridazio-3-y1)-4 1H), 4.79 (m, TH), 4.65 on, 1),

methylphenyl)-2- 408 (d, =113 Hz, 21D, 3.92 (m,
(irifluoromethyvlnisonicol | 11y 362 d, 1= 114, 3.3 Ha,
mnamide 2H), 2.31 (s, 38D, 186 (w. 4,

1.49(d. J= 6.8 Hz, 3H). Sigpal for
one aliphatic proton is hidden
under solvent peals. Signals for
exchangeable protons are not
vigitle in MeQOD . LCMS (m/2)
(M+H) = 516.1, Rt = §.00 min.

311 . — {S)-N-(3-(6-((2- TH NWR (404 MHz, DMSO-di) } &
0 N ; hydroxvpropyl)amino)- | ppm 1080 (d,J=28.0 Hz, 11D,
K/ A S S-{tetrahydro-2H-pyran- | 20 (dd, J=4.8.2.9 Hz, 1H), 8.37

i i PR o (s, 1H), 8.21 (¢, 7= 4.9 Hz, 1H),
e VA | = 4-y 1»"p5"1.1dd4n\"3;y1}“4" 7.90 (d,J = 2.2 Hz, 1D, 7.78 (m,
b m‘?thy}pim“yb"ﬁf . 2H), 741 (dd, J = 152, 8.5 Tz,
T {(trifluoromethvlnsonicot 1H), 5.69 (m, TH), 4.98 (m, 3D,
OH Cra inamide 3 50 . 3E0 . Y23
3.50 (m, 3H), 3.21 (m, 2H), 2.33
(s, 3, 1.72 (my, 45D, 117 ¢d. J =
6.2 Hz, 3H). LCMS (/) (M+H) =
516.3, Rt = 0.99 mun.
317 . (R)-N-(3-{6-({2- Y NMR (400 MEz, DMS0-d5) 3
(f “ hydroxvpropylJamine)- | ppm 1080 (d,/=28.0 He, 11D,
A\\T S 5-(tetrahydro-2H-pyran- | >0 (‘ddf 1—45 2.9 H7 1M, 837
| y P 4-ypyridazin-3-yl)-4- (s, 1), 8.21 (. J = 4.9 Hz, 1),
HNTON o” | R othyint A‘E‘r 5 7.93 (dd, J =265, 2.1 He, IFD,
o N ?ﬁ?ﬂly P W?“hf‘y;“, ] 778 (m, FH), 741 (dd. J = 150,
o y L ‘. @trl gammct vihisonicot | g4 fz, 143, 569 (dg.J = 7.8.3.7
mamide Hz, 1H), 3.98 (m, 310, 3.50 (m,
3H). 3.21 (1, 23, 2.35 (s, 3H),
1.72 (m, 45D, L17(d, J= 4.0 Hz,
3H). Signal for one alipbatic proton
is hidden under solvent peak.
LOMS /2y (M) = 5163, R =
0.99 min.
EXAMPLE 313

o
A
iy
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N-{4-meihvl-3-{5-(tctrabvdro-2Hepvran-4d-v)-6-({ieirahvdro-2Hepvran-4-vDoxy ) pvridazin-3-

viphenyD-2-(influoromethvl isontcotinamide

66427} A solution of tetrahydro-4-pyranol (2 equiv) in THF (0.13 M) was conled to
0°C, sodwum hydnde (2.5 equivy was added and the reaction was stirred at §°C for 15
munuies. N-(3-(6-chloro-5-(tetrahydro-2H-pyran-4-vpyridazin-3-v-4-methylphenyl)-2-
{triffucromethyDisonicotmanude (1 equivy was added and the reaction was allowed to warm
to room temperature and stirred overnight. The reaction was quenched with saturated sodium
bicarbonate solution and was diluted with FtOAc and water. The agueous phase was
extracted with EtOAc, the combined orgamics were washed with brine, dried over magnesium
sulfate, filiered and concentrated. The resulting matenial was dissolved n MeOH, filtered
through a 0.5 micron filier, and purified by reverse-phase HPLC (basic). Fractions containing
desired product were combined and Iyophilized to give N-{d-methyl-3-(5-(tetrahydro-2H-
pyran-4-v)-6-((tetrahydro-2H-pyran-4-vDoxy jpvrdazin-3-yhphenyl)-2-
(trifhuoromethyisonicotinamide {24.3% vield). 'H NMR (400 MHz, DMSO-ds) & ppm 10.73
(s, 1H), 9.00(d, J=50Hz 1H) 838 (s, 1H), 821 (dd, I=49 1 0Hz 1H), 784 (d J=22
Hz, 1H), 7.80 (dd, J=8.2,22 He, 1H), 7.58 (s, 1H), 737 {d. J = 8.4 Hz, 1H), 5.54 (m, 1H),
3.98 (m, 2H), 3.88 (mm, 2H), 3.61 (m, 2H), 3.48 (td, F = 11.2, 3.1 Hz, 2H), 3.06 (m, iH), 2.30
(s, 3H), 212 (m, 2H), 1.77 (m, 6H) LCMS (m/2) (M+H) = 5431, Rt =1 .40 min.

[(36428] The compounds listed 1n Table 6, below, were prepared using methods similar
to those described for the preparation of the above examples using the appropriate starting

materials:

o
LA
N2
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TABLEG
Example Structure Name Physical Dhata
314 N N-(3-(6~((1- T NMR (400 Mz, DMSO-4) &
?\’jv\ @ ethylpiperidin-4- ppm 10.73 (s, 1H), 5.00 d, J = 5.0
N . - Hz, 1H), 838 (s, 1D, 821 (. J =
B o : ;
/ ) Nr e yhoxy)-5-(tetralydro- 4.5 Hz, 1H), 7.84 (d, /= 2.0 Hz,
oW o) | = ZH-pyran-4- 1My, 7.79 (dd,J = 8.3, 2.2 Hz, HI),
/KI 2 N yi)pyridazin-3 -yl)—éi- 758 (s, 1M, 737 (4, J = 84 Hz,
H i 1Y 8 Af ™ 298 (m 7
» CFs methylphenyl)-2- 1H), 5.40 (s, 1H), 3.98 (m, 2H),

{(rifluoromethyisonicot

347 (td, J=11.2, 3.1 Hz, 21D,
3.04 (dt, = 10.1, 5.2 Hz, 1),

inamide 270 (or s, 2H), 2.30 (s, 3H), 2.09
{brs, 2I1), 1.76 (m, 6H}, 1.06 (brs,
3H). Sigunal for four aliphatic are
hidden under solvent peaks. LCMS
{/sy (VD) = 5704, Rt = 1.62
min.
315 N-(3-(6-(2- TH NMR {400 MHz, DMSO-d,) 6
3 = ) . o 10,73 (5. 1ED. 900 ¢d. 3 = 5.0
U methoxyethoxy)3- | e
N N ) - .z IH, 838 (s 1D, 821 (d I =
B /E {tetrahydro-2H-pyran-4- |, oy, iy 784 @ J=2.1 Hz,
o Nid o} i/‘\j yhpyridazin-3-y1)-4- 1H), 781 (dd, 1 =82, 2.2 Hz, 1H),
I\= N methylphenyD)-2- 7.59 (s, 1H), 7.37 (4, 7= 8.3 Hz.
- i o . 1H), 4.66 (m, 7H), 3.97 (m, 2H)
S i / oty Disonico 466 (m, 2H), 3.97 (m, 2H),
~ ¢ ?mﬂ?@mm‘m}i)l OBICOL | 5 78 (m, 2H), 347 (1, J = 113,27
mnamide Tz, 2H), 3.35 (s, 311), 3.05 (m,
1H), 2.30 (s, 3HD, 1.74 (o, 4F).
LOMS (m/2) (MAHED = 517.0, Re =
1.36 min.
316 N-(3-(6-isopropony -5- T NMR {400 MHz, DMSCdy) &

(tetrahydro-2H-pyran-4-
yDpyridazin-3-yi)-4-

ppm 073 (s, 1D, 9.00 (d. [ =50
Hz, 1H), 838 (5, 1H), 8§21 (m,
{H), 784 (d,J=2.2 Hz, 1H), 7.80

1N ' AY . - .
o7 N o7y = methyiphenyl)-2- (dd, J=82,23 Hz, 1H), 7.55 (s,

A N (rifluoromethyTyisonicot | 1) 737 (d.J= 8.5 Hz, 1H), 5.56
ie inarmide (m, 1H),3.97 @d, J= 10.5, 2.7 Hz,

s ¢ 2H). 347 (td, T=11.3, 3.0 Hz,

2H), 301 (m, 1ED), 231 (5, 3H),
174 (u, 4H), 1.42 (s, 3H), 1 41 G5,
3H). LOMS {mz) (MAH) = 5013,

Ri=1.49 min.
EXAMPLE 317

N-(3-{6~cthoxy-S-(tetrabvdro-2H-pvran-4-vhpvridazin-3-v~4-methviphenvi-4-

(triftuoromethvpicolinamide

53
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[B63429 A vial was charged with N-(G-{6-chlore-3-(etrahydro-2H-pyran-4-
yhpyridazin-3-vh-4-methvipheny)-4-(trifluorornethyDpicolinamide (1 equiv), DMF (0.2 M),
and sodiurn ethoxade 21% in ethanol (2.5 equiv). The vial was sealed and heated o 70 °C
overnight. In the morning, the nuxture was cooled, dihuted with methano!, filtered through a
0.5 microa filter, and purified by reverse-phase HPLC (basic). Fractions containing desired
product were combined and lyophilized to give N-(3-(6-cthoxy-3-{(tetrahydro-2H-pyran-4-
yhpyridazin-3-vi-4-methviphenyD-4-(irifluoromethypicolinamide (12.74 % vield). 'H
NMR (400 MHz, DMSO-dg) dppm 1084 (s, 1 H}9.04 {4, /=513 Hz 1 H) 830-8.40(m, 1
H)8.04-814(m, 1 H)799(d, /=245 Hz, 1 H) 794 (dd, J=831,2.20Hz, 1 H) 738 (s, 1 H)
735(d, /=836 Hz 1 H)4.59(q. /=7 09Hz 2 H)390-4.02 (m, 2 H)3.48 (4, /=11.19,3.30
Hz, 2H)329(s, TH)3.05 (td, /=1039, S 62 Hz, 1 D231 (s, 3 H) 1.67 - 1.80 (m, 3 Hy 1 .44
(t,J=7.09 Hz, 3 H). LOMS (m/z) (M+H) = 487 1, Rt =152 min.

EXAMPLE 318

1-(3 3-dimethyibutv-3-3-{6-cthoxy-3-(letrahvdro-2H-pvran-d-vDpvridazin-3 -y -4~

methviphenviurea

306430} A vial was charged with 3-(6-ethoxy-3-(tetrahydro-2H-pyran-4-yhpyridazin-
3-yh-4-methvlaniline (1 equiv) and a 0.21M solution of 1-isocvanato-3,3-dimethylbutane m
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D{MAoluene (3 eqoiv). The vial was sealed and heated to 50 °C for 3 days. Afier cooling,
the mixture was diluted with MeQOH and concentrated. The residue was taken up in MeOH
and filtered through a 0.5 micron filter. The filtrate was purified by reverse-phase HPLC
{basic method). Fractions containg the desired product were combined and lyophyiized to
give 1-03 3-dimethybuty])-3-(3-(6-cthoxv-3-(tetrahvdro-2 H-pyran-4-vipyridazin-3-v1)-4-
methylphenyiiurea (9.29 % yield) as a white solid. 'H NMR (600 MHz, DMSO-ds) & ppm
840, 1 H)749 (s, T H)744(d, J=229 Hz, 1 H) 735 (dd, /=8.30,225 Hz, L H} 7.16 (4,
S=834 Hz, T H) 399 (¢, /=550 Hz, 1 Hy4.57 (¢, /=7.06 Hz, 2 H)3.95 (d, /=10.64 Hz, 2 H)
346348, /=1121, 298 Hz 2 HI3 28 (5, 2 H)296-317(m 3 HY2.20 (3,3 H) 1.66 - 180
m, 4 H) 142 (1, =697 Hz, 3H) 130 - 1.39 (m, 2 H} 0.90 (5, 9 H). LCMS (n/z) (M+H) =
4411, Rt =137 min.

EXAMPLE 319
1-(3.3-dimethvibutvi)-3-(3-(2-(2-hvdroxvethoxv)-6-(tetrahvdro-2 H-pyvran-4-vhpyridin-4-v1)-

4-mothviphenvirea

(%:'/\E \@ C‘/\“: ¥y i \/k
RN NP , PP N N N ’
) o )
[OTHP [OH
88431 Into a 3-dram vial was added 4-methyl-3-(2-(2-{ {tetrahydro-2H-pyran-2-
E J 3 \k ® p.

yhoxyjethoxy)-6-(tetralivdro-2H-pyran-4-yDpyridin-4~yDanibne (1.0 equiv.} and then 1-
1socyanato-3,3~-dimethvibutane (1.0 equiv.) and then DIEA (2.5 equiv.). The mixture was
heated at 50 °C for 3 h and then the mixture was concentrated 72 vacuo and then treated with
MeOH (0.05 M) and then 4N HC m dioxane {40 equuiv.}. The mixture was agitated at room
temperature for 30 min and concetrated i vacuo and the residue was purtfied by reverse-
phase HPLC. The product fractions were combined and lyophillized o provide 1-(3.3-
dimethylbutvD)-3-(3-(2-(2-hydroxyethoxy)-6-(tetrahy dro-2H-pyran-4~-vDpyridin-4-v1)-4-
methylphenyurea in 8.53% vield. TH NMR (600 MHz, DMSO-36) 5 ppm 838 (s, 1 H) 7.34
(d,J=220Hz, 1 HY7.25(dd, J=8.25,229 Hz, 1 H}) 713 (d, J=8.34 Hz 1 H} 6.78 (d,}=0.73

]
()
(W]
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Hz, 1 H)6.53 (d, J=1.01 Hz, 1 H) 5.99 (¢, J=5.59 He, 1 H) 4.81 (br. s, 1 H) 4.32 (¢, J=5.23
Hz, 2 H)3.95 (dt, J=11.07, 2.95 Hz, 2 H) 3.74(d. J=4.77 Hz, 2 H) 3.44 (ddd, J=11.21, § 46,
610 He, 2 H) 3.04 -3.15 (m, 2 H) 2.82 -2.97 (m, 1 H) 2.15 (5, 3 H) 1.69 - 1.83 (. 4 H) 1.27
- 1.40(m, 2 H) 0.90 (5, 9 H); LCMS (m/2) (M+H) = 4561, Rt = 1.37 min.

EXAMPLE 320
N-(3-2~(4-amino-4~-methvipiperidim-1 -v1}-6~-(tetrabvdro-2H-pvran-4-vhpvrdin-4-vi)-4-

methyvipheny-2-(influoromethvlpiperidine-4-carboxamide
NN

CL, O L Dy Or
F \,/ N NH

\VNH —

O
O

NH,

(30432} To tert-butyl (4-methyi-1-{(4-(2-methyl-5-2-(rifluoromethyDpiperidine-4-
carboxamidoyphenyl)-6-(tetrahvdro-2 H-pyran-4-yDpyridin-2-vDpiperidin-4-vcarbamate (1.0
cquiv.) in BCM (0.06 M) was added TFA (25 equiv.) and stirred for 1.2 h. The reaction
mixture was concentrated to drymess and purified via reverse phase prep-HPLC. The pure
fractions were lvophilized to give the desired final product, N-(3-(2-(4-amino-4-
methyipiperidin-1 -y DH-6-(tetrabydro-2H-pyran-4-yhpyridin-4-y-4-methyviphenyi)-2-
(triffyoromothvl)piperidine-4-carboxamide as a TFA salt (23.7%). 'H NMR (600 MHz,
DMSO-d6) 6 1015 (s, 1H), 791 (5, 2H), 7.51{d, /=22 Hz, 1H), 746 (dd, J= 82,23 Hz,
1HY, 7.24(d, /=83 Hz, 1H), 6.60 (s, 1H), 6.47 (s, 1H), 408 {dt, J=13.7, 4.5 Hz, ZH} 3 95
(dt, /=11.3,34 Hz, 2H), 325 (ddd, /= 137,93, 41 Hz, 3H), 3.09(4d, /= 13.5, 129,69
Hz, 1H), 285270 (m, 2H), 218 {3, 4H), 2.07 - 2.01 (m, 1H), 1.83 - 1.65 (m, 10H), 1.37
(s, 3H); LOMS (m/z) (M+H) = 560.4, Rt = 0.70 min.

EXAMPLE 321
N-(3-02-(4-ammo-d-methvipipendin-1 -v-6-{etrabvdro-2 H-pyran-4-vDpvridin-4-vD-4-

methviphenv-2-(rflucromethyv] dsonicoiinamide




WO 2016/038582 PCT/IB2015/056989

0/\\: \%\f o F - Q 3 01 F c
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" e e =
HN—Boo MNH-
[B63433] To tert-butyl (4-methyl-1-(4-(2-methyi-3-2-

(trifluoromethyisonicotinamidopheny D)-6-(tetralvdro-2H-pyran-4-vDpyridin-2-
vipiperidin-4-yhcarbamate (1.0 equiv.) mn DCM (6.08 M) was added TFA (25 equiv.) and
stirred for 1.2 h. The reaction muxture was concendrated to dryness and purified via reverse
phase prep-HPLC. The pure fractions were lyophilized to give the desired final product, N-(3-
{2-{4-amino-4-methyipipendin-1-v1)-6-(tetrahydro-2 H-pyran-4-vDpynidin-4-y13-4-
methylpheny!)-2-(triffucromethyDisonicotinamide as a TFA salt (10.5%). "H NMR (400
MHz, Methanol-¢4) 5 891 (d,./=5.1 Hz, 1H), 831 - 8.26 (m, 1H), 8.14 — 8.08 (m, 1H), 7.73
d,J=24Hz IH),757(d, J=82,23He 1H),733(d, /=84 Hz 1H), 6.78 (s, 1H), 6.67
(d,/=13Hz 1H), 417t J=139,46Hz 2H), 409 - 4.02 (m, 2H),3.57 (td, J=11.6,27
Hz 2H}, 343 -336 (m, 2H)}, 2.99 - 2.89 (m, 1H), 2.28 (s, 3H), 2.00 —~ 1.82 {m, 8H), 150 (s,
3H), LCMS On/z) (M+H) = 5343, Rt = 0.97 min.

ASSAYS
[06434] The activity of a compound according to the present mvention can be assessed
by well-known mn vitro & in vivoe methods. Raf inhibition data provided herein was obtained

using the fellowing procedures.

36435 In Vitro Raf Activity Determunation: The RAF cnzymes and the catalvtically
mactive MEK1 protein substrate were all made in-house using conventional methods. CRAF
cENA was subcloned as full length protoin, with Y340E and Y341E activating mutations,
1nto a baculovirus expression vector for St9 insect cell expression. h14-3-3 zeta cDNA was
subcloned imio g bacalovirus expression vector for SF9 wsect cell expression. 569 cells co-

expressing both proteins were lysed and subjected to immobilized nickel chromatography and
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chuted with Imidazole. A second cohumn {Strepll binding column) was osed and eluted with
desthiobiotin. Protein Tags were removed using Prescission enzyme and the protein was
further purified using a flowthrough step to remove tags.

[06436] C-Raf TR refers to a trancated C-Raf protein, a A1-324 deletion mutant. C-
Raf FL refers to the full-length C-Raf protein.

{36437} Full length MEK.1 with an mactivating K97R ATP binding site mutation 18
utilized as a RAF substrate. The MEK ¢cDNA was subcloned with an N-terminal (his), tag
into a vector for £, Coli expression. The MEKI substrate was purtfied from . Coli lysate by
nickel affinity chromatography followed by anion exchange. The final MEK] preparation
was biotinvlated (Pierce EZ-Link Sulfo-NMHS-LC-Biotin) and concentrated.

66438} Assay Materials: Assay buffer is 50 mM Tris, pH 7.5, 15 mM MgCh, 0.01%
Bovine Serum Albumin (BSA) and 1 mM dithiothreitol (DTT); Stop buffer 1s 60 mM
cthvlenediaminetetraacetic acid (EDTA) and 0.01% Tween® 20; b-Raf (VOOOE), active;
biotinvlated Mek, kinase dead; Alpha Screen detection kit {available from PerkinElmer™,
#6760617R), Anti phospho-MEK1/2 (available from Cell Signaling Technology, Inc.
#9121); 384 well low volume assay plates (White Greiner® plates).

1684391 Assay conditions: b-Raf (VGOGE) approximately 4 pM; o-Raf approximately
4 nM; biotinylated Mek, kinase dead approximately 10 nM; ATP 10 uM for BRAF (V600E)
and 1 pM for CRAF,; Pre-incubation time with compounds 60 minutes at room temperature;
Reaction time 1 or 3 hours at room temperature.

63448 Agsay protocol: Raf and biotinylated Mek (kinase dead) were combined at
2X final concentrations in assay buffer (50 mM Tris, pH 7.5, 15 mM MgCl, 0.01% BSA and
I mM DTT) and dispensed 3 ml per well in assay plates (Gremer white 384 well assay plates
#781207) containing 0.25 ml of 40X of a Raf kinase mhibitor test compouad diluted 1n 100%
DMSG. The plate was incubated for 60 minutes at room temporature. The Raf kinase
activity reaction was started by the addition of 5 mL per well of 2X ATP diluted 1 assay
buffer. After 3 hours (b-Raf{V600E)) or 1 howr (c-Raf). The reactions were stopped and the
phosphorylated product was measured using a rabbit anti-p-MEK (Cell Signaling, #9121)
antibody and the Alpha Screen IgG (ProteinA) detection Kit (PerkinElmer #6760617R), by
the addition of 10 mL to the well of a maxture of the antibody (12000 dihution) and detection
beads (1:2000 dilution of both beads) wnx Stop/bead buffer (25 mM EDTA, 50 mM Trig, pH
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7.5, 0.061% Tween20). The additions were carried out under dark conditions to protect the

detection beads from light. A lid was placed on top of the plate and mcubated for 1 hour at

PCT/IB2015/056989

room temperature, after which the luminescence was read on a PerkinElmer Eavision

mstrument. The concentration of each compound for 50% mhibition (IC50) was calculated

by non-linear regression using XL Fit data analvsais software.

[00441]

Using the assays described above, compounds of the mvention exlubit

winbitory efficacy for C-Raf and B-Raf. Table 7 details HC30 data for compounds of the

mvention.
TABLE 7
Example C-RAFIC30 | B-RAF IC30 Example C-RAF IC50
No. mM mM No. mM
i 0.001 162 0,001
2 06,0007 163 0.00603
3 0.0003 164 0.0004
4 0.003 165 0.001
3 0.002 166 (4.002
6 3.0003 167 8.001
7 0.001 168 0.0003
8 0.001 169 $.002
9 $.0003 170 (4.002
10 0.002 171 8.001
i1 $.6006 172§ 0.601991746
12 0.002 173 3.83E-04
13 0.001 174 331E-04
14 .0002 175 8.30E-04

[ ]
8
Nl
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15 0.001 176 6.84E-04
16 $.6004 177 6.21E-04
17 0.6007 178 1.306E-04
18 (.06006 179 7.95E-04
19 0.007 180 297E-04
26 6.28E-04 0.006883 181 3.93E-04
21 3.73E-04 0.002728 182 951E-04
22 3.95E-04 0.003764 1831 0001991746
23 25.00034 25.00034 184 383E-04
24 4.35E-04 0.003521 185 331E-04
23 1.54E-04 8.70E-04 186 830E-04
26 3.72E-04 0.002298 187 6.84E-04
27 0.26295128 1.210945 188 6.21E-04
23 25.00034 25.00034 189 1.36E-04
29 637E-04 0.004947 190 795E-04
30 2.29E-04 0.001297 191 0.0001
31 1.57E-04 4.46E-04 192 0.0003
32 0.0003 193 04.060602
33 8.04E-04 0.002136 194 $.60007
341 0007627214 0.02848 195 {4.00603
33 297E-04 9.66E-04 196 0.0004
361 0001837686 8.611992 197 0.0004
37 3.54E-04 0001851 198 0.0002
38 7.29E-04 (.G04838 199 G.601
391 0061173856 (.6059 2086 0.0003
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401 0003471606 201 0.0001
41 2A43E-04 202 0.0003
42 2.43E-04 0.601421 203 0.0002
43 1 0.002672463 0.010228 204 (.00002
44 1 0.008628467 0.067933 205 0.0004
45 06.12057872 1.178636 206 0.0004
46 0.05153823 207 0.0001
471 0.004347837 208 0.0005
48 0.0075267 209 0.0002
49 1. 18E-04 4.69E-04 210 0.0003
501 0.003289763 211 0.0003
511 0.002792441 212 $4.00008
521 0.002148435 213 0.0002
53 6.24E-04 214 $.0003
54 2 HE-04 215 0.0001
55 7 47E-05 216 0.0002
56 2.81E-04 217 0.0003
37 1.49E-04 213 0.00608
58 1.55E-03 219 0.0603
39 1.O3E-04 220 0.0007
60 2.03E-04 221 04.002
611 0001320694 222 0.0004
62 7.07E-04 0.003774 223 0.0606
63 1.83E-04 6.13E-04 224 G.605
64 1 0.061186074 0.607124 225 $.60002
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631 0061134928 G.607133 226 G.604
66 2.58E-04 0601451 227 0.0002
67 7.80E-05 3.04E-04 228 .00006
68 6.18E-04 0.603707 229 0.0007
69 8.95E-04 0.005102 230 0,011
701 0.001590758 0.012935 231 0.0002
71 3.51E-04 (3.002838 232 0.00603
72 06.00103504 0.004196 233 0.002
731 0.003092666 0.023382 234 0.60008
74 3.60E-04 0.002066 235 NA
751 0.006364049 0.076561 236 0.0003
761 0.003926496 0.022782 237 0.0001
771 0.003568822 0.02401 238 0.60007
78 1 0.003230728 0.023498 239 4.00004
79 4.93E-04 0.0039599 240 0.00004
80 0.002 241 0.0001
81} 0.004848824 0.034902 242 0.0001
821 0.001134069 $.603732 243 8.001
83 1.36E-G5 5.93E-05 244 4.003
84 3.51E-04 8.0602266 245 8.001
851 0.001173386 0.006473 246 4.006
86 0.002328187 8.614709 247 0.0004
87 6.22E-04 0003365 248 0.0007
88 3.03E-04 9.34E-04 249
89 2.39E-04 0.GO1E8% 256 0.001
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G0 3.86E-04 (3.603612 251 G.601
911 0.042391325 0.G13035 252 0.004
92 3.33E-04 0.602202 233 0.0001
931 00061011737 0.008029 254 0.0003
94 0.0042356 0.031774 255 0.0002
95 53.14E-04 0.003921 256 0.0001
96 4.82E-04 0.004165 257 0.001
971 0001410454 0.010362 258 (.00002
98 0.00110611 0.613061 259 0.0003
94 4. 15E-04 0.002665 260 (.60008
100 3.00E-04 0.002203 261 0.60603
101} 0.001452945 0.006391 262 0.001
1021 0.002677878 0.013153 263 0.0002
103 8.44E-03 2.93E-04 264 0.0002
104 1.28E-04 4.17E-04 263 0.0001
103 9.15E-03 3.23E-04 266 $.002
106 1.46E-04 5.80E-04 267 0.000003
167 7.23E-04 8.0602964 263 04.060602
108 4.24E-04 0.001803 269 $.60603
1091 0.002243%914 0.0093 276 {4.0G0609
110§ 0.001518511 0.009983 271 $.00002
It 7.16E-04 8.0602746 272 {4.00005
112 225E-04 0.001214 273 $.60601
113 9.00E-04 $.004745 274 .00003
114§ 0.003255496 0.017318 275 0.0002
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115§ 0.001055469 G.607008 276 0.00006
1i6 G6.60124781% 0.600218 277 0.0002
117} 0.001425695 8.607191 278 .00003
118 3.62E-04 0.003894 279 0.00007
119 1.76E-04 8.08E-04 280 0.00007
1201 0.002196845 0.016017 281 (.60005
121 9.75E-04 0.00493 282 0.0003
122 321E-04 0.001786 283 0.00007
123 1.65E-04 0.601217 284 0.0002
124 372804 0.002282 285 0.0009
125 286 297E-04
126} 0.001965104 0.607736 287 3.93E-04
127 9.87E-04 0003152 288 0.0006
128 6.33E-04 0.002146 289 $.002
129 0.00353637 0.023364 290 $.002
[30} 0.003088213 0.020064 291 0.001
131 3.10E-04 0.001299 292 0.009
132 #.53E-03 293 $.002
133 0.00128187 294 04.002
134 5.66E-04 295 8.001
135 6.05E-04 296 4.004
136 1.77E-84 297 8.001
1371 0.003319132 298 04.002
138} 0.002186751 299 0.0001
139 % 0.001181827 306 0.0001
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140§ 0.0080G87768 301 9.51E-04
141§ 0.005898516 3021 G601527766
142} 0011195754 3031 0.001991746
1431 0.004361611 304 3.83E-04
144 3.64E-04 0.00167 305 331E-04
1451 0.007290524 | 0.04926 306 8.30E-04
146 8.01E-04 | 0003311 307 0.60008
1471 0.004507341 308 0.0005
148 1 0.009200948 309 0.00002
149 8.71E-04 310 (.00004
150 0.063 31 0.60G05
151 312 0.0001
152 0.00008 313 0.60007
153 0.00004 314 3.00006
154 0.00004 315 0.0001
155 316 0.0001
156 317 0.0006
157 0.0003 318 0.0001
158 $.06004 319 0.06001
159 320 0.35
160 8.6007 321 $.60009
161 $.002

o
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We Claim:

I. A compound of formula [ or [

10 which:

L 18 selected from ~NHC(O - and ~C{O)NH~;
Yy is selected from N and CH;

Y, is selecied from N and CH;

Y3 1s selected from N and CH;

Yy 1 selected from N and {Rg: wherein Bg is selected from H, hydroxy-cthoxy, 3-
hydroxyoxetan-3-v1, 2 3-dihydroxypropoxy, bisthydroxy-ethyl-amino, 4-hvdroxy-
piperidinl v, hydroxy-cthyl-amine, 4-amino-4-methyipiperidin-1-vl, 2-oxooxazohidin-3-vl,

methoxy and methyl;
Ys is selecied from N and CR;

or Ry and the rutrogen of Y, form a 5 member unsaturated ring containing and additional

heteroatom selected from N, O and §;

or R and Rg together with the ring to which they are both attached form 2H-
benzofblll 4loxazin-3(4H)-one substituted with one to two Ry groups independently selected

from methyl and hyvdroxy-ethyi;

or Rg and Y; together with the ring to which they are both attached form 1H-

henzofdjimidazole substituted with methyl;
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Ry 1s selected from H, ethoxy, 1sopropoxy, methoxy-ethyvl-amino, (2-

hydroxyvethy Y{methyDamino, (1-hvdroxypropan-2-viYamino, methoxy-ethoxy, hydroxy-
gthoxy, methoxy, (2-hvdroxypropyhamine, (tetrahvdro-2 H-pyran-4-vhoxy, (tetrahvdro-2H-
pyran-4-vhoxy, (1-sthvipipenidin-d-yijoxv and pvrazolyl, wherein said pvrazolyvl can be

unsubstituted or substituted with 1 to 2 methyl groups; cach
Raa 1s independently selected from hyvdrogen and OH;

Ry 1sselected from H, methyl, halo, fluoro-methyl, hydroxy, hydroxymethyl,

difluoromethyl, formyl, methoxy and cvano;

R; is selected from:
. Rys ¥ Ris 3 Ris Yo Ris 3
55\ é’s ﬁ’f\u/\w 7; qE;N ,
I /’N - R,.\ N% N,!
o
Rig
?SSE\”/%\T/R’ES ‘5 N\ R15 ?’t N R15 \ég}/\\\\N 2 I R15
No N ; \I/\/Y ; \!/j/ : | . 1\/\|/ |
=N N. = ' N\//"l\ P
b N R O7 N
Ris

,and O NH
. ~t

wherein mdicates the pont of attachment with L;
Ry 15 selected from H, methyl, hydroxy-ethyvl, hydroxy-propyl and 2 3-dihyvdroxvpropyl;

Rys is selected from ~CF;, methoxy, ~C{UH,LF, ~CFCHF, ~C{CHLON, ~CCH, ), ~
CHF,, ~C{CH)0H, t-butyl, T-oyancoyclopropyl 2-{riffucromethvlevelopropyvl, ~



WO 2016/038582 PCT/IB2015/056989

C(F,)CHs, methyl-sulfonyl, 4-cthyvipiperazin-1-vl, -C{CH;);NH; and dimethyl-amino-

methyl;

Ris is selected from H, halo, hydroxy, dimethyl-amino, hydroxy-methyl, aminc-methyl, -
C{CH pNH, and -CF;; or a pharmaceutically acceptable salt thereof, with the proviso that a
compound of formula 1T 15 not 2-(2-cvanopropan-2-y1}-N-{4-methy1l-3-(1-methyl-6-oxo-5-
(tetrabydro-2 H-pyran-4-v1)-1,6-dihvdropyridazin-3-vhphenylisonicotinamide or 2-(2-
fluoropropan-2-vD-N-(4-methvl-3-(1-methvl-6-oxo-3~(tetrahydro-2 H-pyran-4-vi)-1,6-

dihvdropyvridazin-3-yDphenylisonicotinamide.

2. The compound of clanm 1 of formula fa:

Ris
N7
| a
in which:
L is selected from ~NHC(O)- and ~C{OINH—;
Y 1s selected from N and CH;
Y, 1 selected from N and CH;
Y 1s selected from N and CH;
Y, is selected from N and CRg; wherein Ry 15 selected from H, hydroxy-ethoxy, 3-

hydroxvoxetan-3-vl, 2 3-dihydroxypropoxy, hydroxy-ethyl-amine, 4-amino-4-

methylpiperidin-1-v1, Z-oxooxazolidin-3-vl, methoxy and methyl,
Ys 1s selected from N and CRy;

Ry 1s selected from H, ethoxy, hyvdroxy-cthoxy, methoxy, (tetrahvdro-2H-pyran-4-vhoxy
and pvrazolyl; wherein said pyrazolvi can be unsubstited or substituted with 1 to 2 methyl

groups;
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Ry

methoxy and cyano,

RL‘?

C(¥,)CoHs, methvl-sulfonyl, 4-ethyvlpiperazin-1-vl, “C(CH;):NH; and dimethyl-amino-

1s selected from H, methyl, halo, fluoro-methyl, hydroxy, difluoromethyl, formyi,

is selected from ~CF;, methoxy, ~C{UH,LF, ~CFCHF, ~C{CHLON, ~CCH, ), ~
CHF,, ~C{CH)0H, t-butyl, T-oyancoyclopropyl 2-{triffucromethvlevclopropyl, ~

raethyl; or the pharmaceutically acceptable salt thereof.

3. The compound of claim 2, or the pharmacecutically acceptable salt thereof, selected

from:
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o 7Ny 0 o /‘? o
\‘/Kr//‘\j/ N “;\!/I I\Yé"‘*\i’x\ ! R : N A‘
i 2 { ! ] Hood
Ry, Ry N o i N%«" 'E\?,-\'
- T
- S0 F
9 PN PP
- R P V./%”\N E\r “F
\ H |
o NN ZN
OH

b
O
] Y 9 J<‘N A ® ji Lon
i i A — [ A, N ’
L/‘/I \j/\,/ NW \i N 7 N i/ §(<
[ H LN 7 2N
NN o F
T F O i/\/k"\ o N 9
LW\AN Ny N j\// N N
i H i ! T ]
?/\Na EaN o”il\w/ ooy
/l /lf\%h

69

PCT/IB2015/056989




WO 2016/038582

PCT/IB2015/056989




WO 2016/038582 PCT/IB2015/056989

b
~4
-



WO 2016/038582 PCT/IB2015/056989

N
o s
1 i
- P
s NH
o N S
3
OH F Ot
- F

N N
D LI o K
! N R NJH&} = T}/”‘%E/'\v N Ry
E ]/ H ; N i H i i
c 2

b
~4
N2



PCT/IB2015/056989

WO 2016/038582

>
[ 2 ..N....... K / q“(‘.ww\ FF g TR 2
) () (D & ® (D
o= onn& OHA,\ OU/VI O o H&
II.\NH nnnnANH \”NANH aIn'HA....H \huuuA.NH _ pan oy
\/'VEI../V / \nn./N H.;./N / ,.H/.w / .ﬁ HM/N / — .
AN z ”,A e /.\A W N F mvv& 2\ 4
o) o o~ o~ o o
V4 ,ww ,MAF = )
iR R E
s} L OnuW - oHAxNL\ OHA - ¢ mﬂv
H\/NH Z o zx ot o
N\ == Wi..\m @ A/»HM, Yr
N g |
) b
/:;/N / ) A/(h/N N,H/w A/,H/N v fH,,
W /....A 5 £ _.._.\VV\I.\N., rw..l/Nr'\A z \ S~
oy o7 oo T S e
o o o o )

&



PCT/IB2015/056989

WO 2016/038582

u
AN
d W
7 e
..... / =
..... 7 7 Y
o] —
2 OHA
= ZT
4 =
) <
R
(.7 "
.AV. Hnnn\ TN
% OVN|A
T AN B O!/
O Q
5 e
k FVA
_— z
2R “\ N
O=
ZT
\.huuu,
4
AN
- \\ /N
& —
Oi::
T \
o

&



WO 2016/038582 PCT/IB2015/056989

5 N

Q™ os ] . ™\ oM U\ . 0
/&(\rj)i;\ﬁjﬁ/\\ /«F [ i PN N A, I

N C RN o o N

N
] Z O (Ol
a E [
""" \/\L Ny NH
X N R
| ; H IN ~0
N

1 which:

L 1s selected from —NHC(O)— and -C(O)NH-;
Y, is selecied from N and CH;

Y, 1s selected from N and CH;

Ya 1s selected from N and CH;
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Ya 1s selected from N and TRy wherein Ry is selected from H, hydroxy-ethoxy, 3-
hydroxyvoxetan-3-v1, 2, 3-dihydroxypropoxvy, hydroxy-ethyl-amino, 4-amino-4-

methyipipenidin-1-vl, 2-oxooxazolidin-3-y1, methoxy and methyl;
Ys 1s selected from N and CRy;

28 is selected from H, ethoxy, hydroxy-cthoxy, methoxy, (tetrahydro-2H-pyran-4-voxy
and pyrazolvl; wherem said pyrazolyl can be unsubstituted or substituted with 1 to 2 methyl

2IOUpS;

28 is selected from H, methyl, halo, fluore-methvl, hvdroxy, difluoromethyl, formyl,

methoxv and cvano;

R]5 is selected from —-CF3, I’E](’JihOX}@ —-C(C‘Hz})zp§ —CFzCHQF, —C((;H;):(;Nu —-C(CH;)FL -
CHE,, -C(CH;3),0H, t-butyl, I-cvanocyclopropyl, 2-(irifluoromethyvllcvclopropyl, —
C(¥F;)CoHs, methyl-sulfonyl, 4-cthyvipiperazin-1-vl, —C{CH3);NH; and dimethyl-amino-

methyl;

Ris is selected from H, halo, hydroxy, dimethyl-amino, hydroxy-methyl, aminc-methyl, -

C{CHa}NH, and -CF;5; or a pharmaceutically acceptable salt thereof,

3. The compound of claim 4, or the pharmaceutically acceptable salts thereof,

selected from:
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6.

The compound of claim 1 of formula Ic:

b
~wd
Nl




WO 2016/038582 PCT/IB2015/056989

N
Rig
ic
i which:
L 18 selected from ~NHC{O)- and ~C{O)NH-;
Yy 1 selected from N and CH;
Y: 1s selected from N and CH;
Ys is selecied from N and CH;
Y4 is sefected from N and CRg; wherein Ry 15 selected from H, hydroxy-ethoxy, 3-

hydroxyoxetan-3-yl, hyvdroxy-cthyvl-amine, methoxy and methyvl;
Ys is selected from N and CRy;

Ry is selected from H, ethoxy, hydroxy-sthoxy, methoxy, (tetrahydro-2H-pyvran-4-voxy
and pyrazolyl, whercin said pyvrazohyi can be unsobstituied or substituied with 1 to 2 methvl

2roups;

R is selected from H, methyl, halo, fluoro-methyl, hydroxy, difluoromethyl, formyl,

methoxy and cyano;

Ris 1s selected from —CF,, methoxy, —C{CH 3 RF, ~CF.CHLF, ~C(CH3,CN, =C(CHHF,, -
CHF,, ~C(CH3)L0H, t-butyl, I-cvanocvelopropyl, 2-(trifluoromethyvlicvelopropyl, —
CUEDCHs, methyvl-subfonyl, 4-cthvipiperazin-i v, —~C{CH, L NH, and dimethyi-amino-~
methyl;

Ris 1s selected from H, halo, hydroxy, dimethyl-amino, hydroxy-methyl, amino-methyl, -

C(CH L NH, and -CFs; or a pharmaceutically acceptable salt thereof

~

7. The compound of claim 6, or the pharmaceuntically acceptable salts thereof,
selected from:
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8.

in which:

Yy 18 selected from N and CH; each
is mdependently selected from methy!l and hydroxy-ethyl; and

Rao
282
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R; 1s selected from:

Hg Rig f
?{Y LY \/j/R15;

wherein mdicaies the point of attachment with L

Rus 18 selected from —CF;, methoxy, ~C{CH L F, ~CF,CHLF, ~C{CH nON, ~C{CH)F,, -
CHF,, ~C{CH,),0H, t-butyl, -cyanocyclopropyl, 2-(riffucromethylcvclopropyl, —
C{F )0 s, methyl-sulfonyl, 4-ethyipiperazin-I-vl, ~C{CH;3pNH; and dimethyl-amino-

raethyl;

Ris is selected from H, halo, hydroxy, dimethyl-amino, hydroxyv-methyl, ammoe-methyl, -

C{CH, ), NH, and ~-CFy; or a pharmaceutically acceptable salt thereof.

9. The compound of claim 8, or the pharmaceutically acceptable salt thereof, selected

from:
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R
O 24 /Y1 o
B A
d 2“ ;\’g R3
Y5 Y:YS
if
in which:
Y1 1 selected from N and CH;
Y, 1s sefected from N and CH;
Y; is selected from N and CH;
Y4 is sefected from N and CRg; wherein Ry 15 selected from H, hydroxy-ethoxy, 3-

hydroxyoxetan-3-yl, 2 3-dihydroxypropoxy, bisthy droxy-ethyD-amino, 4-hyvdroxy-
piperidinl -yl hvdroxy-ethyl-amino, 4-amino-d-methylpiperidin-1-vl, Z2-oxooxazolidin-3-yi,

raethoxy and methyl;
Yy 1s selected from N and CRy;

or R, and the nitrogen of Yy form a 5 member unsaturated ring containing and additional

heteroatom selected from N, O and §;

or Bj and Ry together with the ning {0 which they are both attached form 2H-
benzofbjil,4joxazin-3{4H)-one substituted with one to two Ry groups independently selected

from methy! and hydroxy-ethyl;

or Rg and Y; together with the ring to which they are both attached form 1H-

benro[dhimidarole substituted with methyl;

ho
o]
(W]
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Ry 1s selected from H, ethoxy, 1sopropoxy, methoxy-ethyvl-amino, (2-

hydroxyvethy Y{methyDamino, (1-hvdroxypropan-2-viYamino, methoxy-ethoxy, hydroxy-
gthoxy, methoxy, (2-hvdroxypropyhamine, (tetrahvdro-2 H-pyran-4-vhoxy, (tetrahvdro-2H-
pyran-4-vhoxy, (1-sthvipipenidin-d-yijoxv and pvrazolyl, wherein said pvrazolyvl can be

unsubstituted or substituted with 1 to 2 methyl groups; cach
Raa 1s selected from hydrogen and OH;

Ry 1sselected from H, methyl, halo, fluoro-methyl, hydroxy, hydroxymethyl,

difluoromethyl, formyl, methoxy and cvano;

R; is selected from:
. Rys ¥ Ris 3 Ris Yo Ris 3
55\ é’s ﬁ’f\u/\w 7; qE;N ,
I /’N - R,.\ N% N,!
o
Rig
?SSE\”/%\T/R’ES ‘5 N\ R15 ?’t N R15 \ég}/\\\\N 2 I R15
No N ; \I/\/Y ; \!/j/ : | . 1\/\|/ |
=N N. = ' N\//"l\ P
b N R O7 N
Ris

,and O NH
. ~t

wherein mdicates the pont of attachment with L;

Ris is selected from —CF;, methoxy, ~C{CH3 WF, ~CF.CHLF, —~C(CHLON, ~C(CHF,, —
CHF,, “C{CH3),0H. t-butyl, I-cyanoeyclopropyl, 2-(triflucromethyDevclopropvl, —
C(F)CoHs, methvl-sulfonyl, 4-cthyvipiperazin-1-vl, “C{CH;):NH; and dimethyl-amino-
methyl;
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Rie 1s selected from H, halo, hydroxy, dimethyl-amino, hydroxy-methyl, amino-methyl, -

C(CH ) NHy and -CFs; or a pharmaceutically acceptable salt thereof

The compound of claim 10, or the pharmaceutically acceptable salt thercof,

sclected from:
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The compound of claim 1, or a phanmaceutically acceptable salt thereof,

selected from:
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14. A pharmaccutical composition comprising a compound of claim | or a
pharmaceutically acceptable salt thercot and one or more phammaceutically

acceptable carrers.

15. A combination comprising a therapeutically effective amount of a compound
agocording to clane 1 or a pharmacentically acceptable salt thereof and one or

more therapeutically active co-agents.

16, A mothod of treating a proliferative disorder, comprising administering to a
subject 1 need thereof a therapeutically effective amount of a compound of

claun 1 or a pharmaceutically acceptable salt thereof.

17. The method of claim 16 wherein the cancer 1s selected from melanoma,
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