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COMPOUNDS AND COMPOSITIONS AS RAF KINASE INHIBITORS

FIELD OF THE INVENTION
{80611 The wmvention provides compounds that inhibit Raf kinases, and are
accordingly useful for treating certain disorders associated with excessive Raf kinase activity,
mclading cell proliferation disorders such as cancers. The mvention further provides
pharmaceutical compositions contamung these compounds and methods of using these

compounds to treat conditions meluding cancer.

BACKGROUND
60682} Protein Kinases are involved in very complex signaling cascades that regulate
most cellular functions, mehiding cell survival and proliferation. These signaling pathways
have been heavily studied, particularly in the context of disorders caused by dyvsregulated
cellular function, such as cancer. The mitogen-activated protein kinase (MAPK)) cascade has
been studied exiensively, for example, and kinases m this pathway {e.g., RAS, RAF, MEK|
and ERK} have been explotied as target sites for drug discovery. Mutaied B-Rafis found in a
significant fraction of malignancies {over 30% of all turors and 40% of melanomas), and
several drog candidates that inbibit a common B-Raf mutant (V60CE, an activating mutation
found in many cancers, particularly in cutancous malignant melanoma, thyroid 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) include sorafenib,
X1.281 RAF263, and BAY43-9006. These examples demonstrate that compounds that inhubit
B-Raf or C-Raf are usctul to treat vanous cancers.
[6063] The MAPK signaling cascade wcludes RAS, Raf, MEK and ERK kinases,
each of which is actually a group of related proteins. These proteins function collectively as a
signal transduction cascade where the number of distinct kinases and their varying substrate
specificities create a complex and highly branched pathway. Raf, for example, consists of
monomers referred to as A-Raf, B-Raf, and C-Raf (also called Raf-1), each of which functions
primarily as a dimer. The RAF complex includes heterodimers as well as homodimers of

these three species, bringing the total number of dimeric species i the Raf group to six, with
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cach of these having a number of siics where phosphorylation at serine, threonine or tyrosing
can cause either activation or mhibition. Due to the complexity of the pathway and its
regulation, 1t has been reported that inhibitors of B-Raf can cause paradoxical activation of the
pathway, apparently due to conformational effects on the kinase domain of Raf that affect
dimerization, membrane localization, and interaction with RAS-GTP. In particular, ATP-
competitive mhibitors can exhibit opposing effects on the signaling pathway, as either
inhibitors or activators, depending on the cellular context. As aresult, B-Raf inhubitors
effective against tumors having the activating B-Raf mutation V600E may not be as effective
as expected in twmors having wild-tvpe B-Raf or KRas mutations.

[LEEEEY The present invention provides novel inhibitors of Raf kinases, including A-
Raf, B-Raf and/or C-Raf, and use of these compounds to treat disorders associated with
excessive or undesired levels of Raf activity, such as certain cancers. The compounds of the
mvention minimize undesired pathway activation effects, and thus can be more efficaciouns and
morg predictable in vivo than the B-Raf inhibttors that cause paradoxical pathway activation
even when they have similar in vifro potency. The compounds of the invention bind in a
DFG-out mode, making them type 2 mhibttors, which have been roported 1o 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 V60OE mutant tumors.

SUMMARY OF THE INVENTION

[03065] In one aspect, the mvention provides a compound of Formala I:

o’/\r’" j\:

A

HELTY i which: R, 1s selected from hvdrogen and methyl; R, 1s selected from
pyridiny! and phenyl; wherein phenyl or pyridinyl can be substituted with a group selected
from trittuoromethyl, 1,1-difluorocthyl and 2-fluoropropan-2-vl; X and Y are independently
sefected from N and ~OCH,CHR R, wheremn K; 1s selected from hydrogen and OH; and R is
selected from 2-(phosphonooxy ymethyl and phosphonooxy; with the proviso that f X s N Y

is ~OCHUHRGE, and if Y 18 N, X 18 ~OCHCHESR.; and 7 18 selected from N and CH.
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0671 In a second aspect, the present invention provides a pharmaceuntical
composition which contains a compound of Formula { or a N-oxide denvative, mdividual
isomers and muxture of isomers thereof, or a pharmaceutically acceptable salt thereof, in
admixture with one or more suitable excipionts.

60081 In another aspect, the compound of Formula [ is an mhibitor of Raf kinases as
shown by data herein, and 15 accordingly useful to treat conditions such as melanoma, breast
cancer, sarcoma, GI tumors such as gastrointestinal stromal tumors, ovarian cancer, sarcoma,
Gl tumaors such as gastrointestinal stromal tumors, and other malignancies assoctated with
excessive Raf pathway activity, particularly in cancers driven by Ras mutations. In addition,
the compound of the mvention exhibits low levels of paradoxical activation of the Raf
pathway.

6089 In another aspect, the invention provides pharmaceutical compositions
comprising a compound of Formula I admixed with at least one pharmaceutically acceptable
carrier or excipient, optionally admixed with two or more pharmaceutically acceptable carriers
o7 oxcipients.

[6010] In addition, the invention includes combimations of a compound of Formula !
with a co-therapeutic agent, optionally including one or more pharmaceutically acceptable
carriers, and methods of treatment using a compound of Formula I in combination with a co-
therapeotic agent. Swtable co-therapentic agenis for use m the mvention mchude, for example,
cancer chemotherapeutics including but not limited to mhibitors of PI3K, other inhibitors of
the Raf pathway, paclitaxel, docetaxel, temozolomide, platins, doxorubicing, vinblastins,
cyclophosphamide, topotecan, gemcitabine, tfosfamide, etoposide, irinotecan, and the like.
3011} In another aspect, the invention provides a method to troat a condition
characterized by excessive or undesired levels of activity of Raf, especially B-Raf and/or C-
Raf, which comprises admuustering to a subject in need of such troatment an effective amount
of the compound of Formula I, or a pharmaceutical composition comprising such compound.
The subject can be a mammal, and is preferably a human. Conditions treatable by the
compound and methods described herein mclude various forms of cancer, such as solid
tumors, melanoma, breast cancer, hung cancer {¢.g.. non-small cell lung cancer), sarcoma, GI

tumors such as gastrontestinal stromal tamors, ovanan cancer, colorectal cancer, thyroid

-
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cancer, and pancreatic cancer. The mvention thus mchides the compound of Formula {, for
use in therapy, particularly for use to treat cancers such as melanoma, breast cancer, fung
cancer, liver cancer, sarcoma, Gl tumors such as gastromiestinal stromal fumors, sarcoma, G
tumors such as gastromtestinal 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,

[B12} The mvention includes the compound of Formula | and all stercoisomers
{including diastercoisomers and enantiomers), tautomers and isctopically enriched versions
thereof (including deuterium substitutions), as well as pharmaceutically acceptable salts of

these compounds.

PDETAILED BESCRIPTION

DESCRIPTION OF PREFERRED EMBODIMENTS

[6013] The present invention provides a compound, compositions and methods for the
treatment of kinase related disease, particularly Raf kinase related diseases; for example:
varigus forms of cancer, such as sobd tumors, melanoma, breast cancer, lung cancer (e.g., non-
small cell lung cancer), sarcoma, Gl tumors such as gastrointestinal stromal tumors, ovarian
cancer, colorectal cancer, thyroid cancer, and pancreatic cancer.

3014} In one embodiment, with regpect to compounds of formula |, are compounds of

formula Ia:

[8015] m which: R, 1s selected from hydrogen and methyl; R, 1s selected from
pyridinyl and phenyl; wherein phenyl or pyridiny! can be substituted with a group selected

from mflaoromethyl, 1,1-diftuorocthyl and 2-flucropropan-2-vl; R; is selected from hydrogen
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and OH; Ry 1s selected from 2-(phosphonooxy)methyl and phosphoneoxy; and 7 1s selected

from N and CH; or a phanmaceutically acceptable salt thereof

[6016]

thereof, selected from:

In a further embodiment 1s a compound, or a pharmaceutically acceptable salt
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[3617]

In another embodiment are compounds of formula b

[0018]

in which: Ry 1s selected from hydrogen and methyl; R, 1s selected from

pyridinyi and phenyl; wherein phenyl or pyridinyl can be substituted with a group selected

from triflucromethyl, 1 [-difluoroethyl and 2-flucropropan-2-vi Rs s sclected from hydrogen

and OH: Ry selected from 2-(phosphonooxy)methyl and phosphonooxy; and Z s

N and CH, or a pharmaceutically acceptable salt thersof

[0019]

thereof, selected from:

6

selected from

In a further embodiment are compounds, or a pharmaceutically acceptable salt
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6024} In another embodiment is a compound, or a pharmaccutically acceptable salt

thercof, of formula:

F
S F
oM
60211 As used herein, the term “an optical isomer”™ or “a stercoisomer” refers to any

of the various stereo 1someric configurations which may exast for the compound of the present
mvention and includes geometric 1somers. It is understood that a substituent may be attached
at a chiral center of a carbon ator. The term "chiral” refers to molecules which have the
property of non-superimposability on their mirror image partner, while the term "achiral”
refers to molecules which are superimposable on thetr mirror image partner. Therefore, the
nvention includes enantiomers, diastereomers or racemates of the compound. “Enantiomers”™
arc a pair of stercoisomers that are non- superimposable mirror images of cach other. A 1:1
mixtore of a pair of cnantiomers is a "racenuc” muxture. The term is used to designate a

racemic mixture where appropriate. "Dlastercoisomers” are stercoisomers that have at least

~~1
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two asymmetric atoms, but which are not muirror-umages of each other. The absolute
stercochemistry 1s specified according to the Cabn-Ingold-Prelog “R-57 system. When a
compound 1s a pure enantiomer, the stercochemistry at each chiral carbon may be specified by
cither R or 8. Resolved compounds whose absolute configuration is unknown can be
designated (+) or (-) depending on the direction (dextro- or levorotatory) which they rotate
plane polarized light at the wavelength of the sodiom D line. Certain compounds described
herein contain one or more asvmmetric centers or axes and may thus give rise to enantiomers,
diastercomers, and other stereoisomeric forms that may be defined, in terms of absolute
stercochemistry, as (R}- or (8)-.

60221 Depending on the choice of the starting materials and synthesis procedures, the
compound can be present in the form of one of the possible 1somers or as maxtures thereof, for
cxample as pure optical isomers, or as isomer mixtures, such as racemates and diastereotsomer
mixtures, depending on the number of asvmmetric carbon atoms. The present invention is
meant to mnchide all such possible 1somers, mcluding racemic mixtures, diasteriomeric
mixtures and optically pure forms. Optically active (R)- and (5)~ isomers mayv 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 Z configuration unless
specified. If the compound contains a disubstituted cycloalkyl, the cycloalky] substituent may
have a cis- or trans-configuration, unless otherwise specified. Al taniomeric forms are also
ntended to be meluded.

16023] In many cases, the compound of the present invention is capable of forming
acid and/or base salts by virtue of the presence of amino and/or carboxyl] groups or groups
simifar thereto. As used herein, the terms “salt” or “salts” refers to an acid addition or base
addition salt of a compound of the wvention. “Salts™ inclade 1 particular “pharmaceutical
acceptable salts”. The term “pharmaceutically acceptable salts” refers to salts that retain the
bioclogical effectiveness and properties of the compounds of this invention and, which typically
arc not biclogically or otherwise vadesirable.

3024} Pharmaceuntically acceptable acid addition salts can be formed with morganic
acids and orgamic acids, ¢.g.. acetate. aspartate, benzoate, besviate, bromide/hyvdrobromde,

bicarbonate/carbonate, bisulfate/sulfate, camphorsulfonate, chlonde/hydrochlorde,
8
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chlorotheophvlionate, citrate, ethandisulfonate, fumarate, gluceptate, glaconate, glacuronate,
hippurate, hydroiodide/iodide, iscthionate, lactate, lactobionate, laurylisulfate, malate, maleate,
malonaie, mandelate, mesyiate, methyisulphate, naphthoate. napsyiate, micotinate, nitraic,
octadecanoate, oleate, oxalate, palmitate, pamoate, phosphate/hydrogen phosphate/dihvdrogen
phosphate, polygalacturonate, propionate, stearate, succinate, sulfosalicylate, tartrate, tosylate
and triffacroacetate salts. Lists of additional suitable salts can be found, ¢.g., 1n “Remington's
Pharmaceutical Sciences”, 20th ed., Mack Publishing Company, Easton, Pa., (19853); and m
“Handbook of Pharmaceutical Salts: Propertics, Selection, and Use™ by Stahl and Wermuth
{Wiley-VCH, Wemhemm, Germany, 2002).

6025 Inorganic acids from which salts can be derived mclude, for example,
hydrochloric acid, hyvdrobromic acid, sulfuric acid, nitrie acid, phosphoric acid, and the bke.
[B025] Organic acids from which salts can be derived include, for example, acetic
actd, propionte acid, glyeolic acid, oxalic acid, maleic acid, malonic acid, snccinic acid,
fumaric acid, tartaric acid, citric acid, benzoic acid, mandelic acid, methanesulfonic acid,
cthancsulfonic acid, toluencsulfonic acid, sulfosalicvlic acid, and the like.

[6027] Pharmaceutically acceptable base addition salis can be formed with morganic
or organic bases and can have inorganic or organic counterions.

[6028] Inorganic counterions for such base salts include, for example, ammoniur
salis and metals from columns 1 to XH of the periodic table. In certain embodiments, the
counterion is selected from sodiwm, potassium, ammonium, alkylammonium having one to
four C1-C4 alkyl groups, calcium, magnesium, ion, silver, zinc, and copper; particularky
suttable salts include ammonium, potassium, sodium, calcium and magnesium salts.

6029} Organic bases from which salts can be derived include, for example, primary,
secondary, and teriiary amines, substitoted amincs inclading naturally cocurring substituted
amines, cyclic amimnes, basic ion exchange resins, and the fike. Suitable organic amines include
isopropviamine, benzathine, cholinate, diethanolamine, dicthvlamine, Jvsine, meglumine,
piperazine and tromethamine.

[B036 The pharmaceutically acceptable salts of the present mvention can be
syathestzed from a basic or acidic moiety, by conventional chemical methods. Generally,

such salts can be prepared by reacting free acid forms of these compounds with a
9
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storchiometric amount of the appropriate base (such as Na, Ca, Mg, or K hydroxide, carbonate,
bicarbonate or the like), or by reacting free base forms of these compounds with a
storchiometric amooat of the appropriate acid. Such reactions are typically carried out i
water or in an organic solvent, or in a nuxture of the two. Generally, use of non-agueous
media like ether, ethyl acetate, tetrahydrofuran, toluene, chloroform, dichloromethane,
methanol, cthanol, isopropanol, or acetonitrile is desirable, where practicable.

[B031} Ay formula given heroin ¢ alse intended to represent unlabeled forms (1e.,
compounds wherein all atoms are present at natural isotopic abundances and not isotopically
enriched) as well as isotopically enniched or labeled forms of the compound. Isotopically
enriched or labeled compounds have structures depicted by the formula given herein except
that at least one atom of the compound is replaced by an atom having an alomic mass or mass
number different from the atomic mass or the atomic mass distribution that occurs naturally.
Examples of isotopes that can be mncorporated mto an enriched or labeled compound of the
mvention include 1sotopes of hydrogen, carbon, nitrogen, oxygen, phosphorous, fhuorine, and
chloring, such as “H, “H, M'C, BC, ¢, PN, F P, 2P, P8, 0L, T respectively. The
invention includes various isotopically labeled compounds as defined herein, for example
those in which radioactive isotopes, such as “H and '*C, or those in which non-radicactive
isotopes, such as “H and PC, are present at levels significantly above the natural abundance for
these 1soiopes. These tsotopically labeled compounds are useful 1 metabolic studies (with
1), reaction kinetic studies (with, for example “H or "H), detection or imaging techniques,
such as positron emission tomography (PET) or single-photon emission computed tomography
{(SPECT) meluding drug or substrate tissue distribution assays, or in radioactive treatment of
patients. In particular, an '°F or labeled compound may be particularly desirable for PET or
SPECT studies. Isctopicallv-labeled compounds of formula I can generally be prepared by
conventional techniques known to those skilled in the art or by processes analogous to those
described in the accompanying Examples and Preparations using an appropriate isctopically-
labeled reagents mn place of the non-labeled reagent previously employed.

[B832) Further, substitution with heavier isotopes, particularly deuterium (i.c., “H or
D) may afford certam therapeotic advantages resulting from greater metabolic stabibity, for

oxample increased i vivo half-life or reduced dosage reguirements or an improvement in
10
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therapeutic mdex. It is understood that deuterium n this context 1s regarded as a substituent of
a compound of the formula 1. 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 sotopic abundance and the natural
abundance of a specified 1sotope. If a substituent in a compound of this invention s denoted
deuterium, such compound has an 1sotopic enrichment factor for each designated deuterium
atom of at least 35300 (52.5% deutertum incorporation at cach designated deuterium atom), at
least 4000 (60% deuterium incorporation), at least 4300 (67 5% deuterium incorporation), at
least 3000 (75% deutertum incorporation), at least 3500 (82.3% deuterium mcorporation), at
feast 6000 (90% deuterium imcorporation), at feast 6333 .3 (95% deuterium mcorporation), at
least 6466.7 (97% deuterram incorporation), at least 6600 (99% deuterium moorporation), or
at least 6633.3 (99.3% deuterium ncorporation).

[6033] Pharmaceutically acceptable solvates 18 accordance with the invention include
those wherein the solvent of crvstallization may be isotopically substituted, e.g. D0, d°
acetone, d°-DMSO, as well as solvates with non-enriched solvents.

[6034] Compounds of the invention, 1.e. compounds of formula [ that conlain groups
capable of acting as donors and/or acceptors for hvdrogen bonds may be capable of forming
ca-crystals with suitable co-crystal formers. These co-crystals may be prepared from
compounds of formula I by known co-crystal forming procedures. Such procedures mnchude
erinding, heating, co-subluning, co~-melting, or contacting in solution compounds of formula |
with the co-crvstal former under crystallization conditions and solating co-crysials thercby
formed. Suitable co-crystal formers include those deseribed 1n WO 2004/678163. Hence the
mvention further provides co-crystals comprising a compound of formula L

[6G35] As used herein, the term "pharmaceutically acceptable carmer™ includes any
and all solvents, dispersion media, coatings, surfactants, antioxidants, preservatives (¢.g.,
antibacterial agents, antifungal agents), isotoric agents, absorption delaying agents, salts,
preservatives, drug stabilizers, binders, excipients, disintegration agents, fabricants,
sweetening agents, flavoring agonts, dyves, and the like and combinations thersof, as would be
known {o those skilled in the art (sce. for example. Remington's Pharmaceutical Sciences, 18th

Ed. Mack Printing Company, 1990, pp. 1289- 1329). Except mnsofar as any conventional
it
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carrier 1s meompatible with the active mgredient, 1ts use i the therapeutic or pharmaceuntical
compositions s contemplated.

(6036} The term “a therapeutically effective amount” of a compound of the present
vention refers to an amount of the componnd of the prosent mvention that will elicit the
biological or medical response of a subject, for example, reduction or mhibition of an enzyme
or a protein activity, or amcliorate symptoms, alleviate conditions, slow or delay discase
progression, or prevent a disease, otc. In one non-limiting embodiment, the term “a
therapeuntically effective amount” refers to the amount of the compound of the present
invention that, when admmistered to a subject, 1s effective to (1) at least partially alleviate,
inhibit, prevent and/or ameliorate a condition, or a disorder or a disease 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 whibit the activity of a kinase such as B-Raf or C-Raf in viveo,

[6037) In another non-limiting embodiment, the term “a therapeutically effective
amount” refers to the amount of the compound of the present invention that, when
admmustered to a cell, or a tissue, or a non-cellular biological material, or a medmm, 1s
effective to at least partially reduce or inhibit the activity of a kinase such as B-Raf or C-Raf;
or at least partially reduce or alleviate a symptom or a condition associated with excessive Raf
kinase activity,

163381 As used herein, the term “subject” refers to an animal. Typically the animal 1
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 certam
embodiments, the subject 1s a primate. In specific embodiments, the subject is a human.
[8039] As used herein, the term “mhibit”, "inlubition” or “inhibiting” refers to the
reduction or suppression of a given condition, symptom, or disorder, or disease, or a
significant decrease in the bascline activity of a biological activity or process.

|6040] As used herem, the term “treat”, “treating” or "treatment” of any disease or
disorder refors 1n one embodiment, to ameliorating the discase or disorder {1.¢., slowmg or
arresting or reducing the development of the disease or at least one of the clinical symptoms
thercofy. In another embodiment “treat”, "ireating” or "treatment” refers to alleviating or

amechorating at loast one physical parameter melading those which may not be discemible by

i2
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the patient. In vet another embodiment, “treat”, "treating” or "treatment” refers fo medulating
the disease or disorder, either physically, (e.g., stabilization of a discernible symptom),
physiclogically, (e.g., stabilization of g physical parameter), or both. In vet ancther
cmbodiment, “treat”, "treating” or "treatment” refers to preventing or delaying the
development or progression of the disease or disorder.

06041} As used herein, a subject is “in need of” a treatraent if such subject would
benefit biologicallv, medically or in quality of life from such treatment.

[6042] As used herein, the term "a,” "an,” "the” and similar terms used in the context
of the present invention (especially in the context of the claims) are to be construed to cover
both the singular and plural valess otherwise indicated herein or clearly contradicted by the
context.

[B043] All methods described herein can be performed in any suitable order unless
otherwise indicated herein or otherwise clearly contradicted by context. The use of any and all
oxamples, or exemplary language {c.g. "such as”) provided herein 1s intended merely to better
luminate the invention and does not pose a limitation on the scope of the invention otherwise
claimed.

0441 Any asymmetric atom {e.g., carbon or the like} of the compound(s) of the
present invention can be present in racemic or enantiomerically enriched, for example the (R)-,
{S5)- or (R.8} configuration. In ceriain embodiments, cach asymumetric atom has at least 530 %
enantiomeric excess, at least 60 % enantiomeric excess, at least 70 % enantiomeric excess, at
Ieast 80 % enantiomeric excess, at least 90 % enantiomeric excess, at least 93 % enantiomeric
excess, or at least 99 % enantiomeric excess of either the (R)- or (5)- configuration; 1.¢., for
optically active compounds, it is often preferred to use one cnantiomer to the substantial
exclosion of the other enantiomer. Substituents at atoms with unsaturated double bonds may,
if possible, be present in cis- (Z)- or trans- (E)- form.

6045 Accordingly, as used herein a compound of the present invention can be 10 the
form of one of the possible isomers, rotamers, atropisomers, tautomers or mixtures thereof, for
cxample, as substantially pure geometric (cis or trans) isomers, diastercomers, optical isomers

{antipodes}, racemates or mixtures thercof.  “Sebstantially pure’ or “substantially free of other
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somers” as used herein means the product contamns less than 5%, and preferably less than 2%,
of other 1somers relative to the amount of the preferred 1somer, by weight.

(6046} Any resulting mixiures of isomers can be separated oun the basis of the
phvsicochemical differences of the constituents, into the pure or substantially pure geometric
or optical isomers, diastercomers, racemates, for example, by chromatography and/or
fractional crystallization.

[B0473 Any resulting racemates of final products or intermediates can be resolved into
the optical antipodes by known methods, e.g., by separation of the diastereomeric salts thereof,
obtamed with an optically active acid or base, and liberating the optically active acidic or basic
compound. In particular, a basic moicty may thus be employed to resolve the compounds of
the present invention mnio their optical antipodes, ¢.g., by fractional crystallization of a salt
formed with an optically active acid, e.g., tartaric acid, dibenzoy! tartaric acid, diacetvl tartaric
actd, di-0O,0"-p-toluoyl tartaric acid, mandelic acid, malic acid or camphor-10-sulfonic acid.
Racemic products can also be resolved by clural chromatography, ¢.g., high pressure hguid
chromatography (HPLC) using a chiral adsorbent.

[6048] Furthermore, the compounds of the present invention, tuchiding their salts, can
also be obtained n the form of their hydrates, or include other solvents used for their
crystallization. The compounds of the present mvention may inherently or by design form
solvates with pharmacentically acceptable solvenis {inclading water); therefore, it is intended
that the imvention embrace both solvated and unsclvated forms. The term "solvate” refers to a
molecular complex of a compound of the present invention (mchudimg pharmaceutically
acceptable salts thereof) with one or more solvent molecules. Such solvent molecules are those
commonly used in the pharmaceutical art, which are known to be innocuous to the recipient,
e.g., water, ethanol, and the ke, The term "hvdrate” refers (o the complex where the solvent
molecule is water.

[6049] The compounds of the present 1nvention, including sakts, hydrates and solvates
thereof, may inherently or by design form polymorphs.

[B054] In another aspect, the present invention provides a pharmaceutical composition
comprising a compound of the present invention, or a pharmaceatically acceptable salt thercof,

and at least one pharmaceutically acceptable camrier. The pharmaceutical composition can be
14
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formulated for particular routes of admimistration such as oral administration, parenteral
administration, and rectal administration, and the like. In addition, the pharmmaceutical
compositions of the present mvention can be made up in a solid form {including without
limitation capsules, tablets, pills, granules, powders or suppositories), or in a hiquid form
(aclhuding without lim#tation solutions, suspensions or emulsions). The pharmaceutical
compositions can be subjected to conventional pharmaceutical operations such as sterilization
and/or can contain conventional ert dilucnts, lubricating agents, or buffering agents, as well
as adjuvants, such as preservatives, stabilizers, weiting agents, emulsifiers and buffers, ete.
(6051} Typically, the pharmaceutical compositions for the compound of Formula [ are
tablets or gelatin capsules comprising an active ingredient of Formula I together with at least

one of the following pharmaceutically acceptable excipients:

[B052) a) diluents, e.g., lactose, dextrose, sucrose, mannitol, sorbitol, cellulose and/or
glycing;
(6653} b) lubricants, ¢.g., silica, talowm, stearic acid, its magnesium or calcium salt

and/or polvethyleneglycol; for tablets also

[6054] ¢} binders, e.g.. magnesium aluminum silicate, starch paste, gelatin,
tragacanth, methyleellulose, sodium carboxymethylcellulose and/or polyviyltpyrrohdone; if
desired

{6055 d) disinfegrants, e.g., starches, agar, alginic acid or its sodiam salt, or

effervescent mixiures; and/or

60561 ¢) absorbents, colorants, flavors and sweeteners.
(80573 Tablets may be cithor film coated or entenic coated according to methods

known in the art.

[6058] Suitable compositions for oral administration include an effective amount of a
compound of the invention in the form of tablets, lozenges, agueous or oily suspensions,
dispersible powders or granules, emulsion, hard or soft capsules, or syrups or elixirs.
Compositions mntended for oral use are prepared according to any method known n the art for
the manufacture of pharmaceutical compositions and such compositions can contain one or
more agenis selected from the group consisting of sweeterung agenis, flavoring agents,

coloring agents and preserving agents i order to provide pharmaceutically clegant and
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palatable preparations. Tablets may contain the active mgredient i admixture with nontoxic
pharmaceutically acceptable excipients which are suitable for the manufacture of tablets.
These excipients are, for example, inert diluents, such as calcium carbonate, sodium carbonate,
lactose, calcium phosphate or sodium phosphate; granulating and disintegrating agents, for
example, corn starch, or alginic acid; binding agents, for example, starch, gelatin or acacia;
and lubricating agenis, for example magnesium stearate, stearic actd or talc. The tablets are
uncoated or coated by known techniques to delay disintegration and absorption in the
gastrointestinal tract and thereby provide a sustained action over a longer period. For
example, a time delay material such as glyceryl monostearate or glyceryl distearate can be
employed. Formulations for oral use can be presented as hard gelatin capsules wherein the
active mgrediont i1s mixed with an mert solid diluent, for example, calciom carbonate, calciam
phosphate or kaolin, or as soft gelatin capsules wherein the active ingredient is mixed with
water or an ol medium, for example, peanut odl, liquid paraffin or olive oil.

(6059} Certain injectable compositions are agueous isotonic solutions or suspensions,
and suppositories are advantageousty prepared from fatty emulsions or suspensions. Said
composiitons may be sterthized and/or contam adjuvanis, such as preserving, stabilizing,
wetting or emulsifying agents, solution promoters, salts for regulating the osmotic pressure
and/or buffers, In addition, they may also contain other therapeutically valuable substances.
Sard compositions are prepared according to conventional mixing, granulating or coating
methods, respectively, and contain about 0.1-73%, or contain about 1-30%, of the active
ingredient,

3068 Suitable compositions for transdermal application mclude an effective amount
of a compound of the mvention with a suitable carrier. Carriers switable for transdermal
delivery mclude absorbable pharmacologically acceptable solvents to assist passage through
the skin of the host. For example, transdermal devices are in the form of a bandage
comprising a backing member, a reservoir containing the compound optionally with carders,
optionally a rate controlling barrier to deliver the compound of the skin of the host at a
controlled and predetermuned rate over a prolonged period of time, and means to secure the

device to the skan.
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[3061] Surtable compositions for topical application, e.g., to the skin and eves, include
aqueous solutions, suspensions, omtments, creams, gels or sprayable formulations, ¢.g., for
delivery by acrosol or the like. Such topical delivery systems will in particular be appropriate
for dermal application, e.g., for the treatment of skin cancer, e.g., for prophylactic use in sun
creams, lotions, sprays and the like. Thev are thus particularly suited for use m topical,
inchuding cosmetic, formulations well-known in the art. Such may contan solubilizers,
stabilizers, tonicity enhancing agents, buffers and preservatives.

[6062] As used herein a topical application may also pertain to an mhalation or to an
intranasal application. They may be conveniently dehivered 1 the form of a dryv powder
(etther alone, as a mixture, for example a dry blend with lactose, or a mixed component
particle, for example with phospholipids) from a dey powder inhaler or an acrosol spray
presentation from a pressurized container, pump, spray, atonuzer or nebulizer, with or without
the use of a suitable propellant.

(6063} The present nvention further provides anhydrous pharmaceutical compositions
and dosage forms comprising the compounds of the present mmvention as active mgredients,
since water may facilitate the degradation of certain compounds.

3064} Anhvdrous pharmaceutical compositions and dosage forms of the mvention
can be prepared using anhydrous or fow moisture contaming ingredients and low moisture or
low humidity conditions. An anhydrous pharmaceutical composition may be prepared and
stored such that its anhydrous nature 1s maintaimned. Accordingly, anhydrous composttions are
packaged using materials known to prevent exposure to water such that they can be included
in suitable formulary kits. Examples of suitable packaging include, but are not limited to,
hermetically scaled foils, plastics, unit dose containers {e. g., vials), blister packs, and strip
packs.

[6665] The invention further provides pharmaceutical compositions and dosage forms
that comprise one or more agents that reduce the rate by which the compound of the present
nvention as an active ingredient will decompose. Such agents, which are referred to heremn as
"stabilizers,” include, but are not himited to, antioxidants such as ascorbic acid, pH buffers, or

salt buffers, etc.

.
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[8066] The compound of formula I mn free form or 1n salt form, exhibit valuable
pharmacological activitics, ¢.g. inhibiting the activity of A-Raf, B-Raf and/or C-Raf, as
indicated by test data provided in the next seciions, and s therefore indicated for therapy or for
usc as rescarch chemicals, ¢.g. as tool compounds. The compound is especially useful for
treatment of cancers driven by mutations in the Raf/Rat/MEK/ERK pathway. including
cancers characterized by an activating Raf mutation such as Raf VGOOE, mcluding but not
limited to melanoma (e.g., malignant melanoma), breast cancer, lung cancer (¢.g., non-small
cell fung cancer), sarcoma, Gl tumors such as gastrointestinal stromal tumors, ovanan cancer,
colorectal cancer, thyroid cancer, and pancreatic cancer.

60671 Thus, as a further embodiment, the present invention provides the use of a
compound of formula I or anv of the embodiments within the scope of Formula I as described
herein, 0 therapy. In a further embodiment, the therapy is for a discase which mayv be treated
by inhibition of A-Raf, B-Raf or C-Raf 1o another embodiment, the compounds of the
invention are useful to treat cancers, including but not limited to melanoma, breast cancer,
lung cancer, sarcoma, G tumors such as gastrointestinal stromal tumors, ovarian cancer,
colorectal cancer, thyroid cancer, and pancreatic cancer.

(806381 In another embodiment, the mvention provides a method of treating a discase
which is treatable by mhibition of A-Raf, B-Raf or C-Raf, or a combination thereof,
comprising admnistration of a therapeutically effective amount of a compound of formula [ or
any of the embodiments within the scope of Formula | as described herem. 1n a further
embodiment, the discase 1s selected from the afore-mentioned list, suitably melanoma, breast
cancer, lung cancer, sarcoma, GI tumors such as gastrointestinal stromal tumors, ovarian
cancer, colorectal cancer, thyroid cancer, and pancreatic cancer.  The method typically
comprises administering an effective amount of a compound as described heremnor 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 admimstration may be repeated at intervals sclected by a treating physician.

6069 Thus, as a further embodiment, the present invention provides the use of a
compound of formela I for the manufacture of a medicament. In a further embodiment, the

medicament 1s for treatment of a disease which may be treated by mhibition of A-Raf, B-Raf
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or C-Raf. In another embodiment, the disease 1s a cancer, e.g., a cancer selected from the
afore-mentioned list, including melanoma, breast cancer, lung cancer, sarcoma, GI tumors
such as gastrointestinal stromal tumors, ovarian cancer, colorectal cancer, thyroid cancer, and
pancreatic cancer.

60701 The pharmacentical composition or combmation of the present invention can
be m unit dosage of about 1-1000 mg of active mgredient(s) for a subject of about 50-70 kg, or
about 1-500 mg or about 1-230 mg or about 1-130 mg or about $.3-100 mg, or about 1-50 mg
of active ingredients. The therapeutically effective dosage of a compound, the pharmaceutical
composition, or the combinations thereof, 1s dependent on the species of the subject, the body
weight, age and ndividoal condition, the disorder or disease or the severity thereof being
treated. A physician, clinician or veterinarian of ordinary skill can readily determine the
cffective amount of cach of the active ingredients necessary to prevent, treat or inhibit the
progress of the disorder or discase.

(6671} The above-cited dosage properties are demonstrable in vitro and m vivo tests
using advantageously mammals, ¢.g., mice, rats, dogs, monkevs or isolated organs, tissues and
preparations thereof. The compound of the present mvention can be applied in vitro in the
form of solutions, ¢.g., aqueous solutions, and n vivo either enterally, parenterally,
advantageously intravenously, €.2., as a suspension or in agqueous solution. The dosage in
vitro may range between about 107 molar and 107 molar concentrations. A therapeutically
effective amount in vivo may range depending on the route of admuustration, between about
0.1-500 mg/kg, or between about 1-100 mg/kg.

86721 The compound of the present invention may be admistered either
simultancously with, or before or after, one or more therapentic co-agent(s) (co-therapeutic
agents). Swuitable co-therapeutic agents for use 1w the mvention include, for example, cancer
chemotherapeutics mcluding but not limited to inlubitors of PI3K, other inhibitors of the Raf
pathway, paclitaxel, decetasel, temozolonude, platins, doxorubicins, vinblasting,
cyclophosphamide, topotecan, gemcitabine, ttosfamide, etoposide, innotecan, and the like.
The compound of the present invention may be adnunistered separately, by the same or
different route of admimistration, or together m the same pharmaceotical composition as the

co~agent(s).
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(8073 In one embodiment, the invention provides a product comprising a compound
of formula I and at least one other therapeutic co~agent as a combined preparation for
sunaltancons, separate or sequeniial use in therapy. In one embodiuent, the therapy is the
treatment of a disease or condition mediated by B-Raf or C-Raf, such as cancer. Products
provided as a combined preparation achude a composition comprising the compound of
formula I and the other therapeuiic co-agent{s) iogether 1 the same pharmaceutical
composition, or the compound of formula T and the other therapeutic co-ageni(s) i separate
form, ¢.g. in the form of a kit.

(6674} In one embodiment, the invention provides a pharmaceutical composition
comprising a compound of formula 1 and another therapeutic co~agent(s). Optionally, the
pharmaceutical composiion may comprise g pharmaccutically acceptable carrier, as described
above.

[6075] In one embodiment, the imvention provides a kit comprising two or more
separate pharmaceutical composttions, at least one of which contains a compound of formula
1. In onc embodiment, the kit comprises means for separately retaining said compositions,
such as a contamer, divided bottle, or divided foil packel. An example of such a kit 1s a blister
pack, as typically used for the packaging of tablets, capsules and the ke

[6075] The kit of the 1nvention may be used for admunisterimg ditferent dosage forms,
for example, oral and parenteral, for administering the separaie compostiions at different
dosage intervals, or for titrating the separate compositions against one another. To assist
compliance, the kit of the invention typically comprises directions for admmistration.

(80773 In the combination therapics of the invention, the compound of the mvention
and the other therapeutic co-agent may be manufactured and/or formulated by the same or
different manufaciurers. Morcover, the compound of the mvention and the other therapeuntic
may be brought together into a combination therapy: (3) prior to release of the combination
product to physicians (¢.g. in the ¢ase of a kit corprising the compound of the invention and
the other therapeutic agent); (1) by the physician themselves (or under the guidance of the
physician) shortly before administration; (111) in the patient themselves, ¢.g. during sequential

admnistration of the compound of the nvention and the other therapeutic agent.
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(86781 Accordingly, the mvention provides the use of a compound of formula f for
treating a discase or condition mediated by B-Raf or C-Raf, wherein the medicament is
prepared for administration with ancther therapentic agent. The wmvention also provides the use
of another therapeutic co-agent for treating a disease or condition, wherein the medicament is
admiristered with a compound of formula L

6079} The invention also provides a compound of formula I for use in a method of
treating a discase or condition mediated by B-Raf or C-Raf, wherein the compound of formula
115 prepared for admimnistration with another therapeutic agent. The invention also provides
another therapeutic co-agent for use in a method of treating a discase or condition mediated by
B-Raf or C-Raf, wherein the other therapeutic co-agent 1s prepared for administration with a
compound of formula I. The invention also provides a compound of formula [ foruse m a
method of treating a discase or condition mediated by B-Raf or C-Raf, wherein the compound
of formula I is admunistered with another therapeutic co-agent. The invention also provides
another therapeutic co-agent for use in a method of treating a discase or condition mediated by
B-Raf or C-Rat, wherein the other therapeutic co-agent is administered with a compound of
formula 1.

3084 The mvention also provides the use of a compound of formula I 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 mvention also provides the
use of another therapeutic agent 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 a compound of

formulal.

PROCESSES FOR MAKING COMPOUNDS OF THE INVENTION

[8081] The present invention also mcludes a process for the preparation of
compounds of the mvention. In the reactions described, it can be necessary to protect
reactive functional groups, for example hyvdroxy, amino, imine, thio or carboxy groups,
where these are desired in the final product, to avoid their unwanted participation i the

reactions. Conventional protecting groups can be used m accordance with standard
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practice, for example, see T.W. Greene and P. G M. Wuts in “Protective Groups in

Organic Chemistry”, John Wiley and Sons, 1991,

ADDITIONAL PROCESSES FOR MAKING COMPOUNDS OF THE INVENTION

[6082] A compound of the invention can be prepared as a pharmaceutically
acceptable acid addition salt by reacting the free base form of the compound with a
pharmaceutically acceptable inorganic or organic acid. Alternatively, a pharmaceutically
acceptable base addition salt of a4 compound of the mvention can be prepared by reacting
the free acid form of the compound with a pharmaceuticallv acceptable inorganic or
organic base.

[8083] Altematively, the salt forms of the compounds of the imvention can be
prepared using salts of the starting materials or mtermediates.

[8084] The free acid or free base forms of the compounds of the invention can
be prepared from the corresponding base addition salt or acid addition salt form,
respectively. For example a compound of the invention in an acid addition salt form can
be converted to the corresponding free base by treating with a suitable base {e.g.,
ammonium hydroxide solution, sodinm hvdroxide, and the like). A compound of the
mvention in a base addition salt form can be converted to the corresponding free acid by
treating with a suitable acid {e.g., hvdrochloric acid, etc ).

[B085] Compounds of the invention m unoxidized form can be prepared from
N-gxides of compounds of the mvention by treating with a reducing agent (e.g., sulfur,
sulfur dioxide, triphenvl phosphine, lithium borohydride, sodiwm borohvdride, phosphorus
trchloride, tribromide, or the like) in a suitable inert organic solvent {¢.g. acetonitrile,
ethanol, aqueous dioxane, or the like) at 0 to 80°C.

[6086] Prodrug derivatives of the compounds of the invention can be prepared
by methods known to those of ordinary skill in the art {e g, for further details see Saulnier
et al,, (1994}, Bioorganic and Medicinal Chemistry Letters, Vol. 4, p. 1985). For example,
appropriate prodrugs can be prepared by reacting a non-derivatized compound of the
mvention with a suitable carbamylating agent {¢.g., 1, l-acyloxyalkylcarbanochloridate,

para-nitrophenyl carbonate, or the like).



WO 2016/038581 PCT/IB2015/056986

60871 Protected denvatives of the compounds of the invention can be made by
means known to those of ordinary 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.
Greene, “Protecting Groups in Organic Chemistry”, 3™ edition, John Wiley and Sons, Tnc.,
1999,

[6088] Compounds of the present invention can be conveniently prepared, or
formed during the process of the invention, as solvates (¢.g., hvdrates). Hydrates of
compounds of the present invention can be conveniently prepared by recrystallization
from an aqueous/organic solvent mixture, using organic solvents such as dioxin,
tetrahydrofuran or methanol.

[6089] Compounds of the invention can be prepared as their individaal
stereoisomers by reacting a racermic mixture of the compound with an optically active
resolving agent to form a pair of diastecreoisomeric compounds, separating the
diastereomers and recovering the optically pure enantiomers. While resclation of
enantiomers can be carmed out using covalent diastercomeric derivatives of the
compounds of the mvention, dissociable complexes are preferred {¢.g., crystalline
diastercomeric salts}. Diastercomers have distinct physical properties (e.g., melting
points, boiling points, solubilities, reactivity, ¢ic.} and can be readily separated by taking
advantage of these dissimilarities. The diastereomers can be separated by
chromatography, or preferably, by separation/resolution techniques based upon differences
i schubility. 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
description of the techniques applicable to the resolution of stereoisomers of compounds
from their racemic mixture can be found in Jean Jacques, Andre Collet, Samuel H Wilen,
“Enantiomers, Racemates and Resolutions”, John Wiley And Sons, Inc., 1981,

[6090] Insofar as the production of the starting materials is not particularly
described, the compounds are known or can be prepared analogously to methods known in

the art or as disclosed in the Example hereinaficr.
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One of skill 1n the art will appreciate that the above transformations are

only representative of methods for preparation of the compounds of the present mvention,

and that other well known methods can similarly be used.

[0092]

EXAMPLES

The present invention is further exemplitied, but not imited, by the

following intermediates and examples that ilkustrate the preparation of compoungds of

Formwda f according to the invention.

[8993] The following abbreviations may be used herein:
DAST {dicthviamino)sulfurtrifluoride
DBCM Dichloromethane
DIAD disopropylazodicarboxylate
DIEA disopropyicthyviamine
DMA Dmethvlacetamide
DMAP 4-cdhmethylamimopyridine
DME 1,2-dinethoxvethane
DMF N N-dunethylformamide
DPPF 1,1-bis{diphenylphosphinoYerrocene
1-(3-Dimcthviaminopropyl)-3-cthvicarbodiimide
EDC hydrochlornide
Et3AC cthyl acetate
EtOH Ethanol
HOAT Hydroxyazabenzotriazole
HOBt Hydroxybenzotriazole
KL.COs Potassium carbonate
MeCN Acctonitrile
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MgSOy Magnesiom sulfate
MeOH Methanol

NaCOs sodium carbonate

Na(l Sednmm chloride
NaHCO;, sodium bicarbonate
NBS N-bromosuccinimide
NMP N-methvl-2-pyrrolidone

Pdy{dba); Tris(dibenzylidencacetone)dipabiadmm(()

Pd{PPhs ) Tetrakis(triphenyphospine)paliadium(0)

Pd(dppfYCh- | Dichloro~(1,2-bis(diphenyiphosphinoJethan)-Palladium(1l) —
DCM dichloromothethane adduct

RTorrt roon: teraparatire

TBDMSCL | tert-butyldimethyisilvichlonide

TEA Tricthylamine
THF tetrahydrofuran
THP tetrahvdropyran
16094} Temperatures are given i degrees Celsius. I not mentioned otherwise, all

gvaporations are performed under reduced pressure, typically between about 15 mm Hg and
100 mm Hg (= 20-133 mbar). The structure of final products, intermediates and starting
materials 1s confimed by standard analyviical methods, e.g., microanalysis and spectroscopic
characteristics, e.g., MS, IR, NMR. Abbreviations used are those conventional in the art.
[6695] Mass spectrometric analvsis was performed on LCMS mstruments: Waters
Systern (Acuity UPLC and a Micromass ZQ mass specirometer; Column: Acuity HS5 C18
I.8-micron, 2.1 x 30 mm; gradient: 5-93 % acetomitrile in water with .05 % TFA overa 1.8
min period ; flow rate 1.2 mL/min; molecular weight range 200-1300; cone Voltage 20V,

column temperatare 30 °C). All masses were reported as those of the protonaied parent ions.

N2
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(80961 Nuclear magnetic resonance (NMR) analysis was performed on some of the
compounds with a Varian 400 MHz NMR (Palo Alto, CA). The spectral reference was either
TMS or the known chemical shift of the solvent.

16697} All starting materials, building blocks, reagents, acids, bases, dehvdrating
agents, solvents, and catalysts ntdized to synthesize the compounds of the present invention
arc either commercially available or can be produced by organic synthesis methods known to
one of ordinary skill in the art (Houben-Wey! dth Ed. 1932, Methods of Organic Synthesis,
Thieme, Volume 21). Further, the compounds of the present invention can be produced by

organic synthesis methods known to one of ordinary skall in the art in view of the following

cxamples.
Method 1
Syathesis of 4-Pvndinvl-Phenvl/3-Pvridiny] Amides as Intermediales
z. )
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6098} wherein 7 1s selected from CH and N, and R, 18 selected from pyridinyvi and

phenyl; wherein phenyl and pyridinyl can be substituted with a group selected from

trifluoromethyl, 1,1-difluorocthyl and 2-fluoropropan-2-vi.

Intermediate 1
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Synthesis of N-{3-(6-{2-hvdroxyethoxy)-3-morpholinopvridin-3-v1i-4d-methviphenv-3-

{triflucromethyvDbenzamide

Ie)
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,.» M B ~ N
HoN I"\j/b‘ Step 1 [\/,N Br -Aep 2 ud i =2 Siep 3 \[‘j 2
————t P o
g Wy smt, V0
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1/\ ~F \/CI
Step 4 \j\f\e)\vj Step 5 \/I\.\/\\ et N
o - o
CF3
THPO OH
[B099] Step 1: To an ice-bath cooled solution of NaH (60% tn mineral oil, 3.0 cquiv.)

in DMF (1.4 M) was added 3-amino-5-bromo-2-flucropyridine (1.0 equiv.). The suxtare was
alfowed to warm to room temperatare over 13 mun and then treated with bis(2-bromoethyl)
cther (1.5 equiv.). The mixture was heated fo 80 °C and stirred for 35 min. The cooled
reaction mixiure was poured o four volumes of water. The resulting precipitate was
collected by vacuum filtration. The filter cake was rinsed twice with water and twice with
heptanes. The tan solid was dried under high vacuum to give 4-(3-bromo-2-flucropyridin-3-
yDhmorpholine (83% vield). LCMS (m/z) (M+H) = 260.9/262.9, Rt = (.74 min.

60188 Step 2: 2-((Tetralwdro-2H-pyran-2-yhoxy)othanol (3.0 equiv.) was added
dropwise to a stirred suspension of 60% NaH (5.0 equiv.) in dioxane (0.5 M). The mixture was
stirred for 20 min followed by the addition of (4-(5-bromo-2-fluoropyridin-3-y]morpholine
(1.00 equiv.) and the reaction mixture was heated at 103 °C for 2.75 hrs. The cooled reaction
mixtore gquenched with water and extracted twice with EtOAc. The combined organics were
dried over Mg5Qy, filtered and concentrated. The crude was purified by flash chromatography
aver silica gel (EtOAc in heptane 0-17% gradient) to 4-(5-bromo-2~(2-((tetrahvdro-2H-pyran-
2-vhoxyjethoxy ypyndin-3-vDmorpholine (86 % vield). 1H NMR (400 MHz, Methylene
Chionde-d2) 8782 (d, J=22Hz, 1H), 721 (d, J=22 Hz, iH),4.71 - 4.66 (m, 1H), 4.57 -
445 (m, 2H), 4.07(ddd, J= 113,59, 34 He, 1H}, 394 -3.82 (m, 5H). 3.82 - 3.74 (m, 1H),

R
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3.52Qddd, F=95,79,36,24 Hz, 1H), 318 -3.10 (m, 4H), 1 89 - 1.66 (m, 2H), 166 - 1 48
(m, 4H). LCMS (m/z) (M+H) =389.2, Rt =142 min.

(60101} Step 3: To a 0.5 M solation of 4-(5-bromo-2-(2-((tetrabhydro-2 H-pyran-2-
vhoxy)ethosy)pyridin-3-yDmorpholine (1.0 equiv.) in dioxane was added 4-methyl-3-

{4,4.3 5-tetramethyl-1,3,2-dioxaboroclan-2-yhaniline (1.4 equiv.), PAC12(dppt). CH2CI12
adduct (0.06 equv. ). and ZM agueous sodiam carbonate (3.00 eguiv.). The reaction mixture
was purged with nitrogen and then heated at 80 °C for 18 hrs. The cooled reaction mixture
was powred onto water and extracted three time wih FtQAc. The combined organics were
washed with water and brine, dried over MgSOy, filtered and concentrated. The crude was
purified by flash chromatography over silica gel (EtOAc in heptane, 0-30% gradient) to give
4-methyl-3-(S-morpholino-6-2-((tetrabvdro-2 H-pyran-2-vhoxy jethoxy Jpyridin-3-yDaniline
(64.0 % vield). YH NMR (400 MHz, Methylene Chloride-d2) 8 7.72 (4, J=2.1 Hz, 1H), 7.14 -
6.99 (m, 2H), 6.63(dd, J=80,25Hz 1H),658(d, J=25Hz 1H), 474 (dd, J=4.1. 2.8 Hz,
1H}, 465 -448 (m, 2H), 4 13 (dd, J=65,35 Hz, {H), 397 -3.78 (m, 6H),3.78 - 3.63 {m,
2H),3.63 -3.47 (m, 1H), 3.27-3.06 (m, 4H), 2.18 (s, 3H), 1.92- 1.70 (m, 2H), 1.69 - 1 47 (im,
4H). LCMS (m/z) (M+H)Y =414 4, Rt = 1 30 min.

[80102] Step 4: To a solution of 4-methyl-3-(S-morpholinoe-6-(2-((tetrahydro-2H-
pyran-2-yDoxy)ethoxypyridia-3-vhaniline (1.0 equiv) and 3-(triflucromethvl)benzoic acid

{1 2 equiv.y in DMF (0.15 M) at 25 °C were added BOP (1.3 equiv ) and NMM (3 equiv) and
the mixture was stirred for 18 h at 25 °C. The mixture was poured onto brine and extracted
four imes with ethyl acetate. The combined organics were dried over MgS0y, filtored and
concentrated. The crude was purtfied by flash chromatography over silica gel (FtOAc n
heptane 0-30% gradient) to N-(4-methyl-3-(5-morpholino-6-(2-((tetrahydro-2H-pyvran-2-

vhoxy Jethoxy)pyridia-3-yDphenyD-3-<(influcromethylbenzamide (86% yield). 1H NMR (400
MHz, Methylene Chloride~-d2) 8 8.65 - 8.51 (m, 1H), 819, J=19 Hz 1H), 8.10(d, J=79
Hz, 1H), 7824, J =78 Ha 1H),7.73(,J=20Hz 1H),766-738(m, 2H), 752, }=24
Hz, 1H), 728(d, J=81Hz 1H),708(d, I=20Hz 1H), 473 J=34Hz 1H) 4.66-450
(o, 2H), 4.11 (ddd, J=11.3,5.9, 3.4 He, 1H),3.97 - 3.76 (m, 6H), 3.60 - 3.48 (m, 1H), 3.21 -
3.08 (mm, 4H), 229 (s, 3H}, 192 - 1.68 {m, 2H), 1,68 - 1.48 (m, 4H). LCMS (m/z) (M+H)

=586.3, Rt = 1.63 min.
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(80193} Step 3: To a solution of the N-(4-methyl-3-(3-morphohne-6-(2-{{tetrahvdro-
2H~pyran-2~-yhoxviethoxy ypvridin-3~-yDphenyD-3-(trifluoromethvhbenzamide (1.0 equiv) in
MeCGH (0.15 M} at 25 °C was HCH (4 M 1n dioxane, 12 equav) and the muxtore was stirred for
30 min at 25 °C. The nuxture was concentrated and then partitioned between saturated
aqueous NaHCO; and ethyl acetate. The combined organics were washed with saturated
aqueous NaHCO; and brine, dried over MgSQy, filtered and concentrated. The crude was
purified by preparative HPLC (X-Bridge 30x30mm Sum column, 35-60% ACN/H,O gradient
w/ 5 mM NH4yOH) to N-(3-(6-(2-hvdroxyethoxy}-3-morpholinopyridin-3-v1)-4-
methyipheny})-3-(nifluoromethyithenzamide (66% yield). TH NMR (400 MHz, Methyvlene
Chlonde-d2) 5 8.06 (s, 1H), 798 (4, J =78 Hz, 1H), 788 (s, 1H), 7.77 - 7.71 (m, 1H), 7.63 (d,
J=21He THL 757, I=78Hz I1H), 750{dd, J=8223Hz, 1H), 735{d, I =23 Hz,
1H), 7.21(d,J=83Hz 1H), 704 (d,J=2.0 Hz, 1H), 4530 - 4.44 (m, 2H), 3.87 - 3.82 (m,
2H), 3.79 - 3.72 (m, 4H), 3.08 - 2.99 (m, 4H), 2.18 (s, 3H). LCMS (m/z) (M+H) =5023, Rt =
1.40 min,

Intermediate 2

Svathests of (R)}-N-(3-(2-(2-hvdroxyvethoxy -6-{ 3-methvimorpholingpvridin-4-vi-4-

benzamide

methvipbenvD-3-(trilluoromethy]

2

CF

[B0164] Step 1: To a 0.3M solution of 3-bromo-4~-methylanding (1.1 equiv) in DME
was added (2,6-difluoropyridin-4-vhboronic acid (1.0 equiv.), PACI2(dppf). CH2C12 adduct
{0.05 equiv.), and 2M aqueous sodium carbonate (3.00 equiv.). The reaction mixture was

heated at 80 °C for 2 hrs. The cooled reaction mixture was partitioned between water and
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EtOAe. The combined organics were washed with brine, dued over MgSQy, filtered and
concentrated. The crude was purified by flash chromatography over silica gel (FtQAc in
heptane, 8-60% gradient) to give 3-{2.6-diffucropynidin-d-yvir-4-methyiambine (95 0 % vield).
LOCMS (m/zy (M+H) =221.2, Rt = (.95 min.

[60105] Step 2: To a 0.5 M solution of 3-(2,6-diflucropyridin-4-vi)-4-methvlantdine
(1.00 eq) and Hucenig's abse (2.0 eq) in DMSO was added (R)-4-methyimorpholine (1.6 ¢q).
The reaction was mixture was heated to 100°C for 18 brs. The reaction was partition between
water and EtOA¢. The aqueouns was further washed with EtOAc. The combined organics
were washed with brine, dried over MgSQy, filiered, and concentrated. The crude was purified
by flash chromatography over silica gel (EtOAc m heptane, 0-40% gradient) to give (R)-3-(2-
fluoro-6-(3-methylmorphohaojpyridin-4-yi-4-methylanitine (90%). LCMS (m/z) (M+H)
=302.0, Rt=1.01 min.

[60106] Step 3: 2-((Tetrabydro-2H-pyran-2-yDoxy)ethanol (4.0 equiv.) was added
dropwise to a stirred suspension of 60% NaH (4.0 equiv.} n dioxane (1.0 M). The nuxture was
stirred for 20 min followed by the addition of (R)-3-(2-fluoro-6-(3-methvimorpholine ypyridin-
4-yli-4methyvianitine (1 .00 equiv.) and the reaction mixtare was heated at 100 °C for 4 brs.
The cooled reaction mixture quenched with water and extracted three times with EtQAc. The
combined organics were washed with brise, dried over MgS0,, filtered and conceuntrated. The
crude was purified by flash chromatography over silica gel (EtOAc in heptane 6-60%
gradient) to 4-methvl-3-(2-((R)-3~methylmorpholing }-6-2-((tetrabvdro-2 H-pyran-2-
vhoxylethoxyipyridin-4-vhanilime (93 % vield). LCMS (m/z) (M+H) =4822, Rt = 1.14 min,
(60107} Step 40 To a solution of 4-methyl-3-2-((R)-3-methylmorphohno}-6-(2-
{(tetrahydro-2H-pyran-2~yDoxy)ethoxy jpyvridin-4-yDantline (1.0 equiv) and 3-
{triftuoromethylbenzoic acad (1.1 equiv.} in DMA (0.3 M) at 25 °C were added HOAT (1.3
cquiv.), -PrNEL (3 equiv.), and EDC (1.3 equiv) and the mixture was stirred for 3 h at 25 °C.
The mixture was poured onto water and extracted three times with ethyl acetate. The
combined organics were washed with water, brine, dried over Mg50y4, filtered and
concentrated. The crude was purified by flash chromatography over silica gel (MeOH m DCM

§-10% gradient) to N-(4-methy1-3-(2-{{R)-3-methylmorpholing }-6-2-{{tetrahydro-2 H-pyran-
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2-vDoxyethoxy)pyridin-4-yhphenyl)-3-(tnfluoromethvDbenzamide (71% yield). LCMS
(nzy (M+H) =6003, Rt =1.67 min.

(60108} Step 5: To a solution of the N-{(4-methy]l-3-(2-(R}-3-methylmorpholine 3-6-{2-
{(tetrabhydro-2H-pyran-2~vDoxy ethoxy pyridin-4-vhphenvD-3~(trifluoromethyl ybenzamide
(1.0 equuivy m MeOH (0.3 M) at 25 °C was 4 M ag HCI (100 equiv) and the mixture was
stirred for 3 h at 23 °C. The mixture was poured onto saturated aqueous NaHCO; and
extracted three times with cthyl acetate. The combined organics were washed with brine,
dried over MgSQy, filtered and concentrated. The crude was purified by flash chromatography
over silica gel (EtOAc n heptane 0-10% gradient) to N-(4-methyl-3-(2-((R})-3~
methyimorpholine)-6-(2-((tetrahydro-2H-pyran-2-vDoxy yethoxy )pyridin-4-vDpheny1)-3-
(trifluoromethyDbenzamide (71% vield). 1H NMR (400 MHz, Methanol-d4) & ppm 8.28 -
816 (m, 1H), 788 (d,J=78Hz 1H), 772 (1, =78 He, 1H)L. 7.65-7534 (m, 1H),7.27(d, ]
=83 Hz, 1H), 6,16 (s, 1H), 6.067 (s, 1H), 439 - 432 (m, 2H), 398 (dd, J=11.3,3.5 Hz, 1H),
391-370¢n, 3H),3.60(td, T=118,3.1 He, 1H), 318 (4d, J=12.6, 3.8 Hz, 1H)}, 2.26 (s,
2H), 1.23 (d, J = 6.7 Hz, 2H). LCMS (m/z) (M+H) =516.2, Rt = 1,42 min.

361469 The following miermediates of Table | were prepared via Method 1 using the
appropriate starting materials:
Table 1
Intermediate Structure Name Physical Data
(R)-2-(4.i- TH NMR (400 Mz,
o/\r’ F ] o diftworoethy h-N-(3-(2- | Methanol-d4) § ppm 8.79
LN N i {2-hy droxyethoxy }-6- {dd, =48, 2.2 Hz, 04},
3 ~YS T‘-M (3- 8.17 (s. OF), 7.95 - 7.91 (m,
Njﬁ’ N M methylmorpholino)pyri | OH), 7.66 - 7.55 (m, 1H),
5 /i\ din-4-y1)-4- 797 (dd, = 8.3,3.7 He,
B methylphenybisonicotin | O0H), 6.13(d,J=17 Hz,

J

HO

amide

0H), 6.06(d, =14 Hz,
0D, 4.39 - 4.32 {m, 1),
3.97(d, =112 Hz, G6I1),
3.90 - 3.83 (m, 1}, 3.78
{dd, =186, 7.0 Hz, IH),
3.65 - 3.54 (m, 0H}, 3.23 -
302 (m, OH), 2.25(d, 1=
22z H)L 203 (1 1=
187 Hz 1H)L 123 dd, T=
6.7, 1.5z, 1H) LCMS
(m/zy (MHH)=5§32, Rt =
1.29 min.
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{R)-2-(2-fluoropropan-
2-v1-N-(3-(2-(2-
hydroxyethoxy )-6-(3-
methylmorpholine)pyt
din-4-y)-4-
methylphenylisonicotin
amide

1H NMR (460 Mz,
Methanol-d4) & ppm 8.69
{d, J=35.1 Hz, IR), 8.05 (s,
0H3, 7.76(d, ] = 3.1 Hz,
1H), 7.67 - 7.55 {m, 1),
7.28(d, J=83 Hz, tH),
6.16 (s, 1H), 6.06 (s, 1H),
439 -4.32 (m, 2H), 3.98
(dd, J=11.3,3.3 Hz, IH),
3.90 - 3.83 (m, 1}, 3.85 -
370 (m, 2H), 360G (td, I =
13.8, 2.9 Hz, IH), 3,58 (id,
J=1426,37Hz 1H),2.26
{s, 2H), 1.73 (s, 21D), L.70
{s,2H)y, 1.23 (d. J =67 Hz,
2H). LCMS (/) (MAHD
=509.2, Rt = 1.29 min.

{(R)-N-(3-(2-(2-
hydroxyethoxy )-6-(3-
methylmorpholine)pyri
din-4-y1)-4-
methylphenyh)-2-
(tiflucromethylyisonico
tinaxuide

1H NMR (460 MHz,
Methanol-d4) 6 ppm 8.89
{d, J=35.0Hz, IH), 829 (s,
1H). 8.1 (dd, J=35.0,1.2
Hz, 1H}, 7.67 - 756 (m,
1H), 7.27(d, =83 Hz,
1H), 6.15 (s, IH), 6.08 -
6.063 {(m, 1H),4.39-4.51
(m, 2H), 3.97 (dd, J= 113,
35 Hz 1H), 3.90-3.70 (m,
SHY, 360 (d. J= 119,31
Hz, (), 507 4d, I = 12.6,
3.8 Hz, 11),2.25 (5, 2H),
1.23(d, J=6.7 Hz, 2H).
LOMS (m/zy (M)
=517.1, Rt=1.32 min.

o

(R)-N-(2'(2-
hydroxyethoxy)-2-
methyl-6'-(3-
methyimorpholino)-
{3.4"-bipyridin}-5-vi)-3-
(triflucromethybenza
mide

TH NMR (4060 MHz,
Methanol-d4) 3 ppm 8.83
{d, J=235Hz 1) 8.2%(d,
I=20Hz i), 823(d. 1=
794z [H), 809, J=25
Hz, 1H}, 7.95 - 788 (m,
1H), 774, 1= 7.8 Hz,
1H, 6214, J=10Hz,
1), 6.16{d, J= 190 Hz,
1), 4.37(dd, F=58,42
Hz 3H),3.98(dd, =114,
5.6 Hz, 1H),3.94-3.83 (m
SH), 3.83 - 3.71 (m, 2H),
3.61(d, J=11831Hz
THY, 320 (d. J= 126,38
Iz, 1H), 2.48 (s, 31, 1.24
{d, J=6.0Hz 3H) LCMS
(m/zy (M+H) =517.0, R =
114 min.

>

N-(3-(2-(2-
hydroxyethoxy)-6-
morpholinopy ridin-4-
yi-4-methyiphenyf)-3-
(triflucromethylibenza
mide

{1H NMR (400 MHz,
Methanof-d4) 8 ppm 8.26
(i, J=18 Hz, [H), 820
(dd. J=77, 5.6 Hz, 1H}),
789 (dt, J=78, 12 Hz,
1H), 7.724, 1 =78 Hz,
1H), 7.66 - 7.52 (m, 21D,
7.27(d, =83 Hz 1H),
6.23 (d.J=1.0Hz [H),
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6.12(d, J =09z 1H),
4.43 - 430 (m, 2H), 3.93 -
3.83 (m, 2H), 3.79(dd, J =
57, 4.0 Hz 4H}), 3.55 -
3.44 (m, 4H), 2.26 (s, 3H).
LOMS (m/zy (MAH)
=502.1, Ri= 152 min.

O/\i \//\\ diby deoxypropoxy }-6- Methylene Chloride-d,) 8
N P morpholinopyridin-4- 9.96 (s, 1H), 886 (d.J =
~ (/\\/\ J\E yh-d-methylphenyD-4- | 5.0 Hz, 15, 8.54 (dt,J =
N\f/" (trittuoromethyDpicolin | 1.7, 0.8 Hz, 1H), 7.80 -
amide 7.73 (m, 2H), 765 (d, ./ =

(S N-(G-(2-(2.3-

TH NME (400 MHz,

23 Hz, M. 754 (4,0 =
831z, 1H), 6.23 (4, /=

10Hz, B, 6.18¢d, J=
0.9 Hz 1H), 4.50-440 (m,
2H), 408 (1, J= 58,43
fz 1H} 3.87-3.81 (m,
4H), 3.81 -3.67 (m, 2H),
354 (dd, /=59 40 Hz,
4H3, 2,31 (s, 3H) LCMS
/7y (MHH) =533.0, Rt =
1.41 min,

EXAMPLE ¥

2-{{4-2-mothvi-3-2-(irfluoromethvDisonicotinanmido henvihi-6-morpholinopynidin-2-

vhoxy)ethvl dihvdrogen phosphate

(60116} To a stirred solution of N-(3-(2-(2-hydroxyethoxy -6-morpholimopyridin-4-vy1)-

4-methviphenyl)-2-(irifluoromethy isonicotinamide (1.0 equiv.y in THF (0.2 M) at -78 °C was
added 2 6-letidine (2.5 cquiv.), and then POCL (2.0 equiv.} was added dropwise. The mixture
was stirred at ~78 °C for 1.5 h and then quenched slowly with saturated aquenos NaHCO; and

allowed to warm to RT. The muxture was poured wnto a separatory funnel and washed twice

with DUM. The cbiamed agucous layer was acidified to pH 3 with 6 M HCH and exiracted
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twice with EtOAc. The combined orgamics were washed with brine, dried over Mg80.,
filtered, and concentrated. The residue was taken up i miramal H,O, and then saturated
agueons NayCO; was titrated in unti] the muxture had a pH of 10, The mixture was stirred for
30 minutes, diluted with McOR, adsorbed onto Celite and dryv-loaded onto a C18 column pre-
cquibibrated with water. Alternatively, the reaction mixture was quenched slowly with a small
amouant of water and allowed to warm to RT. Saturated agqueous Nap, U0, was then titrated mto
the mixture until the it had a pH of 10. The mixture was stirred for 13 min, and then diluted
with MeOH, adsaorbed onto Celite,and drv-loaded onto a C18 column pre-equuilibrated with
water. Purification was carried out via flash chromatography cluting with water and 0-40%

cetonitrile gradient. Pure product fractions were combined and lyophilized. Isolated 2-((4-(2-
methyl-5-2-(riftuoromethyvl isonicotimamido Jphenyi-6-worpholinopyridin-2-vhoxy ethyl
dihivdrogen phosphate was as the corresponding sodiurm salt in 40% vield. Optionally and
additionally, this material could be recrystallized from 93% EtOH/water to provide pure,
crystalline material after drving for 72 h in a 40°C vacuum oven. 'H NMR (400 MHz,
<cd3od>) Sppm 2.26 (s, 3 HI345-354 (m, 4 H)3.74-383 (m,4 H)4.16 (g, /=5.60 Hz, 2
Hyd 47 (1, =340 Hz 2HY 606 (s, T HI 619 (s, 1 H} 729{d, /=853 He, 1 H} 754 {d, /=226
He, 1 Hy7.70 (dd, /=8.28, 226 Hz, 1 H) 8.13 (dd, /=5.02, 1.00 Hz, 1 H) 8.30(s, 1 H) 8.9¢ (d,
S=3.02 Hz, 1 H) LCMS Om/z) (M+H) = 5833, Rt=1.33 min.

EXAMPLE 2

{(R}-2~{{4-(2~-methvi-5-C~{trifluoromethyDbenzamidophenv]-6-(3-

methvimorpholino)pyridin-2-vhoxv)ethvl dibivdrogen phosphate




WO 2016/038581 PCT/IB2015/056986

80111} To a stirred selution of N-(4-methy]-3-(2-((R)-3-methyimorpholino)-6-(2-
{(tetrahydro-2H-pyran-2-vloxyethoxyipyridin-4-viphenyD)-3-(trifluoromethybenzamde

{I G equiv.)yin THF (0.2 M) at -78 °C was added 2 6-latadine (2.5 equiv ), and then POCL (2.0
equiv.) was added dropwise. The mixture was stirred at -78 °C for 1.5 b and then quenched
slowly with a small amount of water and allowed to warm to RT. Saturated agueous Na,CO;
was then titrated mto the mixture until the it had a pH of 16, The mixture was stirred for 15
min, and then diluted with MeOH, adsorbed onto Celite,and dry-loaded onto a C18 column
pre-equilibrated with water. Purification was carried out via flash chromatography eluting with
water and 0-40% acctonitrile gradient. Pure product fractions were combined and lyvophilized.
Isodated (R)-2-((4-(Z2-methyi-5-(3-(trifluoromethyDbenzamido)phenyD-6-3-
methvimorpholino)pyndin-2-yvioxyjethyl dihvdrogen phosphate as the corresponding sodium
salt m 34% vield. 'H NMR (400 MHz, METHANOL-4,) & ppm 122 (d, J=6.33 Hz, 3 H) 2.25
(s, 3H) 317 (td, /=12.67,3.76 Hz, 1 H)3.60 (1d, /=11.80,3.01 Hz, 1 H)3.70 -3.81 (m, 2 H)
386{(d /=130 He, FHI397(dd, /=11.04, 301 Hz, 1 Hh4.16 (¢, /=552 Hz, 2 H14 36 (d,
J=0.53 Hz, 1 H)4.40-435(m, 2 H) 6.02 (s, L H)6.13 (5, 1 H) 7.27 (d, J=8.53 Hz, 1 H) 7.51
d, /=201 Hz 1 H)767(dd, /=803, 201 H, TH}769-776(m, 1 H)788{d /=733 Hz }
HYy820(d, /=753 He 1 H)826 (s, 1 H). LCMS (mz) (M+H}= 593 9 Rt =086 mm.

EXAMPLE 3

o™y N S
| 1 1 - N
L0 ey O 0L
S \\(\j/l\.%d\\\l &TN\ '\eij)ﬂ H EE\/&’ g \‘;/A§ ## EJ\E!\
H Step 1 i S N b
Nz LA & CE 1:19) \f P
s} CF

[60112] Step 1: To astirred sohution of (5)-N-(3-(2-(2,3-dihydroxypropoxy }-6-

morpholinopynidin-4-vh-4-methylphenyl-4-(rifluoromethylpicolinamide (1.0 equiv.) n

[N
L
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pyridine (0.2 M) at -20 °C was added di-tert-butyl phosphorobromidate (6 equuv.}. The
mixture was stirred at -20 °C for 10 min and then quenched with MeOH and allowed to warm
to RT. The nmuxtore was concentrated and then pariboned between water and ethyl acetate.
The combined organics were washed with saturated aqueons NaHCOs and brne, dried over
Mg50y, filtered and concentrated. The crude was purified by preparative HPLC (X-Bridge
30x50mm 3um colamn, 53-80% ACN/H;0 gradient w/ 5 M NH4OH) to (R)-di-tert-butyl-
(2-hvdroxy-3-((4-(2-methyl-3-(4-(rifluoromethyhpicolinamido))phenyl-6-morpholinopyridin-
2-vhoxypropyl) phosphate (73% vield). (M+H) =725.3, Rt = 1.65 min.

(60113} Step 2: To a stirred solution of (R)-di~tert-buty-(2-hydroxy -3-({4-(2-meothyl-3-
(4-(triffocromethvDpicolinamido)pheny!}-6-morpholinopyridin-2-vhoxy ypropyl) phosphate
(1.0 equiv.) e MeOH (0.5 M) at 0 °C was added HCI (4 M in dioxane, 120 equiv.). The
mixture was stirred at 0 °C for 1 h and then concentrated. The residue was taken up
MeCUNAwvater, frozen, and lyopbilized to (R)-2-hyvdroxy-3-((4-(2-methyl-53-(4-
{irifluoromethyDpicolinamido)phenyl)-6~-morpholinopyridin-2-yhoxyipropyl dihvdrogen
phosphate (96% vield). "H NMR (400 MHz, DMSO-d,) & 10.79 (s, 1H), 9.03 (d. /= 5.0 Hz,
1H), 809{dd, /=31, 1.1 He, 1H}, 785(dd. 7=83, 23 Hy 1H), 781 (d, /=22 Hz 1H),
729(d,J=84Hz I1H), 627 (s, 1H), 606, J=07Hz 1H),430(dd, J= 110,48 Hz, 1H),
416(dd, J=11.0,6.0Hz, 1H), 4.01 (p. /=55 Hz, TH), 3.85 (s, /=7.9,3.8 Hz, 2H), 3.75 -
3.63 {m, 6H}, 3.532 - 3.42 {m, 6H), 2.24 (s, 3H). {(M+H)} =613.1 Rt = 1 36 min.

160114} The following examples of Table 2 were prepared using methods similar to

those described in the above examples using the appropriate starting materials.

TABLE 2

Example Stracture Name Physical Data
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4 (R)-2-((2-methvl-6-(3- | H NMR (400 Miiz,
Q"\r»“’ e My o methyimorpholino)-5- METHANOL-4:) d ppm 1.24 (d,
K/N\, “ Y . /\/\ (3-(uiflucrometisy i}- J=653Hz, 3H) 2.47 (s, 3 3.4
{ [:_ i o benzamido)-{3 4"~ -3.26 (m, LH)Y3.51-3.65(m, |
N N bipyridin}-2"-yhoxy - HY3.70-3.82 (m, 2 H) 3.88 (4,
o) 5, ethvl dibydrogen J=1230 He, 1 H) 3.98 (dd,
HOR !/ phosphate J=1104, 226 Hz, 1 H) 4.19 (4,
P O/I J=376Hz, 2 B)Y4.538 (d, J=5.77
HO Hz, § H) 443 - 455 (m, 2HI6.06
s, 3619, 1 H)7.75 (1,
J=T778Hz, 1 HY 7 9i (d J=7.7
Hz, 1 H)805(d, /=201 Hz, § H)
8.25(d, /=778 Hz, 11138'79(5 i
H)8.87 (d. /=2.01 Hz, 1 H).
LOMS (n/zy (MHH) = 3970, Rt =
0.79 man.
3 2-{{2-methy 1-6' TH NMR (400 MHz,
(E‘ \\'E/Nj\ o rorpholing-5-(3- METHANOL-d) 8 ppm 2.47 (s,
N e i rifluoromethy ibens | 3 H) 349 -3.57 (m, 4 H) 3,75 -
N \ﬁ"’\ 7 E’\”/\ ;mldﬁ%; yipe 3.85 (m, 4 H) 4.15 (g, J=5.52 Hz,
Nz~ P bip‘v’ridill};Z'- 2HY448 ¢ J=5.14 Hz, 2 H) 6.10
o) o 'Dw S (5, P H)6.25 (s, L H)7.70 -7 .81
9 8 yhoxyjethy (. 1H) 7.91 (d, J=7.78 Hz, 1 HD)
HO-p J dihydrogen 8.04 (d, J=2.51 Hz, 1 1) 8.24 (4,
HO > phosphate J=T778 Hz, 1Y 8.29 (s, 1 H) 8.87
(d, /=226 Hz, 1 H). LOMS ()
(M) = 5831, Rt = 0.78 min.
6 RY2-(4-(3-(2-(1 1- ' NMR (400
O/}"" \/\\. o difluoroethyDisounicotin | MHz METHANQOL-d,} §
er\. A /E\;;;\ { N ammido)-2- ppmli.22 (d,J=6.78 Hz, 3 H) 2.03
\j! w’ :14 | ﬁ methylpheny H-6-(3- (t, /=1870Hz 3 H)2.25(s, 3 H)
Nag# #N methyimorpholmoypyri | 3,57 (i, /=12.67,3.76 Hz, | )
/(l) Fl din-2-yDoxy Jethyl 3.604d, J=11.67,3.01 He, § H
HO-J /‘ F diltydrogen phosphate 3.69-3.79 (m, 2H)3.82-3.89
'iOi o3 {m, 1 H)3.97 (dd, /=11.29,3.26
Hz, 1H34.15(q, /=535 Hz, 2 1)
435(d, J=653Hz 1 Hy4.41-
434 (m, 2H)Y6.00 (s, L H)6.13
(s, 1 H)7.27(d, /=828 Hz, | H)
7.53 (d, 1“2 26 Hz, VH) 7.68 (dd,
J=828,2.26Hz 1 HY7.96 (dd,
J=502, 1258z, T H)817 (s, 1
HY8.79 (d, J=5.02 Hz, 1 H).
LOMS (mz) (MAH)Y = 3931, R =
0.84 min.
7 2((A-(2-methyl-5-(3- | 'H NMR (400 MHz,
(rifluoromethyDbenza | METHANOL-d:3 & ppm 2.25 (5,
i\/ N mido)pheny)-6- FHY346-354 (m, 4 H)3.75 -
ijf | morphohinopyridin-2- 383 (m 4 H}4.17-428 (m, 2 H)
i # yhoxy ethyl 4,49 (8, J=5.07 Hz. 2 H) 6.08 (d,
0 !/U CF, dihydrogen phosphate J=0.86 Hz, { B 4, /=061
Ho-fl ] He, § 72744, /=831 Uz, T
ud o7 7.53 (d, /=232 Hz, | H)7.64 (dd.
J=R25 226 He, THYT6%-7.77
(m, 1 £1) 7.88 (3, /=782 Bz, 1 )
820 (d, /=795 Hz, 1 H)8.25(s. 1
Hy LCMS (m/z) (M+H) = 582 0.

L
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R =03.72 min,
g 2~-((4-(5-(2-(2- TH NMR (400 MHz,
o"ﬁ % e fluoropropan-2- METHANCL-d,} 8 ppm 1.65 -
!\/N\g N f’j\m AL N yhisonicotinanido)-2- L794m 6 ) 225 (5,3 H) 3.46 -
N 4 1 il meahylp}.ianyl)-.bf .56 (Lm, 4 H)'} 73 -3.83 (m, 4}{:
7 morpholinopyridin-2- 485 {q,J=5.66Hz, 2 H)4.47 (1.
. o) . yhoxy ettt J=532Hz 2HY6.07 (s, 1 H)6.19
o2 f /7F | Gikydropen phosphate | (s, § §)7.27 (4 J=8 31 Hz, 1 H)
ol 0”7 7.53(d, /=220 Hz, | H)7.66 (dd,
J=8.25,2.26 Hz, 1 7} 7.76 (34,
J=S07 165 Hz THYBOS (5 1
) 8.68 (d, =514 Hz, 1 H).
LOMS (mzy (MHH) = 3751 Rt =
0.74 min.
10 I{(A-(3-(2L.i~ T NMR. (400 Mz,
O e 0 ditluoroethyDisonicotin | METIHANDL-d,) 8 ppm 2.03 {1,
LK S N amidor2- J=18.71T02, 3 1) 225 (s, 3 1)
| i N i } methyiphenyh)-6- 3.44-3357 (m, 4 H)3.76-3.84
Nz i N J]". A 3. _’): /{8, _',/ 3.
\l// ~F morpholinopyridin-2-~ (m, 4 Hy4.11 -4.21 (m, 2 H) 4.47
o) e yhoxy Jethyl (£, /=338 Hz. 2 H) 6.06 (d.
HO-4 B F dihydrogen phosphate J=073Hz, THY6.19 (s, F HY 728
ng © d, /=844 Hz, I Y 7.52(d,
J=2.32 Hz, 1 H) 7.68 (dd, /=831,
2.32 Hz, § H)7.96 (dd, J=3.07,
1.53 8z, 1 H)h 8.17 (d, /=073 Hz,
1THY 879 {dd, J=5.14,0.61 Hz, |
Hy. LOMS (m/zy (MHH) = 5791,
Rit=0.72 min
11 (Ry-2-((4-(5-(22- " NMR (400 MHz,
O/Y ~Ry o fhaoropropan-2- METHANQOL-d,) 8 ppm 1.23 (d,
LN N /i\w J N yhisonicotinamido)-2- | /=660 Hz, 3 H} 1.66 - 1.79 (. 6
a! H (ﬁ methy ipheny)-6-(3- HY2.25(s.3H)y3.18(d, /=3.42
Mg 2N methyimorpholinopyri | Hz, | H) 360 (d, /=2.69 Hz, | T
o /q') - dr:m-?._yl)otxy}eﬁ\yi 3.71 ~3.80 (m, Z ) 3.86(d,
HO-4 /‘ / diliydrogen phosphate S=12.96 Hz, 1 H)y 3.97 (dd,
e O F=11.25,2.93 Hz, | 1) 4.16 (q.
JS=338 Hz, 2 Hy 4.36 (4, /=6.60
Hz, 1 Hy4.42-4.52(m, 2H)6.02
G, LH}6.13 (. 11D 7.27 (.
J=831 He, 1H)Y 7.52 (d, J=1.9¢
Hz, VH) 767 {dd, /=8.19,2 08
He TID 7.76 (dd, /=35.01, 1 34
Hz, T R05 (s, 1 H) 8.68 (d,
J=5.14 Hz, { H). LCMS (m/5)
(M) = 589.3, Rt = 0.74 min.
17 (Ry2-((4-(2-methyl-3- | H NMR (400 Mz,
O/\\v“"a \//”\\ o (2-(triftucromethyl)- METHANGL-d) 8 ppm 1.22 (d,
M. A A M isonicotinanido)phenyl | J=6.53 Hz, 3 H) 2.26 (s, 3 H} 3.08
\NT/:\‘/ T “/\ﬁ’ﬁl\ 3-6-(3-methiyl- -3.22 {m, 1 ) 3.60 (id, J=11.80,
‘3'// T morpholino)pyrdin-2- | 301 Hz, 1 H) 3.69-3.80 (m, 2 H)
o © &F, yhoxy jethyt 3.86 (d,/=13.05 Hz, 1 H)3.97
HO-f_ j dihydrogen phosphate | (dd, /=11.29, 326 Hz, 1 ) 4.16
ng © {q. /=552 Hz 2 H)4.36 (4,
J=653Hz, 1 H) 440 -4.54 (m, 2
Hy6 0l (s, 1 HY612(s, 1 H)7.28
{d, /=833 Hz, I H)7.53(d
J=2.080 Hz, 1 H} 7.70 (dd, /=8.03,
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2,01 Hz, § Hy8.13 (d, J=4.52 Hz,
THYS30 (s, 1 H} 890 (d, /=5.02
Hz, P H). LOMS (m/zy MHH) =
397.0, Rt = 0.79 nun.
13 2-((5-(2-mathyl-5-(2- | H NMR (400 Miiz,
9 ‘ 0 (riflucromethyDisonico | METHANOL-d,) & ppm 2.27 (
Low NG M N tinamidephenyi-3- 3H)3.10 - 318 (. 4 H) 175 -
I P H | N morpholinopyridin-2- 5.90 (m, 4 H) 4.22 (g, /=361 H?
7N \(/ yhoxy Jethiyl 2H)4.59 (4, =540 Hz, 2 H) 7.45
K‘ CFs dihydrogen phogphate d,/=226Hz, 1 H}73 {d,
OO J=828 Hz, 1 HY7 54 (d J=2,
o Hz, 1 H)7.6% (d, J=2.01 Hz, i }{;
OH 71 {dd, J=8.28, 2. 16 HL 1 H)
8 B3 (dd, J=5.02, 1.00 Hz, 1 H}
830 (s, § H)8.90 (d, J= >H7 1
Hy. LLMS (m/zy (MAHH) = 583
Rt = 0.78 min.
14 F{(3-(3-(2-(F. i~ "H NME (400 MHz,
Q/H =0 diftnoroethyDisomcotin | METHANGL-d;) [ ppm 2.03 (¢,
R NN NJ\ N amido)-2- J=1870 e, 310 2.27 (5, 3 1)
l {/,j H m methyiphenyf}-3- 3.08-3.19(m, 4 H) 3. 79 3.89
7N i morpholinopyridin-2- (m, 4 H)4.22(q, /=377 Hz, 2 H)
(/' Fj\ yioxy Jethyl 4,39 (1, J=5.40Hz, 2 H) 7.16 (d,
0s..0 £ dihydrogen phosphate J=201VHz, 1 H) 7.30 (d, /=8.33
oL He, | H)7.53 (d,./=2.26 Hz, § H)
OH 7.66-7.73 (m, 2 H) 7.97 (dd,
J=302 15 Hz TH)B I8 (s 1
) 8.80 (4, J=3.02 Hz, 1 5.
LOMS (s/z) (MAHH) = 579.0, Rt =
0.76 min.
13 2{(3-(5-(2-(2 H NMR. (400 MHz,
O/\E R o fluoropropan-2-~ METHANOL-4) 5 ppm 1.67 -
i\/m. A N NN yhisonicotinamido)-2- | 177 (m, 6 H) 2.27 (s, 3 H} 3.11 -
I 4 H i N methylphenyi)-3- 3 B8 (m 4 HY 381 -3.89 (m, 4 H)
o7 "N 7 morpholinopyridin-2- 422 (q,/=5.77Hz, 2 H)4.59 (1,
,/J F yhoxy Jethyl J=540 Hz, 2H) 7.16 (d, J=2.04
0u 0 ! dihydrogen phosphate He 1ID 736 (d, J=8.53 Hz, 1 ID)
Ho' 7.53 {d, J=2.26 Hz, 1 1) 7.65 -
OH 773 (m, 2 H) 7.77 (dd, /=502,
151 HzZ 1 Hy8.06 (s, 1 f)8.69
(d, /=5.02 Hz, 1 H). LCMS (/%)
(M) = 575.0. Rt = 0.76 min.
16 2((5-(2-methyl-5-(3- | H NMR (400 Miiz,
o ﬁ SNy o (irifluctomethylbenza | METHANOL-d,) & ppin 2.26 (s,
K/N % i\f’;i\N ; R mido)pheny!)-3- SHY3 4 -3.47 (m, 4 H) 3.82 -
I 4 Ho /E morpholinopyridin-2- 3.90 (m, 4 H) 4.22 (q, /=5.77 Hz,
07N | yhoxy)ethyl 2§ 459 (1, /=540 H( 27716
r/' CF, dibydrogen phosphate (d, /=201 Hz, 1H)7.29 (4,
. 1—8.’8114,} i) 753 (d, =326
Hoh Hz, 1 H}7.65 - 7.76 (m, 3 H) 7.88
OH (d, J=778 Hz, 1 ) 8.21 (d,
J=778 Hz, 1 H) 8.26 (5, | H).
LOCMS (m/z) (MHH) = 381 8, Rt =
0.71 win.
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2~((4-(2-methyi-5-(4-
(trifluoromethy Bpicoklin
amido)phenyl}-6-
morpholinopyridin-2-
yioxyethyi
dihydrogen phosphate

TH NMR (400 MHz,
METHANOL~d) S ppm 2.25 (5,
3H)345-356(m, 4H)3.75-
384 m4HY4.11-422 (e, 2 H)
4,48 (1, /=326 Hz 2 H) 6.08 (4,
J=0.86 He, 1 H)Y6.21 (d, J=0.86
Hz, FHY7.29(d, J=831 Hz, I ]I}
7.65(d, =232 8z, | H)7.72 (dd,
J=8.25,2.38 Hz, 1 H) 7.90 {dt,
J=501,08Hz 1 H)837 -8.46
(m, 1 H)8.95(d, /=501 Hz, | H).
LOMS (m/z) (MAH) = 383.0, Rt =
0.74 min.

18

2-((2'-methy}-3-
morpholing-3'-(3-
(triffucromethybbenza
mido)-{3,3" bipyudin}-
6-yljoxyrethyl
dibiydrogen phosphate

"H NMR (400 Mz,
METHANOL -d,) 6 ppw 2.49 (s,
3H)3.10-322 (m, 4 HY3.78 -
3.90 (m, 4 H)Y4.22 (g, J=5.75 Hz,
2 Hy4.62 (t, /=530 iz, 2 Hy7.21
(d,/=2.08 Hz, 1 B)7.69 -7.79
m, 2 H)7.90 (8, /=783 Hz, 1 H)
8.05 (3, /=245Hz, 1 H)8.24 (4,
J=782Hz, LH)830 (s, JH} &8¢
(d, /=245 Hz, 1 H). LCMS (m/z)
(M+H) = 583.6, Rt = 0.62 min.

100115]

ASSAYS

The activity of a compound according to the present invention can be assessed

by well-known in vitro & m vivo methods. Raf inhibition data provided herein was obtaimed

using the following procedures.

[66116]

In Viiro Rat Activity Determination: The RAF enzymes and the catalytically

inactive MEKT protein substrate were all made in-house using conventional methods. CRAF

cDNA was subcloned as full length protein, with Y340E and Y341E activating mutations, into

a baculovirus expression vector for SI9 msect cell expression. h14-3-3 zeta ¢cDNA was

subcloned into a baculovirus expression vector for SFY msect cell expression. 519 cells co-

oxpressing both proteins were lysed and subjected to mmobibized nickel chromatography and

cluted with lmidazole. A second column (Stropll binding column) was used and cluted with

desthichiotin, Protein Tags were removed using Prescission enzyme and the protemn was

further purified using a flowthrough step to remove tags.

[60117]

Raf FL refers to the full-length C-Raf protem.

40
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[B0138] Full length MEK I with an mactivating K97R ATP binding site mutation 1s
utilized as a RAF substrate. The MEK 1 ¢cDNA was subcloned with an N-terminal (his)s tag
o a vector for £ Coli expression. The MEK substrate was purified from 72 Coli lvsate by
nickel affinity chromatography followed by anton exchange. The final MEK] preparation was
biotinylated (Pierce EZ-Link Sulfo-NHS-LC-Biotin) and concentrated.

[60119] Assay Materials: Assay buffer is 50 mM Tris, pH 7.5, 15 mM MgCly, 8.01%
Bovine Serum Albumun (BSA) and 1 mM dithiothreitel (DTT); Stop buffer 1s 60 mM
ethylenediamineietraacetic acid (EDTA) and 0.01% Tweea® 20; b-Raf (V600E), active;
biotinylated 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 Gremer® plates).

ja8128) Assav conditions: b-Rat (V600E) approximately 4 pM; c-Raf approximately 4
aM; biotinylated Mek, kinase dead approximately 10 aM; ATP 10 uM for BRAF (VGOOE)
and | 1M for CRAF, Pre-incubation time with compounds 60 munutes at room temperature;
Reaction time 1 or 3 hours at room temperature.

{30121 Assay protocel: Raf and biotinylated Mek (kinase dead) were combined at 2X
final concentrations in assay buffer (30 mM Tris, pH 7.5, 15 mM MgCl, 0.01% BSA and |
mM DTT) and dispensed 3 ml per well in assay plates (Greiner white 384 well assav plates
#781207) containing 0.25 mi of 40X of a Raf kinase inhibitor test comapound diluted 1n 100%
DMSO. The plate was imcubated for 60 minutes at room temperature. The Ratf kinase activity
reaction was started by the addition of 3 mL per well of 2X ATP diluted in assay buffer. After
3 hours (b-Raf(VOO0EY) or | hour (c-Raf). The reactions were stopped and the phosphorylated
preduct was measured using a rabbit anti-p-MEK (Cell Signaling, #9121) antibody and the
Alpha Screen IgG (ProtemnA) detection Kit (PerkinElmer #6760617R), by the addition of 10
mL to the well of a mixture of the antibody (1:2000 dilution) and detection beads (1:2000
dilution of both beads) in Stop/bead buffer (25 mM EDTA, 30 mM Tris, pH 7.5, 0.01%
Tween20). The additions were carried out vader dark conditions 1o protect the detection beads
from hight. A Iid was placed on top of the plate and incubated for 1 hour at room temperature,

after which the huninescence was read on a PerkinElmer Envision instrument. The
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concentration of cach compound for 50% mhibition (ICsq) was calculated by non-linear
regrossion using XL Fit data analvsis software.

(60122} Sohubility of the compounds of the invention was assessed in a high throughput
solubility assav: compounds were received as 10 mM DMSO solutions. The DMSO stock
solution was then transferred into a microtiter plate. The DMSO solvent was dried with a
solvent evaporator (GeneVac), After the addition of buffer solotion (pH 6.8, pH 4.0 or
FaSSIF), the plate was scaled and shaken for 16-24 hours at room temperature. The plate was
centrifuged for phase separation and the supernatant guantified by a RapidFire 365 High-
throughput MS System (Agilant) coupled with a mass spectrometer {Sciex), using a calibration
curve constructed with the same DMSO stock solution. Solubility results (uM) are obtained 1n
triplicaie.

(80123} Using the assavs described above, compounds of the mvention exhibit
mhibitory efficacy for C-Raf and have an improved solubility profile compared to their
corresponding non-phosphate molecule as detailed i table 3, below.

160124 For example, 2-({(4-(2-methyl-5-(2-(tnfluoromethvDisonicotinamido)phenvl -

S-morphohinopvridin-2-vDoxy)ethyl dihvdrogen phosphate (example 13 exhibits inhibitory

efficacy of 0.1nM for C-Raf. Further, example [ has a solubility of 874 1M which represents
a greater than 48 fold improvement compared with the corresponding non-phosphate maolecule

{N-(3-{2-(2-hvdroxyethoxy -6-morpholinopvridin-d-v -4 -methviphenyl)-2-

{trifluoromethvliisonicotinamide) which has a solubility of 18 pM.

Example C-Raf (uM) | Solubility Sclability
(non- (M)
phosphate)
(LM}
i (4.0001 18 874
s 0.006 " 1000
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3 0.000024 14 987
i , -

0.0007 31 617
2 0.0001 107 725
6 Y -

0.0003 17 675
! 0.00005 5 124
9 T

0.0005 17 841
10 0.0003 12 634
1 — e

0.002 22 >1000
12

0.002 16 939
13 0.00003 43 792
14 0.00004 177 897
5
13 0.0004 11 936
16 0.001 36 >1000
7 0.00002 8 253
18 0.00002
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We Claim:

1. A compound of formula L

in which:
Ry is sclected from hvdrogen and methy!;

R, 1s selecied from pyridinel and phenvl; whercin phenyl or pynidinyi can be substitated

with a group selected from trifluoromethyl, 1, 1-difluoroethyl and 2-fluoropropan-2-yi;

X and Y are mdependently selected from N and ~OCH,CHR;R.,; wherein R; 1s selected
from hydrogen and OH; and R. 18 selected from 2-{phosphoncoxy)methyi and phosphonooxy;

with the proviso that if X s N, Y 18 ~OCH,CHRAR, and if Y s N, X 1s ~OCH,CHRR; and

V4 is selected from N and CH; or a pharmaceutically acceptable salt thereof.

2. The compound of claim 1 of formula la:

in which:

R 18 selected from hydrogen and methyvl;
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R, is selected from pyridinyd and phenyl: wherein phenyl or pyridinyi can be subsiifuted

with a group selected from mnifluoromethyl, 1 1-difluorocthyt and 2-fluoropropan-2-vi;

R; 1s selected from hydrogen and OH;
Ry is selected from 2-(phosphonooxy ymethyl and phosphonooxy; and
Z 1s selected from N and CH; or a pharmaceutically acceptable salt thereof.

3. The compound of claim 2, or a phamaccutically acceptable salt thereof, selected from:

O/\E,& | N 0
l\\/N /"\ /I N/
\ﬁ ) H
i\.\T/
o /r,() (IlFS
HO~
o
HO

i
=N CF3 N o) CF;
%-’ J/
HO-&
Oap O AN P
HO™ OH HO
OH
s} N N\ ~ ? SN Ry (s}
L /I;;J\. \N/h 2 SN J

. H 1] i £
HO»E | HO~5 ]
o e
o O HO Y

N
n
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D0 CODOE
N . i N N
L\/ \ﬂ/\ ZF N Ny ! = ﬁ |’\‘i
N .~ b I L F\‘\% =N
]
o} CF, A0 AT
HO E‘ HO- 2
Emp s’
ug O HO
o™ SRy o e "
S A A A YN
N\(AJ H 2N N,\},///' n \?N
o P P 5 o
HO- i F HO-
F A Fog
Ho © HO
R o™ \j o
E\\/,N\ Ny //\"J : e K/,Nm Ny P \N/IL /\\i
M /J H EE /i N H \ﬁ\;;\]
T Y ! !
o oY CFs o ° AP
HO- /f Ho-8 | /
{.‘ 4 ’-F;\
0 e
HO HC

4. The compound of claim | of formula Ib:

m which:
Ry 1s selected from hydrogen and methyl;
R 18 selected from pyridinyl and phenyl; wherein phenyl or pyridinyt can be substituted

with a group selected from trifluoromethyl, 1,1-difluorocthy! and 2-fluoropropan-2-vl;
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R is selected from hydrogen and OH,
R sclected from 2-{phosphonooxy methyl and phosphonooxy; and
Z is selected from N and CH; or a pharmaceutically acceptable salt thereof.
3

. The compound of clamm 4, or a pharmaceutically acceptable salt thereof, selected from:

TN N o
U Ul
SN PN I\\W /\j//N i\

H H i
N’?‘ =N Is) N/ iN
; CF,
A k) ) / =
O2p-0 Hgip’o
HO C’Jf i, OH
) Ny Q O R Q
! |
\\/'\I = N/li- I/\ L\\/hji/\\ Lz '\,/L\/&\..
B ' i
fe) a‘fj \k\i o \Né & \\Iz/'
.//l i ‘/) EFs
0.0 " DO
.—io’;r} HO’FI)
OH OH
6. A compound, or a pharmaccutically acceptable salt thereof, of formula:
o/\} ) i
Low 5 i
'l ) SNy | S g
i i H
N 2N
o]
o 81
“{u\ ” i
P,
HO
7. A pharmaceutical composition comprising a compound of claim 1 or a

pharmaceutically acceptable salt thereof and one or more pharmacentically acceptable carrers,

3

4/



WO 2016/038581 PCT/IB2015/056986

3. A combination comprising a therapeutically effective amount of a compound of claim
1 or a pharmaccutically acceptable salt thereof and one or more therapeutically active co-

agents.

9. A method of reating a profiferative disorder selected from ovarian cancer, non-small
cell lung cancer and cancers driven by Ras mutations, comprising administering to a subject in
need thereof a therapeutically effective amount of a compound of clam T or a

pharmaceutically acceptable salt thereof.

10. A compound according to clanm 1, or a pharmaceutically acceptable salt thereof, for

use as a medicament,

It A compound according to clamn 1, or a pharmaceutically acceptable salt thereof, for

use in the treatment of cancer.



