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FUSED RING HETERCARYL COMPOUNDS AND THEIR USE ASTRK
INHIBITORS
FIELD

This disclosure relates to new chemical entities and use of the entities as TRK inlubitors.

BACKGROUND

Trk’s are high affinity tyrosine kinase receptors that are activated by Neurotrophins (NT}. The
Trk receptor family has three members: TrkA, TrkB and TrkC. Among the neurctrophins are a group of
soluble growth factors Nerve Growth Factor (NGF) which activates TrkA, Brain-Derived Neurotrophic
Factor (BDNF) and NT-4/5 which activates TrkB, and Neurotrophin-3 (NT3) which activates TrkC.
Trk’s are widely expressed n neuronal tissue and are mmplicated in the maintenance, signaling and
survival of neuronal cells (Patapoutian, A. etal., Current Opinion in Neurobiology, 2001, 11, 272-280).

Inhabitors of the Trk/neutrophin pathway have been demonstrated to be effective n numerous
pre~clinical amimal models of pain.  Antagonistic NGF and TrkA antibodies have been shown to be
efficacious i inflammatory and neuropathic pain animal models and in human chimcal tnals. (Woolf, C1
et al. Newroscience 1994, 62, 327-331; Zahn, PX et al. J. Pain 2004, 5, 157-163; McMahon, 5B et al.
Nat. Med. 1998, 1, 774-780; Ma, Q.P. and Woolf, C. J. Newroreport 1997, 8, 807-810; Shelton, D.L. etal
Pain 2005, 116, 8-16; Delafoy, L. et al. Pain 2003, 705, 489-497; Lamb, K. et al. Neuwrogastroenterol.
Motil. 2803, 15, 355-361; Jaggar, S 1 etal Br. J Anaesth 1999, 83, 442-448

It has been shown that NGF secreted by tumor cells and turnor mvading macrophages directly
stimulates TrkA located on peripheral pan fibers. Using various tumor models in both mice and rats, 1t
was demonstrated that neutralizing NGF with a monoclonal antibody inhibits cancer related pain to a
degree similar or superior to the highest tolerated dose of morphine.  Activation of the BDNF/TrkB
pathway has been mplicated m numerous studies as a modulator of marious types of pam mcluding
mflammatory pain (Matavoshy, S, J. Physiol 2008, 569.685-695), neuropathic pam {Thompson, SW.
Proc. Natl. Acad. Sci. USA 1999, 9¢6:7714-7718) and surgical pain (Li, C.-Q. et al. Molecular Pain, 2008,
428}, 1-11). Because TrkA and TikB kinases may serve as a mediator of NGF driven biological
responses, mhibitors of TrkA and/or other Trk kinases may provide an effective treatment for chronic
pain states.

The association between overexpression, activation, amplification and/or mutation of Trk kinases

and several cancers as seen with studies conduct on neuroblastoma (Brodeur, G M. Nat. Rev. Cancer
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2003, 3, 203-216}, ovarian cancer (Kruettgen et al. Brain Pathology 2006, 16:304-310), prostate cancer
{Dionne et al. Clin. Cancer Res. 1998, #(8), 1887-1898), pancreatic cancer (Dang et al j of
Gastroenterology and Hepatology 2006, 21(5), 850-858), large cell neurcendocrine tumors (Marchetti et
al. Human Mutarion 2008, 29(5), 609-616}, and colorectal cancer (Bardell, A Science 2003, 300, 949)
support the reasoning that therapeutic implications of an effective Trk mhibitor may extend far beyond
pain therapy. In preclimcal models of cancer, non-selective small molecule inhibitors of TrkA, B and C
were efficacious in both inhubiting tumor growth and stopping tumor metastasis {(Nakagawara, A. Cancer
Letrters 2001, 169:.107-114; Meyer, J. et al. Leukemia 2007, 1-10; Pierottia, ML A. and Greco A. Cancer
Letters, 2006, 232:90-98; Fric Adriaenssens, E. et al. Cancer Res 2008, 68(2), 346-351).

Also, mhibition of the neurotrophin/Trk pathway has been shown to be effective in treatment of
wflammatory lung diseases including asthina (Freund-Michel, V. et al. Pharmacology & Therapeutics
2008, [77(1), 52-76), mterstitial cystitis (Hu Vivian Y, et. al. The Jowrnal of Urology 2003, 173(3), 1016-
1021), mtlammatory bowel diseases ncluding ulcerative colitis and Crohn’s disease (D1 Mola, F.F, et al.
Gut 2000, 46(5), 670-678) and mtlammatory skin diseases such as atopic dermatitis (Dou, Y.C. et al
Archives of Dermuatological Research 2886, 29513, 31-37), eczema and psoriasis (Raychaudhun, SP. et.
al. J Investigative Dermatology 2004, 122(3), 812-819).

Modulation of the neutrophin/Trk pathway has also been shown to have an effect in the etiology
neurodegenerative diseases including multiple sclerosis, Parkinson’s disease and Alzheimer’s disease
{Sohrabp, F. et al. Newoendocrinology 2006, 27(4}, 404-414),

Recent literature has identified new gene fusions m patients with lung cancer harboring the kinase
domain of the NTRK1 gene that encodes the high-affinity nerve growth factor receptor-TrkA proten
(Vaishnavi, A. et al. Nanre Medisine 2013, 19(11), 1469-1472).

The foregomg mformation is provided as background for understanding features of the mvention

and does not constitute an admission of prior art.

SUMMARY
The present apphication discloses new chemical entities. These new chemical entities can work
Trk inhibutors and are behigved to be useful 1n the freatment of multiple types of acute and chronic pain
mecluding but not limited to mflammatory pain, neuropathic pain, and pain associated with cancer, surgery
and bone fracture. The compounds are also believed to be useful in the treatment of cancer, inflammation,

neurodegenerative diseases and certain mfectious diseases.
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One aspect of the invention provides a compound of Formula 1 or a pharmaceutically

acceptable salt, solvate, polymorph, ester, tautomer or prodrug thereof

JEON
A
X”'j “
Formula 1

In some embodiments, R' of Formula I is a phenyl ring optionally substituted with one or
more substituent groups or a 5-6 membered heteroaryl ring optionally substituted with one or more
substituent groups, wherein the one or more substituent groups are independently selected from the
group consisting of halogen, ~CFs, -CHF,, NH;, hydroxyl, hnear C1-C4 alkyl, branched C1-C4 alkyi,
linear C1-C4 alkoxy, and branched C1-C4 alkoxy. Further, in Formula I, R is selected from the
group consisting of hydrogen, lingar C1-C4 alkvl and branched lmear C1-C4 alkyl Further,
Formula 1, X 15 selected from the group consisting of ~<CHy-, -CH,CH,-, -CHLO-, -CH,NH-,
CHyN(C1-C4 alkyl)-, -CH(F)-, -CFp-, -CH{CH-, -CH(OH)}-, -CH{OCH;)-, -CH{NH, }-, or -C{CH;z),-.
Further, in Formula I, Q 15 selected from the group consisting of ~C}-{:=:CR3C(0) NRR®,
CH=CRINR'CO)R’, -CH=CR'NR'CIOINR'R’, -CH=CR’R’, - CECCONR'R’, - CRCCR’, and

\
Y
i )r“"»‘ \
/ \\Y3
R AR
\‘Yz/

In Q of Formula I, R’ is selected from the group consisting of hydrogen, halogen, linear C1-
C6 alkyl and branched C1-C6 atkyl. In Q of Formula I, -NR'R’ either forms a 4-7 membered
heterocyclic ring or does not form a ning structure, the heterocylic ring being either hetercaryl or
heterocycloalkyl ring. When -NR'R” forms a 4-7 membered heterocyclic ring, the 4-7 membered
heterocyelic ring includes an optional second heteroatom in addition to the nitrogen of -NR'R’ and is
optionally substituted with one or more substituent groups independently selected from the group
consisting of linear C1-C6 alkyl, branched C1-Co alkyl, hydroxyl, carboxylic acid, hinear C1-C4 alkyl
carboxylic acid, and branched C1-C4 alkyl carboxylic acid branched. When -NR'R” does not form a
ring structure, R* is selected from the group consisting of hydrogen, linear C1-C6 alky! and branched
C1-C6 alkyl, and R is selected from the group consisting of hydrogen, linear C1-C6 alkyl optionally
substituted with at least one fluorine or at least one hydroxyl, branched C1-C6 alkyl optionally

substituted with at least one fluorime or at least one hydroxyl, and C1-C6 cycloalkyl optionally
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substituted with at least one fluorine or at least one hydroxyl. Further in Q of Formula | Y ¥ty
and Y* are each independently selected from the group consisting of -CH, N, G, S, u(II{fj, and -NR,
wherein R” is selected from the group consisting of hydrogen, linear C1-C4 alkyl, branched C1-C4

=
i
i

alkyl, 5-6 membered aryl ring, 5-6 membered heteroary! ring, 3-7 membered heterocycloalkyl ring, 3-
7 membered cycloalkyl rmg, -NHCO-{ary! ring)}, and -CH,;CO-(C3-C6 membered heterocylic ring).

In other embodiments, R’ of Formula 1 is a 6-membered aryl or heteroary! ring optionally
substituted with one or more substituent groups independently selected from the group consisting of
halogen, hydroxyl, linear C1-C4 alkyl, branched C1-C4 alkyl, linear C1-C4 alkoxy, and branched C1-
C4 alkoxy. Further, in Formula I, R” is hydrogen, linear C1-C4 alky! or branched linear C1-C4 alkyl;

and X is -CHy-, ~CH,CHy-, -CH,0- or -CH(Z)-, wherein 7 is halogen; and Q is -CH=CR'C(ONR'R’,

CORCCONRIR  or Y2

Further, in Q of Formula I R’ is hydrogen or halogen. Further, in Q of Formula I, -NR'R’
either forms a 4-7 membered heterocychic ring or does not form a ring structure, the heterocylic ring
being either heteroaryl or heterocycloalkyl ring. When -NR'R® forms a 4-7 membered heterocyclic
ring, the 4-7 membered heterocychc ring mecludes an optional second hetercatom m addition to the
nitrogen of -NR'R” and is optionally substituted with one or more substituent groups independently
selected from the group consisting of hinear C1-C6 alkyl, branched C1-C6 alkyl, hydroxyl, carboxylic
acid, linear C1-C4 alkyl carboxylic acid, and branched C1-C4 alkyl carboxylic acid branched. When -
NR'R’ does not form a ring structure, R* is selected from the group consisting of hydrogen, linear C1-
C6 alkyl and branched C1-C6 alkyl, and R’ is selected from the group consisting of hydrogen, linear
{1-C6 alkyl optionally substituted with at least one fluorine or at least one hydroxyl, branched C1-C6
alkyt optionally substituted with at least one fluorine or at least one hydroxyl, and C1-C6 cycloalkyl
optionally substituted with at least one fluorine or at least one hydroxyl. In Q of Formula 1, Y, VER'S
and Y* are each independently selected from the group consisting of -CH, N, O, 8, -CR®, and -NR®,
wherein R® is selected from the group consisting of hydrogen, linear C1-C4 alkyl, branched C1-C4
alkyl, 5-6 membered aryl ring, 5-6 membered heteroary] ring, 3-7 membered heterocycloalkyi ring, 3~
7 membered cycloalkyl ring, -NHCO-{aryl ring)}, and -CH,CO~(C3-C6 membered heterocylic ring).

In the forgoing compound of Formula I, R' a phenyl ring substituted with one or more

substituent groups may be independently selected from the group consisting of fluorine, methoxy and
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ethoxy; R’ and R’ are H: R’ may be selected from the group consisting of H, methyl, ethyl, iso-propyl,
eyclopropyl, t-butyl, methoxyethyl and hydroxyethyl. In the compound of Formula I, R' may be a
pyridine ring substituted with at least one selected from the group consisting of fluorine and methoxy;
R* and R’ are H; R’ may be selected from the group consisting of H, methyl, ethyl, iso-propyl,
cyclopropyl, t-butyl, methoxyethyl and hydroxyethyl. In the compound of Formula I, R' may be a
pyrid-Z-on-3-yl ring optionally substituted with one or more substituent groups independently selected
from the group consisting of halogen and C1-C4 alkyl.

In the compound of Formula 1, when -NR'R’ does not form a ring structure, R” is selected
from the group consisting of hydrogen, linear C1-C6 alky! and branched C1-C6 alkyl, and K’ is
selected from the group consisting of linear C1-C6 fluorcalkyl, branched C1-C6 tluorcalkyl, linear
C1-Co difluoroalkyl, branched C1-C6 difluoroalkyl, lnear C1-C6 inifluoroalkyvl, branched C1-C6
trifluoroalkyl, linear C1-C6 hyroxyalkyl, branched C1-C6 hyroxyalkyl, hnear C2-C6 difluorcalkyl,
and branched C2-C6 difluoroalkyl. In the compound of Formula I, -NR'R forming a 4-7 membered
heterocylic ring may be a 4-7 membered heterocycloalkyl ring. In the compound of Formula 1, when
NR'R® forms a 4-7 membered heterocyclic ring, the second hetercatom in the 4-7 membered
heterocyclic ring may be selected from the group consisting of nitrogen, oxvgen and sulfur.

The compound of Formula I ts a compound of Formula IL

~N
R! sz\\g R
S

=0
RS-;\Q

R4

Formula [

The compound of Formula I 1s a compound of Formula I

Formula HI

The compound of Formula | 1s a compound of Formula IV:
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Formula IV

The salt of the compound of Formula I may be selected from the group consisting of acetate,
benzoate, besylate, bitartrate, bromide, carbonate, chloride, edetate, edisviate, estolate, fumarate,
cluceptate, gluconate, hvdrobromude, hvdrochioride, 1odide, lactate, lactobionate, malate, maleate,
mandelate, mesylate, methyl bromide, methy! sulfate, mucate, napsylate, niirate, oxalate, pamoate,
phosphate, diphosphate, salicylate, disalicylate, stearate, succinate, sulfate, tartrate, tosylate,
triethiodide, triflucroacetate and valerate.

Another aspect of the invention provides a method of treating or prophylaxis of a TRK
mediated disease selected from the group consisting of papillary thyroid carcinoma, pancreatic cancer,
lung cancer, colon cancer, breast carcinoma, neuroblastoma, pain, cachexia, dermatitis and asthma.
The method comprises administering a pharmaceutically effective amount of the compound of
Formula 1 or a pharmaceutically acceptable salt thereof to a subject in need of such treatment.

Still another aspect of the mvention provides a method of mhibiting a TRK enzyme. The
method comprises administering a pharmaceutically effective amount of the compound of Formula {

or a pharmaceutically acceptable salt thereof to a subject in need of such inhibition.

DETAILED DESCRIPTION OF EMBODIMENTS

The novel features of the mvention are set forth with particularity 1n the appended claims. A
better understanding of the features and advantages of the present mvention will be obtained by
reference to the following detailed description that sets forth illustrative emboduments, m which the
principles of the invention are utihized. While some embodiments of the present mvention have been
shown and described heremn such embodiments are provided by way of example only. It should be
understood that various alternatives to the embodiments of the mvention described heremn may be
emploved m practicing the mvention. Those ordimary skilled n the art wall appreciate that numerous
variations, changes, and substitutions are possible without departing from the mvention. Tt 1s mtended that the

following clams define the scope of aspects of the mvention and that methods and structures within the
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scope of these claims and their equivalents be covered thereby.

The section headings used herein are for organizational purposes only and are not to be
construed as limiting the subject matter described. All documents, or portions of documents, cited in the
application mcluding, without limitation, patents, patent applications, articles, books, manuals, and

treatises are hereby expressly incorporated by reference in their entirety for any purpose.

Definitions

Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as is commonly understood by one of skill in the art to which the claimed subject matter
belongs. All patents, patent apphications, published materials referred to throughout the entire disclosure
herein, unless noted otherwise, are mcorporated by reference 1n their entirety. In the event that there 15
a plurality of definitions for terms herein, those n this section prevail. Where reference 1s made to a URL
or other such wentifier or address, it is understood that such identifiers can change and particular
information on the internet can come and go, but equivalent information can be found by searching the
mternet or other appropriate reference source. Reference thereto evidences the availability and public
dissernination of such information.

It 18 to be understood that the foregoing general descrniption and the following detatled
description are exemplary and explanatory only and are not restrictive of any subject matter claimed. In
this apphication, the use of the singular includes the plural unless specifically stated otherwise. It must be
noted that, as used n the specification and the appended clamms, the singular forms "a", "an" and "the"
mchude plural referents unless the context clearly dictates otherwise. Tt should also be noted that use of
"or'" means "and/or" unless stated otherwise. Furthermore, use of the term "including” as well as other
forms, such as "mclude”, "includes”, and "included” is not hmuting. Likewise, use of the term
“comprising” as well as other forms, such as "comprise”, "comprises”, and "comprised" is not himiting,

Definttion of standard chemistry terms may be found in reference works, including Carey
and Sundberg "ADVANCED ORGANIC CHEMISTRY 4™ EDY Vols. A (2000) and B (2001), Plenum
Press, New York Unless otherwise mdicated, conventional methods of mass spectroscopy, NMR,
HPLC, IR and UV/Vis spectroscopy and pharmacology, within the skill of the art are emploved. Unless
specific definitions are provided, the nomenclatire emploved in connection with, and the laboratory
procedures and techrniques of, analytical chemistry, synthetic organic chemistry, and medicinal and

pharmaceutical chemistry described herein are those known in the art. Standard techniques can be used
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for chemical syntheses, chermcal analyses, pharmaceutical preparation, Formulation, and delivery, and
treatment of patients. Reactions and purification techniques can be performed eg, using kits of
manufacturer's specifications or as commonly accomplished m the art or as described herein. The
foregoing techniques and procedures can be generally performed of conventional methods well known
in the art and as described in various general and more specific references that are cited and discussed
throughout the present specification. Throughout the specification, groups and substituents thereof can
be chosen by one skilled in the field to provide stable moieties and compounds.

Where substituent groups are specified by their conventional chemical Formulas, written from
left to right, they equally encompass the chemucally identical substituents that would result from
writing the structure from right to left. As a non-limuting example, CH,0 15 equivalent to OCH;

Unless otherwise noted, the use of general chemical terms, such as though not himited to "alkyl"

on

"amine," "aryl" are equivalent to their optionally substituted forms. For example, "alkyl" as used
herein, includes optionally substituted alkvl.

The compounds presented herein may possess one or more stereocenters and each center may
exist in the R or § configuration, or combinations thereof. Likewise, the compounds presented herem
may possess one or more double bonds and each may exast in the E (trans) or Z (cis) configuration, or
combinations thereof. Presentation of one particular stereocisomer, regioisomer, diastereomer, enantiomer
or epimer should be understood to mclude all possible sterecisomers, regioisomers, diastereomers,
enantiomers or epimers and mixtures thereof. Thus, the compounds presented herem mchude all separate
configurational sterectsomeric, regioisomeric, diastereomeric, enantiomeric, and epimeric forms as
well as the comresponding mixtures thereof Techmiques for mverting or leaving unchanged a
particular stereccenter, and those for resolving mixtures of sterecisomers are well known in the art and #
is well within the ability of one of skill in the art to choose an appropriate method for a particular
situation. See, for example, Fumiss et al. (eds.), VOGEL'S ENCYCLOPEDIA OF PRACTICAL
ORGANIC CHEMISTRY Ssup. TH ED., Longman Scientific and Techmcal Ltd, Essex, 1991,
R09-816; and Heller, Acc. Chem. Res. 1990, 23, 128,

The term "bond" or "single bond" refers to a chemical bond between two atoms, or two
moieties when the atoms joined by the bond are considered to be part of larger sebstructure.

The term "optional" or "optionally" means that the subsequently described event or
circumstance may or may not occur, and that the description includes instances where said event or

circumstance occurs and instances in which it does not. For example, "optionally substituted alkyl" means
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either "alkyl" or "substituted alky!" as defined below. Further, an optionally substituted group may be
un-substituted {e.g., CH,CHj5), fully substituted (e.g., CF,CF3), mono-substituted (e.g.,
CH,CH,F) or substituted at a level anywhere in-between fully substituted and mono- substituted
{e.g., CH,CHF, CF,CH;, CFHCHF,, etc.} It will be understood by those skilled i the art with
respect to any group containing one or more substituents that such groups are not intended to introduce
any substitution or substitution patterns (eg., substituted alkyl includes optionally substituted
cycloalkyl groups, which in turn are defined as including optionally substituted alkyl groups, potentially
ad mfimtum) that are sterically mmpractical and/or synthetically non-feasible. Thus, any substituents
described should generally be understood as having a maximum molecular weight of about 1,000 daltons,
and more typically, up to about 500 daltons (except 1n those instances where macromolecular substituents
are clearly intended, e g, polypeptides, polysacchanides, polyethylene glycols, DNA, RNA and the
fike).

As used heremn, C-Cn, ncludes C;-Cy, C-Cs, ... C1-Cn. By way of example only, a
group designated as "C-Cy" indicates that there are one to four carbon atoms in the moiety, 1.e. groups
contaung | carbon atom, 2 carbon atoms, 3 carbon atoms or 4 carbon atoms, as well as the ranges C;-

t

Cy and C;-Cs. Thus, by way of example only, "C-Cy alkyl" mdicates that there are one to four
carbon atoms n the alkyl group, t.e., the alkyl group 15 selected from among methyl, ethyl, propyl,
iso-propyl, n-butyl, 1sobutyl, sec-butyl, and t-butyl Whenever it appears herein, a numernical range
such as "1 to 10" refers to each integer i the given range; e.g., "1 to 10 carbon atoms” means that the
group may have I carbon atom, 2 carbon atoms, 3 carbon atoms, 4 carbon atoms, 5 carbon atoms, 6
carbon atoms, 7 carbon atoms, 8 carbon atoms, 9 carbon atorns, or 10 carbon atoms.

The terms "heteroatom” or “hetero” as used herein, alone or i combination, refer to an atom
other than carbon and hydrogen. Hetercatoms are independently selected from among oxygen,
nitrogen, subfur, phosphorous, silicon, selentum and tin but are not himited to these atoms. When two or
more heteroatoms are present, the two or more heteroatoms can be the same as each another, or some
or all of the two or more heteroatoms can each be different from the others.

The term "alkyl" as used heremn, alone or in combination, refers to an optionally substituted
straight-chain, or optionally substituted branched-chain saturated hydrocarbon monoradical having from
one to about ten carbon atoms, more preferably one to six carbon atoms. Examples include, but are not
himited to methyl, ethyl, n-propyl, isopropyl, 2-methyl-l-propyl, Z-methyl-2-propvl, 2-methyl-1-

butyl, 3 -methyl-l-butyl, 2-methyl-3-butyl, 2, 2-dimethyl-l-propyl, Z-methyl-l-pentyl, 3 -methyl-1 -
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pentyl, 4-methyl-l-pentyl, 2-methyl-2-pentyl, 3-methyl-2-pentyi, 4-methyl-2Z-pentyl, 2,2 -dimethvyl-I-
butyl, 3,3 -dimethyl-1 -butyl, 2 -ethyl-I-butyl, n-butyl, 1sobutyl, sec-butvl, t-butyl, n-pentyl, sopentyl, neo-
pentyl, tert-amyl and hexyl, and longer alkyl groups, such as heptyl, octyl and the like. Whenever it
appears herein, a numerical range such as "Cy-Cg alky!l" or "Cy_¢ alkyl", means that the alkyl group
may consist of 1 carbon atom, 2 carbon atoms, 3 carbon atoms, 4 carbon atoms, 5 carbon atoms or 6
carbon atoms, although the present defimtion also covers the occurrence of the term "alkyl" where no
numerical range 1s designated.

The term "alkylene" as used herein, alone or in combination, refers to a diradical derived
from the above-defined monoradical, alkyl Examples include, but are not limited to methylene (-CH,),
ethylene (-CH,CH,), propylene (-CH,CH,CH,), 1sopropylene (-CH{CH;)CH, ) and the like.

The term "alkenvl" as used herein, alone or in combimation, refers to an optionally
substituted straight- chamn, or optionally substituted branched-chain hyvdrocarbon monoradical having one
or more carbon-carbon double-bonds and baving from two to about ten carbon atorns, more preferably two
to about six carbon atoms. The group may be in either the cis or trans conformation about the double
bond(s), and should be understood to wclude both somers. Examples include, but are not limited
to ethenyl (CH=CH,), 1-propenyl (CH,CH=CH,), sopropenyl [C{CH;)=CH,], butenyl, 1,3-
butadienyl and the like. Whenever 1t appears herein, a numerical range such as "C,-Cg alkenyl” or
"y g alkenyi”, means that the alkenyl group may consist of 2 carbon atoms, 3 carbon atoms, 4 carbon
atoms, 3 carbon atoms or 6 carbon atoms, although the present defintion also covers the occurrence of the
term "alkenyl” where no numerical range 1s designated.

The term "alkynyl® as used herein, alone or in combination, refers to an optionally
substituted siraight-chain or optionally substituted branched-chan hydrocarbon monoradical having one or
more carbon-carbon triple-bonds and having from two to about ten carbon atoms, more preferably
from two to about six carbon atoms. Examples mclude, but are not limited to ethynyl, Z-propynyl, 2-
butynyl, 1,3-butadiynyt and the like. Whenever it appears herein, a numerical range such as "Co-Cy
alkynyl" or "C, ¢ alkynyl", means that the alkynyl group may consist of 2 carbon atoms, 3 carbon
atoms, 4 carbon atoms, 5 carbon atoms or 6 carbon atoms, although the present definition also covers
the occurrence of the term "alkynyl" where no numerical range s designated.

The term "aliphatic" as used herein, alone or i combination, refers to an optionally
substituted, straight- chain or branched-cham, non-cyclic, saturated, partially unsaturated, or fully

unsaturated nonaromatic hydrocarbon. Thus, the term collectively includes alkyl, alkenyl and alkynyl
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Sroups.

The terms "hetercalkyl", "hetercalkenyl" and "hetercalkynyl" as used herein, alone or n
combination, refer to optionally substituted alkyl, alkenyl and alkynyl structures respectively, as described
above, m which one or more of the skeletal chain carbon atoms (and any associated hydrogen atons, as
appropriate} are each independently replaced with a heteroatom (i.e. an atom other than carbon, such as
though not limited to oxvgen, nitrogen, sulfur, silicon, phosphorous, tin or combinations thereof.

The terms "haloalkyl", "haloalkenyl" and "haloalkyny!" as used herein, alone or m
combination, refer to optionally substituted alkyl, alkenyl and alkynyl groups respectively, as defined
above, i which one or more hydrogen atoms is replaced by fluorine, chlorine, bromine or iodine
atoms, or combinations thereot. When two or more hvdrogen atoms may be replaced with halogen
atoms that are the same as each another (e.g difluoromethyl). When two or more hydrogen atoms
may be replaced with halogen atoms that are not all the same as each other {e.g 1-chloro-1-flucro-1-
iodoethyl). Non-liiting examples of haloalkyl groups are fluoromethyl and bromoethyl A non-
himiting example of a haloalkenyl group is bromoethenyl. A non-linuting example of a haloalkynyl
group 1s chloroethynyl,

The terms "cyele", "cyelic”, "ring” and "membered ring” as used herein, alone or n
combination, refer to any covalently closed structure, mcluding alicyclic, heterocyclic, aromatic,
hetercaromatic and polveyclic fused or non-fused nng systems as described herein. Rings can be
optionally substituted. Rings can form part of a fused ring system. The term "membered” s meant to
denote the number of skeletal atoms that constitute the rng. Thus, by way of example only,
cyclohexane, pynidime, pyran and pyrioudine are six-membered rings and cyclopentane, pyrrole,
tetrahydrofuran and thiophene are five-membered rings.

The term "fused" as used herein, alone or in combination, refers to cyclic structures 1n which
two of more rings share one or more bonds.

The term "cycloalkyl" as used herein, alone or in combination, refers to an optionally substituted,
saturated, hydrocarbon monoradical ring, containing from three to about fificen ring carbon atoms or
from three to about ten ring carbon atoms, though may include additional, non-ring carbon atoms as
substituents (e.g. methylcyclopropyl).

A non-limiting example of "cycloalkyl" includes azinyl, azetidinyl, oxetanyl, thietanyl,
homopiperidinyl, oxepanyl, thiepanyl, oxazepinyl, diazepiyl, thiazepinyl, 1,2.3 6-tetrahydropyridinyl,

Z-pyrrolinyl, 3-pyrrohinyl, indolinyl, 2H-pyranyl, 4H-pyranyl, dioxanyl, 1,3-dioxolanyl, pyrazolinyl,
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dithianyl, dithiolanyl, dihydropyranyl, dihvdrothienyl, dihydrofimanyl, pyrazolidingl, mudazolingd,
midazolidinyl, 3-azabicyelo[3.1.Othexyl, 3-azabicyclo [4. 1.0theptyl, 3H-indolyl and quinchizinyl and
the like. The terms also include all ring forms of the carbohydrates, including but not himited to the
monosaccharides, the disaccharides and the oligosaccharides.

i

The term "aromatic" as used herein, refers to a planar, cyclic or polycyclic, ring moiety
having a delocalized at-electron system containing 4n+2 » electrons, where n 15 an integer. Aromatic
rings can be formed by five, six, seven, eight, nine, or more than nine atoms. Aromatics can be
optionally substituted and can be monocyclic or fused- ring polycyclic. The term aromatic
encompasses both all carbon contaning rings {e.g, phenyl) and those rings containing one or more
hetercatoms (e.g., pyridine).

The term "arvl” as used herein, alone or in combmation, refers to an optionally substituted
aromatic hydrocarbon radical of six to about twenty ning carbon atoms, and mcludes fused and non-
fused aryl rings. A fused aryl ring radical contains from two to four fused rnings where the ring of
attachment 1s an aryl ring, and the other mdividual rings may be alicyclic, heterocyclic, aromatic,
heteroaromatic or any combination thereof. Further, the term arvl includes fused and non-fused rings
containing from six to about twelve ring carbon atoms, as well as those containing from six to about
ten ring carbon atoms. A non-limiting example of a single ring aryl group includes phenyl; a fused ring
aryl group ncludes naphthyl, phenanthrenyl, anthracenyl, azulenvl; and a non-fused bi-aryl group
mcludes biphenyl.

The term "hetercaryl” as used herein, alone or in combination, refers to optionally substituted
aromatic mono-radicals containing from about five to about twenty skeletal ring atoms, where one or
more of the ring atoms s a hetercatom independently selected from among oxygen, nitrogen, sulfiir,
phosphorous, silicon, selenium and tin but not limited to these atoms and with the proviso that the ring
of said group does not contain two adjacent O or S atoms. When two or more heteroatoms are
present in the ring, the two or more heteroatoms can be the same as each another, or some or all of the
two of more heteroatoms can each be different from the others. The term heteroary] includes optionally
substituted fused and non- fused hetercary! radicals having at least one hetercatom. The term hetercaryl
also includes fused and non-fused heteroaryls having from five to about twelve skeletal ring atoms, as
well as those having from five to about ten skeletal ring atoms. Bonding to a heteroaryl group can be
via a carbon atom or a heteroatom. Thus, as a nonlimiting example, an imidiazole group may be

attached to a parent molecule via any of its carbon atoms (imidazol-2-y1, imidazol-4-yl or inudazol-5-
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vi), or its nitrogen atoms (imidazol-1-vi or imidazol-3-yi). Likewise, a hetercaryl group may be further
substituted via any or all of its carbon atoms, and/or any or all of its heteroatoms. A fused hetercaryl
radical may contain from two to four fused rings where the ring of attachment 1s a hetercaromatic ring
and the other individual rings may be alicyclic, heterocyclic, aromatic, hetercaromatic or any
combination thereof A non-hmiting example of a single ring hetercaryl group includes pyridyl; fused
ring heteroaryl groups include benzimudazolyl, quinolinyl, acridinyl; and a non-fused bi-heteroaryl
group includes bipyridinyl. Further examples of heteroaryis mnclude, without himitation, furanyl, thienyl,
oxazolyl, acridinyl, phenazinyl, benzimidazolyl, benzofuranyl, benzoxazolyl, benzothiazolyl,
benzothiadiazolyl, benzothiophenyl, benzoxadiazolyl, benzotriazolyl, imidazolyl, indolyl, isoxazolyl,
isoquinolinyl, indolizinyl, 1sothiazolyl, soindolyloxadiazolyl, mdazolyl, pyridyl, pyndazyl,
pyrimidyl, pyrazinyl, pyrrolyl, pyrazolyl, purinyl, phthalazinyl, pteridinyl, quinolinyl,
quinazolinyl, quinoxalinyl, triazolyl, tetrazolyl, thiazolyl, tnazinyl, thiadiazolyl and the ke, and thewr
oxides, such as for example pynidyi-N-oxide and the like.

The term "heterocyelyl” as wsed herein, alone or m combination, refers collectively to
hetercalicyclyl and heteroaryl groups. Herein, whenever the number of carbon atoms in a heterocycle
is indicated (e.g., C1~-Ce heterocycle), at least one non-carbon atom (the hetercatom) must be present in
the ring. Designations such as "C-Cy heterocycle” refer only to the number of carbon atoms 1n the
ring and do not refer to the total number of atoms 0 the ring. Designations such as "4-6 membered
heterocycle” refer to the total number of atoms that are contained i the ring (1.e., a four, five, or six
mermbered ring, in which at least one atom 1s a carbon atom, at least one atom s a heteroatom and the
remaiming two to four atoms are either carbon atoms or heteroatoms). For heterocycles having two or
more heteroatoms, those two or more heteroatoms can be the same or different from one another.
Heterocycles can be optionally substituted. Non-aromatic heterocyclic groups include groups having
only three atoms m the ning, while aromatic heterocychc groups must have at least five atoms i the ring,
Bonding (i.e. attachment to a parent molecule or further substitition} to a heterocycle can be via a
heteroatom or a carbon atom. The term "alkoxy" as used herein, alone or in combination, refers to
an alkyl ether radical, G-alkyl, including the groups (-aliphatic and O-carbocycle, wherein the
alkyl, aliphatic and carbocycle groups may be optionally substituted, and wherein the terms alkyl,
aliphatic and carbocycle are as defined herein. Non-limiting examples of alkoxy radicals include
methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, iso-butoxy, sec-butoxy, tertbutoxy and the like.

The term "pharmaceutical composition," as used herein, refers to a biologically active
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compound, optionally mixed with at least one pharmaceutically acceptable chemical component, such
as, though not limuted to carriers, stabibizers, diluents, dispersing agents, suspending agents, thickening
agents, and/or excipients.

The term “solvate” as used herein refers to a combination of a compound of this mvention
with a solvent molecule formed by solvation. In some situations, the solvate refers to a hydrate, e,
the solvent molecule i1s a water molecule, the combination of a compound of this invention and water
forms a hydrate.

The term "pharmaceutically acceptable salt" as used herein, refers to salts that retain the
biological effectiveness of the free acids and bases of the specified compound and that are not
biologically or otherwise undesirable. Compounds described herein may possess acidic or basic groups
and therefore may react with any of a number of inorganic or organic bases, and morganic and organic
acids, to form a pharmaceutically acceptable salt. These salts can be prepared m situ during the final
isodation and purification of the compounds of the mvention, or bv separately reacting a purified
compound n tts free base form with a suitable orgamc or inorganic acid, and 1solating the salt thus formed.
Examples of pharmaceutically acceptable salts mclude those salts prepared by reaction of the
compounds described herem with a mineral or organic acid or an inorganic base, such salts including,
acetate, acrylate, adipate, alginate, aspartate, benzoate, benzenesulfonate, bisulfate, bisulfite, bromide,
butyrate, butyn-1,4-dicate, carphorate, camphorsulfonate, caprylate, chiorobenzoate, chlonde, citrate,
cyclopentanepropionate,  decancate,  digluconate,  dihydrogenphosphate,  dinttrobenzoate,
dodecyisulfate, ethanesulfonate, formate, fumarate, glucoheptancate, glycerophosphate, glvcolate,
hemisulfate, heptancate, hexancate, hexyne-1,6-dicate, hydroxybenzoate, hydroxybutyrate,
hydrochloride, hydrobromide, hydroiodide, 2-hydroxyethanesulfonate, iodide, isobutyrate,
lactate, maleate, malonate, methanesulfonate, mandelate. metaphosphate, methoxybenzoate, methylben-
zoate, monohydrogenphosphate, 1-napthalenesulfonate, Z-napthalenesulfonate, nicotinate, nitrate,
palmoate, pectinate, persulfate, 3-phenyipropionate, phosphate, picrate, pivalate, propionate, pyrosulfate,
pyrophosphate, propiolate, phthalate, phenylacetate, phenylbutyrate, propanesulfonate, salicylate, succinate,
sulfate, sulfite,  suberate, sebacate, sulfonate, tarirate, thiocyanate, tosylate undeconate and
xvlenesulfonate. Other acids, such as oxalic, while not in themselves pharmaceutically acceptable,
may be employed in the preparation of salts useful as ntermediates in obtaining the compounds of the
mvention and their pharmaceutically acceptable acid addition salts (See examples at Berge et al, J

Pharm. Sci. 1977, 66, 1-19)). Further, those compounds described herein which may comprise a free
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acid group may react with a suiiable base, such as the hvdroxide, carbonate or ticarbonate of a
pharmaceutically acceptable metal cation, with ammonia, or with a pharmaceutically acceptable organic
primary, secondary or tertiary amine. Representative alkali or alkaline earth salts include the lithium,
sodium, potassium, calcium, magnesium, and alumunum salts and the like. Hllustrative examples of bases
include sodium hydroxide, potassium hydroxide, choline hydroxide, sodium carbonate, IV' (T4 alkyl)y,
and the like Representative organic amines useful for the formation of base addmion salts include
ethyvlamine, diethylamine, ethylenediamine, ethanolamine, diethanclamine, piperazine and the like It
should be understood that the compounds described heren also include the quaternization of any basic
nitrogen-containing groups they may contain. Water or oil-soluble or dispersible products may be
obtained by such quaternization. See, for exarple, Berge et al, supra.

The term “polymorph” or “polymorphism” as used herein refers to a compound of this
invention present in different crystal lattice forms.

The term “ester” as used herein refers to a derivative of a compound of this invention derived
from an oxoacid group and a hyvdroxyl group, etther one of which can be present at the compound of
this mvention.

The term “tautomer” as used heremn refers to an isomer readily interconverted from a
compound of this invention by e.g., mugration of a hydrogen atom or proton.

The term "pharmaceutically acceptable derivative or prodrug” as used herein, refers to any
phammaceutically acceptable salt, ester, salt of an ester or other dervative of a compound of this
mvention, which, opon administration to a recipient, 13 capable of providing, etther dwectly or
mdirectly, a compound of this mvention or a pharmaceutically active metabolite or residue thereof. Par-
ticularly favored derivatives or prodrugs are those that increase the bicavailability of the compounds
of this invention when such compounds are administered to a patient (eg, by allowing orally
administered compound to be more readily absorbed into blood) or which enhance delivery of the
parent compound to a biological compartment (e.g., the brain or lvmphatic system).

Pharmaceutically acceptable prodnugs of the compounds described herein include, but are not
hmited to, esters, carbonates, thiocarbonates, N-acyl derivatives, N-acyloxyalkyl derivatives,
quaternary derivatives of tertiary amines, N-Mannich bases, Schiff bases, amino acid conjugates,
phosphate esters, metal salts and sulfonate esters. Various forms of prodrugs are well known in the art.
See for example Design of Prodrugs, Bundgaard, A Ed, Elseview, 1985 and Method in
Fnzvmology, Widder, K. et al, Fd; Acadenuc, 1985, vol 42, p. 309-396; Bundgaard, H "Design and
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Application of Prodrugs" in A Textbook ofDrug Design and Development, Krosgaard-Larsen and H.
Bundgaard, Ed, 1991, Chapter 5, p. 113-191; and Bundgaard, H., Advanced Drug Delivery Review, 1992,
8, 1-38, each of which is incorporated herein by reference. The prodrugs described herein include, but
are not hmited to, the following groups and combmations of these groups; amine dertved prodrugs:
Hydroxy prodrugs mclude, but are not limited to acvloxyalkyl esters, alkoxycarbonyioxyalkyl esters,
alkyl esters, ary] esters and disulfide containing esters.

The term "Trk inhibitor" as used herein refers to a compound that exhibits an ICs, with
respect to Trk activity, of no more than about 100 um activity, of no more than about 50 uM, as
measured in the pan- Trk kinase assay described generally heremn. "ICso" s that concentration of
mhibitor which reduces the activity of an enzyme {e.g, Tik) to half-maximal level. Compounds
described herein have been discovered to exhibit inhibition against Trk Compounds of the present
mvention preferably exhibit an ICs; with respect to Trk of no more than about 10 (M, more preferably, no
more than about 5 ym preferably, no more than about 1 UM, and most preferably, not more than about
200 nM, as measured in the Trk kinase assay described herein.

The term “selective,” “selectively,” or “selectivity” as used herein refers to a compound of this
invention having a lower [Csy value for a Trk enzyme as compared to any other enzymes {e.g, at least 2,
3, 10 or more-fold lower),

The term “subject”, "patient” or "individual” as used herein in reference to individuals
suffering from a disorder, a disorder, a condition, and the ke, encompasses mammals and non-
marmmals. Examples of mammals mclude, but are not limuted to, any member of the Mammalian
class: humans, non-homan primates such as chimpanzees, and other apes and monkey species; farm
anmmals such as cattle, horses, sheep, goats, swine, domestic arumals such as rabbits, dogs, and cats;
laboratory anmals inchuding rodents, such as rats, mice and gumea pigs, and the like. Examples of non-
marnmals include, but are not limtted to, birds, fish and the like. In one embodiment of the moethods and
compositions provided heremn, the mammal 1s a human.

The terms "freat," "treating” or "treatment," and other grammatical equivalents as used herein,
mclude alleviating, abating or ameliorating a disease or condition symptoms, preventing additional
symptoms, ameliorating or preventing the underlying metabolic causes of symptoms, mhibiting the
disease or condition, e g, arresting the development of the disease or condition, relieving the disease or
condition, causing regression of the disease or condition, relieving a condition caused by the disease or

condition, or stopping the symptoms of the disease or condition, and are intended to include prophylaxis.
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The terms further nchide achieving a therapeutic benefit and/or a prophylactic benefit. By therapeutic
benefit is meant eradication or amelioration of the underlying disorder being treated. Also, a therapeutic
benefit 1s achieved with the eradication or amehoration of one or more of the physiological symptoms
assoctated with the underlying disorder such that an improvement is observed in the patient,
notwithstanding that the patient may still be afflicted with the underlying disorder. For prophvlactic
benefit, the compositions may be administered to a patient at risk of developing a particular disease, or
to a patient reporting one or more of the physiological symptoms of a disease, even though a diagnosis of
this disease may not have been made.

The terms "effective amount”, "therapeutically effective amount” or "pharmaceutically
effective amount” as used herein, refer to a sufficient amount of at least one agent or compound being
adminmstered which will relieve 1o some extent one or more of the symptoms of the disease or
condition being treated. The result can be reduction and/or alleviation of the signs, symptoms, or causes of
a disease, or any other desired alteration of a biological system. For example, an "effective amount” for
therapeutic uses 15 the amount of the composttion comprising a compound as disclosed heren required
to provide a chimcally sigmficant decrease in a disease. An appropriate "effective” amount in any
individual case may be determined using techniques, such as a dose escalation study.

{131}

The terms "admunster,” "adoumstering”, "admunistration,” and the hike, as used herein, refer to
the methods that may be used to enable delivery of compounds or compositions o the desired site of
biclogical action. These methods mnclude, but are not himited to oral routes, intraduodenal routes,
parenteral myection (including mtravenous, subcutaneous, intraperitoneal, intramuscular, intravascular or
infusion), topical and rectal adoumstration. Those of skill i the art are famibiar with admumstration
techniques that can be employed with the compounds and methods described herein, e g., as discussed in
Goodman and Gilman, The Pharmacological Basis of Therapeutics, current ed.; Pergamon; and
Remington's, Pharmacewtical Sciences {current edition), Mack Pubhishing Co., Easton, Pa. In preferred
embodiments, the compounds and composttions described herein are administered orally.

The term "acceptable" as used herein, with respect to a Formulation, composition or
imgredient, means having no persistent detrimental effect on the general health of the subject being
treated.

The term "pharmaceutically acceptable" as used herein, refers to a matenial, such as a carier or

diluent, which does not abrogate the biological activity or properties of the compounds described herein,

and 15 relatively nontoxic, 1e, the material may be admunistered to an mdividual without causing
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undesirable hiological effects or interacting in a deleterious manner with any of the components of
the composition m which it 13 contained.

The term "carrier” as used herein, refers to relatively nontoxic chemical compounds or agents
that facilitate the incorporation of a compound mto cells or tissues.

The term "agonist," as used heremn, refers to a molecule such as a compound, a drug, an
enzyme activator or a hormone modulator which enhances the activity of another molecule or the
activity of a receptor site.

The term "antagonist,” as used herein, refers to a molecule such as a compound, a drug, an
enzyme mhibitor, or a hormone modulator, which dimirushes, or prevents the action of another molecule
or the activity of a receptor site.

The term "modulate,” as used herein, means to mteract with a target erther durectly or indirectly
50 as to alter the activity of the target, including, by way of example only, to enhance the activity of the
target, to nhubit the activity of the target, to limit the activity of the target, or to extend the activity of the
target.

The term "modulator,” as used herein, refers to a molecule that nteracts with a target either
directly or mdurectly. The mteractions include, but are vot limtted to, the mteractions of an agormist and an
antagorst.

The terms "enhance” or "enhancing,” as used heren, means to increase or prolong either
m potency or duration of a deswred effect. Thus, m regard to enhancing the effect of therapeutic agents,
the term "enhancing” refers to the ability to increase or prolong, either in potency or duration, the
effect of other therapeutic agents on a system.

An "enhancing-effective amount," as used herein, refers to an amount adequate to enhance the
effect of another therapeutic agent in a desired system.

The terms "pharmaceutical combination”, "administering an additional therapy", "administering
an additional therapeutic agent” and the like, as used herein, refer (o a pharmaceutical therapy resulting
from mixing or combining more than one active ingredient and includes both fixed and non-fixed
combinations of the active ingredients. The term "fixed combination” means that at least one of the
compounds described herein, and at least one co-agent, are both admunistered to a patient simultaneously
m the form of a single entity or dosage. The term "non-fixed combination" means that at least one of the
compounds described herein, and at least one co-agent, are administered to a patient as separate entities

etther simultaneously, concurrently or sequentially with variable intervening time linuts, wherein such
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administration provides effective levels of the two or more compounds in the body of the patient. These
also apply to cocktail therapies, e.g. the administration of three or more active ingredients.

The terms "co-adnunistration”, "administered in combination with" and therr grammatical
equivalents or the like, as used herein, are meant to encompass adminstration of the selected therapeutic
agents to a single patient, and are intended to include freatment regimens in which the agents are
administered by the same or different route of administration or at the same or different times. In some
embodiments the compounds described herein will be co-administered with other agents. These terms
encompass admuustration of two or more agents to an ammal so that both agents and/or thew
metabolites are present in the armuimal at the same time They include simultanecus administration n
separate compositions, admimstration at ditferent times i separate compositions, and/or adnunistration ina
composition n which both agents are present. Thus, in some embodiments, the compounds of the
invention and the other agent (s) are administered 1o a single composition,

The term "metabolite,” as used herein, refers to a dervative of a compound which is formed
when the compound is metabolized.

The term "active metabolite," as used heren, refers to a biclogically active dernvative of a
compound that 1s formed when the compound 1s metabolized.

The term "metabolized,” as used heremn, refers to the sum of the processes {including, but
not limited to, hydrolysis reactions and reactions catalyzed by enzymes) by which a particular substance
1 changed by an organism. Thus, enzymes may produce specific structural alterations o a compound.
For example, cytochrome P450 catalyzes a variety of oxidative and reductive reactions while unidine
diphosphate glucuronyliransferases catalyze the transfer of an activated glucuronmic-acid molecule to
aromatic alcohols, aliphatic alcchols, carboxylic acids, ammes and free sulphydryl groups. Further
mformation on metabolism may be obtained from 7he Pharmacelogical Basis of

Therapeutics, Sth Edition, McGraw-Hill {1996).

Novel Compounds

According to embodiments of the invention, novel chemical compounds mclude a compound
of Formula | or a pharmaceutically acceptable salt, solvate, polymorph, ester, tautomer or prodrug

thereof.
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Formula 1

In some embodiments, R' of Formula I is a phenyl ring optionally substituted with one or
more substituent groups or a 5-6 membered heteroaryl ring optionally substituted with one or more
substituent groups, wherein the one or more substituent groups are mndependently selected from the
group consisting of halogen, -CFs, -CHF,, NH;, hydroxyl, imear C1-C4 alkyl, branched C1-C4 alkyi,
hinear C1-C4 alkoxy, and branched C1-C4 alkoxy.

In some embodiments, R? is selected from the group consisting of hydrogen, linear C1-C4
alkyl and branched hnear C1-C4 alkyl. Further, 1 Formula I, X 1s selected from the group consisting
of -CH,-, -CHyCHy-, -CH,O-, -CHyNH-, <CHN(C1-C4 alkyly-, -CH(F}-, -CF;-, -CH(Cl}-, -CH{OH}-,
-CH({OCH,)-, -CH{NH;}-, or -C(CHs),- Further, in Formula I, Q 15 selected from the group
consisting of -CH=CR’CONR'R’, -CH=CR'NR*C(OIR’, -CH=CR'NR*C{OINR'R’, -CH=CR’R’,

CRCCOINR'RS, - CFCOR  and ¥

In some embodiments, R’ is selected from the group consisting of hydrogen, halogen, linear
C1-C6 alkyl and branched C1-C6 alkyl.

In some embodiments, -NR*R’ either forms a 4-7 membered heterocyclic ring or does not
form a ring structure, the heterocylic ring being either heteroaryl or heterocycloalkyl ring,

In embodiments where-NR'R® forms a 4-7 membered heterocyclic ring, the 4-7 membered
heterocyclic ring includes an optional second heteroatom in addition to the nitrogen of -NR'R and is
optionally substituted with one or more substituent groups independently selected from the group
consisting of linear C1-C6 alkyl, branched C1-C6 alkyl, hvdroxyl, carboxylic acid, linear C1-C4 alkyl
carboxvlic acid, and branched C1-C4 alkyl carboxylic acid branched.

In embodiments where -NRR” does not form a ring structure, R* is selected from the group
consisting of hydrogen, linear C1-C6 alkyl and branched C1-C6 alkyl, and R’ is selected from the
group consisting of hydrogen, linear C1-C6 alkyl optionally substituted with at least one fluorine or at
least one hydroxyl, branched C1-C6 alkyl optionally substituted with at least one fluorine or at least

one hydroxyl, and C1-C6 cycloalkyl optionally substituted with at least one fluorine or at least one
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hvdroxyl.

In some embodiments, Y', Y7, Y°, and Y are each independently selected from the group
consisting of -CH, N, O, §, -CR® and -NR®, wherein R® is selected from the group consisting of
hydrogen, lmear C1-C4 alkyl, branched C1-C4 alkyl, 5-6 membered aryl ring, 5-6 membered

5  hetercaryl ring, 3-7 membered heterocycloalkyl ring, 3-7 membered cycloalkyl ring, -NHCO-(aryl
ring}, and ~-CH,CO-(C3-C6 membered heterocylic ring).

In some embodiments, the compound of Formula 1 is a compound of Formula H, H or IV:
~N
s O
84 N \N = 3
R.}
N €
REJ @]

N
2
Formula
N
Rt RE 7NN
o e
N/\N
% "J ’i — ;{4
YT: \\ N
\‘&Y 2';*‘{“'
10
Formula H1
~N
R R i/;;\N )
N .
Sy
A
X \
Re O
‘Rte.
Formula IV

In some embodiments, some compounds of Formula | or a pharmaceutically acceptable salt,
15  solvate, polymorph, ester, tautomer or prodrug thereof have a structure wherem,

(3 15 5-6 membered heteroarv] rings inchuding, but are not hiatted to, the following structures:
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and tautomers of the foregoing ones.

Additional examples of Q include the following structures:

si"J?__ v -0 \ :

AR /§; i ”%\ % §9

N P 2N o N«%
H 2]

Tn certain embodiments, R’ is selected from methyl, ethyl, propyl, isopropyl, tert-butyl,
isobutyl, -C{CH3 ) CHLF, -CHCF,, CHy,CHF,, CF;, CHLCF; and CH{CH)CFs.

Tn certain embodiments, R° is —(Cl-C6hydroxyalkyl or [(C1-C6alkoxy}(CI-
Colalkyl-. Examples include -CH,CH,OH, ~-CHLCH,CH,OH, -CHCHCH,CHLOH,
~CHyCH(OH)CH;, -C(CHa ) CH,OH, -CH,C(CH;:),0H, -CH(CHCH,0H,
~-CH,C(CH)CHOH, -CH{CHOH)YCH(CH;),, ~-CH(CH,CH:)CHL,OH, -CH{CH,OHC(CH;)s,
~-CHyCH,OCH;, -CHYCH,CHOCH,, -CHCHLCH, CHLOCH;, -CH,CH{OCH ) CH;,
~C{CHR R CH,OCHs, -CHC(CHA ), OCH;, -CH(CHA)CH,OCH,, -CH,C(CHa ) CH,OCH,,
~-CH(CH,OCH 3 CH(CH:),,  -CH{CH,CH;)CH,OCH;, and  -CH{CHOCH)C(CHa)s. A
particular example s -CH,CH;OH or CH;CH,0CH;.

In one embodiment, R is -(C1-Corhydroxyalkyl or [{({C1-Célalkoxy {TC1-Celalkyl- and
R* is hydrogen.

In one embodiment, R is -(C1-Corhydroxyalkyl or [{({C1-Célalkoxy {TC1-Celalkyl- and
R* is -(C1-C6)alkyl.

In certain embodiments, R’ is -(C2-C6)dihydroxyalkyl.  Examples include -
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CH,CH(OHYCH,OH, -C(CH;}CH,0H),, -CH(CH,OH), and -CH(CH,OHYCHOHCH;).
Particular  examples inchude -CHLOCH(OH)CH.OH and -C(CH:}CH.OH),. in one
embodiment, R’ is ~(C2-C6)dihydroxyalkyl and R* is hydrogen. In one embodiment, R’ is -
(C2-C6)dihydroxyalkyl and R? is -(C1-C6halkyl.

In certain embodiments, R’ is “0(C1-C6)alkyl which is optionally substituted with OH
or (C1-C4altkoxy, and RY is hydrogen. Examples of R’ include —OMe, -OFEt, -OCH,CH,0H,
~OCH,CH,CH,0H,  -OCH,CH(OH)}CH., -OCH,C(CH:»0H, -~OCH,CH,OCH;, -
OCH,CH,CH,0CH;, and -OCH,CH(OCH;)CHas.

In certain embodiments R is:

O S R a G YR O

OH s

AN Sh B S .
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In certain embodiments, NR'R” forms a 4-7 mermbered heterocyclic ring having a ring

nitrogen atom and optionally having a second ring heteroatom selected from N and O,
wherein said ring is optionally substituted with one or more substituents independently

5  selected from (C1-Cojalkyl, OH, COOH, and (C1-C3 alkyHCOOH. In certain embodiments,
the heterocvclhic ring 1s optionally substituted with one or two of said substituents. Particular

examples include, but are not hinuted to, the following structures:

=0 O = O O (]
/N
N\....../O

OH ~\
émN/“\if - Nﬁ N ) g =N N
N\ o OH S/
%—N N— %—N N—/ %—NQOH ; N<}O/ %—NQCOZH
AN— A—
10 In some embodiments, R' is phenyl optionally substituted with one or more

substituents independently selected from halogen, (C1-Cdjalkoxy, -CF;, -CHF,, -C(C1-C4
atkyl), «{C1-C4jalkyl and NH;, or a 5-0 membered heteroaryl ring having a ning heteroatom
selected form N and 5, wherein said hetercaryl ring 15 optionally substituted with one or more
substituents independently selected from halogen, -O{C1-C4 alkyl), (C1-C4)alkyl and NH;, or
15 a pynd-2-on-3-yi ning optionally substituted with one or more substituents independently
selected from halogen and {(C1-C4jalkyi Particular examples mnclude, but are not hinuted to, the

following structures:
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Where the compounds disclosed herein have at least one chural center, they may exist as
mdividual enantiomers and dastereomers or as nuxtures of such isomers, including racemates.
Separation of the mdividual 1somers or selective synthesis of the mdividual 1somers 15 accomplished
by apphication of various methods which are well known to practitioners i the art. Unless otherwise
mdicated, all such somers and muxtures thereof are included in the scope of the compounds
disclosed herein. Furthermore, compounds disclosed herein may exist i one or more crystaliine or
amorphous forms. Unless otherwise indicated, all such forms are included in the scope of the
compounds disclosed heremn inchuding any polymorphic forms. In addition, some of the compounds
disclosed herein may form solvates with water (Le,, hydrates) or common organic solvents. Unless
otherwise indicated, such solvates are included in the scope of the compounds disclosed herein.

The skilled artisan will recognize that some structures described herein may be resonance
forms or tautomers of compounds that may be fairly represented by other chemical structures, even
when kinetically; the artisan recognizes that such structures may only represent a very small portion
of a sample of such compound(s}. Such compounds are considered within the scope of the structures
depicted, though such resonance forms or tautomers are not represented herein.

Isotopes may be present in the compounds described. Each chemical element as represented
in a compound structure may include any isotope of said element For example, in a compound
structure a hydrogen atom may be exphicitly disclosed or understood to be present in the compound.
At any position of the compound that a hydrogen atom may be present, the hydrogen atom can be
any isotope of hydrogen, including but not hnuted to hydrogen-1 (protium) and hydrogen-2
(deuterium). Thus, reference herein to a compound encompasses all potential 1sotopic forms unless

the context clearly dictates otherwise.
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Pharmaceutical Compositions, Treating Diseases, Administration

The novel compounds disclosed above are inhibitors of TrkA, TrkB and/or Tik{C and are
useful for treating pain, cancers and other hyperproliferative diseases In one aspect, the present
mvention provides a pharmaceutical composition including one or more of the chenucal compounds
of Formula I or thewr pharmaceutically acceptable salts, solvates, polymorphs, esters, tautomers or
prodrugs for use in treating patnm cancers and other hyperproliferative diseases.

In embodiments, the pharmaceutical composition includes an effective amount of a compound
of Formula 1 or a pharmaceutically acceptable salt, solvate, polymorph, ester, tautomer or prodrug
thereof. Further, the pharmaceutical composition further includes a pharmaceutically acceptable carrier,
adjuvants and/or excipients. In some embodiments, such a composition may contamn at least one of
preservatives, agents for delaying absorption, fillers, binders, adsorbents, buffers, disitegrating agents,
solubilizing agents, and other camiers, adjuvants and/or excipients as mnert ingredients. The composition
may be Formulated with a method well-known n the art

In some ermbodiments, the pharmaceutical composition s in a form suitable for oral administration.
In further or additional embodiments, the pharmaceutical composition is i the form of a tablet, capsule,
pill, powder, sustained release Formulation, solution and suspension. Tn some embodiments, the
pharmaceutical composition 13 1n a form sutable for parenteral injection, such as a sterile solution,
suspension or emudsion; for topical admunistration a3 an ointment or cream or for rectal admunistration as a
supposttory.

In some embodiments, the composition comprising a compound of Formula T 1s admmustered
orally, mtraduodenally, parenterally (including miravenous, subcutaneous, intramuscular, intravascular or
by infusion}, topically or rectally. In some embodiments, the pharmaceutical composition is in a form
suttable for oral admmistration. In further or additional embodiments, the pharmaceutical composition
1s int the form of a tablet, capsule, pill, powder, sustamned release Formulations, solution and suspension
for oral administration, for parenteral injection as a sterile solution, suspension or emulsion, for topical
administration as an omntment or cream, or for rectal administration as a suppository. In further or
additional embodiments, the pharmaceutical composition 13 1n unit dosage forms sumtable for single
administration of precise dosages. In further or additional embodiments, the pharmaceutical
composition further comprises a pharmaceutical carmrier, excipient and/or adjuvant.

In another aspect, the present mvention provides a method of admininstering a therapeutically

effective amount of the pharmaceutical composition to a subject for the treatment of pain,
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mflammation, neurodegenerative  diseases, certain infectious diseases, cancer, other
hyperproliferative diseases or conditions modulated by the Trk cascade m a mammal including human,

In another aspect, the present mvention provides a method for inhubiting a Trk enzyme. The
method comprises contacting said Trk enzyme with an amount of a composition comprising a compound of
Formula T or a pharmaceutically acceptable salt, solvate, polymorph, ester, tautomer or prodrug thereof,
sufficient to inhibit said enzyme, wherein said enzyme is inhibited. In some embodiments, the present
nvention 15 directed to a method for selectively inhibiting a Trk enzyme.

In another aspect, the present invention 1s directed to use of a compound of Formula I or a
pharmaceutically acceptable salt, solvate, polymorph, ester, tautomer or prodrug thereof in the
preparation of a pharmaceutical compostiion for inhubiting a Trk enzyme.

In embodiments, the Trk enzyme 15 Trk kinase. In some embodiments the Tk enzyme is TrkA
In some embodiments the Trk enzyme s TrkB. In some embodiments, the Trk enzyme 18 Trk(.

In some embodiments, the compounds of Formula T can selectively inhibit a TrkA enzyme, TrkB
enzyme or TrkC enzyme. In some other embodiments, the compounds of Formula T may not have a
selectivity from TrkA enzyme, TikB enzyme and Trk(C enzyme.

In some emboduments, the contacting occurs within a cell  In further or additional
embodiments the cell 15 2 mammalian cell. In further or additional embodiments the mammabian cell 15
a human cell In further or additional embodiments, the Trk enzyme 1s mhubited with a composition
comprising a pharmaceutically acceptable salt of a compound of Formula 1.

In some embodiments, the present mvention 18 directed to a method of treatment of a Trk
mediated disorder in an mdividual suffering from said disorder comprising admunistering to said
mndividual an effective amount of a composition comprising a compound of Formula [ or a
pharmaceutically acceptable salt, solvate, polymorph, ester, tautomer or prodrug thereof.

In some embodiments, the present invention 1s directed to use of a compound of Formulafora
pharmaceutically acceptable salt, solvate, polymorph, ester, tautomer or prodrug thereof i the
preparation of a pharmaceutical composition for freating a Trk mediated disorder.

In further or additional embodiments, the pharmaceutical composition 18 m unit dosage forms
suttable for single admunistration of precise dosages. In further or additional embodiments, the amount
of compound of Formula | is in the range of about 0.001 to about 1000 mg/kg body weight/day. In
further or additional embodiments, the amount of compound of Formula 1 is in the range of about 0.5

o about 50 mg/'kg body weight/day. In further or additional embodiments the amount of compound of
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Formula [ is about 0.001 to about 7 ¢/day. In further or additional embodiments the amount of compound
of Formula I 15 about 0.002 to about 6 g/day. In fiwther or additional embodiments the amount of
compound of Formula 1 1s about 0.005 to about 5 g/day. In further or additional embodiments the amount
of compound of Formula 1 1s about 0.01 to about 5 g/day. In further or additional embodiments the amount
of compound of Formula 1 is about 0.02 to about S g/day. In further or additional embodiments the amount
of compound of Formula 1 1s about 0.05 to about 2.5 g/day. In further or additional embodiments the
amount of compound of Formula 1 1s about 0.1 to about 1 g/day.

In further or additional embodiments, dosage levels below the lower limit of the aforesaid range
may be more than adequate. In further or additional embodiments, dosage levels above the upper limit of
the aforesaid range may be required. In further or additional emnbodiments the compound of Formula
I 18 adnumstered 1 a single dose, once datly. In further or additional embodiments the compound of
Formula 1 1s admunistered i multiple doses, more than once per day. In further or additional
embodiments the compound of Formula T 15 admustered twice daily. In further or additional
embodiments the compound of Formula 1 s adnunstered three times per day. In further or additional
embodiments the compound of Formula 1 1s adnunistered four times per day. Tn further or additional
embodiments the compound of Formula T 1s adounistered more than four times per day. In some
emboduments, the pharmaceutical composition 1s for administration to a mammal,

In further or addiional embodiments, the pharmaceutical composition further comprises at least one
therapeutic agent. In further or additional embodiments, the therapeutic agent 15 selected from the group
consisting of cylotoxic agents, anti-angiogenesis agents and anti-neoplastic agents.

In further or addtional embodiments, the anti-neoplastic agent 15 selected from the group
consisting of alkylating agents, anti-metabolites, epidophyvllotoxins, antineopiastic enzymes, topoisomerase
mhibitors, procarbazines, mitoxantrones, platinum coordination complexes, biological response modifiers
and growth inhibitors, hormonal/anti-hormonal therapeutic agents, and haematopoietic growth factors. In
further or additional embodiments, the therapeutic agent is taxol, bortezomib or both In further or
additional embodiments, the pharmaceutical composition 15 admimstered in combination with an
additional therapy. In further or addiional embodiments, the additional therapy is radiation therapy,
chemotherapy or a combination of both. In further or additional embodiments, the pharmaceutical com-
posttion comprises a pharmaceutically acceptable salt of a compound of Formula L

In further or additional embodiments the enzyme is at least about 1% mhibited. In further or

additional embodiments the enzyme is at least about 2% inhibited. In further or additional embodiments
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the enzyme 1s at least about 3% inhubited. In further or additional embodiments the enzyme 15 at least about
4% whibited. In further or additional embodiments the enzyme is at least about 5% inhibited. In further
or additional embodiments the enzyme is at least about 10% mhubited. In further or additional embodi-
ments the enzyme 1s at least about 20% inhibited. In further or additional embodiments the enzyme is at
least about 25% mhibited. In further or additional embodiments the enzyme 1s at least about 30%
mhibited. In further or additional embodiments the enzyme is at least about 40% inhibited. In further or
additional embodiments the enzyme s at least about 50% mhibited. In further or additional
embodiments the enzyme s at least about 60% mbhubited In further or additional embodiments the
enzyme 15 at least about 70% miubtted. In further or additional embodiments the enzyme is at least
about 75% inhubited. In further or additional embodiments the enzyme is at least about 80% whibited In
further or additional embodiments the enzyme 15 at least about 90% nhibited. In further or additional
embodiments the enzyme is essentially completely inhubited.

In further or additional embodiments the amount of compound of Formula T 13 in the range of
about 0.001 to about 1000 mg/kg body weight/day. In further or additional embodiments the amount
of compound of Formula 1 1s in the range of about 0.5 1o about 30 mg/kg body weight/day. In further or
additional embodiments the amount of compound of Formula T 15 about 0001 to about 7 g/day. In
further or addtional embodiments the amount of compound of Formula T 1s about 0.01 to about 7 g/day.
In further or additional embodiments the amount of compound of Formula T 1s about 0.02 to about §
g/day. In further or additional embodiments the amount of compound of Formula T is about 0.05 to about
2.5 g/day. In further or additional embodiments the amount of compound of Formuda 1 s about 01 to
about 1 g/day.

In further or additional embodiments, dosage levels below the lower limit of the aforesaid
range may be more than adequate. In further or additional embodiments, dosage levels above the upper
limit of the aforesaid range may be required. In further or additional embodiments the compound of
Formula 1 15 admimstered i a single dose, once daily. In further or additional embodiments the
compound of Formulda T 15 admnistered m multiple doses, more than once per day. In further or
additional embodiments the compound of Formula 1 15 adnunistered twice daily. In further or
additional embodiments the compound of Formula I is admimistered three times per day. In further or
additional embodiments the compound of Formula 1 s administered four times per day. In further or
additional embodiments the compound of Formula I 1s administered more than four times per day.

In some embodiments, the individual suffering from the Trk mediated disorder 15 a mammal In
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further or additional embodiments, the ndividual 15 a human. In some embodiments, the composition
comprising a compound of Formula [ is admmistered in combination with an additional therapy. In further
or additional embodiments, the additional therapy s radiation therapy, chemotherapy or a combination of
both. In further or additional embodiments, the composition comprising a compound of Formula 1 15
administered 1n combination with at least one therapeutic agent. In further or additional embodiments, the
therapeutic agent is selected from the group of cytotoxic agents, anti-angiogenesis agents and anti-
neoplastic agents.

In further or additional embodiments, the anti-neoplastic agent is selected from the group of
consisting of alkylating agents, anti-metabolites, epidophyllotoxins; antineoplastic enzymes,
topoisomerase inhibitors, procarbazines, mitoxantrones, platinum coordination complexes, biological
response modifiers and growth ibubitors, hormonal/anti-hormonal  therapeutic  agents, and
haematopoietic growth factors,

In further or additional embodunents, the therapeutic agent is selected from taxol, bortezomib or
both. In some embodiments, the Trk mediated disorder 3 selected from the group consisting of
inflammatory diseases, infections, autonmmune disorders, stroke, ischenua, cardiac disorder,
neurological disorders, fibrogemc disorders, proliferative disorders, hyperprohiferative disorders, non-
cancer hyper- proliferative disorders, tumors, leukenvas, neoplasms, cancers, carcimomas, metabohic
diseases, mabignant disease, vascular restenosis, psoriasis, atherosclerosts, rheumatoid arthnitis,
ostecarthritis, heart failure, chromc pamn, neuropathic pamn, dry eve, closed angle glaucoma and wide
angle glaucoma.

In further or additional embodiments, the Trk mediated disorder 15 an mflammatory disease. In
further or additional embodiments, the Trk mediated disorder s a hyperproliferative disease. In further
or additional embodiments, the Trk mediated disorder is selected from the group consisting of tumors,
leukemias, neoplasms, cancers, carcinomas and malignant disease. In further or additional embodiments,
the cancer 18 brain cancer, breast cancer, fung cancer, ovarian cancer, pancreatic cancer, prostate cancer,
renal cancer, colorectal cancer or leukemia In further or additional embodiments, the fibrogenetic
disorder 18 scleroderma, polymyositis, systemic lupus, rheumatoid arthritis, liver cirrhosis, kelowd
formation, interstitial nephritis or pulmonary fibrosis. In further or additional embodiments, an effective
amount of a composition comprising a pharmaceutically acceptable salt of a compound of Formula 1 1s
administered.

In some embodiments, the present mmvention 1s directed to a method for degrading, inhibiting
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the growth of or killing a cancer cell comprising contacting said cell with an amount of a composition
etfective to degrade, inhibit the growth of or to kill said cell, the composition comprising a compound
of Formula T or a pharmaceutically acceptable salt, solvate, polymorph, ester, tautomer or prodrug
thereof.

In some embodiments, the present invention s directed to use of a compound of Formulafora
pharmaceutically acceptable salt, solvate, polymorph, ester, tautomer or prodrug thereof in the
preparation of a pharmaceutical composition for degrading and/or inhibiting the growth of or killing a
cancer cell.

In some embodiments, the cancer cells comprise brain, breast, lung ovarian, pancreatic,
prostate, renal, or colorectal cancer cells. Tn further or additional embodiments, the composition is
admirnistered with at least one therapeutic agent. In further or additional ernbodiments, the therapeutic
agent 15 taxol, bortezomib or both. In further or additional embodiments, the therapeutic agent is
selected from the group consisting of cytotoxic agents, anti-angiogenesis agents and anti-neoplastic
agents. In further or additional embodiments, the anti-neoplastic agents selected from the group of
consisting of alkylating agents, anti-metabolites, epidophyllotoxins; antineoplastic  enzymes,
topoisomerase nhibitors, procarbazines, mitoxantrones, platinum coordination complexes, hiological
response modifiers and growth mbhabitors, hormonal/ant-hormonal therapeutic agents, and haematopoietic
growth factors.

In some embodiments, the cancer cells are degraded. Tn further or additional embodiments, 196
of the cancer cells are degraded. In further or additional embodiments, 2% of the cancer cells are
degraded. In further or additional embodiments, 3% of the cancer cells are degraded. In further or
additional embodiments, 4% of the cancer cells are degraded. In further or additional embodiments, 5%
of the cancer cells are degraded In further or additional embodiments, 10% of the cancer cells are
degraded. In further or additional embodiments, 20% of the cancer cells are degraded. In further or
additional embodiments, 25% of the cancer cells are degraded. In further or additional embodiments,
30% of the cancer cells are degraded. In further or additional embodiments, 40% of the cancer cells are
degraded. In further or additional embodiments, 50% of the cancer cells are degraded. In further or
additional embodiments, 60% of the cancer cells are degraded. In further or additional embodiments, 70%
of the cancer cells are degraded. In further or additional embodiments, 75% of the cancer cells are
degraded. In further or additional embodiments, 80% of the cancer cells are degraded. In further or

additional embodiments, 90% of the cancer cells are degraded. In further or additional embodiments,
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100% of the cancer cells are degraded. In further or additional embodiments, essentially all of the
cancer cells are degraded.

In some embodiments, the cancer cells are killed. In further or additional embodiments, 1% of
the cancer cells are killed. In further or additional embodiments, 2% of the cancer cells are killed In
further or additional embodiments, 3% of the cancer cells are killed In further or additional
embodiments, 4% of the cancer cells are killed. In further or additional embodiments, 5% of the cancer
cells are killed. In further or additional embodiments, 10% of the cancer cells are killed. In further or
additional embodiments, 20% of the cancer cells are killed. In further or additional embodiments, 25%
of the cancer cells are killed. In further or additional embodiments, 30% of the cancer cells are kulled. In
further or additional emboduments, 40% of the cancer cells are killed. In further or additional
embodiments, 50% of the cancer cells are killed. In further or additional embodiments, 60% of the
cancer cells are killed. In further or additional embodiments, 70% of the cancer cells are killed. In further
or additional embodiments, 75% of the cancer cells are killed. In further or additional embodiments,
80% of the cancer cells are killed. In further or additional embodiments, 90% of the cancer cells are
killed. In further or additional embodiments, 100% of the cancer cells are killed. In further or additional
embodiments, essentially all of the cancer cells are killed,

In further or additional embodiments, the growth of the cancer cells 15 mhibited. In further or
additional embodiments, the growth of the cancer cells 1s about 1% mnhubited. In further or additional
embodiments, the growth of the cancer cells is about 2% mubited In further or additional
embodiments, the growth of the cancer cells 15 about 3% mhibited. In further or additional
embodiments, the growth of the cancer cells 15 about 4% mhibited. In further or addional embodiments,
the growth of the cancer cells 1s about 5% inhibited. In further or additional embodiments, the growth
of the cancer cells is about 10% inhibited. In further or additional embodiments, the growth of the cancer
cells is about 20% mhibited. In further or additional embodiments, the growth of the cancer cells is
about 25% mhibited. In further or additional embodiments, the growth of the cancer cells is about 30%
mhibited. In further or additional embodiments, the growth of the cancer cells is about 40% inhibited.
In further or additional embodiments, the growth of the cancer cells is about 5094 mnhibited. In further or
additional embodiments, the growth of the cancer cells 1s about 60% mbubited. In further or additional
embodiments, the growth of the cancer cells 15 about 70% inhibited In further or additional
embodiments, the growth of the cancer cells is about 75% mhibited In further or additional

embodiments, the growth of the cancer cells is about 80% wntubited In further or additional
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embodiments, the growth of the cancer cells 15 about 90% mnhibited In further or additional
embodiments, the growth of the cancer cells s about 100% mhubited In further or additional
embodiments, a composition comprising a pharmaceutically acceptable salt of a compound of
Formula 1 is used.

In some embodiments, the present mvention 1s directed to a method for the treatment or
prophylaxis of a proliferative disease i an individual comprising administering to said individual an
effective amount of a composition comprising a compound of Formula I or a pharmaceutically acceptable
salt, solvate, polymorph, ester, tautomer or pro-drug thereof.

In some embodiments, the present invention 1s directed to use of a compound of Formulafora
pharmaceutically acceptable salt, solvate, polymorph, ester, tautomer or prodrug thereof in the
preparation of a pharmaceutical composition for the treatment or prophylaxis of a proliferative
disease.

In some embodiments, the proliferative disease 15 cancer, psotiasis, restenosis, autommumne disease,
or atherosclerosis. In further or additional erbodiments, the proliferative disease is a hyperproliferative
disease. In further or addional emboduments, the proliferative disease 1s selected from the group consisting
of tumors, leukenuas, neoplasms, cancers, carcinomas and malignant disease. In further or additional
embodiments, the cancer 15 brain cancer, breast cancer, lung cancer, ovanan cancer, pancreatic cancer,
prostate cancer, renal cancer, colorectal cancer or leukerma. In further or additional ersbodiments, the
fibrogenetic disorder 1s sclerodenma, polymyositis, systenuc lupus, rheumatod arthntis, liver cirrhosis,
kelod formation, mterstitial nephritts or pulmonary fibrosis. In further or additional embodiments, the
cancer 18 bram cancer, breast cancer, lung cancer, ovarian cancer, pancreatic cancer, prostate cancer, renal
cancer, colorectal cancer or leukemia. In further or additional embodiments, the cancer 1s bram cancer
or adrenocortical carcinoma. In further or additional embodimenis, the cancer 15 breast cancer. In
further or addinonal embodiments, the cancer is ovarian cancer. In further or additional embodiments, the
cancer is pancreatic cancer. In further or additional embodiments, the cancer is prostate cancer. In further
or additional embodiments, the cancer is renal cancer. In further or additional embodiments, the cancer
is colorectal cancer. In further or additional embodiments, the cancer 1s myelowd levkemia. In further or
additional embodiments, the cancer 1s glioblastoma. In further or additional embodiments, the cancer is
follicular lymphoma. In further or additional embodiments, the cancer is pre-B acute leukemia. In
further or additional embodiments, the cancer is chronic lymphocytic B-leukemia. In further or

additional embodiments, the cancer is mesothelioma. In further or additional embodiments, the

37



10

15

20

25

30

WO 2016/097869 PCT/IB2015/002521

cancer is small cell line cancer.

In some embodiments, the composition comprising a compound of Formula I 1s administered
in combination with an additional therapy. In further or additional embodiments, the additional
therapy 1s radiation therapy, chemotherapy or a combination of both. In further or additional
embodiments, the composition comprising a compound of Formula [ i1s administered i
combination with at least one therapeutic agent. In further or additional embodiments, the
therapeutic agent is selected from the group of cytotoxic agents, anti-angiogenesis agents and antt-
neoplastic agents. In further or additional embodiments, the anti-neoplastic agent 1s selected from the
group of consisting of alkylating agents, anti-metabolites, epidophyllotoxins; antineoplastic enzymes,
topoisomerase inhibitors, procarbazines, mitoxantrones, platinum coordination complexes, biological
response modifiers and growth hibitors, hormonal/anti-hormonal  therapeutic  agents, and
haematopoietic growth factors. In further or additional embodiments, the therapeutic agent is
selected from taxol, bortezomib or both. In some embodiments, the composition 13 admunmstered
orally, wmiraduodenally, parenterally {(including intravenous, subcutaneous, intramuscular,
intravascular or by infusion), topically or rectally.

In further or additional embodiments the amount of compound of Formula T 15 in the range
of about 0.001 to about 1000 mg/kg body weight/day. In further or additional embodiments the
amount of compound of Formula [ 1s 1n the range of about 0.5 to about 50 mg/kg body weight /day.
In further or additional embodiments the amount of compound of Formula T 15 about 0.001 to
about 7 g/day. In further or additional embodiments the amount of compound of Formula I 15 about
0.01 to about 7 g/day. In further or additional embodiments the amount of compound of Formula s
about 0.02 to about 5 g/day. In further or additional embodiments the amount of compound of
Formula 1 is about 0.05 to about 2.5 g/day. In further or additional embodiments the amount of
compound of Formula I s about 0.1 to about 1 g/day. In further or additional embodiments,
dosage levels below the lower limit of the aforesaid range may be more than adequate. In further
or additional embodiments, dosage levels above the upper limit of the aforesaid range may be
required.

In further or additional embodiments the compound of Formula 1 is administered in a single
dose, once daily. In further or additional embodiments the compound of Formula [ is administered
i multiple doses, more than once per day. In further or additional embodiments the compound

of Formula I 1s administered twice daily. In further or additional embodiments the compound of
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Formuila I 15 administered three times per day. In further or additional embodiments the compound of
Formula T is administered four times per day. In further or additional embodiments the compound
of Formula I is administered more than four times per day. In some embodiments, the individual
suffering from the proliferative disease is a mammal. In further or additional embodiments, the
individual 1s a human. In further or additional embodiments, an effective amount of a composition
comprising a pharmaceutically acceptable salt of a compound of Formula 1 1s administered.

In some embodiments, the present mvention is directed to a method for the treatment or
prophylaxis of an inflammatory disease i an mdividual comprising administering to said
individual an effective amount of a composition comprising a compound of Formula I or a
pharmaceutically acceptable salt, solvate, polvmorph, ester, tautomer or prodrug thereof.

In some embodiments, the present mvention 1s directed to use of a compound of FormulaTora
pharmaceutically acceptable salt, solvate, polymorph, ester, tautomer or prodrug thereof in the
preparation of a pharmaceutical composition for the treatment or prophylaxis of an mflammatory
disease.

In further or additional emboduments, the inflammatory disease 1s selected from chronic
inflammatory diseases, rheumatoid arthritis, spondyloarthropathies, gouty arthritis, ostecarthritis,
juventle arthritis, acute rheumatic arthritis, enteropathic arthritis, neuropathic arthritis, psoriatic
arthritis, pvogenic arthritis, atherosclerosis, systemic lupus erythematosus, mflammatory bowel
disease, writable bowel syndrome, ulcerative colitis, reflux esophagitis, Crohn's disease, gastritis,
asthma, allergies, respiratory distress syndrome, pancreatitis, chronic obstructive pulmonary disease,
pulmonary fibrosis, psonasis, eczema or scleroderma. In some embodiments, the composition
comprising a compound of Formula 15 adnunistered in combination with an additional therapy. In
further or additional embodiments, the composition comprising a compound of Formula s
administered in combination with at least one therapeutic agent In some embodiments, the
composition 1s adminmistered orally, intraduodenally, parenterally {(including intravenous,
subcutaneous, mtramuscular, intravascular or by infusion), topically or rectally.

In forther or additional embodiments the amount of compound of Formula I is in the range
of about 0.001 to about 1000 mg/kg body weight/day. In further or additional embodiments the
amount of compound of Formula 1 1s in the range of about 0.5 to about 50 mg/kg body weight /day.
In further or additional embodiments the amount of compound of Formula I 1s about 0.001 to about

7 g/day. In further or additional embodiments the amount of compound of Formula I 1s about .01

39



10

15

20

25

30

WO 2016/097869 PCT/IB2015/002521

to about 7 g/day. In further or additional embodiments the amount of compound of Formula 1 is
about 0.02 to about 5 g/day. In further or additional embodiments the amount of compound of
Formula 1 1s about 0.05 to about 2.5 g/day. In further or additional embodiments the amount of
compound of Formula I 1s about 0.1 to about 1 g/day. In further or additional embodiments,
dosage levels below the lower limit of the aforesaid range may be more than adequate. In further or
additional embodiments, dosage levels above the upper limit of the aforesaid range may be required.

In further or additional embodiments the compound of Formula T i1s administered in a
single dose, once daily. In further or additional embodiments the compound of Formula I s
administered 1n multiple doses, more than once per day. In further or additional embodiments the
compound of Formula 1 15 admunstered twice daily. In further or additional embodiments the
compound of Formula I 1s admimstered three times per day. In further or additional embodiments the
compound of Formula T 1s admunistered four times per day. In further or additional embodiments
the compound of Formula I 15 admunistered more than four times per day. In some embodiments, the
individual suffering from the inflammatory disease 15 a mammal. In further or additional
embodiments, the mdividual 15 a human. In further or additional embodiments, an effective amount of a
composition comprising a pharmaceutically acceptable salt of a compound of Formula 1 1s adnunistered.

In some embodiments, the present mvention 1s directed to a method for the treatment or
prophylaxis of cancer m an individual comprising administering to said mdividual an effective amount
of a composition comprising a compound of Formula 1 or a pharmaceutically acceptable salt, solvate,
polymorph, ester, tautomer or prodrug thereof.

In some embodiments, the present invention 13 directed to use of a compound of FormudaTora
pharmaceutically acceptable salt solvate, polymorph, ester, tautomer or prodrug thereof in the
preparation of a pharmaceutical composition for the treatment or prophylaxis of a cancer.

In further or additional embodiments, the cancer 18 brain cancer, breast cancer, lung cancer, ovarian
cancer, pancreatic cancer, prostate cancer, renal cancer, colorectal cancer or leukenua. In further or
additional embodiments, the fibrogenetic disorder 18 scleroderma, polymyositis, systemic lupus,
rheumatoid arthritis, liver ciirhosis, keloid formation, interstitial nephritis or pulmonary fibrosis. In further
or additional embodiments, the cancer 135 bramn cancer, breast cancer, lung cancer, ovarian cancer,
pancreatic cancer, prostate cancer, renal cancer, colorectal cancer or leukemia. In further or additional
embodiments, the cancer i1s brain cancer or adrenocortical carcinoma. In further or additional

embodiments, the cancer is breast cancer. In further or additional embodiments, the cancer is ovarian
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cancer. In firther or additional embodiments, the cancer is pancreatic cancer. In further or additional
embodiments, the cancer 1s prostate cancer. In further or additional embodiments, the cancer is renal
cancer. In further or additional embodiments, the cancer 15 colorectal cancer. In further or additional
embodiments, the cancer s myeloid leukemia. In further or additional embodiments, the cancer is
ghioblastoma. In further or additional embodiments, the cancer is follicular lymphoma. In further or
additional embodiments, the cancer is pre-B acute leukenua. In further or additional embodiments, the
cancer 15 chronic lymphocytic B-leukemia In further or additional embodiments, the cancer s
mesothelioma. In further or additional embodiments, the cancer 1s smali cell line cancer.

In some embodiments, the composition comprising a compound of Formula I is adnunistered im
combination with an additional therapy. In further or additional embodiments, the addiional therapy
radiation therapy, chemotherapy or a combmation of both. In further or additional embodiments, the
compostiion comprising a compound of Formula T is administered i combination with at least one
therapeutic agent. Tn further or additional embodiments, the therapeutic agent 1s selected from the group of
cviotoxic agents, anti-angiogenesis agents and anti-neoplastic agents. In further or additional
embodiments, the anti-neoplastic agent s selected from the group of consisting of alkylating agents,
anti-metabolites, epidophyliotoxins; antineoplastic enzymes, topoisormerase hibitors, procarbazines,
mitoxantrones, platinum coordination complexes, biological response modifiers and growth
mhibitors, hormonal/anti-hormonal therapeutic agents, and haematopoietic growth factors. In further or
additional embodiments, the therapeutic agent 15 selected from taxol, bortezomib or both. In some
embodiments, the composttion 13 adminstered orally, intraduodenally, parenterally (including
mtravenous, subcutaneous, mtramuscular, mtravascular or by infusion), topically or rectally.

In further or additional embodiments the amount of compound of Fornuula I is m the range of about
0.001 to about 1000 mg/ke body weight/day. In further or additional embodiments the amount of
compound of Formula | is m the range of about 0.5 to about 50 mg/kg body weight /day. In further or
addittonal embodiments the amount of compound of Formula 1 13 about 0.001 to about 7 g/day. In
further or additional embodiments the amount of compound of Formula I 1s about 0.01 to about 7 g/day.
In further or additional embodiments the amount of compound of Formula [ is about 0.02 to about 5 g/day.
In further or additional embodiments the amount of compound of Formula 1 is about 0.05 to about 2.5
o/day. In finther or additional embodiments the amount of compound of Formula I 1s about 0.1 to about 1
g/day. In further or additional embodiments, dosage levels below the lower limit of the aforesaid

range may be more than adequate. In further or additional embodiments, dosage levels above the upper
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it of the aforesaid range may be required.

In further or additional embodiments the compound of Formula 1 15 adnunistered 1n a single
dose, once daily. In further or additional embodiments the compound of Formula I 1s adminustered
multiple doses, more than once per day. In further or additional embodiments the compound of
Formula T 15 admimstered twice daily. In further or additional embodiments the compound of
Formula I 15 administered three times per day. In further or additional embodiments the compound of
Formula I 1s adnunistered four times per day. In further or additional embodiments the compound of
Formula 1 15 adnunistered more than four times per day. In some embodiments, the individual suffering
from cancer is a mammal. In further or additional embodiments, the individual 1s a human. In further or
additional embodiments, an effective amount of a composition comprising a pharmaceutically
acceptable salt of a compound of Formula T 1s adnmunistered.

In some embodiments, the present mvention 1s directed to a method of reducing the size of a
tumor, inhibiting tumor size increase, reducing tumor proliferation or preventing tumor proliferation
in an ndividual, comprising admnstering to said individual an effective amount of a composttion
comprising a compound of Formula I or a pharmaceutically acceptable salt, solvate, polymorph, ester,
tautomer or prodrug thereof.

In some embodiments, the present invention 13 directed to use of a compound of FormudaTora
pharmaceutically acceptable salt, sclvate, polymorph, ester, tautomer or prodrug thereof mn the
preparation of a pharmaceutical composition for reducing the size of a tumor, mhibiting tumor size
mcrease, reducing tumor proliferation or preventing tumor proliferation.

In some embodiments, the size of a tumor 15 reduced. In further or additional embodunents, the
size of a tumor 1s reduced by at least 1%. In further or additional embodiments, the size of a tumor 1s
reduced by at least 2%. In further or additional embodiments, the size of a tumor is reduced by at least
3%. In further or additional embodiments, the size of a tumor is reduced by at least 4%. In further or
additional embodiments, the size of a tumor 5 reduced by at least 5%. In further or additional
embodiments, the size of a tumor 1s reduced by at least 10%. In further or additional embodiments, the
size of a tumor 18 reduced by at least 20%. In further or additional embodiments, the size of a tumor 18
reduced by at least 25%. In further or additional embodiments, the size of a tumor is reduced by at least
30%. In further or additional embodiments, the size of a tumor is reduced by at least 40%. In further or
additional embodiments, the size of a tumor 1s reduced by at least 50%. In further or additional

embodiments, the size of a tumor 1s reduced by at least 60%. In further or additional embodiments, the
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size of a tumor is reduced by at least 70%. In further or additional embodiments, the size of a tumor is
reduced by at least 75%. In further or additional embodiments, the size of a tumor is reduced by at
least 80%. In further or additional embodiments, the size of a tumor 1s reduced by at least 85%. In
further or additional embodiments, the size of a tumor s reduced by at least 90%. In further or
additional embodiments, the size of a tumor 15 reduced by at least 93%. In further or additional
embodiments, the tumor is eradicated. In some embodiments, the size of a tumor does not increase.

In some embodiments, tumor proliferation 15 reduced. In some embodiments, tumor
proliferation is reduced by at least 1%. In some embodiments, tumor proliferation 1s reduced by at
least 2%. In some embodiments, tumor proliferation 1s reduced by at least 3%. In some embodiments,
turnor proliferation 15 reduced by at least 4%. In some embodiments, tumor proliferation 1s reduced by at
least 5%. Tn some embodiments, tumor prohiferation is reduced by at least 10%. In some embodiments,
tumor proliferation is reduced by at least 20%. In some embodiments, tumor proliferation s reduced
by at least 25%. In some embodiments, tumor proliferation 15 reduced by at least 30%. In some
embodiments, tumor proliferation i1 reduced by at least 40%. In some embodiments, tumor
proliferation is reduced by at least 530%. In some embodiments, tumor proliferation 1s reduced by at
least 60%. In some embodiments, tumor proliferation s reduced by at least 70%. In some
embodiments, tumor proliferation 18 reduced by at least 75%. In some embodiments, tumor
proliferation s reduced by at least 80%. In some embodiments, tumor prohiferation 15 reduced by at
least 90%. In some embodiments, tumor proliferation is reduced by at least 95%. In some
embodiments, tumor proliferation 1s prevented.

In some embodiments, the composttion comprising a compound of Formulda T 13 admimstered
in combination with an additional therapy. In further or additional embodiments, the additional therapy is
radiation therapy, chemotherapy or a combination of both. In further or additional embodiments, the
composttion comprising a compound of Formula 1 is adnunistered in combination with at least one
therapeutic agent. In further or additional embodiments, the therapeutic agent is selected from the group
of cytotoxic agents, anti-angiogenesis agents and anti-necplastic agents.

In further or additional embodiments, the anti-neoplastic agent is selected from the group of
consisting of alkylating agents, anti-metabolites, epidophyvllotoxins, antineoplastic enzymes, topoisomerase
mhibitors, procarbazines, mitoxantrones, platinum coordination complexes, hiological response modifiers
and growth inhibitors, hormonal/anti-hormonal therapeutic agents, and haematopoietic growth factors. In

further or additional embodiments, the therapeutic agent is selected from taxol, bortezonub or both. In
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some embodiments, the composttion 1s adminstered orally, intraducdenally, parenterally (including
mtravenous, subcutaneous, intramuscular, mtravascular or by infusiony), topically or rectally.

In further or additional embodiments the amount of compound of Formula I 1s n the range of
about 0.001 to about 1000 mg/kg body weight/day. In further or additional embodiments the amount of
compound of Formula 1 is in the range of about 0.5 to about 30 mg/kg body weight/day. In further or
additional embodiments the amount of compound of Formula 1 1s about 0.001 to abowt 7 g/day. In
further or additional embodiments the amount of compound of Formula 1 is about 0.01 to about 7 g/day.
In further or additional embodiments the amount of compound of Formula I 1s about 0.02 to about 5
g/day. In further or additional embodiments the amount of compound of Formula T 1s about 0.05 to
about 2.5 g/day. In further or additional embodiments the amount of compound of Formula T 15 about
0.1 to about 1 g/day. In further or additional emboduments, dosage levels below the lower limit of the
aforesaid range may be more than adequate. In further or additional emboduments, dosage levels above
the upper himt of the aforesaid range may be required.

In further or additional embodiments the compound of Formula 1 s admmustered in a single
dose, once daily. In further or addimional embodumnents the compound of Formula I 1s adnunistered m
multiple doses, more than once per day. In further or additional embodiments the compound of
Formula I is adnmunistered twice daily. In further or additional embodiments the compound of
Formuda T 15 admuanustered three times per day. In further or additional embodiments the compound of
Formula T 15 adoumistered four times per day. In further or additional embodiments the compound of
Formulda T 18 adounistered more than four times per day. In some embodiments, the individual suffering
from cancer 1s a mammal. In further or addittonal embodiments, the mdividual 1s a human. In further or
additional embodiments, an effective amount of a3 composition comprising a pharmaceutically
acceptable salt of a compound of Formula 1 is administered.

In some embodiments, the present mvention is directed to a method for achieving an effect ma
patient comprising the administration of an effective amount of a composition comprising a compound
of Formula I or a pharmaceutically acceptable salt, solvate, polymorph, ester, tavtomer or prodrug thereof,
to a patient, wherein the effect s selected from the group consisting of inhibition of various cancers,
mmunological diseases, and inflammatory diseases. In some embodiments, the effect is inhibition
of various cancers. In further or additional embodiments, the effect 15 mhibition of immunological
diseases. In further or additional embodiments, the effect 1s inhibition inflammatory diseases.

In some embodiments, the present invention 1s directed to use of a compound of Formula fora
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pharmaceutically acceptable salt solvate, polymorph, ester, tautomer or prodrug thereof in the
preparation of a pharmaceutical composition for the mhibiting various cancers, immunological
diseases, and/or inflammatory diseases.

In some embodiments, the composition comprising a compound of Formula 1 1s administered m
combination with an additional therapy. In further or additional embodiments, the additional therapy 15
radiation therapy, chemotherapy or a combination of both. In further or additional embodiments, the
composition comprising a compound of Formula I 15 administered i combination with at least one
therapeutic agent. In some embodiments, the composition is administered orally, mtraduodenally,
parenterally (including mtravenous, subcutaneous, intramuscular, mtravascular or by infusion), topically or
rectally.

In further or additional embodiments the amount of compound of Formula I 1s in the range of
about 0.001 to about 1000 mg/kg body weight/day. In further or additional embodiments the amount of
compound of Formula I is m the range of about 0.5 to about 50 mg/ke body weight /day. In further or
additional emboduments the amount of corapound of Formula T is about 0.001 to about 7 g/day. In further
or additional emabodiments the amount of compound of Formula T 15 about 0.01 to about 7 g/day. In
further or additional embodiments the amount of compound of Formula 1 1s about 6.02 to about 5 g/day.
In further or additional embodiments the amount of compound of Formula T 1s about 0.05 to about 2.5
g/day. Tn further or additional embodiments the amount of compound of Formula 1 1s about 0.1 to about 1
g/day. In further or additional embodiments, dosage levels below the lower hinit of the aforesaid range
may be more than adequate. In further or addtional embodiments, dosage levels above the upper it of
the aforesaid range may be required.

In further or additional embodiments the compound of Formuda 1 is administered in a single
dose, once daily. In fiwrther or additional embodiments the compound of Formula [ is adnmunistered in
multiple doses, more than once per day. In further or additional embodiments the compound of
Formula I 1s admunistered twice daily. In further or additional embodiments the compound of
Formula I 15 admunistered three times per day. In finther or additional embodiments the compound of
Formulda | 15 admimistered four times per day. In further or additional embodiments the compound of
Formula 1 15 admmistered more than four times per day. In some embodiments, the individual suffering
from cancer 15 a mammal. In further or additional embodiments, the individual is a human. In further or
additional embodiments, an effective amount of a composition comprising a pharmaceutically

acceptable salt of a compound of Formula 1 is administered.
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In some embodiments, the present invention is directed to a process for preparing a compound
of Formula I or a pharmaceutically acceptable salt solvate, polymorph, ester, tautomer or prodrug

thereof

Preparation of compounds of Formula §
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The foregoing scheme provides general synthetic routes for the compounds of Formula E, B, and
V. The key intermediate compound 3 can be obtained via coupling reaction of cyclic amine
compounds with the bicyclic hetero cyclic compound 1 containing various functional groups Q.
The vartous five membered heterocyclic moieties in the compounds of Formula ¥ are introduced
via coupling reaction, condensation, or cyclization reactions from the compound 3. The
compounds of Formula H can be prepared from the compound 3 contairung aldehyde moiety
through HEW reaction, hvdrolysis followed by amide coupling reaction. In the case of Formula

IV, Sonogashira reaction with 1odo compound 3 afforded the desired compounds.
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EXPERIMENTAL PROCEDURES
NMR spectra were recorded in CDCl and DMSO-d; solution in 5-mm o.d. tubes (Norell,
Inc. 507-HP} at 30 °C and were collected on Varian VNMRS-400 at 400 MHz for 'H. The
chemical shifts (0} are relative to tetramethylsilane {(TMS = 0.00 ppm) and expressed in ppm.
5 LC/MS was taken on fon-trap Mass Spectrometer on FINNIGAN Thermo LCQ Advantage
MAX, Agilent LC 1200 series (Column : YMC Hydrosphere (C18, $4.6 x 50 mm, 3 um, 120 A,
40 °C) operating in ESI{+) tonization mode; flow rate = 1.0 mL/min. Mobile phase = 0.01%

heptafluorcbutyric acid (HFBA} and 1.0% sopropyl alcohol (IPA) m water or CH3CN.

10 Examnle 1: Preparation of Intermediate Compound 1

"
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-78°Ctort., 2N

Intermediate Compound 1: 3-fluore-5-(pyrrohidin-2-yljpyridine

15

To a solution of pyrrolidin-2-one (10.0 g, 118 mmol) m CH:ON (118 mL) were added
TEA (19.6 oL, 141 mmol), DMAP (7.18 g, 58 8 mmol} and (#~BochO (32.7 ml, 141 mmol} at
20 0 °C. The reaction muxture was stirred at room temperature overnight and then partiioned

between EtAc and water. The separated organic layer was washed with 1 N ag HCI, T N aq.
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NaOH and brine, dried over Na,SQy, filtered and concentrated in vacuo. The residue was
purified by column chromatography on Si0, (Hex EtOAc = 1:1} to afford tert-butyl 2-
oxopyrrolidine-1-carboxylate (21.0 g 96%) as a pale yellow oil. 'H-NMR (CDCl;, Varian, 400
MHz): § 1.53 (9H, s), 2.00 (2H, quint, J = 8.0 Hz), 2.52 (2H, , J= 8.0 Hz), 3.75 (2H, t, J = 7.6
Hz).

Step B: tert-butyl 4-(5-fluoropyridin-3-yl}-4-oxobutyicarbamate

NHBoc

To a solution of 3-bromo-S-flucropyridine (4.26 g, 24.2 mmol} in dry THF (25 mL} was
added isopropylmagnesium chloride (2.0 M in THF, 145 mb, 290 mmol} at -78 °C. The
mixture was slowly warmed to 0 °C, stirred for 1 hour at 0 °C and then cooled to -78 °C. After
addition of a solution of tert-butyl 2-oxopyrrolidine-1-carboxylate (5.38 g, 29.0 mmol} in dry
THF (10 mL) at -78 °C, the reaction nuxture was allowed to warm to room temperature, stirred
at room temperature for 2 hours and quenched with saturated aq. NH4(1 The mixture was
extracted with EtOAc twice. The combined organic layers were washed with brine, dried over
Na, SOy, filtered and concentrated in vacuo. The residue was purified by column chromatography
on Si10, (HexFitOAc = 211 to 1:1) to afford tert-butyl 4-(5-fluoropyridin-3-yl}-4-
oxobutylcarbamate (4.73 g, 69%) as a yellow oil.

Step C: 3-(3,4-dihydro-2H-pyrrol-S-y1)-5-fluoropyridine

To a solution of tert-butyl 4-(S-fluoropyridin-3-vl)-4-oxobutylcarbamate (473 ¢, 167
smmol) i DCM (17 mL) was added TFA (6.45 miL, 84 mmol) at 0 °C. The reaction mixture was
stirred at room temperature for 12 hours and then concentrated in vacro. The residue was diluted
with EtOA¢, washed with saturated aq. NaHC(O;, dried over Na; 8O, filtered and concentrated in
vacuo to afford 3-(3,4-dihydro-2H-pyrrol-5-y-5-fluoropyridine {1.83 g, 66.5%} as a vellow
sohid, which was used for the next reaction without further purification. H-NMR (CDCls, Varian,

400 MHz): § 2.10 (2H, quint, J = 8.0 Hz), 2.96 (2H, t, J= 8.4 Hz), 4.10 (2H, t, /= 7.6 Hz), 7.94
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(1H, d, /= 9.2 Hz), 8.53 (1H, d, /= 2.4 Hz), 8.79 (1H, s).

Step D: 3-fluoro-5-(pyrrolidin-2-ylipyridine

To a solution of 3-(3 4-dihydro-2H-pyrrol-3-yl)-5-fluoropyndine (1.83 g, 11.1 mmol) in
MeOH (16 mL) and water (4.0 mL) was portionwise added sodium borshydride (0.843 g, 22.3
mmol) at 0 °C. The reaction mixture was stirred for 2 hours at room temperature and then
quenched with 2 N ag. HCL After evaporation of MeOH, the residue was basified with 1 N aq.
NaOH and extracted with DCM twice. The combined organic layers were dried over Na)SQOy,
filtered and concentrated in vacuo to afford 3-fluoro-3-(pyrrolidin-2-yDpyridine (1 .62 g, 87%) as
a vellow oil. 'H-NMR (CDCL, Vanan, 400 MHz): 8 1.60-1.69 (1H, m}, 1.81-1.98 (3H, m), 2.20-
2.29 (1, m), 3.03-3.10 (1H, m), 3.15-3.20 (1F, m), 422 (10, t, J = 7.6 Hz), 7.49 (1H, d, J =
10.0 Hz), 832 (11, d, /=2.4 Hz), 8.40 (11 s).

Example 2: Preparation of Intermediate Compound 2

F F F F
1y i-PrgCl, THF ; ) A NaBH :
ol fane o 1 = TEA =y aBH, ,
@ CEE ST O P —_ ) !
8. O NN 5eM , 2N MeGH, H,0 . N
¢ 23 F : 12k F- kj ¢°Ctlort 2h F- L
( NBoG \\//\NHBOC T

-78°Ctort 2h

Intermediate Compound 2: 2-(2,5-difluorophenylpyirolidine

Step A: tert-butyl 4-(2,5-difluorophenyi)-4-oxobutylcarbamate
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NHBoc¢

To a solution of 2-bromo-1,4-difluorobenzene (5.81 mi, 51.8 mmol) 1n dry THF (50 mL)}
was added sopropyimagnesium chloride (2.0 M in THF, 31.1 mbL, 62.2 mmol) at -78 °C. The
mixture was slowly warmed to 0 °C, stirred for 1 hour at that temperature and then cooled to -
78 °C again. After addition of a soluotion of tert-butyl 2-oxopyrrolidine-1-carboxylate (11.5 g,
62.2 mmol} in dry THF (20 mL} at -78 °C, the reaction mixture was allowed to warm to room
temperature with stirring for 2 hours and quenched with saturated agq. NHYCL The mixture was
extracted with EtOAc twice. The combined organic layers were washed with brine, dried over
Na,80,, filtered and concentrated in vacwo to afford tert-butyl 4-(2,S-diflucrophenyl)-4-
oxobutylcarbamate (15.5 g, 100%) as a pale green oil, which was used for the next reaction

without further purification.

Step B: 5-(2,5-difluorophenyl}-3,4-dihydro-2H-pyrrole

To a solution of tert-butyl 4-(2,5-difluorophenyl)-d-oxobutylcarbamate (155 g, 51.8
mmol) i DCM (52 mL) was added TFA (19.9 mL, 259 mmol} at 0 °C. The reaction nuxture was
stirred at room temperature for 12 hours and then concentrated in vacuo. The residue was difuted
with EtOA¢, washed with saturated aq. NaHC(O;, dried over Na; 8O, filtered and concentrated in
vacuo to atford 5-(2,5-difluorophenyl)-3,4-dihydro-2H-pyrrole {6.17 g, 65.8%} as a reddish oil,
which was used for the next reaction without further purification. "H-NMR (CDCYs, Vanan, 400
MHz): § 2.00-2.08 (2H, m), 2.97-3.02 (2H, m), 3.99-4.04 (2F, m), 7.04-7.08 (2H, m), 7.64-7.68
(1H, m).
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Step C: 2-(2,5-difluorophenylipyrrolidine

F

To a solution of 5-(2,5-difluorophenyl}-3 . 4-dihydro-2H-pyrrole (6.17 g, 34.1 mmol) n
MeQOH (60 mlL) and water (15 mL) was portionwise added sodium borohydride (2.58 g, 68.1
5  mmol} at 0 °C. The reaction mixture was stured for 2 hours at room temperature and then
quenched with 2 N aq. HCl After evaporation of MeOH, the residue was basified with 1 N aq.
NaQOH and extracted with DCM twice. The combined organic lavers were dried over Na;SQOy,
filtered and concentrated in vacuo to aftord 2-(2,5-difluorophenyDpyrrolidine (5.94 g, 95%} as a
yellow oil. 'H-NMR (CDCls, Varian, 400 MHz): 6 1.56-1.65 (1H, m), 1.78-1.94 3H, m), 2.21-
10 230 (1H, m), 3.01-3.08 (1H, m), 3.13-3.18 (1H, m), 4.40 (17, t, J = 7.2 Hz), 6.82-6.88 (11, m),

6.91-6.97 (11, m), 7.22-7.26 (1H, m).

Example 3: Preparation of Intermediate Compound 3

-
=

O e
),——W >‘L \r Br //l%
{\EV\OH v . \\v/\ ‘Cj OMe NW///\ 0
DIAD, PPh; Pd(f”*”hoh Cul, TEA OMe Sy
g
F F ¢
HeN—NH; (J\ LA N s KI‘
MeOH, DOM Nz CHACN, H,O g TMeOH. 1,0 NN
rt, 12 b St \/\;w 80°C, 5 h Site 0Ctort zh She L

15

Intermediate Compound 3: 5-fluoro-2-methoxy-3-(pyrrolidin-2-v)pyridine
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Step A: 2-(but-3-ynyhisoindoline-1,3-dione
C

G

To a solution of phthalimide (10.0 ¢, 68.0 mmol), but-3-yn-1-ol (5.24 g, 74.8 mmol} and
triphenylphosphine (19.6 ¢, 74 8 mmol} in toluene (136 mL) was slowly added DIAD (158 mL,
82.0 mmol) at 0 °C over 10 min. The reaction mixture was stirred at room temperature for 1 hour,
After addition of MeOH (50 ml.), the nuxture was stured for 30 nun. A precipitated sohid was
collected by filtration and washed with MeOH. The filtrate was concentrated in vacuo and a
residual solid was triturated with MeOH and collected by filtration to afford 2-(but-3-
ynyljisoindoline-1,3-dione (10.9 g, 81%) as a white solid. "H-NMR (DMSO-ds, Varian, 400
MHz): § 2.52 (2H, dt, J= 7.2, 2.4 Hz), 2.78-2.80 (1H, m), 3.68 (21, t, ./ = 6.8 Hz), 7.80-7.86 (4H,
my.

Step B: 2-{(4-(5-fluoro-2-methoxypyridin-3-yijbut-3-ynylhisoindoline-1,3-dione

A solution 3-bromo-5-fluore-2Z-methoxypyridine (400 g, 194 mmol), 2-(but-3-
ynylyisoindoline-1,3-dione (3.87 g, 19.4 mmol) and TEA (10.8 mL, 78 mmol} in DMF {40 mL)
was degassed with argon. After addition of Pd(PPhs)s (1.12 g, 0.971 mmol} and Cul (0370 g,
1.94 mmol), the reaction muxture was heated at 90 °C for 2 hours and cooled to room
temperature. After addition of MeOH, a precipitated sohd was collected by filiration. The solid
was washed with MeOH and dried under vacuum to afford 2-(4~(5-fluoro-2-methoxypyridin-3-
ylYbut-3-ynyl)isoindoline-1,3-dione (5.80 ¢, 92%) as a white fluffy solid "H-NMR (CDCl,
Varian, 400 MHz): § 2.90 (2H, t, /= 6.8 Hz), 3.85 (3H, s}, 3.99 (2H. , /= 6.8 Hz), 7.34 (1H. dd,
J=7.6,24Hz), 7.73-7.75 (2H, m), 7.87-7.89 (3H, m).
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Step C: 4-(S-fluore-2-methoxypyridin-3-yhbut-3-yn-1-amine

CMe NH,

To a soluton of 2-{(4-(5-fluoro-2-methoxypyridin-3-yi}but-3-ynylhisoindoline-1,3-dione
{6.44 g, 19.8 mmol} in MeOH (20 mL} and DCM (100 mL) was added hydrazine (1.39 mL, 29.8
mmol} at room temperature. The reaction mixture was stirred at room temperature for 12 hours,
while an insoluble solid was observed. The solid was filtered off and washed with DCM. The
filtrate was washed with water. The aqueous layer was extracted with DCM. The combined
organic lavers were dried over Na SOy, filtered and concentrated in vacuo to afford 4-(5-fluoro-
2-methoxypyridin-3-yhbut-3-yn-1-amine (3.86 g, 100%) as a yellow solid, which was used for
the next reaction without further purification. "H-NMR (CDCl, Varian, 400 MHz): § 1.41 (ZH,
br. ), 2.61 (ZH, t. J = 6,4 Hz), 2.95 (2H, t, J = 6.4 Hz), 3.97 (3H, 5), 7.40 (1H, dd, J = 8.0, 2.8
Hz), 792 (1H, d, /= 2.8 Hz).

Step D 3-(3,4-dihydro-2H-pyrrol-3-y1}-5-fluoro-2-methoxypyridine

A mixture of 4-(5-fluoro-2-methoxypyridin-3-yhbut-3-yn-1-amine (3.86 g, 19.8 mmol)
and PACH (35.0 mg, 0.199 mmol) 1n CH:CN (50 mL) and water (17 mL} was heated at 80 °C for
5 hours and cooled to room temperature. After concentration in vacuo, the residue was
partitioned between DCM and water. The aqueous layer was extracted with DCM. The combined
organic layers were dried over Na,;SQ,, filtered and concentrated in vacuo. The residue was
purified by column chromatography on 510, (Hex EtOAc = 5:1 t0 3:1) to afford 3-(3,4-dihydro-
2H-pyrrol-5-yD-5-fluoro-2-methoxypyridine (2.10 g, 54%) as a vellow solid. 'H-NMR (CDCls,
Varian, 400 MHz): § 2.01 (2H, quint, J= 7.6 Hz), 3.01 (2H, t, /= 7.6 Hz), 3.97 3H, s), 3.99 (2H,
t,J=7.6 Hz), 7.92 (11, dd, J = 8.4, 2.8 Hz), 8.04 (1H, d, J — 2.8 Hz),
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Step K. 5-fluoro-2-methoxy-3-(pvrrolidin-2-ylpyridine
F
YA
N. = N
OMe

To a dispersion of 3-(3,4-dihydro-2H-pyrrol-S-y1)-5-fluore-2-methoxypyridine (500 mg,
2.57 mmol} 10 MeOH (10 mL) and water (2.5 ml} was portionwise added sodium borohydride
{195 mg, 5.15 mmol} at 0 °C. The reaction mixture was stirred for 2 hours at room temperature
and then quenched with 2 N ag. HCL After evaporation of MeOH, the mixture was basified with
I N ag NaQOH and extracted with DCM twice. The combined organic layers were dried over
Na;SQy, filtered and concentrated i vacwo to afford 5-fluore-2-methoxy-3-(pyrrohidin-2-
vhpynidine {437 mg, 87%;) as a yellow o1l, which was used for the next reaction without further
purification. "H-NMR (CDCL, Vanan, 400 MHz)y: 6 1.50-1.59 (1H, m), 1.79-1.87 (2H, m), 1.93
(11, br. s}, 2.20-2.28 (1H, m), 3.01-3.15 (2H, m), 3.93 (3H, s), 4.29 (1H, t, J= 7.6 Hz), 7.57 (11,
dd, J=8.8, 3.2 Hz), 7.83 (1H, d, J = 3.2 Hz).

Example 4: Preparation of Intermediate Compound 4

o M HCI
cl
OMe
\i/\n TEA Me \f/
o DOM e
0°C, 3h
2 .
v c -8 oo
1y Mgl T HoN ““< N u~>gw< Et,RH
= -/8 Cin(}o@'}h ‘ 5 —’»
NN
\d\\/ﬂ\ 23 T]'(/k_t) / THF
B ieo THF N, 7B°C.1hRtori, 12h
o~ 75 °C, 48 h ¢l
Cl
~78°Ctort 4h
T » F
% OQQ,,,% HCl N
! P e -l H
N 7 “")./N\’}r MeOH N7 .:,,"/,J
L/ 0°Ctort, 12h

Intermediate Compound 4. (R)-3-fluoro-3-{pyrrolidin-2-yhpyridine
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Step A: 4-chloro-N-methoxy-N-methylbutanamide

{
MeO"N\f’O
S

To a solution of 4-chlorobutanoyl chloride (50.0 g, 355 mmol} and N-MeO-N-Methyl
amine HC1 (34.6 ¢, 355 mumol) in DCM (709 mL) was slowly added TEA (109 mL, 780 mmol)
at 0 °C over 30 nunutes. The reaction mixture was stirred at 0 °C for 3 hours and then treated
with water (250 mL). The separated organic layer was washed with brine, dried over Na,S0O,,
filtered and concentrated in vacuo to afford 4-chloro-N-methoxy-N-methylbutananude (55.0 g,
94%) as yellow oil, which was used for the next reaction without further purification. "H-NMR
(CDCl, Vanan, 400 MHz): 6 212 (2H, quint, /=064 Hz), 2.63 (2H, t, J=7.2Hz), 319 (3H, s),
3.64 (ZH, £, J= 6.4 Hz), 3.71 (3H, 5).

Step B 4-chloro-1-(S-fluoropyridin-3-yl}butan-1-one

To a solution of 3-bromo-S-fluoropyridine {(30.0 g, 170 mmol) in dry THF (170 mL} was
added isopropyimagnesium chloride (2.0 M in THF, 102 mL, 205 mmol) at -78 °C. The nuxture
was slowly warmed to 0 °C, stirred for 1 hour at that temperature and then cooled to -78 °C
again. After addition of a solution of 4-chloro-N-methoxy-N-methylbutananude (311 g, 188
mmol) in dry THF (100 ml), the reaction nuxture was allowed to warm to room temperature
with stirring for 4 hours and quenched with saturated ag. NH4CL The muxture was extracted with
EtOAc twice. The combmed organic lavers were washed with brine, dried over Na,SOy, filtered
and concentrated /n vacuo. The residue was purified by column chromatography on $i10s
(Hex EtOAc = 7.1 to 6:1) to afford 4-chloro-1-(5-fluoropyridin-3-yhbutan-1-one (25.1 g, 125
mmol, 73%) as a yellow oil, "H-NMR (CDCly, Varian, 400 MHz): § 2.27 (2H, quint, J = 6.4 Hz),
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322 (ZH. t, J = 6.8 Hz), 3.70 (2H, t, J = 6.4 Hz), 7.93-7.97 (1H, m), 8.68 (1H, d. J = 3.2 Hz),
9.03 (1H, t, J= 1.6 Hz).

Step C: (8,2)-N-(4-chloro-1-(5-fluoropyridin-3-ylibutylidene}-2-methylpropane-2-suifin-
amide.

A solution of 4-chloro-1-(5-fluoropyridin-3-ylibutan-1-one (251 g, 125 mmol}, {S)-2-
methylpropane-2-sultinamide {22.6 g, 187 mmol) and tetracthoxytitanium (42.6 g, 187 mmol) in
THF (249 mL) was heated at 75 °C for 48 hours and cooled to room temperature. After addition
of EtOAc (100 mL) and brine {100 mL), the resulting mixture was stirred for 1 hour at room
temperature. A precipitated solid was filtered off and washed with BEtOAc. The filirate was
washed with waier twice, dried over Na;8SO,, filtered and concenirated in vacuo. The residue was
purified by column chromatography on 8510, (Hex EtOAc = 3:1 to 2:1} to afford (§,72)-N-(4-
chloro-1-(5-tfluoropyridin-3-ylbutylidene}-2-methylpropane-Z-sulfinamide {(30.0 g, 79%) as a
vellow oil. 'H-NMR (CDCls;, Varian, 400 MHz). § 1.35 (9H, s), 2.09-2.26 (2H, m), 3.31-3.38
(1, m), 3.44-3.51 (1H, m), 3.62-3.71 (2H, m), 7.87 (1H, d, J = 9.2 Hz), 8.59 (1H, d, J= 2.8 Hz),
8.92 (1H, 3.

Step D 3-((R)-1-((S)-tert-buty lsultinyl}-pyirolidin-2-y1}-5-fluoropyridine

=
Y %‘75""/<
N /’!,.{5

To a solution of {S,2}-N-(4-chioro-1-(5-fluoropyridin-3-yiibutylidene)-2-methylpropane-
2-sulfinanude {10.0 g, 32.8 mmol) 1o dry THF {131 ml) was added Super hydride (1 M in THF,
36.1 mL, 36.1 mmol) at -78 °C. The reaction muxture was stirred at -78 °C for 1 hour, warmed to
room temperature and stirred for 12 hours at room temperature. After being quenched with
saturated ag. NHCl, the mixture was extracted with EtOA¢ twice. The combined organic layers

were washed with water, dried over Nap3Q,, filtered and concentrated i vacuo. The residue was
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purified by column chromatography on S10, (Hex FtOAc = 1.1 to 1:2 to 1:3 to EtDAc) to afford
3-({R)-1-((S)-tert-butylsulfiny}-pyrrolidin-2-vi}-5-fluoropyridine (3.73 g, 42%) as a vellow oil.
"H-NMR (CDCls, Varian, 400 MHz): § 1.13 (9H, s), 1.75-1.79 (1H, m), 1.79-2.04 (2H, m), 2.28-
236 (1H, m), 2.97-3.03 (1H, m}, 3.90-3.95 (1H, m), 471 (1H, t, /=72 Hz), 7.33-736 {1H, m),
8.38-8.39 (2H, m).

Step E: (R)-3-fluoro-S-(pyrrolidin-2-ylipyridine

-
=

X
(2,
N /"i,b(/

L

To a solution of 3-({R}-1-((S)-tert-butyisulfinyl}-pyrrolidin-2-y1}-5-fluoropyridine (7.47 g,
27.6 mmol} i MeOH (55 mL} was added HCl {4 M 1 dioxane, 34.5 mL, 138 mmol) at 0 °C.
The reaction mixture was stirred for 12 hours at room temperature. After concentration in vacuo,
the residue was dissolved m water {100 mL) and washed with EtOAc (100 mL). The separated
aqueous layer was neutralized with 1 N aq. NaOH (150 mL), extracted with DCM (100 mL x 3},
The combined organic lavers were washed with brine, dried over Na;SQO, filtered and
concentrated in vacue to afford (R}-3-flucro-5-(pyrrolidin-2-yl}pyriding (435 g, 95%) as a
reddish oil. "H-NMR {CDCh, Vanan, 400 MHz): 6 1.60-1.69 (1H, m), 1.83-1.97 (3H, m), 2.20-
2.29 (1H, m), 3.04-3.10 (1H, m), 3.15-3.21 (1H, m), 4.23 (11, t, J = 7.6 Hz), 7.47-7.51 (11, m),
833 (1H, d, /=28 Hz}, 8.40 (I1H, s}

Example 5: Preparation of Intermediate Compound 8

] 1) i-PIMgCI, THF ] N J<
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Intermediate Compound 5: (R})-2-(2,5-difluorophenylipyrrohidine

To a solution of 2-bromo-1,4-difluorobenzene (30.0 g, 155 mmol} in dry THF (155 mL)
was added i1sopropyvimagnesium chloride (2 M in THF, 93.0 mi, 187 mmol} at -78 °C. The
nuxture was slowly warmed to 0 °C, stirred for I hour at that temperature and then cooled to -
78 °C again. After addition of a solution of 4-chloro-N-methoxy-N-methylbutanamide (28.3 g,
171 mmol) 1o THF (100 mb), the reaction nuxture was allowed to warm to room temperature
with stirring for 4 hours and quenched with saturated ag. NHyClL The mixture was extracted with
EtOAc twice. The combined organic layers were washed with brine, dried over Na;SOy, filtered
and concentrated in vacuo. The residue was purified by coluran chromatography on 510,
(Hex EtOAc = 7.1 10 6:1) to afford 4-chloro-1-(2,5-difluorophenylbutan-1-one (13.3 g, 39%) as
a pale yellow oil. "H-NMR (CDCls, Varian, 400 MHz): § 2.22 (2H, quint, J = 6.8 Hz), 3.16-3.20
(2H, m), 3.67 (21, 1,7 = 6.4 Hz), 7.11-7.17 (1H, m), 7.20-7.26 (1H, m), 7.55-7.59 (11, m),

Ktep B {S,Z23-N-{4-chloro-1-(2,5-difluoropheny Dhbutylidene}-2-methylpropane-2-

sutfinamide

A solution of 4-chloro-1-(2,5-difluorophenylbutan-1-one {(16.4 g, 75.0 mmol}, (8)-2-
methylpropane-2-sulfinamide (13.6 g, 113 mmol) and tetraethoxytitaniom (25.7 g, 113 munol) in
THF (150 mL) was heated at 75 °C for 48 hours and cooled to room temperature. After addition

of EtOAc (50 mL) and brine (50 mL), the resulting mixture was vigorously stirred for 1 hour at
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room temperature. A preciptiated solid was filtered off and washed with EtOAc. The filtrate was
washed with water twice, dried over Na,SOy, filiered and concentrated i1 vacuo. The residue was
purified by column chromatography on 8510, (Hex EtOAc = 3:1 to 2:1} to afford (§,72)-N-(4-
chloro-1-(2,5-diftuorophenyl}butylidene)-2Z-methyvipropane-2-sulfinamide (163 g, 67%) as a
yellow oil. 'H-NMR {(DMSO-ds, Varian, 400 MHz): § 1.15and 1.21 (9H, s and 5), 1.86-2.12 (ZH,
m), 2.78-3.30 (2H, m), 3.60-3.76 (2H, m), 7.20-7.60 (3H, m).

Step C: (R)-1-{(S)-tert-butylsuifiny1}-2-(2, 5-difluorophenylipyrrolidine

F
O O\\?K
N
L

To a solution of {8,Z)-N-{4-chloro-1-(2,5-difluorophenyl jbuty lidene}-2-methylpropane-2-
sulfinamude (16.3 g, 50.7 mmol) in dry THF (203 mlL) was added Super hydnde (1 M sol m THF,
55.7 mL, 55.7 mmol} at -78 °C. The reaction nuxture was stirred at -78 °C for 1 hour, warmed to
room temperature and stirred for 12 hours at room temperature. After being guenched with
saturated aq. NHyCl, the mixture was extracted with EtOAc. The separated organic laver was
washed with water, dried over Na,8Q,, filtered and concentrated in vacuo. The residue was
purified by column chromatography on $10, (Hex:EtOAc = 6:1 to 5:1 to 4:1} to afford (R}-1-
((S)-tert-butylsulfinyl)-2-(2,5-difluorophenyl)pyrrolidine (8.60 g, 59%) as a vellow oil. 'H-NMR
{CDCl;, Varian, 400 MHz): & 1.15 (SH, s}, 1.75-1.80 (1H, m), 1.82-1.98 (2H, m), 2.24-2.32 {(1H,
m), 2.95-3.01 (1H, m}, 3.87-3.93 (1H, m), 496 (1H, ¢, J= 7.2 Hz), 6.87-6.93 (1H, m), 6.95-7.06

(2H, m).

Step D (R)-2-(2,5-difluorophenypyrrolidine

To a solution of (R)-1-({8)-tert-butylsulfiny!)-2-(2,5~difluorophenyDpyrrolidine (8.60 g,
29.9 mmol} i MeOH (60 mL} was added HCl {4 M 1 dioxane, 37.4 mL, 150 mmol) at 0 °C.

The reaction mixture was stirred for 12 hours at room temperature. After concentration in vacuo,

59



10

15

WO 2016/097869 PCT/IB2015/002521

the residue was dissolved in water {100 mL) and washed with EtOAc (100 mL}. The separated
aqueous layer was neutralized with 1 N aq. NaOH (150 mL), extracted with DCM (100 mL x 3},
The combined organic layers were washed with brine, dried over Na,80;, filtered and
concentrate in vacuo to afford (R)-2-(2,5-difluorophenylpyrrolidine (5.06 g, 92%) as a reddish
oil. '"H-NMR (CDCls, Varian, 400 MHz): 6 1.56-1.65 (1H, m), 1.78-1.93 (3H, m}, 2.21-2.30 (1H,
m}, 3.01-3.08 (1H, m), 3.13-3.18 (1H, m), 439 (1H, 1, J=7.6 Hz), 6.82-6.88 {1H, m), 6.91-6.97
(1H, m}, 7.22-7.26 (1H, m).

Example 6: Preparation of Intermediate Compounds 6 and 7

LBSCL imi i q
. “NBoc
DMF . -,

0°Ctlort, 3N TE!Sd

: i I
E 1) (PMgCl, THE P NaBH,s [f‘ on 1 MsCl, TEA, DCH f”' 1 Bee
(L\\ 73°Cto0°C. 1h ;\ Il on — \J>1 e ﬁ, N
o £ Thee N om0
}L_JNBm, . TRSG GTBS

-78°Cto00C, 1h
F.‘

F h
. re . TFA F
THF Sy R - Y e \r N DoM \T’ S

rt,1h E L/ 78 *Ctory, 12h

Intermediate Compounds 6 and 7. (2R, 45}-2-(2,S-difluorophenvi}-4-fluoropyrrolidine (6)

and (28,48)-2-(2,5-difluorophenyl)-4-flucropyrrohidine (7)
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Step A (R)}-4-{tert-butyldimethylsilyloxy}pyrrolidin-2-one
O

TBSG"

To a solution of (R)-4-hydroxypyrrolidin-2-one (5.00 g, 49.5 mmol} in DMF (24 mL)
were added TBSCH(7.83 g, 51.9 mmol) and imidazole (5.05 g, 74.2 mmol)} at 0 °C. The reaction
mixture was stirred at room temperature for 3 hours and poured nto ice water. A precipitate
solid was collected by filtration and dried under vacuum to  give (Rp-4-(tert-
butyldimethylsilyloxy)pyrrolidin-2-one (9.64 g, 91%) as a white solid. "H-NMR (CDCl;, Varian
400 MHz): & 0.07 (6H, s), 0.89 (9H, s}, 227 and 2.54 (ZH, ABq, Jap = 16.8 Hz), 3.24 and 3.59
(2H, ABg, Jag =9.8 Hz), 4 53-4.58 (1H, m}, 6.25 (I1H, s}.

Step B: (R)-tert-butyl 4-(tert-butyldimethylsilyloxy)-2Z-oxopyrrolidine-1-carboxylate
O

< NBoc

TBSG

To a solution of (R)-4-(tert-butyldimethylsilyloxy)pyrrohdin-2-one (9.64 ¢, 44.8 mmol)
i CHRCON (90 mL) were added TEA (7.49 mL, 53.7 mmol), DMAP (5.47 g, 44 8 minol} and (r-
BockhO (12.5 mL, 53.7 mmol) at 0 °C. The reaction mixtare was stirred at room temperature
overnight and then partitioned between EtQOAc and water. The separated organic laver was
washed with saturated ag. NHiCl and brine, dried over Nap,S0O4, filtered and concentrated in
vacuo. The residue was purified by column chromatography on S0, (Hex EtOQAc = 3:1) to
afford (R)-tert-butyl 4-(tert-butyldimethyisilyloxy}-2-oxopyrrolidine-1-carboxylate (13.4 g, 95%;)
as a pale brown solid. "H-NMR (CDCls, Varian 400 MHz): § 0.077 (3H, s), 0.082 (3H, s), 0.88
(OH, s}, 1.53 (9H, s}, 2.47 and 2.71 (2H, ABq, Jag = 17.4 Hz), 3.62 and 3.86 (2H, ABq, Jag =
11.3 Hz), 437-4.41 (1H, m).
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Step C: tert-butyl (2R)-2-(tert-butyldimethvisilyloxy}-4-(2,5-difluorophenyli-4-hydroxy-

butylcarbamate

NHBoc

L

TBSC

To a solution of 2-bromo-1,4-difluorobenzene (3.97 mL, 354 mmol} in dry THF (1138
mb} was added 1sopropylmagnesium chloride (2.0 M i THF, 21.2 mL, 42.5 mmol) at -78 °C.
The mixture was slowly warmed to 0 °C and stirred for T hour at that temperature and then
cooled to -78 °C again After the addition of a solution of (R)-tert-butyl 4-(tert-
butvidimethylsilyloxy)-2-oxopyrrolidine-1-carboxylate (13.4 g, 42.5 mmol} in dry THF (40 mL)
at -78 °C, the reaction mixture was allowed to warm to 0 °C with stirring for 1 hour. After
addition of MeOH (118 mL) followed by NaBH, (2.61 g, 53.1 mmol} at ¢ °C, the resuliing
mixture was stirred for 1 hour and then quenched with saturated aq. NHiCl The mixture was
extracted with EtOAc twice. The combined organic layers were washed with brine, dried over
Na,SQOqy, filtered and concentrated in vacuo. The residue was purified by column chromatography
on 510, (Hex EtOAc = 6:1) to afford tert-butyl (2R)-2-(tert-butyldimethyisilyloxy}-4-(2 5-
diftucrophenyt)-4-hydroxybutylcarbamate (10.2 g, 67%) as a white solid. "H-NMR (CDCls,
Varian 400 MHz): § 0.09-0.14 (6H, m), 0.91-0.93 (SH, m), 1.44 (9H, ), 1.73-1.93 (25, m), 3.22-
3.44 (2H, m), 3.66-3.83 (1H, m), 4.06-4.15 (1H, m), 4.81 (1H, s), 5.15-5.21 (1H, m), 6.87-6.97
(2H, m), 7.22-7.29 (1H, m}.

Step D (4R)-tert-butyl 4-(tert-butyldimethylsilyloxy)-2-(2,5-difluorophenylipyrrolidine-

{-carboxylate

|
;.%oc
R

oTRS
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To a solution of  (2R)-2-(tert-butyldimethylsilyloxy)-4-(2,5-difluorophenyl)-4-
hydroxybutylcarbamate (10.0 g, 23.2 mmol} in DCM (116 mL} were added TEA (9.69 mL, 69.5
mmol} and MsCl {1.99 mL, 25.5 mmol} at -60 °C. The mixture was stirred for 30 nun at -60 °C.
After addition of DBU (5.24 mL, 348 mmol) at ~60 °C, the reaction mixture was slowly warmed
to room temperature and stirred overnight. After treatment of water, the mixture was extracted
with DCM twice. The combined organic layers were washed with brine, dried over Na,SOy,
filtered and concentrated in vacuo. The residue was purified by column chromatography on 510,
(HexEtOAc = 81} to afford (4R)-tert-butyl 4-(tert-butyldimethyisilyloxy)-2-(2,5-
diflucrophenylpyrrolidine-1-carboxylate as a colorless oil. "H-NMR (CDCls, Varian 400 MHz):
3 0.00-0.34 (6H, m), 0.86-1.08 (OH, m), 1.36-1.62 (9H, m), 2.04-2.67 (2H, m), 3.60-3.93 (2H, m),
4.50-4.55 (1H, m}, 5.17-5.49 (1H, m), 6.98-7.33 (3H, m).

Step E: (4R)-tert-butyl 2-(2,5-difluorophenyl}-4-hydroxypyrrolidine-1-carboxylate

@/ﬁoc
Ly

OH

To a solution of {(4R)-tert-butyl 4-(tert-butyldimethylsilyloxy)-2-(2,5-difluorophenyl)-
pyrrolidine-1-carboxylate (7.23 ¢, 17.5 mmol) in THF (35.0 mL) was added TBAF (1.0 M
THF, 22.7 wmk, 22.7 mmol} at room temperature. After being stured for 1 hour at room
temperature, the reaction mixiure was poured nto ice water and extracted with EtOAc. The
organic layer was washed with brine, dried over Na,SQy, filtered and concentrated in vacuo. The
residue was purified by column chromatography on 510; (Hex EtOAc = 2:1) to afford (4R)-tert-
butyl 2~(2,5-difluorophenyi}-4-hydroxypyrrolidine-~f~carboxylate (3.81 g, 73%) as a white sohd.
'H-NMR (CDCl, Varian 400 MHz): 5 1.20-1.46 (9H, n), 1.94-2.13 (2H, m), 2.42-2.59 (1H, m),
3.56-3.81 (ZH, m), 4.49-4.50 (1H, m}, 5.06-5.30 (1H, m}, 6.88-7.08 (3H, m}.

Step F: (2R, 45)-tert-butyl 2-(2,S-difluorophenyl}-4-fluoropyrrolidine-1-carboxylate (6a)
and (28,48 )-tert-buty] 2-(2,S-diftuorophenyi}-4-fluoropyrrolidine- 1 -carboxylate (7a}
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2
. R
2,
«
L1
Ga

To a solution of {@R)ert-butyl 2-(2,5-diflucrophenyl}-4-hydroxypyrrohidine-1-
carboxylate {(1.00 g, 3.34 mmol) in DCM (11 mL) was added DAST (0.883 mL, 6.68 mmol) at -
78 °C. After being stured for 2 hours at -78 °C, the reaction mixture was slowly warmed to room
5 temperature and stirred overmight. After quenched by slow addition of saturated aq. NaHCO;
solution, the mixture was extracted with DCM twice. The combined organic layers were dried
over Na,SQy, filtered and concentrated in vacuwo. The residue was purified by column
chromatography on Si0, (HexEtOQAc = 10:1) to afford (ZR4S)tert-butyl 2-(2,5-
diftuorophenyt)-4-fluoropyrrolidine-1-carboxylate (6a} (383 mg, 38%) and (25,45 )-tert-butyl 2-
16 (2,5-difluorophenyl}-4-fluoropyrrolidine-1-carboxylate (7a) (252 mg, 25%) as a colorless oil.
{The stereochemisiry of each isomer was proposed by the comparison with reference
(WO2012034095A1)
For (ZR,45)-tert-butyl 2-(2,5-difluorophenyl}-4-fluoropyrrolidine-1-carboxylate (6a)
'H-NMR (CDCh, Varian 400 MHz): 8 1.21-1.46 (9H, m), 1.94-2.10 (1, m), 2.71-2.79
15 {(1H, m), 3.62-3.75 (1H, m), 3.98-4.14 (1H, m), 5.09-5.48 (ZH, m)}, 6.92-7.01 (3H, m}
For (28,48)-tert-butyl 2-(2, 5-difluoropheny)-4-fluoropyrrolidine-1-carboxylate (7a)
"H-NMR (CDCls, Varian 400 MHz): § 1.20-1.49 (9H, s), 2.25-2.35 (1H, m), 2.48-2.60
(1H, m), 3.71-4.03 (1H, m), 5.19-5.33 (2F, m), 6.88-6.99 (3H, m).

20 Step & (2R 45)-2-(2,5-difluorophenyl}-4-fluoropyrrolidine (6)

-
=
!
i
H
i

To a solution of (2R 48)-tert-butyl 2-(2,5-difluorophenyly-4-fluoropyrrolidine-1-
carboxylate (383 g, 1.27 mmol) in DCM (2.5 wl.} was added TFA (1.96 mL, 25.4 mmol) at

room teraperature. After being stured for 1 hour at room temperature, the reaction mixture was
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concentrated under reduced pressure. The residue was neutralized with saturated aq. NaHCO;
and extracted with EtOAc. The organic layer was dried over Na,SQ,, filtered and concentrated in
vacuo to afford (2R, 48)-2-(2,5-diflucrophenyl)-4-fluoropyrrolidine (100 mg, 39%) as a vellow
solid. "H-NMR (CDCls, Varian 400 MHz): 5 1.66-1.83 (1H, m), 1.91 (1H, s), 2.58-2.69 (1H, m),
3.16-3.40 (2H, m), 4.71-4.75 (1H, m), 5.20-5.35 (1H, m), 6.84-6.90 (1H, m), 6.93-6.99 (11, m),
7.28-7.31 (1H, m).

Step H: (25,485)-2-(2,5-diftuorophenyl}-4-fluoropyrrolidine (7)

F
e
L H
S N
F

To a solution of (2548)-tert-butyl  2-(2,5-difluorophenyly-4-tluoropyrrolidine-1-
carboxyiate {252 mg, 0.836 mmol} in DCM (1.67 mL) was added TFA (1.29 mL, 16.7 mmol} at
room temperature. After being stirred for 1 hour, the reaction mixture was concentrated under
reduced pressure. The residue was neutralized with saturated aq. NaHCO; and extracted with
EtOAc. The organic layer was dried over Na,SQy, filtered and concentrated under reduced
pressure to give {25,48)-2-(2,5-difluorophenyl}-4-fluoropyrrolidine (117 mg, 70%) as a vellow
solid. 'H-NMR (CDCly, Varian 400 MHz): § 1.90-2.05 (2H, m), 2.53-2.68 (1H, m), 2.98-3.11
(11, m), 3.44-3.52 (1H, m), 4.42 (1H, t, J = 7.8 Hz), 5.28 (11, dt, J = 52.4, 4.8 Hz), 6.87-6.92
(11, m), 6.93-7.00 (1H, m), 7.28-7.31 (1H, m).

Example 7: Preparvation of Intermediate Compound 8
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Hy ’l “2 Cs,00, (f”\g weeg,2n &7 N Yo gt L)ZO
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110 °C, overnight

e} \!
)\) J/\N,'\l LiOH F) F f\N’N\
J\g E{OH/H,0 N
COE reflux, 5 h ’J’ CO,H

Intermediate  Compound 8. 5-{2-(2 5-diflucrophenylypyrrolidin-1-vijpyrazolo{1,5

AN

alpyrimidine-3-carboxylic acid

i\.fi\

c07

Step A ethyl S-ox0-4,5-dihydropyrazolof1,5-ajpyrimidine-3-carboxylate

s N’N\
e
a7 N \

H  Co,Et

A mixture of ethyl-5-amino-1H-pyrazole-4-carboxylate (20.0 g, 129 mmol), (E)-ethyl 3-
ethoxyacrylate (22.4 ml., 155 mmol} and cesium carbonate (63.0 g, 193 mmol) m DMF (322 ml)
was stirred at 110 °C overmight. After being cooled to 0 °C, the reaction mixture was acidified
with 2 N aq. HCL A precipitated solid was collected by filtration and washed with water and
EtOAc to afford ethyl 5-oxo0-4,5-dihydropyrazolof1,S-ajpyrimidine-3-carboxylate (24.7 g, 92%)
as a pale vellow solid "H-NMR (DMSO-ds, Varian, 400 MHz), 5 1.27 3H, t,J = 7.2 Hz), 4.80
(2H, q, J = 6.8 Hz), 6.16 (1H, d, J = 8.0 Hz), 8.14 (1H, 5), 8.58 (1H, d, J = 8.0 Hz), 11.7 (1H, br.

s).

Step B: ethyl 5-chloropyrazolof1,5-alpyrimidine-3-carboxylate
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E;N
iOzEt

A muxture of ethyl-5-oxo-4,5-dihydropyrazolof1,S-alpyrimidine-3-carboxylate (24.7 g,
119 mmol) and POCL; (111 mi., 1.19 mol} was refluxed for 2 hours. After being cooled to room
temperature, the reaction mixture was concentrated in vacuo. The residue was purified by
column chromatography on S10; (Hex BEtOAcDCM = 3:1:1 to 2:1:1} to afford ethyl 5-
chloropyrazolo[1,5-alpyrimidine-3-carboxylate (15.6 g, 58%) as a white solid. "H-NMR (CDCls,
Varian, 400 MHz): § 1.42 (3H, t, /= 7.2 Hz), 442 (2H, q, J = 7.2 Hz), 7.00 (1H, d, J = 7.2 Hz),
8.64 (1H, s), 8.64 (1H, d, J = 7.2 Hz).

Step . ethyl 5-(2-(2,5-difluorophenyDpyrrolidin-1-vhpyrazolof 1,5-alpyrimidine-3-

o

c:,o7Et

carboxylate

A muxture of ethy] S5-chloropyrazolo {1,5-alpynmidine-3-carboxylate (1.00 g, 4.43 mmol),
2-(2,5-difluorophenylipvrrolidine (Intermediate 2, 853 mg, 4.65 mmol) and KF (1.28 g, 22.1
mmol) in DMSO (14 mL) was stirred at 180 °C for 2 howrs. After being cooled to room
temperature, the reaction mixture was poured into water. The mixture was stirred for 30 min. A
precipitated solid was collected by filtration and dried under vacuum to afford ethyl 5-(2-(2,5-
diffeorophenylipyrrolidin-1-yi}pyrazolof1,5-alpyrimidine-3-carboxylate {1.51 g 91%) as a
yellow solid. "H-NMR (CDCls, Varian, 400 MHz): § 1.30-1.49 (3H. m), 1.98-2.18 (3H, m),
2.43-2.58 (1H, m), 3.95-4.20 (ZH, m}, 4.25-4.48 (2H, m), 5.18-5.23 (1H, m), 5.82-594 (1H, m),
6.68-6.80 (1H, m), 6.86-6.98 (1H, m}, 7.00-7.12 (1H, m), 8 08-8.22 (1H, m), 8.29 (1H, s}.

Step D 5-(2-(2,5-difluorophenyl}pyrrolidin-1-vl)pyrazolo[1,5-alpyrinudine-3-carboxylic

acid
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\COEH

To a solutton of ethyl 5-(2-(2,5-difluorophenyl)pyrrolidin-1-yhpyrazolo[1,5-
alpyrunudine-3-carboxyiate (1.51 g, 4.06 mmol} n EtOH (15 mL) and water (5.0 mL) was added
LiOH (291 mg, 12.1 mmeol) at 0 °C. The reaction mixture was refluxed for 5 hours and cooled to
room temperature. After evaporation of FtOH, the residue was acidified with 2 N aq. HCI until
pH 5~6, and then extracted with EtOAc twice. The combined organic layvers were washed with
bring, dried over Na;SQOy, filtered and concentrated i vecwo to afford 5-(2-(2,5-
diftuorophenvbpyrrolidin-1-yijpyrazolo[1,5-alpyrimidine-3-carboxylic acid (1.33 g, 95%) as a
pale veliow solid. 'H-NMR (DMSO-ds, Varian, 400 MHz): § 1.80-2.12 (3H, m), 2.35-2.46 (1H,
m}, 3.58-3.85 (1H, m), 3.94-4.06 (1H, m), 5.31 and 5.53 (1H, s+s}, 6.07 and 6.67 (1H, s+s),
6.90-7.42 (31, m), 8.10-8.24 (1H, m), 8.58 and 8.71 (1H, s+s), 11.4 (1, br. s).

Ixample 8: Preparation of Intermediate Compound 9

F
NSO N
= N’E\’:\

: 4
P Aoy LIOH k/\% f\N,.N\
=, /Q KF /“"\\ A\) EtOH/MHL0 i \N/KQ

LN NTOONTX O/, N
COLEt DMSO | ‘(;G'?Et reflux, 5 h i COLMH
180 °C, 2h - -

Intermediate Compound 9. 5-{2-{5-fluoropyridin-3-ylipvrrolidin-1-yBipyrazolof1,5-

alpyrimidine-3-carboxylic acid

F
e d
\‘x / P N"N\
N e
NT N
/ COuH
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Step A ethyl S5-(2-(5-fluoropyridin-3-yDpyrrolidin-1-vhpyrazolof1,5-alpyrimidine-3-

carboxylate
F
N e
\é\;fj = NT N\
S ey
N

@ )\{Ozﬁt

A muxture of ethyl S-chloropyrazolo[ 1, 5-ajpyrnimidine-3-carboxylate (1.05 g, 4.65 mmol),
2 3-fluoro-S-{pyrrohidin-2-ylpyridine (Intermediate 1, 812 mg, 4.89 mmol) and KF (1.35 g, 233
mmoly v DMSO (15 ml) was stirred at 180 °C for 2 hours. After being cooled to room
temperature, the reaction nuxture was poured into water. The mixture was stirred for 30 min. A
precipitated solid was collected by filtration and dried under vacuum to afford ethyl 5-(2-(5-
fluoropyndin-3-yhpyrrohidin-1-ylpyrazolof 1, 5-alpyrimidine-3-carboxylate (1.53 ¢, 93%) as a
yellow solid. 'H -NMR {(CDCl;, Varian, 400 MHz): § 1.22-1.48 (3H, m), 2.01-2.28 (3H, m),
2.24-2.61 {1H, m), 3.51-4 20 (2H, m}, 4.21-4.40 {(2H, m), 5.02 and 5.62 (1H, st+s), 5.90 and 6.31
(1H, s+s), 7.206-7.50 (1H, m), 8 10-8.45 (4H, m}.

Step B 5-(2-(S-fluoropyridin-3-yDpyrrolidin-1-vlpyrazolo[1,5-alpyrimidine-3-

carboxylic acid

—
\
L = N—’N\
N S
N N
) COyH

To a solution of ethyl 35-(2-(5-fluoropyridin-3-yhpyrrolidin-1-yhpyrazolo[1,5-
alpyrimidine-3-carboxylate {1.53 g, 431 mmol}) i EtOH (32 mbL) and water (10 mL) was added
Li0OH (309 mg, 12.9 mmol) at 0 °C. The reaction mixture was refluxed for 5 hours and cooled to
room temperature. After evaporation of FtOH, the residue was acidified with 2 N aq. HCI until
pH 5~6, and then extracted with BtOAc twice. The combined organic layers were washed with
brine, dried over Na,SOy, filtered and concentrated in vacuo to afford 5-(2-(5-flucropyridin-3-
vipyrrolidin-1-yDpyrazolo{1,5-ajpyrimidine-3-carboxylic acid {1.23 g, 87%) as a pale vellow
solid. "H-NMR (DMSO-dg, Varian, 400 MHz): 6 1.19-2.20 (3H, m), 2.40-2.50 (1H, m), 3.60-
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3.82 (1H, m), 4.00-4.08 (1H, m), 5.25-5.48 (1H, m), 6.12 and 6.65 (1H, s+s), 7.66-7.80 (1H, m),
8.10-8.26 (1H, m), 8.40-8.80 (3H, m), 11.6 (11, br. s).

5 Preparation of Chemical Compounds 1-10

F F

° = =
P /\\\_\ /\

HCL HoiNL A \ N TH,0, pyridine M
/l\\) N"N h R F)\ ( f\ N e - ! f RN
\8 R . pCM - \N/J%/

HATU, DIFEA A0°Clord 12h /\N N
<\ CoH DMF <\ )“‘NH S /=

R= Me, £, I-Pr, ¢-Pr, 1Bu
L.awesson's resgent
foluene
116 °C, 2h

J ,\~
R= Me, Et, i-Pr, c—Pr, iBu

Example 9: Preparation of Chemical Compound 1: 2-(5-(2-(2.5-difluorophenvlipvrrolidin-
10 1-vhovrazololl.5-alpyrimidin-3-vi-5-methvi-1,3.4-0xadiazole

F

e

\
Vi ~N
. /}//’\N \
PRy

! S

-~ =

i 6\7;;\!
Step A: N'-acetyl-5-(2-(2,5-diflucrophenypyrrolidin-1-vpyrazolof1,5-a]pyrimidine-3-

carbohydrazide
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F
S

des
<\N,&NN

A O}‘i\gﬁ

O\KNH
To a solution of 5-(2-(2,5-difluorophenylipyrrolidin-1-ylipyrazolof1,S-alpyrimidine-3-
carboxvlic acid (Jotermediate 8, 100 wmg, 0.2%0 mmoly m DMF (2.0 ml) were added
acetohydrazide (43.0 mg, 0.581 mmol}, DIPEA (0.152 mL, 0.871 mumol), HATU (166 mg, 0.436
mmol} at room temperature. The reaction mixture was stirred at room temperature overnight and
diluted with EtOAc. The mixture was washed with water and brine, dried over Na,SOy, filtered
and concentrated in vacuo. The residue was purified by column chromatography on 510; (EtOAc
only to DCM:MeQGH = 20:1 to 10:1) to afford N'-acetyl-5-(2-(2,5-difluorophenyljpyrrolidin-1-
ylpyrazolo[1,5-alpyrimidine-3-carbohydrazide (72.0 mg, 62%) as a white solid. 'H-NMR
{DMSO-ds, Varian, 400 MHz}: 5 1.80-1.92 (2H, m), 1.90-1.98 (1H, m), 2.10-2.16 (2H, m), 2.38-
2.4% (1H, m), 3.66-3.78 (1H, m), 5.35-5.37 (1H, m), 6.26-6.27 and 6.69-6.71 (1H, m), 7.02-7.34
(3H, m), 8.14-8.28 (1H, m), 8.61-8.68 (1H, m), 8.82-8.93 (1H, m), 9.7% and 10.0 (1H, s+s). *

Two protons from NHNH were not observed.

Step B 2-(5-(2-(2,5-difluorophenylipyrrolidin-1-yl)pyrazolo[1,5-alpyrimdin-3-yi}-5-

methyl-1,3 4-oxadiazole.

FN{) ?//Q\N’N\

J /=N

i O\;,:pi;
/

To a solution of Nwacetyl-5-(2-(2,5-diflucrophenyhpyrrolidin-1-yhpyrazolo[l,5-
ajpyrimidine-3-carbohydrazide (40.0 mg, 0.100 mmol} in BCM (0.6 mL) was added pyridine
{0.0180 mL., 0.220 mmol} at 0 °C. The mixture was cooled to - 10 °C, and then tniflic anhydride
(0.0350 mE, 0.210 mmol} was dropwise added to it. The reaction mixture was stirred at -10 °C

for 1 hour and then at 0 °C for 1 hour. After quenched with water, the mixture was extracted with
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DCM twice. The combined organic layers were dried over Na,S(,, filtered and concentrate i
vacuo. The residue was purified by coloemn chromatography on 810, (Hex EtOAc = 1.3 to 1.7)
to afford 2-(5-(2-(2,5-difluorophenyDpyrrolidin-1-vhpyrazolo[1,5-alpyrimidin-3-y1}-5-methyl-
1,3,4-oxadiazole (15.0 mg, 40%) as a white solid. H-NMR (CDCL, Varian, 400 MHz): § 2.04-
2.25 (3H, m), 2.43-2.56 (3H, m), 4.05-4.30 (ZH, m), 5.20 and 5.70 (14, s+s), 5.93 and 6.37 (1H,
s+s), 6.74-6.83 (1H, m), 6.85-7.20 (2H, m), 7.52-7.54 and 7.67-7.71 (1H, m+m), 8.19-8.56 (28,
m). MS: 383.3 [MH].

Fxample 18: Preparvation of Chemical Compound 2: 2-(5-(2-(2.5-difluoronhenvlipvrrelidin-
i-yvhinvrazolell.5-alpyrimidin-3-vi-5-methvi-1,3.4-thiadiazole

/AN
F CNJ:NA{
S
R

To a solution of N-acetyl-5-(2-(2,5-diflucrophenylpyrrolidin-1-yhipyrazolo[1,5-
alpyrimidine-3-carbohydrazide {(63.0 mg, 0157 mmol} i toluene (3.0 mL) was added
Lawesson's reagent (70.0 mg, 0.173 mmol) at room temperature. The reaction mixture was
stirred at 110 °C for 2 hours, cooled to room temperature and partitioned between water and
EtOAc. The separated organic layer was dried over Na SOy, filtered and concentrated in vacuo.
The residue was purified by column chromatography on Si10, (BCM only to DCM:MeOH =
10:1y to afford 2-(5-(2-(2,5-difluorophenylpyrrolidin-1-yhpyrazolo[1,5-alpyrinudin-3-y1}-5-
methyl-1,3,4-thiadiazole (63.0 mg, 100%) as a white solid. TH-NMR (CDCls, Varian, 400 MHz}):
§ 2.04-2.30 (3H, m), 2.40-2.60 (1H, m), 2.32-2.94 (2H, m), 3.60-4.40 (3H, m), 5.22 and 5.66 (1H,
s+s), 5.91 and 6.39 (1H, sts), 6.65-7.18 (31, m), 8.20-8.37 (1H, m), 8.50-8.60 (1H, m). MS :
399.3 [MH'].

Example 11: Preparation of Chemical Compound 3: 2-(5-(2-(2.5-difluorophenvhpyvrrolidin-

i-vhipvrazolol1.5-alpyrimidin-3-vii-5-ethvi-1,3.4-0xadiazole
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Step A: tert-butyl 2-propionylthydrazinecarboxylate
O

H
BGC/N\NJK/

To a solution of tert-butyl hydrazinecarboxylate {3.00 g, 22.7 mmol), TEA {(6.33 mL,
45.4 mmol) m DCM (51 mL) was added a solution of propionvi chlonide (3.00 mL, 34.0 mmol)
m BCM (10 mL} at 0 °C. The reaction mixture was stirred at 0 °C for 2 hours and quenched with
water. The mixture was extracted with DUCM, washed with 1 N aq. HCI and brine, dried over
Na,SQOqy, filtered and concentrated in vacuo. The residue was purified by column chromatography
on S510; (Hex EtOAc= 2:1 to 1:1} to afford tert-butyl Z-propionylhydrazinecarboxylate (2.03 g,
47%) as a white solid. "H-NMR (CDCL, Varnian, 400 MHz): § 119 BH, t, /= 7.6 Hz}, 1.47 (9H,
5), 2.26 (2H, q. J = 7.6 Hz), 6.66 (1H, br. 5), 7.67 (1H, br. s).

Step B: propionohydrazide hydrochloride
o
S

To a solution of tert-butyl 2-propionylhydrazinecarboxylate (615 mg, 3.27 mmol) in
dioxane (11 rol) was added HCl (4 N in dioxane, 6.53 wl, 26.1 nunol) at room temperature. The
reaction mixture was stirred at room temperature overnight and concentrated /s vacuo. The
residue was treated with ether. A precipitated sohid was collected by filtration and dried under
vacuurn to afford propionchydrazide hydrochloride (272 mg, 66%) as a pale yellow solid. 'H-
NMR (BMSQO-de, Vanan, 400 MHz): 6 1.00 BH, t, J =76 Hz), 220 (2H, q, J= 7.6 Hz), 104
{3H, br. 5}, 11.0(1H, br. 5).
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Step C: 5-(2-(2,5-difluorophenyhpyrrolidin-1-y1}-N'-propionylpyrazolof1,5-

alpyrimidine-3-carbohydrazide.

NH
OO:{E\JH
/

To a solution of S5-(2-(2,5-difluorophenyhpyrrolidin-1-yhpyrazolo[1,5-alpyrimidine-3-
carboxvlic acid (lotermoediate 8, 200 mg, 0581 mmel) m DMF (4.0 ml) were added
propionohydrazide hydrochloride (145 mg, 1.16 mmol), DIPEA (0.406 ml, 2.32 mmol), HATU
331 mg, 0.871 mmol) at room temperature. The reaction mixture was stured at room
temperature overnight and diluted with FtOAc. The mixture was washed with water and brine,
dried over Na;SQOs, filtered and concentrated in vacuo. The residue was purified by column
chromatography on 510; (EtOAc only to DCMiMeOH = 20:1 to 10:1) to afford 5-(2-(2,5-
difteorophenylipyrrolidin-1-y1}-N'-propionvipyrazolo[1,5-a}pyrinudine-3-carbohydrazide (177
mg, 73%) as a white solid. "H-NMR (CDCL, Varian, 400 MHz): 5 1.27 (3H, t, J = 7.4 Hz), 2.04-
228 (3H, m), 2.32-2.48 (2H, m), 2.48-2. 51(1H, m}, 3.70-4.24 (2H, m}, 522 (0.7H, d, /= 7.2 Hz),
5.50-5.56 (0.3H, m), 5.92 (0.7H, 4, /= 7.2 Hz), 6.30-6.38 {0.3H, m), 6.72-7.09 (3H, m), 8.02-
812 {03H, m), 816 (0.7H, d, J = 7.2 Hz), 8.27-840 (1H, m), 913 {(0.7H, d, J = 6.8 Hz), 9.44-
952{03H, m), 109 (1H, d, /= 6.8 Hz).

Step D 2-(5-(2-(2,5-difluorophenyl)pyrrolidin-1-ylpyrazolo[1,5-a]pyrimidin-3-y1)-5-
ethyl-1,3 4-oxadiazole

F
\

~
M Z NN
B!
/ =
30 AN
\

To a solution of 5-(2-(2,5-difluorophenylipyrrolidin-1-y1}-N'-propionyipyrazolof1,5-
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ajpyrimidine-3-carbohydrazide (50.0 mg, 0.121 mmol} in BCM (1.0 mL} was added pyridine
{0.0220 mL., 0.278 mmol} at 0 °C. The mixture was cooled to - 10 °C, and then tniflic anhydride
(0.0430 mkE, 0.253 mmol} was dropwise added to it. The reaction mixture was stirred at -10 °C
for 1 hour and then at 0 °C for 1 hour. After quenched with water, the mixture was extracted with
DCM twice. The combined organic layers were dried over Na,SOy, filtered and concentrate in
vacue. The restdue was purified by column chromatography on Si0; (Hex:EtOAc = 1.2 to 1:3)
to afford 2-(5-(2-(2 5-difluorophenylipyrrolidin-1-yypyrazolo{1,5-ajpyrimidin-3-yl}-5-ethyl-
1,3,4-oxadiazole (22.1 mg, 46%) as a white solid. "H-NMR (CDCl, Varian, 400 MHz): & 1.30-
1.50 (3H, m), 2.00-2.18 (3H, m), 2.40-2.62 (1H, m), 2.80-3.04 (2H, m), 3.66-4.26 (ZH, m), 5.21
and 5.74 (1H, s+s), 593 and 6.39 (1H, s+s), 6.72-7.6.80 (1H, m), 6.82-7.13 (2H, m), §.10-8.40
(2H, m). MS: 397.3 [MH'].

Fxample 12: Preparation of Chemical Compound 4: 2-(5-(2-(2. 5-diflucrophenvhpvrrolidin-
1-vhipvrazolol 1. 5-alpvrimidin-3-vi)-S-ethvl-1,3.4-thiadiazole

To a solution of 5-(2-(2 5-difluorophenylipyrrohidin-1-y1)-N'-propionyipyrazolof1,5-
alpyrimidine-3-carbohydrazide (500 mg, 0121 mmol} i toluene (2.5 mbl) was added
Lawesson's reagent (54.0 mg, 0.133 mmol} at room temperature. The reaction mixture was
stirred at 110 °C for 2 hours, cooled to room temperature and partitioned between water and
EtOAc. The separated organic layer was dried over Na 50Oy, filtered and concentrated in vacuo.
The residue was purified by column chromatography on 810, (DCM only to DCM:MeQOH =
50:1) to afford 2-(5-(2-(2,5-difluorophenyl)pyrrolidin-1-ylipyrazolo[1,5-ajpyrimidin-3-y1)-5-
ethyl-1,3,4-thiadiazole (32.8 mg, 65%) as a white sohd. TH-NMR (CDCL, Varian, 400 MHz): o
1.37-1.52 (3H, m), 2.00-2.21 (3, m), 2.42-2.64 (1H, m), 3.31-3.22 (2H, m), 3.36-4.20 (ZH, m),
5.21 and 5.69 (1T, sts), 5.90 and 6.26 (1H, s+s), 6.65-6.70 (1H, m), 6.88-7.05 (2H, m), §.20-

75



WO 2016/097869 PCT/IB2015/002521

8.38 (1H, m), 8.52-8.63 (1H, m). MS: 413.3 [MH].

Example 13: Preparation of Chemical Compound 5: 2-(5-(2-(2.5-difluorophenvlpvrrolidin-
5 1-vhovrazololl.5-alpyrimidin-3-vi)-3-isopropvi- 1.3.4-o0xadiazole

NF
\
VY ~N
F)\/ f\N 3
N ——,
o

Step A tert-butyl Z-1sobutyryihydrazinecarboxylate

O

§
Boc” N

10 To a mixture of tert-buty! hydrazinecarboxylate (10.0 g, 76.0 mmol), TEA (21.1 mL, 151
mmol} 1n DCM (170 mL) was added a solution of 1sobutyryl chloride (12.1 g, 113 mmol} in
DCM (34 mL) at 0 °C. The reaction mixture was stirred at O °C for 1 hour and quenched with
water. The muxture was extracted with DCM, washed with 1 N aq. HCl and brine, dried over
NapSQy, filtered and concentrated in vacuo. The residue was purified by coluron chromatography

15 on S$10; (HexEtOAc= 2:1 to 1:1) to afford tert-butyl 2-1sobutyrylthydrazinecarboxylate (14.0 g,
91%) as & white solid. 'H-NMR (CDCls, Varian, 400 MHz): 6 1.20 (6H, d, J = 6.8 Hz), 1.47 (9H,
s), 2.41-2.47 (1H, m), 6.63 (1H, br. s), 7.57 (1H, br. s).

Step B: 1sobutyrohydrazide hydrochlorde

HoN
HCl \SJ\(
20 b

To a solution of tert-butyl 2-isobutyrylthydrazinecarboxylate (14.0 g, 692 mmol} in
dioxane {230 mL) was added HCl (4 N in dioxane, 104 mL, 415 munol} at room temperature.
The reaction mixture was stured at room temperature overnight and concentrated iz vacuo. The

residue was treated with ether. A precipitated solid was collected by filtration and dried under
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vacuum to afford isobutyrohydrazide hydrochloride (8.78 g, 92%) as a pale vellow solid. 'H-
NMR (DMSO-ds, Varian, 400 MHz): § 1.06 (61, d, J = 6.8 Hz), 2.52-2.59 (1H, m), 10.4 3H, br.
s}, 11.1 (1H, br. s).

5 Step C: 5-(2-(2,5-difluorophenyljpyrrolidin-1-y1}-N'-isobutyrylpyrazolof 1, 5-

alpyrimidine-3-carbohydrazide

o
. \NA}};
NH
O N
O
j\

To a solution of S5-(2-(2,5-difluorophenylipyrrolidin-1-ylipyrazolof1,5-alpyrimudine-3-
carboxvlic acid (Jotermediate 8, 200 wmg, 0.581 mmol} mn DMF (40 ml) were added
16 sobutyrohvdrazide hydrochlonide (161 mg, 1.16 mmol), DIPEA (0.406 mL, 2.32 mmol), HATU
331 mg, 0.871 mmol) at room temperature. The reaction mixture was stured at room
temperature overnight and diluted with FtOAc. The mixture was washed with water and brine,
dried over Na;SQOs, filtered and concentrated i vacuo. The residue was purified by column
chromatography on S10; (EtOAc only to BCM:MeOH = 20:1 to 10:1) to afford 5-(2-(2,5-
15 difluorophenylipyrrolidin-1-y1}-N'-isobutyrylpyrazolo{1,5-alpyrinudine-3-carbohydrazide (186
mg, 75%) as a pale yellow sohid. H-NMR {CDCh, Varan, 400 MHz): ¢ 1.28 (6H, d, J = 6.0 Hz),
2.52-2.19 (3H, m), 2.50-2.61 (2H, m), 3.71-4.25 (2H, m), 5.22 (0.7H, d, J = 7.6 Hz), 5.58-5.62
(0.3H, m), 5.92 (0.7H, d, J = 7.2 Hz), 6.30-6.38 (0.3H, m), 6.72-7.09 (3H, m), 8.02-8.12 (0.3HL,
m), 8.19(0.7H, d, J = 7.6 Hz), 8.28-8.37 (1H, m), 9.02 (0.7H, d, J = 6.0 Hz), 9.52-9.60 (0.3H, m),

200 109(1H,d, /=72 Hz).

Step D 2-(5-(2-(2,5-difluorophenyl)pyrrolidin-1-ylpyrazolo[1,5-a]pyrimidin-3-y1)-5-

isopropyl-1,3,4-oxadiazole.
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57 p«N

\N

To a solution of 5-(2-(2 5-difluorophenylpyrrolidin-1-yH-N'-isobutyryipyrazolo[1,5-
alpyrimidine-3-carbohydrazide (70.0 myg, 0.163 mmol) m DCM (1.0 mL) was added pyridine
{0.0300 mL, 0.376 mmol) at 0 °C. The mixture was cooled to ~ 10 °C, and then triflic anhydnde
{0.0580 ml., 0.343 mmol} was dropwise added to it. The reaction mixture was stirred at -10 °C
for 1 hour and then at 0 °C for 1 hour. After quenched with water, the mixture was extracted with
DCM twice. The combined organic layers were dried over Na SOy, filtered and concentrate in
vacuo, The residue was purified by column chromatography on Si10; (Hex EtOAc = 1:2 1o 1:3)
to atford 2-{5-(2-(2,5-difluorophenyDpvrrolidin-T-ylipyrazolo[ 1, 5-ajpyrimidin-3-y1}-3-
isopropyl-1,3,4-oxadiazole {39.0 mg, 58%) as a white solid. 'H-NMR (CBCYL, Vanan, 400
MHz): 8 1.28-1.52 (6H, m), 2.00-2.21 (2H, m}, 2.40-2.60 (1H, m), 3.10-3.30 (1H, m), 3.50-4.18
31, m), 5.22 and 5.80 (1H, s+s), 5.91 and 6.39 (1H, s+s), 6.69-6.80 (1H, m), 6.85-7.12 (2H, m),
8.12-8.42 (2FH, m). MS: 411.3 [MH].

Example 14: Preparation of Chemical Compound 6: 2-{5-2-(2.5-difluorophenvlipvrrolidin-
1-vhovrazololl.5-alpyrimidin-3-vi-3-isopropvi-1.3,4-thiadiazole

To a solution of 5-(2-(2,5-diflucrophenypyrrolidin-1-y1}-N'-isobutyrylpyrazolo[1,5-
alpyrimidine-3-carbohydrazide (100 mg, 0.233 mwmol} n toluene (46 ml) was added

Lawesson's Reagent (104 mg, 0.23 mmol) at room temperature. The reaction mixture was stirred
. o9
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at 110 °C for 2 hours, cooled to room temperature and partitioned between water and FtOAc.
The separated organic layer was dried over NaSQ,, filtered and concentrated in vacuo. The
residue was purified by column chromatography on S10, (Hex: EtOAc = 1.2 to EtOAc only) to
afford  2-(5-(2-(2,5-difluorophenylypyrrolidin- 1 -yhipyrazolo[ 1, 5-alpyrimidin-3-yl)-5-isopropyl-
1,3,4-thiadiazole {(61.0 mg, 61%) as a white solid. "H-NMR (CDC,, Vanan, 400 MHz): § 1.38-
1.58 (65, m), 2.01-2.28 (3H, m), 2.47-2.60 (18, m), 3.42-3.75 (2H, m), 3.85-4.20 (2H, m), 5.22
and 5.72 (1H, s+s), 5.90 and 6.38 (1H, s+s), 6.62-6.80 (1H, m), 6.81-7.02 (2H, m), 8.20-8.37 (11,
m), 8.50-8.61 (1H, m). MS: 427.3 [MH]

Txample 15: Preparation of Chemical Compound 7: 2-cvclopropyvl-S-(5-(2-(2.5-

difluorophenvhipvrrolidin-i-vhipvrazalo[l. S-alpvrimidin-3-vi-1.3,4-oxadiazsle

F

i
N N\
%NANJ\?

/ /=N

i
zjm

Step A: tert-butyl 2-{cyclopropanecarbonylihydrazinecarboxyvlate

P
N.

N

H

To a mixture of tert-butyl hydrazinecarboxylate (3.00 g, 22.7 mmol), TEA (6.33 mL, 454
mmol} in DCM (51 mL) was added a solution of cyclopropanecarbony! chloride (3.10 mL, 34.0
mmol) m DBCM (10 mL) at 0 °C. The reaction mixture was stirred at 0 °C for 1 hour and
quenched with water. The mixture was extracted with DCM, washed with 1 N ag. HCl and brine,
dried over NaySOy, filtered and concentrated in vacuo. The residue was purified by column
chromatography on 510, (HexEtOAc = 211 to L1} to afford tert-butyl 2-
(cyclopropanecarbonyhhydrazinecarboxylate (2.16 g, 47%) as a white solid. "H-NMR (CDCl,
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Varian, 400 MHz): § 0.81-0.84 (ZH, m), 1.02-1.04 (2H, m), 1.45-1.52 (10H, m), 6.65 (1H, br. 5),
7.95 (1H, br. 5).

Step B: cyclopropanecarbohydrazide hydrochloride

O

HeN -,
HCL

To a solution of tert-butyl 2-(cyclopropanecarbonybhydrazinecarboxylate (2.16 g, 10.8
mmol} n dioxane (36 mL) was added HCl (4 N in dioxane, 6.53 mL, 26.1 mmol) at room
temperature. The reaction mixture was stirred at room temperature overnight and concentrated in
vacuo. The residue was treated with ether. A precipitated solid was collected by filtration and
dried under vacuum to afford cyclopropanecarbohydrazide hydrochloride (1.38 g, 94%) as a pale
yellow solid. H-NMR (DMSO-ds, Varian, 400 MHz): 3 0.77-0.88 (4H, m), 1.73-1.79 (1H, m),
10.5 (3H, br. ), 11.3 (1H, br. ).

Step C: N'-{cyclopropanecarbonyl}-5-(2-(2,5-difluorophenybipyrrolidin-1 -

vipyrazolof1,5-a]pyrimidine-3-carbohydrazide.

F
~?\EH

o

\

VP ~N

SPes

g
ONH

01

To a solution of 5-{2-(2,5-diflucrophenyhpyirolidin-1-vhpyrazolof1,5-alpyrimidine-3-
carboxylic acid (Intermediate 8, 200 mg, 0.581 mmol} m DMF (4.0 mbl) were added
cyclopropanecarbohydrazide hydrochlonde (159 mg, 1.16 mmol}, DIPEA (0.406 ml, 232
mmol), and HATU (331 mg, 0.871 mmol) at room temperature. The reaction mixture was stirred
at room temperature overnight and difuted with EtOAc. The mixture was washed with water and
brine, dried over Na SOy, filtered and concentrated in vacue. The residue was purified by column
chromatography on S10, (DCM:MeOH = 100:1 to 20:1) to afford N'-(cyclopropanecarbonyl}-5-
{2-(2,5-difluorophenylypyrrolidin-1-vlpyrazolo[l,5-ajpyrimidine-3-carbohydrazide (215 myg,

87%) as a white solid. 'H-NMR (CDCly, Varian, 400 MHz): § 0.84-0.90 (2H, m), 1.09-0.15 (2H,

80



10

20

25

WO 2016/097869 PCT/IB2015/002521

m), 2.00-2.25 (31, m), 2.48-2.61 (1H, m), 3.71-4.17 3H, m), 5.22 (0.7H, d, J = 8.4 Hz), 5.50-
5.58 (0.3H, m), 5.91 (0.7H, d, J = 7.6 Hz), 6.30-6.38 (0.3H, m), 6.71-7.09 (ZH, m), 8.18 (0.7H, d,
J=17.2Hz), 8.52-8.62 (0.3H, m), 8.25-8.37 (2H, m), 9.04-9.46 (1H, m), 10.65-10.75 (1H, m).

Step B 2-cyclopropyl-5-(5-(2-(2,5-difluorophenylipyrrolidin-1-yhpyrazolof 1, 5-
alpyrimidin-3-yi}-1,3 4-oxadiazole

F

Y

e
/ /\NfN
/\

5,

XN
To a solution of N'-{cyclopropanecarbonyi)-3-(2-(2,5-diflucrophenylpyrrolidin-1-
vlypyrazolof1,S-alpyrimidine-3-carbohydrazide (100 mg, 0.235 mmol) 1o DCM (1.5 mL) was
added pyriding {0.0440 mb, 0.539 mmol} at 0 “C. The muxture was cooled to - 10 °C, and then
triflic anhydride (0.0830 mL, 0.492 mmol) was dropwise added to it. The reaction mixture was
stirred at -10 °C for 1 hour and then at 0 °C for 1 hour. After quenched with water, the mixture
was extracted with DUM twice. The combined organic lavers were dried over Na;SQy, filtered
and concentrate i vacuo. The residue was purified by column chromatography on Si(h,
{Hex:EtOAc = 1.3 to 1.7y to afford Z-cyclopropyl-5-(5-(2-(2,5-difluorophenyljpyrrolidin-1-
yl)pyrazolo[1,5-alpyrimidin-3-y1)-1,3,4-oxadiazole (49.0 mg, 51%) as a white solid. 'H-NMR
(CDCL;, Varan, 400 MHz): & 1.00-1.18 (4H, m}, 2.01-2.18 (4H, m), 2.32-2.61 (1H, m}, 3.61-
4.20 (2H, m), 5.20 and 5.77 (1H, s+s), 5.92 and 6.39 (1H, s+s), 6.70-6.80 (1H, m), 6.82-7.12 (ZH,

m), §.12-8.37 (2H, m). MS: 409.3 [MH],

Ixample 16: Preparation of Chemical Compound 8 Z-cvelopropyl-S-(8-(2-(2.5-
difluorophenviipvrrolidin-I-vlipyrazole]1.5-alpvrimidin-3-vi}-1.3.4-thiadiazele
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»
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~N
: 7NN
A o
N/”\N
8 \==N

To a solution of N'-(cyclopropanecarbonyl)-5-(2-(2,5-difluorophenylpyrrohidin-1-
yvhpyrazolof1,5-a]pyrimidine-3-carbohydrazide (80.0 mg, 0.188 mmol) in toluene (3.5 mL) was
added Lawesson's reagent (76.0 mg, 0.188 mmol) at room temperature. The reaction nuxture was
stirred at 110 °C for 2 hours, cooled to room temperature and partitioned between water and
FtOAc. The separated organic layer was dried over Na;SQy, filtered and concentrated in vacuo.
The residue was purified by column chromatography on Si1(; (EtOAc only to DCMMeOH =
101y to afford  2-cyclopropyl-5-(5-2-(2, S-difluorophenyypyrrolidin-1-vhpyrazolo[ 1,5~
alpyrimidin-3-yl)-1,3 4-thiadiazole (23.0 mg, 29%) as a white solid. "H-NMR (CDCls, Varian,
400 MHz): 3 0.88-0.95 (2H, m), 1.10-1.30 (2H, m), 2.01-2.25 (3H, m), 2.40-2.61 (2H, m), 3.61-
3.67 (1H, m}, 3.82-4 10 (1H, m), 5.21 and 5.68 (1H, s+ts), 5.9C and 6.37 (1H, s+s), 6.62-6.80 {1H,
m), 6.83-7.02 (1H, m), 7.04-7.12 (1H, m), 8.15-8.42 (1H, m), 8.50-8.61 (11, m). MS: 4253
IMEHT]

Example 17: Preparation of Chemical Compound 9 Z-tert-butvl-5-(5-(2-(2.5-
difluorophenvhipyrrolidin-i-viipvrazolol L . 5-alpyvrimidin-3-vi}-1,3.4-oxadiazole

=

=
L ~N
. NN

Step A: tert-butyl 2-pivaloylhydrazinecarboxylate
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O

S

To a solution of tert-butyl hydrazinecarboxylate (5.00 g, 37.8 mmol), TEA (10.6 mL,

H
N.

-~

Boc

76.0 mmol} i DCM (85 mL) was added a solution of pivaloyl chloride (6.98 mL, 56.7 mmol) in
DCM (85 mlL) at 0 °C. The reaction muxture was stured at 0 °C for 1 hour and quenched with
water. The mixture was extracted with DCM, washed with T N ag. HCI and brine, dried over
Na:SOy, filtered and concentrated iz vacuo. The residue was purified by column chromatography
on S10, (Hex EtOAc = 1:1} to afford tert-butyl 2-pivaloylhydrazinecarboxylate (7.65 g, 93%} as
a white solid. "H-NMR (CDCls, Varian, 400 MHz): § 1.25 (SH, s), 1.47 (9H, s}, 6.48 (1H, br. ),
7.39 (1H, br. s}).

Step B: pivalohydrazide hydrochlonde

HaN.
HC! :%J\K

To a solution of tert-butyl 2-pivaloylhydrazinecarboxylate (7.65 g, 35.4 mmol) in dioxane
{118 rol.} was added HCI (4 N 10 dioxane, 70 mL., 283 romol) at room termperature. The reaction
mixture was stirred at room temperature overnight and concentrated in vacuo. The residue was
treated with ether A predipitated solid was collected by filtration and dried under vacuum to
afford pivalohydrazide hydrochloride (5.06 g, 94%) as a pale vellow solid. "H-NMR (DMSO-ds,
Varian, 400 MHz): 6 1.17(9H, s}, 10.3 (3H, br. 5), 10.8 (1H, br. s).

Step C: 5-(2+(2,5-difluorophenypyrrolidin-1-y1}-N'-pivalovipyrazolof1,5-alpyrimidine-

3-carbohydrazide
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To a solution of 5-{2-(2,5-diflucrophenyhpyrrolidin-1-yhpyrazolo[1,5-alpyrimidine-3-
carboxylic acid (Intermediate & 441 mg, 1.28 mmol) in DMF (85 mbl) were added
pivalohydrazide hydrochloride (391 mg, 2.56 mmol), DIPEA (0.895 mb, 512 mmol), HATU
{730 mg, 1.92 mmol) at room temperature. The reaction mixture was stirred at room temperature
overnight, poured into water and stirred additional 30 min at room temperature. A precipitated
solid was collected by filtration and dried wunder vacuum to afford 5-(2-(2.5-
difluorophenylipyrrolidin-1-y1}-N'-pivaloyipyrazolof1, S-a]pyrimidine-3-carbohydrazide (454 mg,
80%) as a pale yellow solid. 'H-NMR (DMSO-ds, Varian, 400 MHz): § 1.19 {(9H, s}, 1.81-2.15
(3H, m), 2.45-2.50 (1H, m), 3.65-3.72 (1H, m}, 4 00-4.08 (1H, m), 5.36-5.42 (1H, m), 6.70 (1H,
d, J=280Hz), 695-7.11 (3H, m), 823 (1H, 5), 855 (1H, s), 8.83 (1H, d, /= 8.0 Hz}, 9.53 (1H,

s).

Step D 2-tert-butyl-5-(5-(2-(2, 5-difluorophenyl}pyrrolidin-1 -ylpyrazolo[1, 5-

alpyrinudin-3-yi)-1,3,4-oxadiazole

| VY 2N
N

i J\>

Y

g;%riﬁ

To a solutton of 5-(2-(2 5-difluorophenylipyrrolidin-i-yI}-N'-pivalovipyrazolo[1,5-
alpyrimidine-3-carbohydrazide (651 mg, 147 mmol} in DCM (10 mbL) was added pyridine
(0.274 mL, 3.38 mmol} at 0 °C. The mixture was cooled to - 10 °C, and then triflic anhydnde
(0.522 mL, 3.09 mmol}) was dropwise added to it. The reaction mixture was stirred at -10 °C for
1 hour and then at 0 °C for | hour After quenched with water, the nuxture was extracted with
DCM twice. The combined organic layers were dried over Na;SOy, filtered and concentrate in
vacuo. The residue was purified by column chromatography on S10; (Hex: EtOAc = 1:3 1o 1:4)
to afford 2-tert-butyl-5-(5-(2-(2,5-dfluorophenylpyrrohidin-1-ylpyrazolo[1,5-ajpyrinudin-3-y1}-
1,3, 4-oxadiazole (402 mg, 64%) as a white solid. "H-NMR (DMSO-ds, Varian, 400 MHz). 6
1.27 and 1.44 (OH, s+s), 1.82-2.18 (3H, m), 2.32-2.44 (1H, m), 3.54-3.90 (1H, m), 4.00-4.08 (1H,
m), 5.32-5.38 (0.3FL, m), 5.67 (0.7H, d, J = 7.6 Hz), 6.06-6.12 (0.3H, m), 6.71 (0.7, d, J = 8.0
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Hz), 6.88-7.38 (3H, m), 8.32-8.42 (1H, m), 8.58-8.65 {0.3H, m), 8.84 (0.7H, d, / = 8.0 Hz). MS:
4253 [MH.

Example 18: Preparation of Chemical Compound 10: Z-tert-butyl-5-(5-(3-(2.5-

difluorophenvhipvrrolidin-i-vlipyrazolell . S-alpyrimidin-3-vi}-1.3.4-thiadiazole
F

,‘f//‘\N’N\

A AT

To a solutton of 5-(2-(2,5-difluorophenyl)pyrrolidin-1-y1}-N'-pivalovipyrazolo[1,5-
alpyrimidine-3-carbohydrazide (56.0 mg, 0.113 mmol} in diglyme (2.2 mL)} were added PsSio
{100 mg, 0.226 mmol) and Na(C0O; (48.0 mg, 0.452 mmol} at room temperature. The reaction
mixture was stirred at 90 °C for 2 hours, cooled to room temperature and partitioned between
water and EtOAc. The separated organic laver owas dried over Na,SOy, filtered and concentrated
in vacuo. The residue was purified by column chromatography on 810, (EtOAc only to
DCM:MeOH = 10:1) to afford 2-tert-butyl-5-(5-(2-(2,5-difluorophenyhpyrrolidin-1-
vhpyrazolof1,5-alpyrimidin-3-y1}-1,3,4-thiadiazole (30.0 mg, 60%) as a white solid. MS: 441 4
IMHT.

Prenaration of Chemical Compounds 11-18
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Example 19: Preparation of Chemical Compound 11: 2-(5-(2-(5-fluoropyridin-3-
5 yhpyrrolidin-1-vijpvrazolof 1. S-alpyrimidin-3-vhi-S-methvi-1.3.4-thiadiazole

S

F
L AN,

S
Q7
o

i1 S

fN

Step A N'-acetyl-5-{2-(S-fluoropyridin-3-ybipyrrolidin-1-ylipyrazolof1,S-alpyrimidine-

10 3-carbohydrazide

To a solution of 3-(2-(5-fluoropyridin-3-yhpyrrohidin-1-yhpyrazolof 1, S-alpyrimidine-3-

86



10

15

20

25

WO 2016/097869 PCT/IB2015/002521

carboxylic acid (Intermediate 9, 200 mg, 6.611 mmol} m DMF (40 ml) were added
acetohydrazide {(91.0 mg, 1.22 mmol), DIPEA (0.320 mL, 283 mmol), and HATU (349 mg,
0.917 mmol} at room temperature. The reaction mixture was stirred at room temperature
overnight and poured into water. The mixture was stirred for 30 min. A precipitated solid was
collected by filtration and dried under vacuum to afford N'-acetyl-3-(2-(5-fluoropyridin-3-
yvipyrrolidin-1-yDpyrazolo{1,5-ajpyrimidine-3-carbohydrazide (168 mg, 71%) as a white solid.
"H-NMR (CDCly, Varian, 400 MHz): § 2.00-2.15 (5H, m), 2.50-2.63 (1H, m), 3.68-4.30 (ZH, m)
5.06 and 530 (1H, sts}, 5.68 and 6.39 (1H, s+s), 7.10-7.40 (1H, m}, 8.20-9.04 (4H, m), 9.84 and

10.8 (1H, s+s). * Two protons from NHNH were not observed.

Step B: 2-(5-(2-(5-fluoropyridin-3-yDpyrrolidin-1-ypyrazolo[1,5-a}pyrimidin-3~y1}-5-
methyl-1,3,4-thiadiazole

F
VS

i
L ~N
cas
N
N
11 Sff‘ii

To a solution of N-acetyl-5-(2-(5-tfluoropyridin-3-yDpyrrolidin-1-vhpyrazolo[1,5-
alpyrimidine-3-carbohydrazide (50.0 mg, 0.130 mmol} mn diglyme (2.6 mL} were added P48y
(116 mg, 0.261 mmol} and NayCOs; (55.0 mg, 0.522 mmol} at room temperature. The reaction
mixture was stirred at 90 °C overnight, cooled to room temperature and partitioned between
water and FtOAc. The separated organic layer was dried over Na; SOy, filtered and concentrated
in vacuo. The residue was purified by column chromatography on Si1( (EtOAcMeOH = 100:1
to 10:1}) to afford 2-(5-(2-(S-fluoropyridin-3-yljpyrrolidin- I -ylpyrazolo[1,5-alpyrimidin-3-y1)-5-
methyl-1,3 4-thiadiazole (36.0 mg, 72%) as a white solid. "H-NMR (CDCl;, Varian, 400 MHz);
5 2.00-2.30 (3H, m), 2.50-2.80 (4H, m), 3.62-4.12 (2H, m), 5.01 and 5.49 (1H, s+s), 5.90 and
6.68 (1H, s+s), 7.20-2.26 (1H, m), 8.29-8.62 (4H, m). MS: 382.3 [MH'].

Example 20: Preparation of Chemical Compound 12: 2-ethvl-5-(5-2-(&-fluocropyridin-3-
vihipvrrolidin-i-viipvrazolol 1. 5-alpyrimidin-3-vii-1,3.4-thiadizzole
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Step A: N-acetyl-5-(2-(5-fluoropyrnidin-3-yDpyrrolidin-1-yDpyrazolof 1, 5-alpyrimidine-

'l
N \N/L\‘\i
/ NH
O NH
5

To a solution of 5-(2-(5-fluoropyridin-3-yhpyrrolidin-1-yhpyrazolo[ 1, S-alpyrimidine-3-
carboxylic acid (Intermediate 9, 200 mg, 0.611 mmol) m DMF (40 ml} were added
propionohydrazide hydrochloride (152 mg, 1.22 mmol), DIPEA (0320 mL, 283 mmol) and

3-carbohydrazide

HATU (349 mg, 0.917 mmol} at room temperature. The reaction mixture was sturred at room
temperature overnight and poured into water. The mixture was stirred for 30 min. A precipitated
solid was collected by filtration and dried under vacuum to afford N'-acetyl-5-(2-(5-
fluoropyndin-3-yhpyrrohidin-1-ylpyrazolo[1,5-alpyrimidine-3-carbohydrazide {168 mg, 71%)
as a white solid. "H-NMR (CDCL, Vanan, 400 MHz). 8 1.27 (3H, t, /= 7.4 Hz), 2.00-2.28 (3H,
m), 2.32-2.45 (3H, m), 2.50-2.67 (1H, m), 3.73-4.26 (2H, m), 5.07 and 5.72 (1H, s+s), 5.71 and
5.90 (1H, s+s), 7.21-7.40 (1H, m). 8.19-9.04 (4H, m), 9.96 and 10.84 (1H, s+s).

Step B 2-ethyl-5-(5-(2-(5-fluoropyndin-3-y1jpyrrolidin-1-yDpyrazolof1,5-apyrimidin-

3-y1)-1,3,4-thiadiazole
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To a solution of S5-(2-(5-fluoropyridin-3-ypyrrohidin- 1-y1)-N'-propionyipyrazolof1,5-
alpyrimidine-3-carbohydrazide (50.0 mg, 0.126 mmol) m diglyme (2.6 mL} were added P48y
{112 mg, 0.252 mmol) and Na;COs (53.0 mg, 0.503 mmol) at room temperature. The reaction

5 muxture was stirred at 90 °C for 2 hours, cooled to room temperature and partitioned between
water and FtOAc. The separated organic layer was dried over Na,80,, filtered and concentrated
in vacuo. The residue was purtfied by column chromatography on 510; (EtOAcMeOH = 50:1 to
10:1) to afford 2-ethyi-5-(5-(2-(5-fluoropynidin-3-yhipyrrolidin-1-yDpyrazolof 1, S-alpyrimidin-3-
y1)-1,3 4-thiadiazole (36.0 mg, 72%) as a white solid. "H-NMR (CDCl;, Varian, 400 MHz): §

10 1.40-1.52 (3H, m), 2.00-2.23 (31, m), 2.52-2.65 (1H. m), 3.05-3.20 (2H, m), 3.60-3.80 (2H, m),
5.08 and 5.52 (1H, s+3), 5.88 and 6.38 (1H, s+3), 7.24-7.26 (1H, m), 8.30-8.60 (4H, m). MS:
396.3 [MH'].

15 Example 21: Preparation of Chemical Compound 13: 2-(5-2-(5-fluoropyridin-3-
vhipyrrolidin-1-viipvrazolol 1.5-alpyrimidin-3-vl-S-isopropyi-1.3.4-thiadiazeole

7 AN
NS

JNAN =N

s
13 fN
20 Step A 5-(2-{5-fluoropyridin-3-yhpyrrohdin- -y])-N-1sobutyrylpyrazolof1,5-

alpyrimidine-3-carbohydrazide
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To a solution of 3-(2-(5-fluoropyridin-3-yhpyrrohidin-1-yhpyrazolof 1, S-alpyrimidine-3-
carboxvlic acid (lotermediate 9, 200 mg, 0.611 mumel) m DMF (40 ml) were added
isobutyrohydrazide hydrochloride (161 mg, 1.22 mmol), DIPEA (0.427 mL, 2 44 mmol) and
HATU (349 mg, 0.917 mmol) at room temperature. The reaction muxture was stured at room
temperature overnight and poured into water. The mixture was stirred for 30 mun. A precipitated
solid was coliected by filtration and dried wnder vacuum to afford 5-(2-(5-fluoropyridin-3-
ylpyrrolidin-1-yl}-N'-isobutyrylpyrazolo[1,5-alpyrimidine-3-carbohydrazide (208 mg, 83%)as a
pale vellow solid. "H-NMR (CDCl, Varian, 400 MHz): § 1.26-1.39 (6H, m), 2.00-2.26 (3H, m),
2.50-2.62 (2H, m), 3.70-4.26 (2H, m), 5.06 and 5.32 (1T, s+3), 5.76 (0.3, 5), 6.39 (0.7H, &, J =
8.0 Hz}, 7.26-7.52 (1H, m}, 8.24-83.90 (SH, m}, 10.06 and 10.85 (1H, s+s}.

Step B 2-(5-(2-(S-fluoropynidin-3-ylpyrrolichn-1-yhpyrazolo[1,5-a]pyrimidin-3-yi)-5-

isopropyi-1,3,4-thiadiazole

e
\‘\7/) (/{/\\N’N
N/%N =

To a solution of S5-(2-(53-fluoropyndin-3-yhpyrrolidin-1-y)-N'-isobutyrvipyrazolof1,5-
alpyrimidine-3-carbohydrazide (50.0 mg, 0.122 mmol} m diglyme (2.6 mL} were added P48y
(108 mg, 0.243 mmol) and NaCO; (52.0 mg, 0.486 munol) at room temperature. The reaction
mixture was stirred at 90 °C overnight, cooled to room temperature and partitioned between
water and FtOAc. The separated organic layer was dried over Na,80,, filtered and concentrated

in vacuo. The residue was purified by column chromatography on S1( (EtOAcMeOH = 100:1

90



10

15

20

WO 2016/097869 PCT/IB2015/002521

to 20:1}) to afford 2-(5-(2-(S-fluoropyridin-3-ylpyrrolidin-1-vlpyrazolo{1,5-alpyrinudin-3-y1}-5-
isopropyl-1,3,4-thiadiazole (37.0 mg, 74%} as a white solid. "H-NMR (CBCls, Vanan, 400
MHz): 6 1.35-1.70 (7H, m), 2.00-2.28 (3H, m), 2.52-2.67 (1H, m)}, 3.38-3.57 (1H, m), 3.61-3.80
{(1H, m), 3.87-4.17 (1H, m), 5.08 and 5.51 (1H, s+s), 5.84 and 6.38 (1H, s+s), 7.22-7.26 {1H, m),
8.29-8.40 (1H, m), 8.42 (1Hs), 8.55 (1H, s). MS: 4103 [MH].

Txample 22: Preparation of Chemical Compound 14: 2-cvelopropvi-5-{5-(2-{5-
fluorepvridin-3-vhipvirelidin-1-viinvrazolel 1 .5-alpvrimidin-3-vi}-1,3 . 4-thiadiazole

F
N/i\\{

i
L ~N
/N\

s L
NT N
/=N
o
14 =N

Step A N'-(cyclopropanecarbonyl}-5-(2-(5-fluoropyridin-3-vhpyrrohidin-1-

ylpyrazolo[1,5-a]pvrimidine-3-carbohydrazide

N o
i\ —
N/’\N
J 5 N‘H
MNH
Oy’

To a solution of 3-(2-(5-fluoropyridin-3-yhpyrrohidin-1-yhpyrazolof 1, S-alpyrimidine-3-
carboxvlic acid (lotermediate 9, 200 mg, 0.611 mumel) m DMF (40 ml) were added
cyclopropanecarbohydrazide hydrochloride (167 mg, 1.22 mmol), DIPEA (0427 mlL, 244
mmol} and HATU (349 mg, 0.917 mmol) at room temperature. The reaction nuxture was stirred
at room temperature overmght and poured into water. The mixture was stirred for 30 mmn. A
precipitated sohd was collected by filtration and dried under vacuum to afford N-
{cyclopropanecarbonyl}-5-(2-( 5-fluoropynidin-3-ylpyrrohdin-1-ylpyrazolof1,5-alpynimidine-3-

carbohydrazide (196 mg, 78%) as a pale yvellow solid. "H-NMR (CDCl, Varian, 400 MHz): §
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0.80-0.98 (2H, m), 1.15-1.28 (2H, m), 1.50-1.55 (11, m), 1.97-2.27 3H, m), 2.47-2.61 (1H, m),
3.60-4.30 (2H, m), 5.06 and 5.66 (1H, s+s). 5.88 and 6.39 (1H, s+s), 7.02-7.33 (1H, m), 8.24-
836 (4H, m), 8.74 and 9.21 (1H, s+s), 9.94 and 10.71 (1H, s+s).

5 Step B: 2-cyclopropyl-5-(5-(2-(5-fluoropyridin-3-yljpyrrolidin- 1 -ylipyrazolof 1, 5-
alpyrimidin-3-yl}-1,3 4-thiadiazole

NQ/F
7 = N‘—N
CN \N)Q

J S)\;Tj

14 IN
To a solution of N-{cyclopropanecarbonyl)-5-2-(5-fluoropyridin-3-ylipyrrolidin-1-
vhpyrazolof1,5-a]pyrimidine-3-carbohydrazide (50.0 mg, 0.122 mmol) n diglyme (2.6 mL)
16 were added PsSie (109 mg, 0.244 mmol) and Nax(C(Os: (52.0 mg, 0488 mmol) at room
temperature. The reaction mixture was stirred at 90 °C for 2 hours, cooled to room temperature
and partitioned between water and EtOAc¢. The separated organic layer was dried over Na,SOy,
filtered and concentrated in vacuo. The residue was purified by column chromatography on S10,
{(EtOAcMeOH = 1001 to 20:1) to afford Z-cyclopropyl-5-(5-(2-(5-fluoropyridin-3-
15 yhpyvreohdin-1-ylipvrazolo{1,5-ajpyrimidin-3-yi}-1,3 4-thiadiazole (33.0 mg, 66%) as a white
solid. "H-NMR (CDCL, Varian, 400 MHz): § 0.94-1.17 (2H, m), 1.17-1.31 (Z2H, m), 2.04-2.28
3H, m}, 2.37-2.48 (1H, m), 2.52-2.68 (1H, m)}, 3.50-4.17 (3H, m}, 5.07 and 5.58 (1H, sts), 5.90
and 637 (1H, s+s), 722 (1H, d, /=72 Hz}, 830-8.40 (1H, m)}, 843 (1H, 5), 8.48-5.56 (1H, m).
MS: 408.3 [MH].
20

Example 23: Prenaration of Chemical Compound 15: 2-tert-butvl-5-(5-(2-{5-flugropvridin-
3-vhpvrrolidin-1-vlipvrazelol 1, 5-alpyvrimidin-3-vii-1,3.4-thiadiazole
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C,N

Step A 5-(2-(5-tluoropyridin-3-ylpyrrolidin-1-vi)-N'-pivaloylpyrazolo[ 1, 5-

pds m

To a solution of 5-(2-(2,5-difluorophenybipyrrolidin-1-yhpyrazolof 1, S-alpyrimidine-3-
carboxylic acid (Intermediate 9, 316 mg, 0.965 mmol} m DMF (6.4 ml) were added
pivalohydrazide hyvdrochloride (442 mg, 290 mmol), DIPEA (0.674 mL, 3.86 mmol) and HATU

alpyrimidine-3-carbohydrazide

(551 mg, 1.45 mmol} at room temperature. The reaction mixture was stirred at room temperature
overnight and poured into water. The mixture was stirred for 30 min. A precipitated solid was
collected by filtration and dried under vacuum to afford 5-(2-(5-fluoropyridin-3-yvhpyrrolidin-1-
y1)-N'-pivaloylpyrazolo[1,5-a]pyrimidine-3-carbohydrazide (362 mg, 88%) as a white solid. 'H-
NMR (DMSO-ds, Varian, 400 MHz): § 1.20 (SH, s), 1.80-2.10 (3H, m), 2.40-2.50 (1H, m), 3.62-
3.82 (1H, m), 4.00-4.10 (1H, m), 5.36 (0.7H, d, J = 8.0 Hz), 6.17 (0.3H, d, J = 8.4 Hz), 6.71
(0.7H, d, J= 7.6 Hz), 7.65 (0.3H, d, J = 8.0 Hz), 7.51 (1H, d,.J = 7.4 Hz), 8.13 and 8.22 (1H,
s+s), 8.28 and 8.43 (1H, s+s), §.36 and 8.50 (1H, s+s), .64 (0.3H, d, /= 7.2 Hz), §.83 (0.7H, 4,

J=17.6Hz), 8.79 (1H, s}, 9.55 and 9.80 (1H, s+s).

Step B: 2-tert-butyl-5-(5-(2-(S-fluoropyridin-3~-ylpyrrolidin- I -yl)pyrazolo[1,5-
alpyrimidin-3-vi)-1,3 4-thiadiazole
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To a solution of S-{2-(5-fluoropyridin-3-yljpyrrolidin-i-yI}-N'-pivalovipyrazolo[1,5-
a)pyrimidine-3-carbohydrazide (100 mg, 0.235 mmol} in diglyme (4.7 mL) were added PsSy
{209 mg, 0.470 mmol) and Na,COy (100 mg, 0.940 mmol) at room temperature. The reaction

5 nuxture was stitred at 90 °C for 4 hours, cooled to room temperature and partitioned between
water and FtOAc. The separated organic layer was dried over Na; SOy, filtered and concentrated
in vacuo. The residue was purified by column chromatography on Si0; (FtOAcMeOH = 20:1)
to afford 2-tert-butyl-5-(5-(2-(5-fluoropynidin-3-yhpyrrohidin-1-yljpyrazolo[1,S-a}pyrimidin-3-
y1}-1,3 4-thiadiazole (34.0 mg, 34%) as a white solid. "H-NMR (DMSO-dg, Varian, 400 MHz): &

10 1.42 and 1.48 (9H, sts), 1.90-2.07 (3H, m), 2.40-2.50 (1H, m), 3.69 (1H, q, J = 8.8 Hz), 4.00-
418 (1H, m), 5.35 (0.2H, s), 5.46 (0.8 H, d, J = 8.4 Hz), 6.18 (0.2H, s), 6.71 (0.8 H, d, J= 8.0
Hzj, 7.69 (1H, d, J =10.0 Hz}, 8.38-8.40 (2H, m), 848 (1H, s}, 883 (1H, d, J = 7.6 Hz). MS:
424 4 [MH']

15

Example 24: Preparation of Chemical Compound 16: 2-tert-butyl-5-(5-(2-{5-fluorepyridin-
3-vhopvrrolidin-i-vhinyvrazolol i 5-alnpyrimidin-3-vii-1,3.4-0xadiazole

20 A wmuxture  of  S-{2-(S-fluoropyridin-3-ylpyrrolidin-i-yl)-N'-pivalovipyrazolof1,5-
alpyrimidine-3-carbohydrazide (60.0 mg, 0.141 mmol) and POCL (0.394 mL, 4.23 mmol) was

refluxed for 2 hours. After being cooled to room temperature, the reaction muxture was

94



10

15

20

WO 2016/097869 PCT/IB2015/002521

partitioned between water and DCM. The separated organic layer was washed with water and
brine, dried over Na SOy, filtered and concentrated in vacue. The residue was purified by column
chromatography on Si10, (DCMiMeOH = 50:1 to 30:1) to afford 2-tert-butyl-5-(5-(2-(5-
fluoropyridin-3-yhpyrrolidin-1-yl)pyrazolo[1,5-alpyrimidin-3-v1}-1,3,4-oxadiazole  (38.0 mg,
66%) as a white solid. "H-NMR (DMSO-ds, Varian, 400 MHz): § 1.27 and 1.44 (9H, s+s}, 1.89-
2.21 (3H, m), 2.40-2.50 (1, m), 3.61-3.88 (1T, m), 3.93-4.11 (1H, m), 5.32 (0.3H, 5}, 5.55 (0.7
W d,J=80Hz), 618 (03H, 5), 6.70 (0.7 H, d, J=7.6 Hz), 7.65 (11, d, J=9.2 Hz), 8.34-8 45
(3H, m), 8.64-8.83 (1H, m). MS: 408.4 [MH'].

Txample 25: Prenaration of Intermediate Compound 18

AN L /\ N tor )\
SR KF . /(\‘/Lzz- BN (\r\,”\ A
COEt  DMSO - bo,gr §h B CO,H
80 °C, 2 b

Intermediate Compound 10 (R)-5-(2-(2,5-difluorophenyhpyrrolidin-1-ypyrazolof1,5-

}pymmldmen ~carboxylic acid

COLH

Step A Ethyl (R)-5-(2-(2,5-difluorophenylypyrrolidin-1-yBpyrazolof 1, 5-alpyrimidine-3-
carboxylate
.
!
Z ~N
;»‘)\/) 7NN
A%

Sue

i N
I

COLE

A mixture of ethyl S-chloropyrazolo{1,5-ajpyrimidine-3-carboxylate (1.30 g, 5.76 mmol),
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(R)-2-(2,5-difluorophenylipyrrolidine (Intermediate 5, 1.13 g, 6.6 mmol) and KF (1.67 ¢, 28.8
mmol) in DMSO (19 mL} was stirred at 180 °C for 2 hours. After being cooled to room
temperature, the reaction mixture was partitioned between water and EtOAc. The separated
organic laver was washed with water and brine, dried over Na;8Q0,, filtered and concentrated in
vacuo. The residue was purtfied by column chromatography on 810, (Hex EtOAc = 1:1) to
afford ethyl (R}-5-(2-(2,5-difluorophenyl)pyrrolidin-1-yiipyrazolof 1, 5-alpyrimidine-3-
carboxylate (2.11 g, 98%) as a vellow solid. MS: 372.90 [MH"]

Step B (R)-5-(2-(2,5-difluorophenypyrrolidin-1-yhpyrazolof1,5-alpyrimidine-3-

carboxvlic acid

A~
SPes
<’fm \N)Qg
) CO,H
To a solution of {(R)-5-(2-(2,5-difluorophenyDpyrrolidin-1-yijpyrazolo[1,5-a}pyrimidine-
3-carboxylate (2.11 g, 5.68 mmol} in EtOH (42 ml) and water {14 mL} was added LiOH (408
mg, 17.0 mmol) at 0 °C. The reaction mixture was heated at 90 °C for 5 hours and cooled to
room temperature. After evaporation of EtOH, the residue was acidified with 2 N ag. HCI until
pH 5~6, and then extracted with EtOAc twice. The combined organic lavers were washed with
brine, dried over NaySOy, filtered and concentrated i vacwo to afford (R)-5-(2-(2,5-
difluorophenylpyrrolidin-1-yDpyrazolo[ 1,5-alpyrimidine-3-carboxylic acid (1.92 g, 98%) as a
pale vellow solid. "H-NMR (DMSO-ds, Varian, 400 MHz): 8 1.92-2.04 (3H, m), 2.33-2.60 (1H,
br. s), 3.64 (0.5H, br. 5), 3.77 (0.5H, br. s), 4.00 (15, br. 5), 5.32 (0.5H, 5, 5.53 (0.5H, 3), 6.07
(0.5H, s), 6.67 (0.5H, ), 6.99-7.33 (3H, m), 8.15-8.19 (1H, m), 8.59 and 8.77 (1H, s+s), 11.45
(1H, s).

Example 26: Preparation of Intermediate Compound 11
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Intermediate Compound 11: (R)-5-(2-(S-fluoropyridin-3-yDpyrrolidin-1-vi)pyrazolo{1,3-

ajpyrimudine-3-carboxylic acid

Step A (R)-ethyl 5-(2-(S5-fluoropyridin-3-yhpyrrolidin-1-yDpyrazolof 1, 5-ajpyrimidine-

3-carboxylate

-
F

\\/ fo-N
e
CO,F
10 A muxture of ethyl S-chloropyrazolo[ 1, 5-ajpyrnimidine-3-carboxylate (5.70 g, 25.3 mmol),
(R)-3-fluoro-5-(pyrrolidin-2-yhpyridine (Intermediate 4, 4.37 g, 26.3 mmol)y and KF (734 g, 126
mmol} m DMSO (15 ml) was stirred at 180 °C for 2 hours. After being cooled to room
temperature, the reaction muxture was partitioned between water and EtOAc. The separated
organic layver was washed with water and brine, dried over Na,50, filtered and concentrated in
15 wvacuo. The restdue was purtfied by column chromatography on Si10, (HexEtOAc = 1.3 to 1:4)
to afford (Ry-ethyl S-(2-(S-fluoropyridin-3-yDpyrrolidin-1-vhpyrazolo[1,5-alpyrimidine-3-
carboxylate (6.42 g, 71%) as a pale vellow solid. "H-NMR (DMSO-d,, Varian, 400 MHz § 1.17-
1.30 3H, m), 1.91-2.09 (3H, m), 2.40-2.50 (1H, m), 3.61-3.82 (1H, m), 3.94-4.08 (1TL, m}, 4.09-
4.29 (2FL, m), 5.24-5.34 (0.3H, m), 5.35-5.48 (0.7H, m), 6.10-6.19 (0.3H, m), 6.65-6.71 (0.7H,
20 m), 7.60-7.74 (1H, m), 8.12-8.24 (11, m), 8.36-8.54 (2F, m), 8.55-8.65 (0.3H, m), 8.70-8.81
{0.7H, m}.
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Step B (R)-5-(2-(S-fluoropyridin-3-yDpyrrolidin-1-vhpyrazolof 1, 5-ajpyrimidine-3-
carboxylic acid

F
N e~
O /f\ N,

- oy
N”\\e

3%

CO,H

To a solution of (Ri-ethyl 35-(2-(5-fluoropyridin-3-ylpvrrolidin-1-ypyrazolo[1,5-
5  alpyrimidine-3-carboxvlate (6.56 g, 18.4 mmol} in EtOH (70 mL)} and water (23 mL} was added
LiOH (1.33 g, 554 mmol} at 0 °C. The reaction muixture was heated at 96 °C for 5 howrs and
cooled to room temperature. After evaporation of EtOH, the residue was acidified with 2 N aq.
HCE until pH 5~6, and then extracted with EtOAc twice. The combined organic layers were
washed with brine, dried over Na,SQy, filtered and concentrated in vacuo to atford (R)-5-(2-(5-
16 flusropyndin-3-ylpyrrolidin-1-yl}pyrazolo]1,5-alpyrimidine-3-carboxylic acid {5.80 g, 96%;} as
a pale yellow solid. "H-NMR (DMSO-d;, Varian, 400 MHz): § 1.89-2.20 (3H, m), 2.40-2.50 (11,
m), 3.61-3.82 (1H, m), 3.92-4.08 (1H, m), 5.24-5.48 (1H, m), 6.12 and 6.63 (1H, s+s), 7.56-7.78

{(1H, m), 846 (1H, s), 8.32-8.78 (3H, m), 11.54 (14, s}.

15
Example 27: Preparation of Intermediate Compound 12
N
. ;i\, A
N e AN POCH %\Nf§ POCI 7N
i D = o s T P N N
HN 4 Na, EICH HnAN/‘* reflux, 35 o Sy OME v N
2 reflux, 12 h ri,12h CHO
F
=R
TGN \f’ NN
Fooo. /l\e
KF, DMSO CHO
180°C, 2 h
Intermediate Compound 12: (R)-5-(2-(2,5-difluorophenyhpyrrolidin-1-yDpyrazolof1,5-
20 alpyrimidine-3-carbaldehyde
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Q/ f\N’N
CHO

Step A: pyrazolo[1,S-alpyrimidin-5-ol

L5
S A

A solution of sodium metal (11.1 ¢, 481 mmol} in EtOH (344 ml) was added 1H-
pyrazol-3-amine (20.0 g, 241 mmol) and 1 3-dimethylpyrinudine-2,4(1H,3H})-dione (35.4 g, 253
mmol) at room temperature. The reaction mixture was refluxed overnight and cooled to room
temperature. A precipitated solid was collected by filtration, washed with cold EtOH and dried
under vacuum to afford pyrazolo[1,5-a]pyrimidin-3-ol (36.0 g, >99%) as a white solid. "H-NMR
(DMSO-ds, Varian, 400 MHz): $ S35 (I1H, d, /=16 Hz), 563 (1H,d, /=72 Hz}, 743 (1H, 4,
J=1.6Hz), 797 (14, d, /=72 Hz). * A proton from OH was not observed.

Step B: 5-chloropyrazolo[1,5-alpyrimidine

o
CI SN

A mixture of pyrazolof1,5-alpynimidin-5-0l (32.0 g, 237 mmol} and POCHL (177 mL, 1.89
mol} was refluxed for 3 hours. After being cooled to room temperature, the reaction mixture was
concentrated i vacuo. The residue was diluted with DCM, washed with saturated aq. NaHCOs,
dried over Na,SO,, filtered and concentrated in vacuwo. The residue was purified by column
chromatography on Si0; (DCM:MeOH = 20:1) to afford 5-chloropyrazolof!,S-alpyrimidine
(14.1 g, 38%;) as a yellow solid. HNMR (DMSO-ds, Varian, 400 MHz): 8 6.73 (1H, dd, /=20,
0.8Hz), 714 (IH, d, /=72Hz),829(1H, d,/=24Hz), 919 (1H, dd. /=72, 0.8 Hz).

Step C: S-chloropyrazolo[1,5-a]pyrinudine-3-carbaldehvde
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~N
= N N
Ny o~
Cl N
CHO
To a solution of S-chloropyrazolofl,S-alpyrimidine (14.1 g, 92.0 mumol) 10 DMF (184
mL) was added POCH (21.4 ml, 230 mmol} at room temperature. The reaction mixture was
stirred at room temperature overnight and then quenched with tce. The mixture was neutralized
with 1 N aq. NaOH. A precipitated vellow solid was collected by filiration and dried under
vacuum to afford S-chloropyrazolo[l,5-ajpyrimidine-3-carbaldehyde (151 g, 90%) as a pale
yvellow solid. "H-NMR {DMSO-ds, Varian, 400 MHz): 0 7.50 (1H, d, /= 7.2 Hz}, 8.76 (1H, s},
9.40 (1H, d, /= 7.2 Hz), 10.09 (1H, s).

Step D (R)-5-(2-(2,5-diflucrophenyDpyrrolidin-1-vhpyrazolof 1, 5-ajpyrimidine-3-

carbaldehyde
Q/ f N~ N

CHO

A mixture of S-chloropyrazolofl,5-ajpyrimidine-3-carbaldehyde (4.70 g, 259 mmol),
(R)-2-(2,5-difluoropheylpyrrohidine (Intermediate 8, 5.07 g, 27.7 mamol) and KF (7.52 g, 129
mmol) in DMSO (86 mL) was heated at 180 °C for 2 hours. After being cooled to room
temperature, the reaction mixture was poured into water. The mixture was extracted with EtOAc
twice. The combined organic layers were washed with brine, dried over Na,SOy, filtered and
concentrate i vacuo. The residue was purified by column chromatography on 5i0; (EtQAc only
to DCMMeOH = 20:1) to afford 5+2-(2,5-difluorophenyhpyrrolidin-1-yhipyrazolol1,5-

alpyrimidine-3-carbaldehyde (8.50 g, 100%) as a yellow solid. "H-NMR (CDCls, Varian, 400
MHz): § 1.90-2.28 (3H, m), 2.38-2.60 (11, m), 3.60-4.18 (2H, m), 5.14-5.28 (0.6, m), 5.54-
5.72 (0.4H, m), 5.84-6.02 (0.6H, m), 6.35-6.46 (0.4H. m), 6.68-6.78 (1H, m), 6.82-7.20 (ZH, m),
8.10-8.36 (2H, m), 9.77 and 10.11 (1H, s+s).

Example 28: Preparation of Chemical Compound 17
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: F
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F Hol HaN L N P‘\\f%{l
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A : - /LQ ---------------------------------- - : N
: PP HATU, DIPEA NTONTOA Jroluene C':\i § P
N DMF NH 10°C, 2k - /=N
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i COH C%D\\/NH St
O
R
R
5 Chemical Compound 17; {(R)-2-(5-(2-(5-fluoropyridin-3-yhipyrrohidin-1-ylpyrazolof1,5-

alpyrimidin-3-y1}-S-1sopropyl-1,3,4-thiadiazole

Step A (R)-5-(2-(5-fluoropyridin-3-yDpyrrohidin- 1-y])}-N'-1sobutyrylpyrazolo[1,5-
alpyrimidine-3-carbohydrazide
F

N
s

e

NS
Saw!
A “NH

‘? WNH
Oy

kY

10 /}\

To a  solution of  (R)-5-(2-(S-fluoropyridin-3-ylipyrrolidin-i-ylpyrazolof1,5-
alpyrimidine-3-carboxylic acid {(Intermediate 11, 5.65 g, 17.3 mmol) in DMF (115 mL) were
added 1sobutyrohydrazide hydrochloride (4.78 g, 34.5 mmol), DIPEA (12.1 mL, 69.0 mmol) and

15 HATU (131 mg, 34.5S mmol) at room temperature. The reaction mixture was stirred at room
temperature overnight and partitioned between water and EtOAc The separated organic layer
was washed with water and brine, dried over Na;SQOy, filtered and concentrated in vacuo. The

residue was purified by column chromatography on 510; (EtOAc:MeQOH = 20:1) to afford (R}-5-
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(2-(5-fluoropyridin-3-ylpyrrolidin-1-y1)-N'-isobutyryipyrazolof1,5-alpyrimidine-3-
carbohydrazide (6.14 g, 86%) as a white solid. "H-NMR (DMSO-ds, Varian, 400 MHz): § 1.03-
1.42 (6H, m), 1.80-2.10 (3H, m), 3.66-3.81 (1H, m}, 4.00-4.15 (1H, m), 536 (03H, d, /=
Hz), 543(0.7H,d, J=68Hz), 6.17(03H,d, /=76 Hz), 671 (07H, d, J=7.6 Hz}, 7.53 (0.7H,
d,J=96Hz), 7.65(03H, d, J=100Hz), 814 and 8.23 (I1H, s+s), 8.29 and 8.43 (1H, s+s}, 8.36
and 8.50 (1H, s+s}, 8.64(03H, d, /J=72Hz),883(0.7H, d, /J=80Hz), 208 {(0.7H, d, /=28
Hz), 9.92 (0.3H, s), 10.10 (0.7H, d, J = 3.6 Hz), 10.44 (03H, s). * Two protons from NHNH

were not observed.

Step B (R)-2-(5-(2-(S-fluoropyridin-3-ylpyrrolidin- 1 -yhpyrazolo[ 1, 5-alpyrimidin-3-yl)-

S-1sopropyl-1,3,4-thiadiazole

“““’f

.x—"

To a solution of (R}-5-(2-(5-fluoropyndin-3-yDpyrrolidin-1-yH-N'-
isobutyrylpyrazolo[1,5-alpyrimidine-3-carbohydrazide (5.20 g, 12.6 mmol} m THF (250 mlL)
were added Lawesson's reagent (10.2 g, 25.3 mmol) at room temperature. The reaction muxture
was stirred at room temperature overnight and partitioned between water and FtOAc. The
separated organic layer was washed with brine, dried over Na,SQy, filtered and concentrated in
vacuo. The residue was purified by column chromatography on 8510, (DCM:MeOH = 50:1) to
afford (R)-2-(5-(2-(5-fluoropyndin-3-ypyrrolidin-1 nvi)pwazoi@ [1,5-a}pyrimudin-3-y1}-5-
isopropyl-1,3,4-thiadiazole (1.88 g, 36%) as a white sohd. H-NMR (DMSO-d;, Varian, 400
MHz): 5 1.34-1.38 (6H, m), 1.87-2.10 (3H, m), 3.35-3.85 (1H, m), 3.66-3.75 (1H, m), 4.03-4.12
(1H, m), 5.35 (0.2H, d, /= 6.4 Hz), 5.44 (0.8H. d,.J= 6.8 Hz), 6.17 (0.2H, s), 6.71 (0.8H, d, J =
7.6 Hz), 7.70 (1H, d, J = 92 Hz), 835-8.44 (ZH, m), 845-5.57 (2ZH, m), 8.64 (0.2H, s), 8.83
(0.8H, d, /= 8.0 Hz). MS: 410.4 [MH].
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Example 29: Preparation of Chemical Compound 18
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Chemical Compound 18: (R}-2-(5-(2-(2,5-diflucrophenyDpyrrolidin-1-yhpyrazolo[1,5-

¥4}

alpyvrimidin-3-vi}-5-(piperazin-1-yi}-1,3 4-oxadiazole

Step A: (R)-5-(5-(2-(2,5-difluorophenyhpyrrolidin-1-yhpyrazolof 1, S-alpyrimudin-3~-yi)-

10 1,3, 4-oxadiazol-Z-aming

To a solution of hydrazinecarboxamide hydrochloride (85.0 mg, 0.761 mmol} and sodium
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acetate {62.0 mg, 0.761 mmol} in water (1.5 mL} was added a solution of (R}-5-(2-(2,5-
diftuorophenvhpyrrolidin-1-yijpyrazolo[1,5-alpyrimidine-3-carbaldehyde (Intermediate 12, 250
mg, 0.761 mmol} in MeOH (1.5 mL) at room temperature. The reaction mixture was stirred at
room temperature for 10 min and concentrated in vacuo. The resulting residue was dissolved n
dioxan (7.7 mL). After addition of K,CO5 (316 mg, 2.28 mmol) followed by iodine {232 mg,
0.914 mimol), the reaction nuxture was stirred at 80 °C for 4 hours, cooled to room temperature,
and then quenched with 5% aq. Na;$,05. The mixture was extracted with DCM/MeOH (10:1, 10
mb X 4}, The combined organic layers were dried over Na;SQy, filtered and concentrated in
vacuo. The residue was purified by column chromatography on 810, (EtOAc:MeOH = 50:1 to
25:1) to afford (R)-5-(5-(2-(2,5-difluorophenylipyrrolidin-1-ylypyrazolo[ 1, 5-alpyrimidin-3-y1)-
1,3,4~oxadiazol-2~-amine (179 mg, 61%) as a yellow solid. "H-NMR (DMSO-ds, Vanan, 400
MHz): 6 1.80-2.05 (3H, m), 2.35-2.55 (1H, m), 3.50-3.80 (1H, m), 3.90-4.05 (1H, m), 5.30 and
5.54 (1H, s+s), 6.05-6.67 (1H, m), 6.68-7.38 (4H, m), 8.00-8.18 (1H, m), §.50-8.80 (1H, m).

Step B: (R)-2-bromo-5-(5-(2-(2,S-difluorophenylpyrrolidin-1-yhpyrazolof1,5-

alpyrinudin-3-yi)-1,3,4-oxadiazole

To a solution of copper(Il} bromide (125 mg, 0.560 mmol} and tert-butyl nitrite (0.0670
ml, 0.560 mmol) m CH:CN (1.9 mbL) was added a solution of (R)-5-(5-(2-(2,5-
diftuorophenyhpyrrolidin-1-ylpyrazolo[1,5-alpyrimidin-3-v1}-1,3 4-oxadiazol-2-amine {179 mg,
0.467 rmamol) 10 CHRCN (3.8 mlL) at room ternperature. The reaction mixture was stirred at 65 °C
for 2 hours. After being cooled to room temperature, the reaction mixture was partitioned
between water and EtOAc The separated aqueous layer was extracted with EtOAc The
combined organic lavers were washed with water and brine, dried over Na,S04, filtered and

concentrated in vacuo. The residue was purified by column chromatography on Si(y
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(Hex EtCAc = 21 to 1:1} to afford (R)-2-bromo-5-{5-(2-(2,5-diflucrophenyl)pyrrolidin-1-
yDpyrazolo[1,5-a]pyrimidin-3-vi)-1,3,4-oxadiazole (72.0 mg, 34%) as pale yellow solid. 'H-
NMR (DMSO-d;;, Varian, 400 MHz}): 5 1.80-2.05 (3H, m}, 2.35-2.50 (1H, m), 3.60-3.88 (1H, m},
3.96-4.08 (1H, m), 5.36 and 553 (1H, s+s}), 6.12 and 6.69 (1H, s+s), 6.90-7.40 (3H, m), 833-

8.40 (1H, m), 8.62-8.82 (1H, m).

Step € (Ri-tert-butyl  4-(5-(5-(2-(2,5-diflucrophenyl)pyrrolidin-1-ylipyrazolo[1,5-

alpyrimidin-3-yl}-1,3,4-oxadiazol-2-vl)piperazine-1-carboxylate

To a solution of (R}-2-bromo-53-(5-(2-(2,5-difluorophenyl)pyrrolidin-1-yhpyrazolo[1,5-
alpyrimidin-3-yi}-1,3 4-oxadiazole (72.0 mg, 0161 mmol) and tert-butyl piperazine-1-
carboxylate (60.0 mg, 0.322 mmol} 1n DMF (2.0 mL) were added DIPEA {0.0840 mL, 0.483
mmol} and DMAP (20.0 mg, 0.161 mmol) at room temperature. The reaction mixture was stirred
at 80 °C for 7 hours and poured into HhO. The mixture was extracted with EtOAc twice. The
combined organic lavers were washed with bring, dried and concentrated in vacuo. The residue
was purified by column chromatography on S10; (HexEtOAc = 1.3 10 1.9} to afford (R)-tert-
butyl 4-(5-(5-(2-(2,5-diftuorophenylipyrrohidin-1-yDpyrazolof1, S-alpyrimidin-3-y1)-1,3,4-
oxadiazol-2-yhpiperazine-1-carboxylate {580 mg, 65%) as a pale vyellow solid "H-NMR
(DMSO-ds, Varian, 400 MHz): 6 145 {(9H, s}, 1.80-2.10 (3H, m), 2.30-2.45 (1H, m}, 2.95-3.08
{1H, m), 3.20-3.63 (4H, m}, 3.40-3.51 (3H, m}, 3.52-3.88 (1H, m}, 3.98-4.08 (1H, m), 5.3%9 and
5.69 (1H, sts), 6.14 and 6.66 (1H, s+s), 6.82-7.40 (3H, m), 8.20-8.30 (1H, m), 8.55-5.88 (11L, m).

Step D (R)}-2-(5-(2-(2,5-difluorophenyDpyrrolidin-1-yhpyrazolo[ 1, 5-alpyrimidin-3-y1})-

S-{piperazin-1-y1}-1,3,4-oxadiazole
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To a solubon of (Riytert-butyl  4-(5-(5-(2-(2,5-difluorophenylpyrrolidin-1-
ypyrazolo[1,5-ajpyvrimidin-3-yi}-1,3 4-oxadiazol-2-yi}piperazine-1-carboxylate (58.0 mg, 0.105
mmol} i DCM {0.70 mL) was added TFA (0.162 mL, 2.10 mmol) at room temperature. The
reaction muxture was stirred for 2 hours at room temperature. After concentration in vacuo, the
residue was diluted with DCM, basified with saturated aq. NaHCO;, washed with brine, dried
over Na,SQy, filtered and concentrated in vacuwo. The residue was purified by column
chromatography in Si0, (DCMiMeOCH = 30:1 to 4:1) to afford the (Rp-2-(5-(2-(2,5-
diftusrophenvhpyrrolidin-1-yijpyrazolo[1,5-alpyrimidin-3-y1}-S-(piperazin-1-yi}-1,3, 4~
oxadiazole {29.0 mg, 61%) as a pale vellow solid. "H-NMR (DMSO-d,, Varian, 400 MHz): &
1.82-2.08 {(4H, m), 2.30-2.45 (1H, m), 2.74-2.90 (4H, m), 3.10-3.28 (3H, m}, 3.36-3.45 (1H, m)},
3.52-3.84 (1H, m}, 3.96-4.06 (I1H, m), 5.29 and 5.61 (1H, s+s), 6.06 and 6.66 (1H, s+s), 6.90-
7.40 (3H, m), 8.20-8.30 (1H, m), 8.55-8.80 (1H, m). MS: 453.2 [MH"].

Txample 30: Preparation of Chemical Compound 19

3 F
~ 7~
/ ,
Vi \) AN {BUONO, CuBr, \)_\) F//\th\\
=, NP N LT AP NP
Eoon CHC FN .
3 85°C, 2 { Py
( o \) N\/ N
NN,
| RooC ALBOR),
| TEA PACIx(dppf) DCN
i KsPO,
é T dioxane, H,O

/ S NS
F oS F NN
A 7S o Q P
N P P! N /J\
NS Vg
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Chemical Compound 19: (R}-2-(5-(2-(2,5-difluorophenyDpvrrolidin-1-ylipyrazolo| 1,5~
alpvrimidin-3-vi }~5~( 1H-pyrazol-4-vi}-1,3 4-thiadiazole

:Q f»{

l\
N{
H

N

5 Step A (R)}-53-{5-(2-(2,5-difluorophenylpyirolidin-1-yDBpyrazolof 1,5-alpyrimidin-3-y1}-

1,3 4-thiadiazol-Z-amine

To a mixture of (R}-5-(2-(2,5-difluorophenylipyrrolidin-1-ylipyrazolof1,5-alpyrimidine-
3-carboxylic acid (Intermediate 18, 1.00 g, 2.90 mmol} and hydrazinecarbothioamide {265 mg,
16 2.90 mmol}) was added POCHE (1.08 mL, 11.6 mmol) at 0 °C. The reaction mixture was stirred at
80 °C for 3 hours in sealed tube while built up pressure was released every hour After being
cooled to § °C, the reaction mixture was poured into water. The mixture was stirred vigorously
for 30 min. A precipitated sohid was collected by filtration, washed with water and dried over
vacuum afford to (R)-5-{5-(2-(2,5-difluorophenvhpyrrolidin-1-ylipyrazolof1,5-alpyrimidin-3-
15 yl)-1,3,4-thuadiazol-2-amine (1.16 g, >99%} as a pale yellow solid, which was used for the next
reaction without further purification. 'H-NMR (DMSO-ds, Varian, 400 MHz): & 1.85-2.20 (3H,
m), 2.45-2.55 (1H, m), 3.50-3.75 (4H, m), 5.38 (0.5H, d, J= 8.0 Hz), 5.50 (0.5H, d, /= 7.6 Hz),
6.15 (0.5H, d, J=7.6 Hz), 6.73 (0.5H, d, J= 7.6 Hz), 6.95-7.30 (2H, m), 7.33-7.39 (1H, m), 8.37

and 8.49 (1H, s+s), 8.72 (0.5H, d, J = 6.0 Hz), 8.92 (0.5H, d, J = 7.6 Hz). 9.36 (1H, br. s).

20
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Step B (R})-2-bromo-5-(5-(2-(2,5-difluorophenyDpvrrolidin-1-yipyrazolof 1, 5-
alpyrimidin-3-y1}-1,3,4-oxadiazole

F
N e

~ X o
F Q N

N‘/ /&
N Br

To a solution of CuBry (777 mg, 3.48 mmol) and tert-butyl nitrite (4.14 mL, 3.48 mmol)
mn CHi3CN (9.6 mL} was added a solution of (R)-5-(5-(2-(2,5-difluorophenyhpyrrolidin-1-
viypyrazolof1,5-alpyrimidin-3-yi}-1,3 4-thiadiazol-2-amine (1.15 g, 2.90 mmol) in CH;CN (19
mb} at room temperature. The reaction mixture was stirred at 65 °C for 2 hours. After being
cooled to room temperature, the reaction mixture was partitioned between water and EtOAc. The
separated aqueous layer was extracted with EtOAc. The combined organic layers were washed
with water and brine, dried over Na,SO4, fikered and concentrated i vacuo. The residue was
purified by column chromatography on 510, (Hex:EtOAc = 2:1 1o 1:2) to atford (R}-2-bromo-5-
(5-(2-(2,5-difluorophenyDpyrrohidin-1-yhpyrazolo[1,5-ajpyrinudin-3-y1)-1,3,4-thiacdhazole (586
mg, 43%) as a pale yellow solid. '"H-NMR (CDCl, Varian, 400 MHz): § 1.14-2.18 (3H, m),
2.46-2.56 (1H, m), 3.63-3.82 (1H, m), 4.03-4.07 (1H, m), 5.36 (0.3 H, d, /= 8.4 H), 5.46 (0.7,
d.J=84), 637 (03H, d J=72Hz), 672 (0.7H, d, J = 8.0 Hz), 6.95-7.40 (3H, m), 8.40 and
8.50 (1H, s+s), 8.66 (0.3H, d , J="7.2 Hz), 8.85 (0.7H, d, /= 7.6 Hz),

Step € (R)}-2-{5-2-(2,5-difluorophenylpyirolidin-1-yDBpyrazolof 1,5-alpyrimidin-3-y1}-
5-{1H-pyrazol-4-yi}-1,3,4-thiadiazole
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A mixture of (R)-2-bromo-5-(5-(2-(2,5-difluorophenylipyrrolidin-1-ybipyrazolo[1,5-
alpyrimidin-3-yl}-1,3,4-thiadiazole (100 mg, 0216 mmol), tert-butyl 4-(4,4,5 5-tetramethyl-
1,3,2-dioxaborolan-2-yl}-1H-pyrazole-1-carboxylate (127 mg, 0432 mmol), Ki:PG, (137 mg,
0.648 mmol) and PdCh{dppf)-CH,Cl; adduct (35.0 mg, 0.043 mmol) in dioxane (1.9 mL) and
water {0.21 mL) was degassed with N; gas. The reaction mixture was stirred at 100 °C for 15
hours in a sealed tube. After concentration in vacuo, the residue was diluted with EtQGAc and
filtered through a stlica gel pad. The filtrate was concentrated in vacuo. The residue was purified
by column chromatography on 510, (DCM:MeOH = 50:1 to 15:1) to afford the (R)-2-(5-(2-(2,5-
difluorophenylipyrrolidin-1-yl}pyrazolo[1,5-alpyrimidin-3-yH-5-(1 H-pyrazol-4-y1}-1,3 4-
thiadiazole (14.0 mg, 14%) as a white solid. MS: 451.2 [MH].

Fxample 3% Prenaration of Chemical Compound 20 {R)}~-3-{2-{2,5-
difluorophenvhpvrrolidin-1-vi-3-(1-(pineridin-4-yD~1H-1,2 3-triazol-4-vipyrazolol 1.5~

alpyrimidine

A mixture of (R})-2-bromo-5-(5-(2-(2,5-difluorophenylipyrrolidin-1-yhipyrazolo[1,5-
alpyrimidin-3-yl}-1,3 4-thiadiazole {100 mg, 0.216 mmol), 1H-pyrazol-3-yiboronic acid (48.0
mg, 0.432 mmol), KsPOs (137 mg, 0.648 mmol) and PdCh(dppf)-CH,CL adduct (35.0 mg,
0.043 mmol} in dioxane (1.9 mL) and water {0.21 mL} was degassed with N; gas. The reaction
mixture was stirred at 100 °C for 15 hours 1n a sealed tube. After concentration i vacuo, the
residue was diluted with FtOAc and filtered through a silica gel pad. The filtrate was
concentrated im vacuo. The residue was purified by column chromatography on 510,
(DCM:MeOH = S50:1 to 1S:1) to afford the (R)-2-(5-(2-(2,5-difluorophenyl)pyrrolidin-i-
viypyrazolof1,S-alpyrimidin-3-y1}-3-(1 H-pyrazol-3-vi}-1,3 4-thiadiazole (160 mg, 16%) as a
white solid. MS: 451.2 [MH'].
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Example 32: Preparation of Chemical Compound 21:  (B)-N-{5-(5-(2-(2.5-
difluorophenvhipyvrrolidin-1-viipyvrazolol 1.5-alpyvrimidin-3-v)-1.3.4-thiadiazol-2-

vitbenzamide

To a solution of  (R}-5-(5-(2-(2,5-difluorophenypyrrolidin-1-yhpyrazolof1,5-
alpyrunidin-3-yi)-1,3 4-thiadiazol-2Z-amine (50.0 mg, 0.125 mmol} w DMF (0.20 mL) were
10 added TEA (0.0130 mL) followed by benzoly chlonde (0.0150 mL, 0.125 mmol} at room
temperature. The reaction nuxture was stirred for & hours at room temperature and then treated
with water. A precipitated solid was collected by filtration, washed with water and dried under
vacuum. The solid was purified by column chromatography in Si0; (Hex EtOAc=14t0 1.5} to
afford (R}-N-{5-(5-(2-(2,5-difluorophenyl}pyrrohidin-1-ylipvrazolo{1,5-ajpyrimidin-3-yi}-1,3 4-

15 thiadiazol-2-ylYbenzamide (23.0 mg, 36%) as a pale yellow solid. MS: 504.3 [MH'].

Example 33: Preparation of Chemical Compound 22

7\ AN, ) /__\ A
=/ SN NHRR D NN
Foo=nT N Foo NN
DIPEA U .
5 /s
Q N/j\ DMF N

20 N, TONRR

Chemical Compound 22: {(R)-5-(2-(2,5-difluorophenypyrrohidin-1-y1}-3-(1-{piperidin-4-

110



WO 2016/097869 PCT/IB2015/002521

yh-1H-1,2 3-triazol-4-vipyrazolo[1,5-alpyvrimidine

O oy
e
O s
22 N‘N‘;L\N/H
K/NH
To a solution of {R}-2-bromo-5-{5-(2-(2,5-diflucrophenylpyrrolidin-1-yHpyrazolo[1,5-
alpyrimidin-3-yi}-1,3 4-thiadiazole (89.0 mg, 0.192 mmol) and piperazine {41.0 mg, 0.480 mmol}
m DMF (2.4 ml) was added DIPEA (0.0840 mL, 0480 mmol} at room temperature. The
reaction mixture was stirred at 70 °C for 16 hours, cooled to room temperature and poured into
water. The mixture was extracted with EtOAc twice. The combined organic layers were washed
with brine, dried under Na,SOy, filtered and concentrated in vacuo. The residue was purified by
column chromatography on Si0O; (DCM:MeOH = 20:1 to MeOH only} to afford (R}-2-(5-(2-
(2,5-difluorophenyljpyrrolidin-1-yl)pyrazolo[ 1, 5-alpyrimidin-3-v[}-5-(piperazin-1-yi}-1,3 4~
thiadiazole (12.0 mg, 13%}) as a yellow solid. MS: 4693 [MH].

Ixample 34: Preparation of Chemical Compound 23: (Ri-2-{14-diazepan-1-vI}-5-{8-{2-
2. 5-diflucrophenvhinvrrolidin-{-viipvrazolel L. .8-alpyrimidin-3-vii-1,3.4-thiadiazole

To a solution of {(R)-2-bromo-5-(5-(2-(2,5-difluorophenyl)pyrrolidin-1-yhpyrazolo[1,5-

alpyrimidin-3-yi}-1,3 4-thiadiazole (100 mg, 0.216 mmol} and 1,4-diazepane (43.0 mg, 0432
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mmol} in DMF (2.7 mL) was added DIPEA (0.113 mL, 0.648 mmol} at room temperature. The
reaction mixture was stirred at 70 °C for 16 hours, cooled to room temperature and poured into
water. The nuxture was extracted with FtOAc twice. The combined organic layers were washed
with brine, dried under Na,SOy, filtered and concentrated in vacuo. The residue was purified by
column chromatography on S10; (DCM:MeOH = 20:1 to MeOH only) to afford (R}-2-(1 4-
diazepan-1-y1}-5-(5-(2-(2,5-difluorophenylipyrrolidin-1-yhpyrazolof 1, 5-alpyrimidin-3-y1)-1,3 4-
thiadiazole (16.0 mg, 15%) as a yellow solid. MS: 483.3 [MH].

Example 35: Preparvation of Chemical Compound 24

o F F

¢, HzN“’\l)LR 7N AN </ \> gy

N —’N ;_‘{ i o Ay e i i }
J\ RSSO AN N —_— F?‘““ L Ay e
HATU, DIPEA 4/\ ' ):: 4/\ )u
COH DMF HN OO N j\
Hl‘\i ~ N R
R X=0.8

Chemucal Compound 24: (R)-2-(5-(2-(2,5-diflucrophenylipyrrolidin-1-yhipyrazolof 1,5-
alpyrimidin-3-vi}-5-{piperidin-4-yl)-1,3 4-oxadiazole

& v

oy
Y]
B N\ -
# NJ\@

L\/NH

Step A tert-butyl 4-(hydrazinecarbonyl}piperidine-1-carboxylate
O

L _NH.
O)\E 2
N
Boc
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To a solution of 1-tert-butyl 4-ethyl piperidine-1,4-dicarboxviate (2.00 g, 7.77 mmol) in
EtOH (26 mL} was added hydrazine hydrate (584 ¢, 117 mmol} at room temperature. The
reaction mixture was refluxed overnight, cooled to room temperature and concentrated i vacuo.
The residue was dissolved in DCM, washed with water 3 times and brine, dried over Na,SQO,,
filtered and concentrated in vacuo to afford tert-butyl 4-(hydrazinecarbonyl)piperidine-i-
carboxylate (985 mg, 52%) as a white sohid. 'H-NMR (CDCl, Varian, 400 MHz): 6 1.46 {(9H, s),
1.58-1.70 (2H, m), 1.73-1.85 (ZH, m), 2.19-2.26 (1H, m), 2.27 (2H, br. 5), 3.90 (21, 5}, 4.15 (2H,
br. s}, 6.99 (1H, s).

Step B (R)-tert-butyl  4-(2-(5-(2-(2,5-difluorophenyl}pyrrolidin- i -yljpyrazolo[1,5-

alpyrimidine-3-carbonyhhydrazinecarbonyl)piperidine- I ~carboxylate

To a solution of (R}-5-(2-(2,5-difluorophenylipyrrohidin-1-yljpyrazolo[1,5-alpyrinudine-
3-carboxylic acid {Intermediate 19, 200 mg, 0.581 mmol) in DMF (3.8 mL) were added tert-
butyl 4-(hydrazinecarbonyljpiperidine-1-carboxylate (212 mg, 0.871 mmol}, DIPEA (0.304 mL,
1.74 mmol), HATU (331 mg, 0.871 mmol} at room temperature, The reaction nuxture was
stirred at room temperature for 18 hours and diluted with EtOAc. The mixture was washed with
saturated aq. NH4Cl and brine, dried over Na S0y, filtered and concentrate in vacuo. The residue
was purified by column chromatography on Si(3; (EtOAc only to BCMIMeOH = 2011 to 10:1)
to  give the (R)-tert-butyl  4-(2-(5-(2-(2,5-difluorophenylipyrrolidin-1-ylpyrazolof1,5-
alpyrimidine-3-carbonyithydrazinecarbonyl)piperidine-1-carboxylate (265 mg, 80%) as a white

solid. MS: 569.90 [MH .
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(R)-2-(5-(2-(2,5-difluorophenyl)pvrrolidin- 1 -ylipyrazolo| 1, S-a |pyrimidin-3-y1}-5-

{piperidin-4-vi)-1,3 4-oxadiazole

L\/NH

To a solution of (R)tert-butyl  4-{2-{5-(2-(2,5-difluorophenyijpyrrolidin-1-
ylpyrazolo[1,5-alpvrimidine-3-carbonylihvdrazinecarbonylpiperidine-1-carboxylate {90.0 mg,
0.158 mmol} in DCM (1.0 mL} was added pyridine (0.0290 mL, 0.363 mmol} at 0 °C. The
mixture was cooled to - 10 °C, and triflic anhydnide (0.0560 mL, 0.332 mmol} was dropwise
added to 1t. The reaction muxture was stirred at -10 °C for 1 hour and then at 0 °C for 1 howr
After quenched with water, the mixture was extracted with DUCM twice. The combined organic
layers were dried over Na,80,, filtered and concentrate in vacuo. The residue was purified by
column chromatography on 810, (DCM:MeOH = 20:1 to 5:1) to afford (R)-2-(5-(2-(2,5-
difluorophenylipyrrolidin-1-yl}pyrazolo[ 1, 5-alpyrimidin-3-yH-S-(piperidin-4-v1}-1,3 4-
oxadiazole (31.0 mg, 43%) as a yellow solid. '"H-NMR (CDCls, Varian, 400 MHz): § 1.80-2.28
(4, m), 2.30-2.62 (4H, m), 3.13-3.33 (2H, m), 3.35-3.74 (41, m), 3.82-4.22 (2H, m), 5.21 and
5.76 (1H, s+s), 5.93 and 6.42 (1H, s+s), 6.65-6.80 (1H, m), 6.58-7.15 (2H, m), 8.19-8.38 (2H, m).

Examuple 36: Preparation gf  Chemical Compound 25; {RY-2~{8-{2~{2, 5

diflucrophenvhpyrrolidin-1-viipyrazole[1.3-alpyrimidin-3-vii-S-(piperidin-4-vi}-1.3.4-

thiadiazole
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MNH

To a sohmton of (R)tert-butyl  4-(2-(5-(2-(2,5-difleorophenylipyrrolidin-1-
vipyrazolof1,5-alpyrimidine-3-carbonyl}hydrazinecarbonyl)piperidhine-1-carboxviate (90.0 mg,
0.158 mmol) in diglyme (3.1 mL} were added P48 (140 mg, 0.316 mmol) and Na,(C0O; (67.0
mg, 0.632 mmol) at room temperature. The reaction mixture was stirred at 90 °C for 2 hours,
cooled to room temperature and partitioned between water and FtOAc. The separated organic
layer was dried over Na,SQ,, filtered and concentrated in vacuo. The residue was purified by
column chromatography on 5:G, (EtOAc only to DCM:MeOH = 10:1} to afford (R}-2-(5-(2-
(2,5-difluorophenyljpyrrolidin-1-yl)pyrazolo[ 1, S-alpyrimidin-3-v1}-5-{piperidin-4-y1}-1 3 4-
thiadiazole (49.0 mg, 66%) as a yellow solid.. MS: 468.2 [MH'].

Txample 37: Preparation of Chemical Compound 26

\J i
(A HaNo
. ! g HOL
f}\j\i} F »n{ /> ,;;\N N e > ,\ N Hoo™
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\  EOHH0 20 Foog HATU
CO,E DMSO gat a0 ¢, £ EH DIPEA
80°C, 2t _ DMF

;: ;: r.t, overnight
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Chemical Compound 26 2-tert-butyl-5-(5-{((2R,48)-2-(2,5-difluorophenyl}-4-

fluoropyrrolidin-1-vhpyrazolo{l,5-ajpyrimidin-3-y1}-1,3,4-oxadiazole

2 e
" N \N/i
3@ g N

F

5 Step A {R)-ethyl 5-({(2R,48)-2-(2,5-dittuorophenyl}-4-fluoropyrrolidin-1-

yvhpyrazolof1,5-a]pyrimidine-3-carboxylate

F4

A muxture of ethyl 5-chloropyrazolo|l,S-ajpyrimidine-3-carboxylate (100 mg, 0.443
mmol), (2R,48}-2-(2,5-difluorophenyl}-4-fluoropyrrolidine (Intermediate 6, 94.0 mg, 0.465
10 mmol} and KF (129 mg, 2.21 mmol} in DMSO (1.5 mL) was stirred at 180 °C for 2 hours. After
being cooled to room temperature, the reaction muxture was partitioned between water and
EtOAc. The separated organic layer was washed with water and brine, dried over Na)SOy,
filtered and concentrated in vacuo. The residue was purified by column chromatography on 810,
{(Hex:EtOAc = 1:1} to afford (R}-ethyl S-((ZR 48}-2-(2,5-difluorophenyl)-4-fluoropyrrolidin-1-
15 ylpyrazolo[1,5-a]pyrimidine-3-carboxylate (161 mg, 93%) as a pale vellow foam. 'H-NMR
(DMSO-d, Varian, 400 MHz): 6 1.16-1.30 3H, m), 2.10-2.34 (1H, m}), 2.73-2.95 (1H, m}, 4.00-
430 (3H, m), 4.52 and S.47 (1H, s+s), 5.49-5.67 (ZH, m), 6.11 and 6.74 (1H, sts}, 7.12-7.40 (3H,

m}, 8.15-8.30 (1H, m), 8.60-8.82 (1H, m).

20 Step B 5-{{2R,45)-2~(2,5-difluorophenyl}-4-fluoropyrrolidin-1-yhpyrazolo[ 1,5~

alpyrinudine-3-carboxylic acid
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F N7 N ‘
4[/1 CO,H

To a solution of ethyl 35-((2R.485)-2-(2,5-difluorophenyl)-4-fluoropyrrolidin-1-
viipyrazolof1,S-alpynimidine-3-carboxylate (161 mg, 0.412 mmol} i EtOH (3.0 mL} and water
(1.0 mL) was added LiOH (30.0 mg, 1.24 mmol} at 0 °C. The reaction mixture was heated at
90 °C for § hours and cooled to room temperature. After evaporation of EtOH, the residue was
actdified with 2 N ag. HCU antif pH 5~6, and then extracted with EtOA¢ twice. The combined
organi¢ layers were washed with brine, dried over Na,SOy, filtered and concentrated in vacuo to
afford  5-({2R,45)-2-(2,5-difluorophenyl)-4-fluoropyrrolidin-1 -vDpyrazolo[ 1, 5-alpyrimidine-3-
carboxylic acid (107 mg, 72%} as a white solid. . "H-NMR (DMSO-ds, Varian, 400 MHz): O
2.93-2.37 (1H, m), 2.70-2.95 (1H, m), 3.94-4.60 (2, m), 5.35-5.68 (2H, m), 6.11 and 6.71 (11,
s+s), 7.00-7.40 (3H, m), 8.17 (1H, s), 8.60-6.82 (1FL, m), 11.60 (1H, br. s).

Step C S-{({2R,48)-2-(2,5-difluorophenyl}-d-fluoropyrrolidin-1 -y [}-N'-
pivaloylpyrazolo 1, 5-ajpyrimidine-3-carbohydrazide
~
)\) NN,
M”“\“N =
J el
5 NH

To a solution of 5-((ZR,48}3-2-(2,5-difluorophenyly-4-fluoropyrrolidin-1-ylpyrazolo[1,5-
alpyrimidine-3-carboxylic acid (107 mg, 0295 mmol} m DMF (2.0 ml} were added
pivalohydrazide hydrochloride (135 mg, 0.886 mmol), DIPEA (0.206 mL, 1.18 mmol} and
HATU (168 mg, 0.443 mmol} at room temperature. The reaction mixture was stirred at room
temperature overnight and poured into water. The mixture was stirred for 30 mun. A precipitated
solid was collected by filtration and dried under vacuem to afford 35-((ZR4S8)-2-(2,5-

difteorophenyl}-4-tfluoropyrrohidin-1-y1}-N'-pivalovipyrazolo[1,5-ajpyrimidine-3-carbohydrazide
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(101 mg, 74%) as a white solid. 'H-NMR (BMS(O-ds, Vanian, 400 MHz): & 1.17-1.26 (SH, m),
2.10-2.30 (1H, m), 2.78-2.95 (1H, m}, 4.10-4.38 (2H, m)}, 5.35-5.67 (ZH, m}, 6.14 (0.3H, 5}, 6.76
(0.7H, d, 7= 7.6 Hz), 7.02-7.40 (3H, m), 8.15 and 8.24 (1H, s+s), 83% and 871 (1H, s+s}, 8.86
(1H, d, /=72 Hz), 948 and 9.83 (1H, s+s).

Step B 2-tert-butyl-5-(5-((2R,48)-2-(2 S-difluorophenyl}-4-flucropyrrolidin-1-
vhpyrazolof1,5-alpyrimidin-3-yl}-1,3 4-oxadiazole

F
o
SEes
. o e
,,JN §
o N
F 26 72:\;5\5

To a solution of 5-{{ZR,458}-2-(2,5-diftuorophenyli}-4-fluoropyrrolidin-1-y1}-N'-
pivaloylpyrazolo[1,5-alpyrinudine-3-carbohydrazide (101 mg, 0.219 mmol} in DCM (1.5 ml)
was added pvridine (0.0410 mL, 0.505 mmol) at 0 °C. The muxture was cooled to - 10 °C, and
then trifhic anhydride (0.0780 mL, 0.461 mmol) was dropwise added to it. The reaction mixture
was stirred at -10 °C for 1 hour and then at 0 °C for 1 hour. After quenched with water, the
mixture was extracted with DCM twice. The combined organic layers were dried over Na,SOy,
filtered and concentrate in vacuo. The residue was purified by column chromatography on 510,
{(HexEtOAC = 1:1} to afford Z-tert-butyl-5-(5-({2R,45)-2-(2,5-difluocrophenyl)-4-
fluoropyrrolidin-1 -yhipyrazolo[1,5-alpyrimidin-3-y1)-1,3 4-oxadiazole (68.0 mg, 70%) as a white
solid. "H-NMR. {(DMSQO-dg, Varian, 400 MHz): 6 1.23-1.44 (OH, m), 2.10-2.38 (1H, m), 2.80-
3.00 (1H, m), 4.00-4.60 (2H, m), 5.35-5.51 (1H, m), 5.52-5.71 (1H, m), 6.14 and 6.81 (1H, s+s),
7.02-7.40 (3H, m), 8.38 (1H, 5), 8.71-8.87 (1H, n). MS: 443.4 [MH].
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Example 38: Preparation of Chemical Compound 27
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5 Chemical Compound 27: 5-({28,48)-2-(2,5-difluoropheny)-4-fluoropyrrolidin-1-y13-N'-

pivaloylpyrazolo[1,5-ajpyrimidine-3-carbohydrazide

Step A 5-((25,45)-2-(2,5-difluorophenylt}-4-fluoropyrrolidin-1-yHpyrazolo[1,5-

16 alpynimidine-3-carboxylate.

A mixture of ethyl 5-chloropyrazolo[l,5-ajpyrimidine-3-carboxylate (112 mg, 0.496

mmol), (25,48)-2-(2,5-difluorophenvl)}-4-flucropyrrolidine (Intermediate 7, 105 mg, 0.521 mmol)
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and KF (114 mg, 2.48 mmol} in BMSO (1.6 mL} was stirred at 180 °C for 2 hours. After being
cooled to room temperature, the reaction mixture was poured into water. The mixture was stirred
for 30 min. A precipitated solid was collected by filtration and dried under vacuum to afford
ethyi 5-((28,48)-2-(2, 5-difluorophenyl}-4-fluoropyrrolidin- 1 -yBpyrazolof 1, 5-ajpyrimidine-3-
carboxylate (171 mg, 88%) as a pale vellow solid. "H-NMR (DMSO-ds, Varian, 400 MHz): &
1.04-1.38 (3H, m), 2.17-2.40 (1, m), 2.62-2.98 (1H, m), 3.85-4.39 (4, m), 5.45-5.53 (11, m),
5.61 and 5.75 (1H, s+s), 6.17 and 6.71 (1H, s+s), 6.87-6.95 (1H, m), 7.05-7.40 (2H, m), 8.18-
829 (1H, m), 8.60-8.90 (1H, m).

Step B 3-((28,45)-2-(2,5-difluorophenyly-4-fluoropyrrolidin-1-yhpyrazolo[1,5-

a)pyrimidine-3-carboxvlic acid

To a solution of ethyl 5-((25,48)-2-(2,5-difluorophenyl}-4-fluoropyrrohidin-1-
vipyrazolof1,5-alpyrimidine-3-carboxylate (171 mg, 0.438 mmol} in EtOH (3.3 mL) and water
{1.1 mL) was added LiOH (31.0 mg, 1.31 mmol} at 0 °C. The reaction mixture was heated at
90 °C for 5 hours and cooled to room temperature. After evaporation of EtOH, the residue was
acidified with 2 N agq. HCl until pH 56, and then extracted with EtOAc twice. The combined
organic layers were washed with brine, dried over Na,SQOy, filtered and concentrated in vacuo to
afford  5-((28,48)-2-(2,5-difluorophenyl}-4-fluoropyrrolidin-1 -ylipyrazolo[ 1, 5-a]pyrimidine-3-
carboxylic acid (150 mg, 95%) as a yellow solid. 'H-NMR (DMSO-d,, Varian, 400 MHz): §
2.26-2.34 (1H, m), 2.70-2.95 (1H, m), 3.92-4.18 (14, m), 4.20-4.38(1H, m), 5.46-6.17 (3H, m),
6.84-6.92 (1H, m), 7.09-7.19 (1H, m), 7.25-7.28 (1, m), 8.18 (1H, s), 8.60-8.75 (1F, m). * A

proton from CO,H was not observed.
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Step C 5-((25,48)-2-(2,5-difluorophenyl)-4-fluoropyrrolidin- -y [}-N'-

pivaloylpyrazolo{1,5-alpyrimidine-3-carbohydrazide

To a solution of 5-((25,45)-2-(2,5-difluoropheny}-4-fluoropyrrolidin-1-yHpyrazolo[1,5-
5  ajpyrimudine-3-carboxylic acid (150 mg, 0414 mmol} wm DMF {27 mbL) were added
pivalohydrazide hydrochloride (190 mg, 1.24 mmol), DIPEA (0.289 mL, 1.65 mmol) and HATU
(236 mg, 0.621 mmol) at room temperature. The reaction mixture was stirred at room
temperature overnight and poured into water. The mixture was stirred for 30 muin. A precipitated
solid was collected by filtration and dried under vacuum to afford 5-((25,48)-2-(2,5-
16 difluorophenvi}-4-fluoropyrrolidin-1-yl)-N'-pivaloylpyrazolof[1,S-alpvrimidine-3-carbohydrazide
(102 mg, 53%) as a pale yellow solid. "H-NMR (DMS0O-ds, Varian, 400 MHz): & 1.47 (9H, s),
2.15-2.40 (1H, m), 2.70-2.98 (1H, m), 3.88-4.18 (1H, m}, 420-4.45 (1H, m}, 5.40-5.60 {ZH, m),
6.75 {1H, d, J = 7.6 Hz), 6.85-7.40 (3H, m), 8.17 and 827 (1H, s+s), 8.53 and 871 (1H, s+s),
891 (1H, d, J=76Hz), 939 and 9.55 (1H, s+s).
15
Step D: 2-tert-buty-5-(5-((28,45)-2-(2,5-difluorophenyl}-4-tfluoropyrrolidin-1-
vhpyrazolof1,5-alpyrimidin-3-yl}-1,3 4-oxadiazole

F

e

\
Vs P N"N\

To a solution of  5-((25,45)-2-(2,5-diftuorophenyl)-4-fluoropyrrolidin-1-y}-N'-
20 pivaloylpyrazolo{l,5-ajpyrimidine-3-carbohydrazide (102 mg, 0.222 mmol} in DCM (1.5 mL)

was added pyridine (0.0410 mL, 0.50% mmol} at 0 °C. The muixture was cooled to - 10 °C, and
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then tniflic anhydride (0.0790 mL, 0.465 mmol) was dropwise added to it. The reaction mixture
was stirred at -10 °C for 1 hour and then at 0 °C for 1 hour. After quenched with water, the
mixture was extracted with DCM twice. The combined organic lavers were dried over Na,S8Oy,
filtered and concentrate in vacuo. The residue was purified by column chromatography on Si0;

5 (HexFEtOAc = 113y to afford 2-tert-butyl-5-(5-({28,48)-2-(2,5-diflucrophenyl)-4-
fluoropyrrolidin-1-vl)pyrazolo[1,5-ajpyrinudin-3-y1}-1,3,4-oxadiazole (28.0 mg, 26%) as a white
solid. '"H-NMR (DMSO-dq, Varian, 400 MHz): § 1.15-1.52 (9H, m), 2.20-2.40 (1H, m), 2.65-
2.81 (1H, m), 3.88-4.38 (2, m), 5.40-5.85 (2H, m), 6.19-6.75 (1H, m), 6.85-7.40 (3H, m), 8.34
(11, s), 8.70-8.70 (1H, m). MS: 443.4 [MH"].

10
Example 39: Preparation of Chemical Compound 28
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Chemical Compound 28 2-tert-butyl-5-(5-(2-(5-fluoro-2-methoxypyridin-3-

yvhpyrrolidin-1-yhpyrazolo[ 1, 5-ajpyrimidin-3-y1}-1,3 4-oxadiazole

P
& g N
MeO” /(\r‘_ 3
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&
S
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Step A Ethyl  5-(2-(5-fluoro-Z-methoxypyridin-3-yl}pyrrolidin-1-vlpyrazolo{1,5-

alpyrimidine-3-carboxylate

Vie OQ f\N’N

8\ CO,E

A nuxture of ethyl S-chloropyrazolo[l,S-a]pyrimidine-3-carboxylate (200 mg, 0.886
mmol), S-fluoro-2-methoxy-3-(pyrrolidin-2-yDpyridine (Intermediate 3, 186 mg, 0.948 mmol)
and KF (257 mg, 4.43 romol) 10 DMSO (3.0 mL) was stirred at 180 °C for 2 hours. After being
cooled to room temperature, the reaction nuxture was partitioned between water and EtOAc. The
separated organic laver was washed with water and brine, dried over Na;SQOy, filtered and
concentrated in vacuo. The residue was purified by column chromatography on Si(d;
(Hex EtOAc = 1:1}) to afford ethyl 5-(2-(5-fluoro-2-methoxypyndin-3-yhpyrrolidin-1-

ylipyrazolof1,5-a]pyrirnidine-3-carboxylate (225 mg, 74%) as a white foam. "H-NMR (DMSO-

e, Varian, 400 MHz): 6 1.25-1.30 (3H, m), 1.88-2.08 (3H, m), 2.23-2.37 (1H, m), 3.48-3.85 (1H,
m), 3.90-4.09 (5H, m), 4.15-4.30 (17, m), 5.14 (0.3H, m), 5.48 (0.7H, d, /= 7.6 Hz), 5.98 (0.3,
m), 6.65 (0.7H, d, J = 6.8 Hz), 7.22-7.41 (1H, m), 7.93-8.11 (1}, m), 8.12-8.30 (1H, m). 8.53
(0.3H,s8), 876 (0.7H, d, /= 7.2 Hz).

Step B 5-(2-(5-fluore-2Z-methoxypyridin-3-yDpyrrolidin-1-vhpyrazolof 1, 5-ajpyrimidine-

3-carboxylic acid

/L\P
S e
N° N \
A CO,H

To a solution of ethyl 5-(2-(S-fluoro-2-methoxypyridin-3-yleyclopentyljpyrazolof1,5-
alpyrimidine-3-carboxylate {255 mg, 0.663 mmol) wn EtOH (5.0 mL) and water {1.6 mL) was
added LiOH (48.0 mg, 1.99 mmol) at 0 °C. The reaction muxture was heated at 90 °C for 5 hours
and cooled to room temperature. After evaporation of EtOH, the residue was acidified with 2 N

aq. HCL untid pH 5~6, and then extracted with EtOAc twice. The combined organic layers were
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washed with brine, dried over NayS80,, filtered and concentrated in vacuo to afford 5-(2-(5-
fluoro-2-methoxypyridin-3-ylpyrrohidin-1-ylipyrazolof1,5-a]pvrimidine-3-carboxylic acid (170
mg, 72%) as a white solid. "H-NMR (DMSO-ds, Varian, 400 MHz): § 1.82-2.08 (3H, m), 2.26-
2.48 (1H, m},3.45-3.80 (2H, m), 3.88-4.08 (3H, m}, 5.15 and 5.46 (1H, sts}, 6.64 and 7.34 (1H,
s+s}, 7.34 (1H, s}, 7.92-8.18 (ZH, m), 842-885 (1H, m} * A proton from CO,H was not

observed.

Step € 5-(2-(5-fluoro-2-methoxypyridin-3-yhpyrrolidin-1-yh-N'-pivalovipyrazolo[1,5-

alpyrimidine-3-carbohydrazide

F
N
*g oy
MeO - /l\
N N
ﬂj O NH
NH

To a solution of S5-(2-(5-fluoro-2-methoxypyridin-3-ylpvrrolidin-1-ylipyrazolof1,5-
alpyrimidine-3-carboxylic acid {170 mg, 0476 mmol} m DMF (3.1 mbl} were added
pivalohydrazide hydrochlornide (218 mg, 0.1.43 mmol), DIPEA (0332 mL, 1.90 mmol} and
HATU (271 mg, 0.714 mmol} at room temperature. The reaction mixture was stured at room
temperature overnight and poured into water. The mixture was stirred for 30 min. A precipitated
solid was collected by filtration and dried under vacuum to afford 5-(2-(5-fluoro-2-
methoxypyridin-3-yhpyrrolidin-1-y1}-N'-pivaloylpyrazolof 1, 5-alpyrimidine-3-carbohydrazide
{164 mg, 76%) as a white sohid. 'H-NMR (DMSO-d;, Varian, 400 MHz) & 1.10-1.23 (9H, m),
1.77-2.10 (3H, m), 2.20-2 48 (1H, m), 3.57-3.78 ({1H, m}, 3.88-3.99 (3H, m), 4.00-4.10 (1H, m),
S19(03H,d,J=72Hz), 531 (07H,d, /=88 Hz), 601 (03H,d, /=84 Hz), 6.69(0.7H, d,.J
= 7.6 Hz), 7.3-7.42 (1H, m), 7.89-7.98 (1H, m), 805-8.18 (1H, m), §19-8.32 (1H, m), 860
{03H,d,./=80Hz), 883 (0.7H, d,J=7.6 Hz), 9.29 and 9.54 (1H, s+s).
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Step B 2-tert-botyi-5-(5-(2-(5-fluoro-2-methoxypyridin-3-yhpyrrolidin-1-
ylpyrazolo[1,5-ajpvrimidin-3-yi}-1,3 4-oxadiazole
.

=
Me( - /L::\
N7 N
CJ/“Q
28 >§

A mixture of 5-(2-(5-fluoro-2-methoxypyrdin-3-yDpyreolidin-1-y1-N'-

N
N

5  pivaloylpyrazolo{, S-ajpyrimidine-3-carbohydrazide (110 mg, 242 mmol) and POCL (0.675 ml,
7.25 mmol) was refluxed for 2 hours. After being cooled to room temperature, the reaction
mixture was partitioned between water and DUM. The separated organic layer was washed with
water and brine, dried over Na;SQy, filtered and concentrated in vacuo. The residue was purified
by column chromatography on 510, (Hex:EtOAc = 1:1 to 1:4) to afford 2-tert-butyl-5-(5-(2-(5-

16 fluoro-2-methoxypyridin-3-ylpyrrolidin-1-viipyrazolof1,5-alpyrimidin-3-yi}-1,3 4-oxadiazole
(61.0 mg, 58%]) as a white sohid. "H-NMR (DMSO-ds, Vanan, 400 MHz) & 1.22 and 1.44 (OH,
st+s), 1.70-2.10 (3H, m), 2.20-2.40 (1H, m}, 3.52-3.85 (1H, m}), 3.95-4.12 (4H, m}, 5.15 (0.3H, 4,
J=17.6Hz), 5.50 (0.7H, d, J = 7.6 Hz), 6.00 (0.3H, d, J = 7.2 Hz), 6.70 (0.7H, d, 7 = 8.0 Hz),
7.23-7.42 (1H, m), 7.95-8.15 (1H, m), 8.30-8.42 (1, m), 8.60 (0.3H, d, /= 7.2 Hz), 8.83 (0.7H,
15 d,J=72Hz). MS: 4384 [MH].

Example 48: Preparation of Chemical Compound 29
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Chemical Compound 29: 5-(5-(2-(2,5-difluorophenylipvrrolidin-1-ylipyrazolo]1,5-
alpyrimidin-3-yijoxazole

i’.‘.
\ \
FQ /E/\N\\
o
-

@)
29 =
N
Step A 5-(2-(2,5-diftuorophenylypyrrolidin-1-yhpyrazolo[ 1, 5-alpyrimidine-3-

carbaldehyde

F
—
“/ N
STes
. oy
N N
CHO

A mixture of 5-chloropyrazolo[1,5-a]pyrimidine-3-carbaldehyde (300 mg, 1.65 mmol}, 2-
(2,5-difluoropheyiipyrrolidine (Intermediate 2, 324 mg, 1.77 mmol} and KF (480 mg, 826
mmol} in DMSO (5.5 mbL) was heated at 180 °C for 2 hours. After being cooled to room
temperature, the reaction mixture was poured into water. The mixture was extracted with FtOAc
twice. The combined organic layers were washed with brine, dried over Na;SQ,, filtered and
concentrate i vacue. The residue was puritied by column chromatography on 810, (EtOAc only
to DCMMeOH = 20:1) to afford 35-(2-(2,S-difluorophenylypyrrolidin-1-yhpyrazolo[1,5-
alpyrimidine-3-carbaldehyde (540 mg, 100%) as a vellow solid. "H-NMR_ (CDCls, Varian, 400
MHz): § 1.90-2.28 (3H, m), 2.38-2.60 (1H, m), 3.60-4.18 (2H, m), 5.14-5.28 (0.6H, m), 5.54-
5.72 (0.4H, m), 5.84-6.02 (0.6H, m), 6.35-6.46 (0.4H, m), 6.68-6.78 (1H, m), 6.§2-7.20 (2H, m),
810-836(2H, m}, 9.77 and 10.11 (1H, s+s).
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Step B: 5-(5-(2-(2,5-diftuorophenyDpyrrohidin-1-yl}pyrazolof1,5-alpyrimidin-3-

yljoxazole

2\ R
L

2R

29 N -
To a solution of 5-{2-(2,5-diflucrophenyhpyrrolidin-1-yhpyrazolo[1,5-alpyrimidine-3-
5  carbaldehyde (300 mg, 0.914 mmol} in MeOH (9.2 mL) were added 1-(isocyanomethylsulfonyl)-
4-methylbenzene (178 mg, 0.914 mmol) and K,CO5 (126 mg, ©0.914 mmol) at room temperature.
The reaction mixture was refluxed for 4 hours and cooled to room temperature. After evaporation
of MeOH, the residue was partitioned between DCM and water. The organic layer was washed
with brine, dried over Na,SOy, filtered and concentrated in vacuo. The residue was purified by
10 column chromatography on  Si0; (HexEtOAc = 11} to afford 5-(5-(2-(2.5-
diftuorophenyl)pyrrolidin-1-yljpyrazolo[1,5-alpyrimidin-3-yijoxazole (46.0 mg, 13%) as a
yellow solid. "H-NMR (MeOH-dy, Varian, 400 MHz): § 1.95-2.25 (3H, m), 2.40-2.50 (1H, m),
3.50-3.88 (7H, m), 3.89-4.10 (1H, m), 5.20-5.70 (1H, m), 6.56-6.77 (1H, m), 6.80-7.20 (3H, m),

7.07-7.20 (1H, m), 7.92-8.20 (1H, m), §.22-8.55 (1H, m). MS: 368.2 [MH].

i5
Example 41: Preparation of Chemical Compound 30
f
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Chemical Compound 30: 4-(5-(2-(2,5-difluorophenylipvrrolidin-1-ylipyrazolof1,5-
alpyrimidin-3-yijisoxazole

F

Q”
\
~N
aves
S —
o
\::}
3 X
30 N’O

Step A: 5-chloro-3-1odopyrazolo[1,5-ajpyrimidine
~N
Z NN
N Ao
Ci N
I

To a solution of 3-chloropyrazolo[l,5-ajpyrinudime (1.00 g, 6.51 mmol) in DMF (13 mL)
was added portionwise N-iodosuccinamide {1.61 g 7.16 mmol} at room temperature. The
reaction mixture was stured for 2 hours at room temperature. After addition of water, the muxture
was stirred for further 30 min at room temperature. A precipitated solid was collected by
filtration and dried under vacuum to afford S-chloro-3-1odopyrazolofl,S-ajpyrimidine (1.74 g,
96%) as a pale vellow solid. "H-NMR (DMSO-de, Varian, 400 MHz): § 7.15 (11, d, J = 7.2 Ha),
8.34 (1H, s), 9.17 (1H, d, J = 7.2 Hz).

Step B: 5-(2-(2 5-difluorophenylpyrrolidin-1-yH-3-1odopyrazolof1,5-alpyrinudine

;

A solution of S-chloro-3-1odopyrazolofl,S-alpyrimidine (621 mg, 2.22 mmol), 2-(2,5-
difteorophenylipyrrolidine (Intermediate 2, 407 mg, 2.22 mmol} and KF {645 mg, 11.1 mmol) in
DMSO (7.4 mL) was stirred at 180 °C for 2 hours. After being cooled to room temperature, the
reaction muxture was diluted with water, The mixture was extracted with EtOAc twice. The
combined organic layers were washed with brine, dried over Na,S(y, filtered and concentrate in

vicuo. The residue was purified by column chromatography on Si10, (Hex FtOAc=51t0 31 to
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2:1) to afford 5-(2-(2,5-difluorophenylipvrrolidin-1-y1)-3-iodopyrazolo|1,5-alpyrimidine (819
mg, 836%) a pale yellow solid. "H-NMR (DMSO-ds, Varian, 400 MHz) 6 1.80-2.15 (3H, m),
2.38-2.50 (1H, m), 3.50-3.80 (1H, m), 3.95-3.99 (1H, m), 521-5.51 (1H, m), 599 and 6.53 (1H,
st+s), 6.97 (1H, s), 7.11-7.26 (1H, m), 7.95 (1H, m), 8.44-8.64 (1H, m).

Step C 4-(5-(2-(2,5-difluorophenylpyrrohidin-1-yl)pyrazolo[1,5-a}pyrimidin-3-
viyisoxazole

A mixture of 5-(2-(2 S-difluorophenylipyrrolidin-1-v1}-3-1odopyrazolo[1,5-alpyrimidine
(40.0 mg, 0.0940 mmol), KsPOy (60.0 mg, 0.282 mmol), PdCL{dppf)-CH,Cl, adduct (7.66 mg,
9.39 umol) and isoxazol-4-ylboronic acid (21.0 mg, 0.188 mmol) in dioxane {0.90 mL} and
water {0.10 mL) was degassed with N, gas. The reaction muxture was heated at 100 °C for 15
hours in a sealed bottle and cooled to room temperature. After concentration in vacuo, the
residue was diluted with EtOAc, filtered through a silica gel pad. The filtrate was concentrated in
vacuo. The residue was purified by column chromatography on S10; (Hex: EtOAc = 1:3 1o 1:4)
to afford 4-(S-(2-(2,5-difluorophenylpyrrolidin-1-ylpyrazolo[1,5-a]pyrimidin-3-yljisoxazole
(5.90 mg, 17%) as a brown oil. 'H-NMR (MeOH-d,, Varian, 400 MHz): § 1.95-2.20 (3H, m),
2.40-2.6G (1H, m), 3.50-4.12 (3H, m), 5.12-5.70 (1H, m), 5.80-6.40 (1H, m}, 6.74 (1H, s}, 692
(1H, s), 7.00-7.18 (1H, m), 8.00 (1H, s), 8.10-8.50 (ZH, m). MS: 368.2 [MH|.

Example 42: Preparation of  Chemical Compound 31 4-(8-(2-(2.5-
difluorephenviipyrrolidin-i-viipyrazoiol§.5-alpyrimidin-3-vi}-3,5-dimethviisoxazole
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A mixture of 5-(2-(2,5-difluorophenvhpyrrolidin-1-y1}-3-10dopyrazolo| 1,5-alpyrimidine
{90.0 mg, 0.211 mmol}, KsPOy (134 mg, 0.634 mmol}, PACL{dpph-CH,CL, adduct (17.0 mg,
0.0210 mmol) and 3,5-dimethylisoxazol-4-ylboronic acid (60.0 mg, 0.422 mmol) in dioxane (1.9
mL} and water (0.21 ml} was degassed with N, gas. The reaction mixture was heated at about
100 °C for 15 hours in a sealed tube, cooled to room temperature and partitioned between EtOAc
and water. The separated organic layer was washed with brine, dried over Na,SQy, filtered and
concentrated i vacuo. The residue was purified by column chromatography on 510,
{(Hex:EtOAc = 1:3 to 1:4) to afford 4-(5-(2-(2,5-difluorophenyl)pyrrolidin-1-yhpyrazolo[1,5-
alpyrimidin-3-y1)-3,5-dimethylisoxazole {(13.0 mg, 15%) as a yellow solid. "H-NMR (CDCls,
Varian, 400 MHz): 8 1.95-2.63 (10H, m), 3.70 (11, 5), 3.91 (1H, s), 5.08-5.55 (1H, m), 5.70-6.38
(1H, m), 6.84 (11, m), 6.91 (1H, m), 7.00-7.10 (IH,m ), 7.84 (1H, s), 8.27 (1H, m). MS: 3692
MHL

Fxample 43: Preparation of Chemical Compound 32

HNTTS sidle'=t AN Y POCH f\N’N\ ~~/ /\r‘“
I':: ---------------------- sox- o A T
H N/\g Cs,C0; o 50°C 3n O N’Kg KF, DMSO Nm
c DMF MoooCN ' CN 180°C, th b
100 °C, 9 h
F
(‘%\/ } \ \j‘i HN-NH,Ho0
A MF- ~. NN Figiv-iNrp 8,
Hs0s S e e NN
____________________ S O N N AcOH
- ' 120°C, ; SN ‘
oo 8h R W 120 °C, 2 h 90°C. 2 h
’ Y Sealed ube -
- o N o’y
-N

Chemical Compound 32: 5-(2-(2,5-difluorophenyDpyrrolidin-1-y1-3-(5-methyi- 1 H-

1,2, 4-triazol-3-vhpyrazolo[1,S-a]pyrimidine
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Q f:\r”
N
gl
/=N
32

N
i
Step A: S-oxo-4,5-dihydropyrazolo[1,5-ajpyrinudine-3-carbonitrile
~N
L0
N Sy
b A

CN

o

A mixture of S-amuno-1H-pyrazole-4-carbomntrile (1.00 g 925 mmol), ethyl 3-
ethoxyacrylate (2.00 mk, 13.8 mmol) and Cs,C04 (4.52 g, 13.88 mmol} m DMF (18 mL) was
heated at 100 °C for 9 hours. The reaction mixture was cooled to 0 °C and acidified with 2 N aq.
HCH untit pH = 2-3. A precipitated solid was collected by filtration, washed with water followed
by EtOAc and dried under vacuum to afford S-oxo-4,5-dihydropyrazolofi,5-ajpyrimidine-3-
carbonitrile (1.33 g, 90%) as a white solid. "H-NMR (DMSO-ds, Varian, 400 MHz): § 6.24 (1H,
d.J=8.0 Hz), 831 (11, 5), 8.63 (11, d, /= 7.6 Hz), 13.24 (1H, br. 5).

Step B: 5-chloropyrazolof1,5-a]pyrnimidine-3-carbonitrile
~d N’N\
N o
Ci
CH
A mixture of 5-oxo-4,5-dihydropyrazolo[l,5-ajpyrinmudine-3-carbonitrile (1.33 g, 831
rmomol} and POCH (7.74 ml., 83 mmol) was heated at 150 °C for 3 hours and cooled to room
temperature. After concentration in vacuo, the residue was purified by column chromatography
on S10, (Hex EtOAc = 2:1} to afford S-chloropyrazolof1,5-alpyrimidine-3-carbonitrite (343 mg,
23%) as a white solid. "H-NMR (CBCL, Varian, 400 MHz): § 7.09 (1H, d, /= 7.6 Hz), 839 (1H,
5), 8.68 (1T, d, J= 7.2 Hz).

Step C: 5-{2~(2,5-difluorophenylpyrrolidin-1-yvDpyrazolof 1,5-alpyrimidine-3-

carbonitrile
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A muxture of S-chloropyrazolofl,S-alpyrimidine-3-carbonitrile (343 mg, 1.92 mmol} and
2-(2,5-difluorophenyDpyrrolidine (Intermediate 2, 343 mg, 1.87 mimol) 10 DMSG (10 mL) was
heated at 180 °C for 1 hour and cooled to room temperature. The reaction mixture was difuted
with water and extracted with EtQOAc twice. The combined organic layers were washed with
brine, dried over Na, 50y, filtered and concentrated in vacuo. The residue was purified by column
chromatography on S, (Hex EtOAc = 2:1 to 1:1} to afford 5-(2-(2,5-difluorophenyDpyrrolidin-
1-yhpvrazolof,5-alpyrimidine-3-carbontirile (611 mg, 98%) as a tvory sohid. "H-NMR (CDCL,
Varian, 400 MHz), § 2.05-2.11 (3H, m), 2.47-2.55 (11, m), 3.67-4.10 (2H, m), 5.20 (0.7 1, s),
5.65 (0.3 H, s), 5.96 (0.7 H, ), 6.43 (0.3 H, s}, 6.69-6.73 (1H, m), 6.96-7.09 (2H, m), 8.01-8.31
(3H, m).

Step D 5-(2-(2,5-diftuorophenylypyrrolidin-1-yhpyrazolo[ 1, 5-alpyrimidine-3-

carboxamide

A mixture of of 5-(2-(2,5-difluorophenylypyrrolidin-1-yhipyrazolof1, 5-alpyrimidine-3-
carbonitrile (230 mg, 0.707 mmol} and conc. H;80, {(1.13 mb, 21.2 mmol) was stirred at 0 °C
for 5 hours. After addition of ice-water, the mixture was extracted with HtOAc twice. The
combined organic layers were washed with brine, dried over Na;SQy, filtered and concentrated in
vacue  to  afford  5-(2-(2,5-difluorophenyl}pyrrolidin-i-ylipyrazolo[ 1, 5-a]pyrimidine-3-
carboxamide (172 myg, 71%) as a white solid. "H-NMR (CDCls, Varian, 400 MHz): 8 2.05-1.11

ZH, my, 2.47-2.55 (1H, m}, 3.67-4.10 (2H, m), 5.12-5.32 (1H, m}, 552 (0.6H, s}, 574 {(0.4H, s},
5.90 (0.4H, s}, 6.32 (0.6H, s), 6.69-6.74 (1H, m), 6.96-7.09 (2H, m), 7.80 (0.5H, s), 8.20 (0.5H,
s}, 8.25-8.40 (1H, m). * Two protons from NH,NH, were not observed.
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Step E: (23-5-(2-(2,5-difluorophenyDpyrrolidin-1-y1}-N-{(1-{ dimethylamino)ethylidene)-
pyrazolo{1,5-apyrimidine-3-carboxamide

F

ety
\
y /er\
NN
N
N

N
A

A mixture  of  5-(2-(2,5-diftucrophenylpyirolidin-1-vhpyrazolof1,5-ajpyrimidine-3-
carboxamide {100 mg, 0.291 mmol) and 1,1-dimethoxy-N,N-dimethylethanamine (1.06 mL,
7.28 mmol) was heated 120 °C for 2 hours in a sealed tube. The reaction mixture was cooled to
room temperature and concentrated im  vacue to  afford crade  (Z)-5-(2-(2,5-
difluorophenylipyrrolidin-1-y1}-N-(1-(dimethvlaminojethylidenejpyrazolo[ | S-alpyrimidine-3-

carboxamide {160 mg, 99%), which was used for the next reaction without further purification.

Step ¥ 5-(2-(2,5-difluorophenylipyrrolidin-1-y1}-3-(5-methyl-1H-1,2 4-triazol-3-

vhpyrazolof1,5-alpyrimidine

To a solution of the crude (£)-5-(2-(2,5-difluorophenyl}pyrrolidin-1-yi)-N-(1-
{dimethylamio)ethylidene)pyrazolo[1,5-alpyrimidine-3-carboxamide {160 mg, 0.291 mmol) in
AcOH (1.0 mL) was added hydrazine hydrate (22.0 mg, 0.437 mmol}. The reaction nuxture was
heated at 90 °C for 2 hours and then concentrated in vacuo. The residue was treated with water,
while a solid was precipitated. The solid was collected by filtration, washed with water and
hexanes, and dried under vacuum to afford 3-(2-(2,5-difluorophenyhpyrrolidin-1-y1)-3-(5-
methyl-1H-1,2,4-triazol-3-yljpyrazolof1,5-alpyrimidine {58.0 mg, 52%) as a white solid. 'H-
NMR (MeOH-d,, Varian, 400 MHz): § 1.92-2.26 (3H, m), 2.34 (3H, m), 2.44-2.60 (2H, m),
3.67-4.22 (2H, m), 5.17 (0.4H, s), 5.68 (0.6H, 5), 6.11 (0.4H, s), 6.65 (0.6H, s, 6.80-7.20 (2H,
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m)}, 7.20-7.43 (1H, m}, 8.20-8.60 (ZH, m). MS: 3823 i:M}-f}
Example 44: Preparation of Intermediate Compound 13
H F F
{/f} \(\AY . C =—TMS
f\N"N\ = 1\ - -/ f;//\/N;i\} NIS P r—’—'//\N“N\ -
i =5 — g T T oo N
oSy —— S -— PNy SN 2 meé;wlﬁ? Cul
160 °C, 1 h i rt,2h y i rt, 1 h
F
Y
\] i
TBAF i ’?\">
THF <\ NoN
0 °0, 30 min ot \\2\

¥4}

Intermediate Compound 13! tert-butyl 3-{(4-(5-{(R)-2-(2,5-difluorophenyHpyrrolidin-1-
vhpyrazolof1,5-a]pyrimidin-3-y1}-1H-1,2 3-triazol-1-yDipiperiding-1-carboxylate

F

\

N—"\e

10 I\

Step A1 (R)-5+( 2{2,5—dii‘]uompheriyi)pyrmiidin»1 -yhpyrazolo[1,5-alpyromdine

o ! 0

ﬂ

A mixture of S-chloropyrazolofl,S-ajpyrimidine (1.18 g, 7.68 mmol), (R}-2-(2,5-

15 difluorophenvhpyrrolidine (1.51 g, 8 22 mmol} and KF {2.32 g, 39.1 mmol} in DMSO (26 mL)

was heated at 180 °C for 2 hours. The reaction mixture was cooled to room temperature and

poured into water. The mixture was stirred for additional 30 min at room temperature. A
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precipitated solid was collected by filtration and dried under vacuam to afford (R}-5-(2-(2,

diftuorophenvhpyrrolidin-1-yijpyrazolo[1,5-ajpyrinmudine {1.70 g, 74%) as a yellow solid.

NMR (DMSO-d;;, Varian, 400 MHz): 5 1.88-2.06 (3H, m}, 2.33-2.45 (1H, m), 3.56-3.70 (1H, m},

3.90-4.00 (1H, m), 538 (1H, s}, 5.98 (1H, s}, 6.10-6.50 (1H, m), 6.85-6.91 (1H, m), 7.10-7.15
5  (1H, m), 7.26-7.32 (1H, m), 7.81 (1H, d, /= 1.6 Hz), 8.60 (1H, s).

Step B: (R)-5-( 2n(2,5-diﬂuempheﬂvi)pwmhdinn1 -y)-3-1odopyrazolof1,5-ajpyrinidine

f |

To a solution of (R)-5-(2~(2,5-difluorophenyhpyrrolidin-1-yDpyrazolof1,5-a]pyrimidine

16 (975 mg, 3.25 mmol} in DMF (6.5 mL) was added portionwise NIS (804 mg, 3.57 mmol} at

room temperature. The reaction mixture was stirred for 2 hours and poured into water. The

mixture was stirred for further 30 min. A precipitated solid was collected by filtration and dried

under vacuum to  afford (R}-5-2-(2,5-difluorophenybpyirolidin-1-y1)-3-1odopyrazolo{1,3-

alpyrimidine (1.19 g, 86%) as a pale yellow solid. '"H-NMR (DMSO-ds, Varian, 400 MHz): 6

15 1.30-2.15 (3H, my, 2.38-2.50 (1H, m), 3.50-3.80 (1H, m}, 3.95-3.99 (1H, m}, 5.21-5.51 {1H, m),
5.99 and 6.53 (11, s+s), 6.97 (1H, s), 7.11-7.26 (1H, m), 7.95 (111, m), 8.44-8.64 (1H, m).

Step C (R}-5-(2-(2,5-difluoropheny ipvrrolidin- 1 -y1}-3-

{{trimethylsifyDethynylpyrazolo-[1,5-a]pyrimidine

F

}g f\N"N\
. @ g )Q\)

20 TMS
To a solution of (R})-5-(2~(2,5-difluorophenylpyrrolidin-1-y1}-3-1o0dopyrazolof1,5-a}-
pyrimidine (1.19 g, 2.79 mmol) in THF (10 mL} and TEA (10 mL) were added Cul (533.0 mg,

0.279 mmol), PACL(PPhs); (196 mg, 0.279 mmol) and ethynyltrnmethylsilane {(0.596 ml, 4.19

mmol). The reaction mixture was stirred at room temperatare for 1 howr. After filtration through
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on Celite pad while washing with EtOAc, the filtrate was concentrated in vacuo. The residue was
diluted with EtOAc, washed with brine, dried over Na,50O,, filtered and concentrated in vacuo.
The residue was purtfied by column chromatography on S10, (Hex EtOAc =2:1 to 1:1) to afford
(R)-5-(2-(2,5-difluorophenyhpyrrolidin-1-y1)-3-((trimethyisilyBethynyl)pyrazolo[1,5-
alpyrimidine (832 mg, 75%) as a viscous yellow oil. "H-NMR {(CDCl, Vanan, 400 MHz): &
0.260 (O, ), 2.03-2.20 (3H, m), 2.49 (1H, br. 8}, 3.63-4.15 (ZH, m), 5.17 and 6.25 (1H, br. s +
br. s), S.83 (1H, br. s}, 6.73-6.77 (1H, m}, 6.91 (1H, br. 5), 7.04 (1H, br. s}, 793 (1H, s}, 8. 11 (1H,
br. s).

Step D (R)-5-(2-(2,5~difluorophenyDpyrrolidin-1-y1)-3-ethynyipyrazolof1,5-

alpyrimidine

~F
Q/*N
Foooz
O
O

To a solution of (R}-5-(2-(2,5-difluorophenypyrrolidin-1-y1}-3-({trimethyisilyhethynyl)-
pyrazolo[1,S-ajpyrimidine {832 mg, 2.10 mmol} in THF (10 mL} was added TBAF (1 M
solution in THF, 2.52 mb, 2.52 mmol) at 0 °C. The reaction mixture was stirred at 0 °C for 30
min. After quenched with saturated aq. NHCl, the mixture was extracted with EtOAc twice. The
combined organic layers were washed with brined, dried over Na; SOy, filtered and concentrated
in vacuo. The residue was purified by column chromatography on Si10; (Hex EtOAc =3:21t0 1.1}
to afford (R)-5-(2-(2,5-difluorophenyl}pyrrolidin-1-yh)-3-ethynylpyrazolo[1,5-ajpyrimidine {659
mg, 97%) as a viscous yellow oil. "H-NMR (CDCls, Varian, 400 MHz): 8 1.98-2.18 (3H, m),
250 (1H, br. s), 3.24 (1H, 5), 3.93 (1H. br. 5}, 4.06 (1H, br. s}, 5.19 (1H, br. s}, 5.87 (1H, br. s},
6.75 (1H, br. 5}, 692 (1H, br. 5), 7.05 (IH, br. s), 7.96 (1H, s), 8.14 (1H, br. s).

Example 45: Preparvation of Chemical Compound 33
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Chemical Compound 33: (R}-5-(2-(2,5-difluorophenypyrrohidin-1-y1}-3-(1-{piperidin-4-
yi-1H-1,2 3-triazol-4-ylipyrazolo{1,5-a]pyrimidine
F

:)\‘\;’) @

-

| .
5 Nk
Step A tert-butyl 4-hydroxypiperidine-1-carboxylate

HO
\Q\EBOC

To a solution of tert-butyl 4-oxopiperidine-1-carboxylate (1.00 g, 5.02 mmol) in MeOH

{16 mL} was added NaBHy (285 mg, 7.53 mmol} at 0 °C. The reaction mixture was stirred at

10 0 °C for 1 hour. After concentration in vacuo, the residue was partitioned between EtOAc and
water. The separated aqueous laver was extracted with FtOAc. The combined organic lavers
were dried over NaySOy filtered and concentrated v vacuo to afford tert-butyl 4-
hydroxypiperidine-1-carboxylate {1.01 g, 100%}) as a viscous pale vellow o1l, which was used for

the next reaction without further purification. "H-NMR (CDCls, Varian, 400 MHz): § 1.46 (9H,

15 s), 1.48-1.50 (2H, m), 1.84-1.87 (2H, m), 2.99-3.06 (2H, m), 3.81-3.87 (3H, m). * OH was not

observed.

Step B tert-butyl 4-(methyisutfonyloxy)piperidine-1-carboxylate

MsC
\Q\EBOC

20 To a solution of tert-butyl 4-hyvdroxypiperidine-1-carboxylate {1.01 g, 5.02 mmol) n

DCM (16 mL) was added TEA (0.909 mL, 6.52 mmol) and DMAP (61.0 mg, 0.502 mmol)
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followed by MsCl {0.469 mL, 6.02 mmol) at 0 °C. The reaction mixture was stirred at room
temperature for 3 hours. The reaction mixture was diluted with DCM, washed with water, 2 N aq.
HC1, saturated ag. NaHCO;, and brine successively, dried over Na,S8Q,, filtered and concentrated
in vacuo to afford tert-butyl 4-(methylsulfonyloxy)piperidine-i-carboxylate (1.40 g, 100%) as a
white solid, which was used for the next reaction without further purification. "H-NMR_ (CDCls,
Varian, 400 MHz): 6 1.46 (9H, s), 1 78-1.86 (2H, m}, 1.94-1.99 (2H, m}, 3.04 (3H, s}, 3.27-3.34
(2H, m), 3.68-3.72 (2H, m), 4.86-4.91 (1H, m).

Step C: tert-butyl 4-azidopiperidine-1 -carboxvlate

Ng
\Q\iaac

To a solution of tert-butyl 4-{(methylsulfonyloxy)piperidine-1-carboxylate (1.40 g, 502
mmol} in DMF (25 mL) was added sodium azide (979 mg, 15.0 mmol). The reaction mixture
was heated at 100 °C for 12 hours with stirring, while a white solid was formed. After
concentration i vacuo, the residue was partitioned between EtOAc and water. The aqueous layer
was extracted with EtOAc. The combined organic layers were washed with brine, dried over
Na, SO, filtered and concentrated iz vacuo. The residue was purified by column chromatography
on 510, (Hex EtOAc = 5:1) to afford tert-butyl 4-azmidopiperidine-1-carboxylate (948 mg, 83%)
as a colorless oil. "TH-NMR (CDCl, Varian, 400 MHz): 6 1.46 (9H, s), 1.53-1.57 (ZH, m), 1 85-
1.88 (2H, m), 3.05-3.12 (2H, m), 3.54-3.60 (1H, m), 3.81-3.84 (1H, m).

Step D (Ry-tert-butyl  4-(4-(5-(2-(2,5-difluorophenyl)pyrrohidin-1-ylpyrazolo[1,5-

alpyrimidin-3-y1)-1H-1,2 3-triazol-1-yDpipenidine- 1 -carboxylate
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To a solution of (R)-5-(2-(2,5-difluorophenvipyrrolidin-1-yi)-3-ethynylpyrazolo[1,5-
alpyrimidine {(Intermediate 13, 144 mg, 0444 mmol} and tert-butyl 4-azidopiperidine-1-
carboxylate (111 mg, 0.488 mmol) m tBuOH (2.0 mL} was added copper powder {23.0 mg,
0.355 mmol} followed by water (1.0 mL} and 1 M aq. solution of copper sulfate {(0.089 mi,
0.089 mmol}. The reaction mixture was heated at 90 °C for 90 min. The reaction mixture was
cooled to room temperature and diluted with EtOAc. After addition of conc. NH4OH (2.0 mL)
followed by water (2.0 mL), the mixture was vigorously stirred for 30 min and extracted with
FtOAc twice. The combined organic layers were washed with brine, dried over Na,SO4, filtered
and concentrated in vacuo. The residue was purified by column chromatography on 810, (EtOAc
only to DCM:MeOH = 30:1) to afford (R)-tert-butyl-4-(4~(5-(2-(2,5-difluoropheny)pyrrolidin-1-
vipyrazolof1,S-alpyrimidin-3-y1}~-1H-1,2,3-tniazol-1-yhpiperidine-1 -carboxylate (177 mg, 72%)
as a yellow foam. 'H-NMR (CDCl;, Varian, 400 MHz): 3 1.49 (9H, s), 1.83-2.22 (7TH, m), 2.48
(1H, br. ), 2.97 (2H, 5, 3.66 (1H. br. 5), 3.91 (1H, br. 5), 4.35 (2H, br. 5), 4.67 (1H, br. 5}, 5.70
(1H, br. s}, 6.34 (1H, br. 5}, 6.75 (1H, br. 5}, 6.91 (1H, br. s), 7.13 (1H, br. s}, 7.52 (1H, s), 8.35
(1H, br. 5), 8.48 (1H, s).

Step E.  (R)}-5-(2-(2,5-difluorophenyDpyrrohdin- T-y1)-3-(1-{(pipenidin-4-y1}-1H-1,2 3-

triazol-4-yDpyrazolof1,5-ajpyrimidine

To a solution of (R)-tert-butyl-4-(4-(5-(2-(2,5-difluorophenyDpyrrohdin-1-
yhpyrazolof1,5-a]lpyrimidin-3-y13-1H-1,2,3-trazol-1 -yhpiperidine- 1 -carboxylate (177 mg, 0.321
mmol} in DCM (1.6 ml) was added TFA {0.867 mL, 11.2 mmol) at O °C. The reaction mixture
was stirred at room temperature for 2 hours. After concentration in vacuo, the residue was
diduted with DCM, washed with saturated aq. NaHCO; and brined, dned over Na,SQy, filtered

and concentrated in vacuo. The residue was punified by column chromatography on Si(h
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(DCM:MeOH = 10:1 to 3.1 to 2:1) to afford (R)-5-(2-(2,5-difluorophenyypyrrohidin-1-y1}-3-(1-
{piperidin-4-y1}-1H-1,2 3-triazol-4-yljpyrazolof 1,5-alpyrimidine (100 mg, 69%)} as a vellow
foam. 'H-NMR {CDCls, Varian, 400 MHz): & 1.83-230(8H, m), 250 (1H, br. 5}, 285 (ZH, t, J
=11.2 Hz), 3.30-3.33 (2H, m), 3.69 (1H, br. s}, 3.93 (1H, br. s}, 458 {1H, br. 5}, 5.24 and 5.68

s), 7.57 (1H, s}, 8.30 (1H, br. s), 8.48 (1H, s). MS: 4511 [MH'}.

Fxample 46: Preparation of Chemical Compound 34: S5-{{R}-2-{2,5-
difluorophenviipyvrroelidin-1-vi)-3-{1-{ piperidin-3-v1)-1H-1,2 3-triazol-4-vinvrazole]1,5-

aipyrimidine

Step A: tert-butyl 3-(methylsulfonyloxy)piperidine-1-carboxylate

MSOY/\NBOC

To a solution of tert-butyl 3-hydroxypiperidhine-1-carboxviate {1.00 g, 4.97 mmol) in
DM (16 mb) was added TEA {0.895 mL, 6.46 mmol) followed by MsCl (0.465 mL, 5.96 mmol}
at 0 °C. The reaction mixture was stirred at room temperature for 2 hours. The reaction mixture
was diluted with DUM, washed with water, 2 N ag. HCI, saturated agq NaHCOs:, and brine
successively, dried over Nap,S80,, filtered and concentrated in vacuo to afford tert-butyl 3-
(methylsulfonyloxy)piperidine-1-carboxylate (1.39 g, 100%]) as a colorless oil, which was used
for the next reaction without further purification. "H-NMR (CDCl, Varian, 400 MHz): § 1.47
(OH, s}, 1.55 (1H, br. 5), 1.78-2.01 (3H, m), 3.06 (3H, s), 3.28-3.38 (1H, m), 3.42-3.48 (1H, m),
3.54-3.68 (2H, m), 4.72 (1H, br. s).

Step B tert-butyl 3-azidopiperidine-1-carboxylate
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N3\©~iaoc

To a solution of tert-butyl 3-(methylsulfonyloxypiperidine-1-carboxylate (1.39 g, 498
mmol) i DMF (24 mL) was added sodium azide (970 mg, 14.9 mmol). The reaction mixture
was heated at 100 °C for 4 howrs with stirring, while a white solid was formed. After
concentration i vacue, the residue was partitioned between EtOAc and water. The aqueous laver
was extracted with EtQAc. The combined organic layers were washed with brine, dried over
Na,SQOqy, filtered and concentrated in vacuo. The residue was purified by column chromatography
on 510; {(Hex EtOAc = 20:1 to 10:1 to 5:1) to afford tert-butyl 3-azidopiperidine-1-carboxylate
{840 mg, 74%) as a colorless oil. "H-NMR (CBCL, Vanan, 400 MHz): 6 1.47 (OH, s}, 1.49-1.62
(2H, m), 1.77 (1H, br. 5), 1.96 (1H, br. s), 2.90-3.30 (2F, m), 3.44-3.50 (1H, m), 3.52-3.90 (21,

m}.

Step C:  tert-butyl 3-(4-(5-({(R)-2-(2,5-difluorophenyl)pyrrolidin-1-vhpyrazolof1,5-
alpyrimidin-3-yi)-1H-1,2 3-trazol-1-ypiperidine- 1 -carboxylate
F

O
L NN

Sant
N
NT \}f/”\?}iBoc
AN

To a solution of (R)-5-(2-(2,5-difluorophenvipyrrolidin-1-yi)-3-ethynylpyrazolo[1,5-
alpyrimidine (Intermediate 13, 92.0 mg, 0284 mmol} and tert-butyl 3-azidopiperidine-i-
carboxylate {(71.0 mg, 0.312 mmol} in tBuOH (1 4 mL) were added copper powder (14.0 mg,
0.227 mmol} followed by water (1.0 mL} and 1 M aqg. solution of copper sulfate {(0.057 mL,
0.057 mmol}. The reaction mixture was heated at 90 °C for 90 min. The reaction mixture was
cooled to room temperature and then diluted with EtOAc. After addition of conc. NHyOH (2.0
mL) followed by water (2.0 mL), the mixture was vigorously stirred for 30 min and extracted
with FtOAc twice. The combined organic layers were washed with brine, dried over Na,SOy,
filtered and concentrated in vacuo. The residue was purified by column chromatography on 810,

(EtOAc only to DCMMeOH = 301y to afford tert-butyl 3-(4-(S-((R}-2-(2,5-

J
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difteorophenybypyrrolidin-1-y}pyrazolof1,5-alpyrimidin-3-y}-1H-1,2, 3-triazol-1-vl)piperidine-
1-carboxylate (123 mg, 79%) as a yellow oil. "H-NMR (CBClL, Varian, 400 MHz): & 1.48 {9H,
s}, 1.63-1.76 {2H, m), 1.90-1.94 (1H, m}, 2.04 (1H, br. s}, 2.16 (2H, br. 5}, 2.29 (1H, br. 5}, 2.40-
2.58 (1H, m), 2.80-3.50 (2H, m}, 3.68 (1H, br. s}, 3.92 (1H, br s), 4. 18 (1H, br. s}, 4 30-4.60 (2H,
m), 53.23 and 5.66 (IH, br. s + br. s}, 580 and 6.31 (1H, br. s + br. 5}, 6.75-0.77 (1H, m), 6.91
{(1H, br. 5), 7.04 (1H, br. s), 7.56 (1H, s), 831 (1H, br. s}, 847 (1H, s).

Step D S-({(R)-2-(2,5-difluorophenylypyrrohidin- 1-y1}-3-(1-(piperidin-3-y1}-1H-1,2,3-

triazol-4-yDpyrazolo{1,5-ajpyrimidine

To a soluion of tert-butyl  3-{4-(5-((R)-2-(2,5-difluorophenyl)pyrrolidin-1-
viypyrazolof1,5-a]pyrimidin-3-y1}-1H-1,2,3-tnazol-1-yhpiperidine- 1 -carboxylate (123 mg, 0.223
nmunol} in DCM (1.1 mL} was added TFA (0.602 mbL, 7.82 mmol} at © °C. The reaction mixture
was stirred at room temperature for 2 hours. After concentration in vacuo, the residue was
diluted with DCM, washed with saturated agq. NaHCO; and brined, dried over Na,SOy, filtered
and concentrated in vacuo. The residue was purified by column chromatography on Si(,
(DCM:MeOH = 101 to 3:1) to afford S-((R)-2-(2,5-difluorophenylpyrrohidin-1-v1}-3-(1-
{piperidin-3-y)-1H-1,2 3-tnazol-4-ylpyrazolo[1,5-alpyrimidine (70.0 mg, 69%) as a vellow
foam. "H-NMR (CDCl;, Varian, 400 MHz): § 1.92-1.95 (1H, m), 1.89-2.14 (8H, m), 2.28 (1H, br,
3}, 249 (1H, br.s), 2.77 (1H, t, /= 10.8 Hz) 2.85-3 18 (2H, m}, 3.40 (1H, br. s}, 3.66 (1H, br. s},
391 (1H, br.s), 450 (1H, br. 5), 5.30and 567 (1H, br. 5+ br. 5), 585 and 6.29 (1H, br. s + br. s},
6.75 (1H, &), 6.90 (1H, s), 7.00-7.10 (1H, m), 7.57 {1H, s), 831 (I1H, br. s}, 847 (1H, 5} MS:
4511 [MH].
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Fxample 472 Preparation of Chemical Compound 35: S-{{8)-2-({2.5-
difluorophenviipvrrolidin-1-vh-3-{ I-(pvrrolidin-3-vii-1H-1.2 . 3-iriazol-d-vlipyvrazolol 1,5-

alpyrimidine

Step A tert-butyl 3-{methylsulfonvloxy)pyrrolidine-1-carboxylate

MsO
\[,,,\
NBoc
s

To a solution of tert-butyl 3-hydroxypyrrolidine-1-carboxylate {(1.00 g, 5.34 mmol} in
DCM (17 mL) was added TEA (0.962 mL, 6.94 mmol) followed by MsC1 (0.499 mL, 6.41 mmol)
16 at 0 °C. The reaction nuxture was stirred at room temperature for 2 hours. The reaction mixture
was diluted with DCM, washed with water, 2 N ag. HCI, saturated ag. NaHCOs;, and brine
successively, dried over Na,SO,, filtered and concentrated in vacuo to afford tert-butyl 3-
(methylsulfonyioxy)pyrrolidine-1-carboxylate (1. 42 g, 100%) as a colorless oil, which was used
for the next reaction without further purification. "H-NMR (CDCly, Varian, 400 MHz): & 1.47
15 (9H, s), 2.06-2.20 (1H, m), 2.21-2.36 (1H, m), 3.05 (3H, s), 3.44-3.54 (1H, m), 3.54-3.72 (3H,
m), 527 (1H, br. s).

Step B: tert-butyl 3-azidopyrrolidine-1-carboxylate

N3

NBoc

20 To a solution of tert-butyl 3-{methylsulfonvioxy)pyrrolidine-1-carboxyiate (1.42 g, 5.35
mmol} in DMF (26 mL} was added sodiim azide {(1.04 g, 16.0 mmol}. The reaction mixture was
heated at 100 °C for 4 hours with stirring, while a white solid was formed. After concentration in
vacuo, the residue was partitioned between EtOAc and water. The aqueous layer was extracted
with EtOAc. The combined organic layers were washed with brine, dried over Na,S(,, filtered

25  and concentrated i vacuo. The residue was purified by column chromatography on Si0,
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{(Hex EtOAc = 10:1 to 5.1} to afford tert-butyl 3-azidopyrrolidine-1-carboxylate {1.07 g, 94%) as
a colorless oil. "H-NMR (CDCL, Varian, 400 MHz): 6 1.47 (9H, s), 2.02-2.08 (2ZH, m}, 3.35-3.54
(4H, m}, 4.14-4.16 (1H, m}.

Step 0 tert-butyl 3-(4-(5-((R)-2-(2,5-difluorophenylpyrrohidin-1-ylpyrazolo[1,5-

alpyrimidin-3-y1)-1H-1,2 3-trazol-1-yhpyrrohidine-1-carboxylate

o

NﬂN N
LNBOC
To a solution of (R}-5-(2-(2,5-difluorophenylipyrrolidin-1-vi}-3-ethynyipyrazolo[1,5-
alpyrimidine (Intermediate 13, 92.0 mg, 0284 mmol) and tert-butyl 3-azidopyrrolidine-1-
carboxylate (66.0 mg, 0.312 mmol) in tBuOH (1.4 mL) were added copper powder (14.0 mg,
0.227 mmol) followed by water (1.0 mL) and I M aq solution of copper sulfate (0.057 mL,
0.057 mmol). The reaction mixture was heated at 90 °C for 90 min. The reaction nuxture was
cooled to room temperature and then diluted with EtOAc. After addition of cone. NHLOH (2.0
ml) followed by water (2.0 kL), the mixture was vigorously stirred for 30 min and extracted
with EtOAc twice. The combined organic layers were washed with brine, dried over Na)SQy,
filtered and concentrated in vacuo. The residue was purified by column chromatography on S10;
(EtOAc only to DCMMeOH = 30:1) to afford tert-butyl 3-{4-(5-((R)}-2-(2,5-
difteorophenylipyrrohidin-1-yi}pyrazolof1,5-alpyrimidin-3-y-1H-1,2 3-triazol- 1 -ypyrrolidine-
1-carboxylate (127 mg, 83%) as a yellow foam. "H-NMR (CDCL, Varian, 400 MHz): § 1.50 (9H,
5), 1.98-2.20 (3H, m), 2.22-2.63 (3H, m), 3.50-3.83 (4H, m), 3.83-4.20 (2H, m), 5.15 (1H, br. s),
530 and 5.66 (1H, br. s +br. s}, 5.84and 631 (1H, br. s + br. s}, 6.75 (1H, br. s}, 6.91 {1H, br. 5},
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7.00-7.18 (1H, m), 7.52 (1H, s}, 8.32 (1H, br. s), 8.48 (1H, s},

Step D S5-((R}-2-(2,5-diftuorophenylypyrrolidin-1-y1}-3-(1-(pyrrolidin-3-y1}-1 H-1,2 3-

triazol-4-ylipyrazolo{1,5-alpyrinidine

.
=
)\\\// LN~ N
FoOE /(\N 3
3 o e
o
N e
35 N-N
O
To a  sohlution  of tert-butyl  3-{4-(5-{((R)-2-(2,5-diflucrophenyljpyrrolidin-1-
ylpyrazolo[1,5-alpyvrimidin-3-yD)-1H-1,2 3-triazol-1-vpyrrolidine-1-carboxylate (127  mg,
0.237 mmol} in BCM (1.2 mL} was added TFA (0.638 mL, 8.28 mmol) at 0 °C. The reaction
mixture was stirred at room temperature for 2 hours. After concentration in vacuo, the residue
was diluted with DUM, washed with saturated aq. NaHCO; and brined, dried over Na,SQy,
filtered and concentrated in vacuo. The residue was purified by column chromatography on 510,
(DCM:MeOH = 10:1 to 3:1 to 2:1) to afford 5-((R)-2-(2,5-difluorophenylpyrrolidin-1-y1}-3-(1-
{pyrrolidin-3-yH-1H-1,2 3-triazol-4-vpyrazolofl,5-alpyrinudine (78.0 mg, 76%) as a vellow
foam, 'H-NMR (CDCls, Varian, 400 MHz): § 2.00-2.20 (4H, m), 2.26-2.60 (31, m), 3.11 (1H, br.
5), 3.24-3.46 (3H, m), 3.68 (1H, br. 5), 3.91 (1H, br. s, 5.02 (1, br. ), 5.39 and 5.64 (1H, br. s
+br. s), 5.84 and 6.30 (1H, br. s + br. s), 6.75 (1H, 5), 6.90 (1T, br. 5}, 7.06 (15, br. 5), 7.56 (11,
s), 8.31 (1H, br. g}, 8.46 (1H, s).

Example 48: Preparation of Chemical Compeound 36: {(B¥-5-(2-(2.5-
diflugrophenviinvrrolidin-1-vi)-3-(1-(tetrahvdro-2H-pyran-4-vi)-1 H-1.2 3-triazol-4-
vihipvrazolell.S-alpvrimidine
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Step A tetrahydro-2H-pyran-4-vl methanesulfonate

MsO
1@

To a solution of tetrahydro-2H-pyran-4-ol {500 mg, 4.90 mmol} in DCM {16 mL} was
added TEA (0.882 mL, 636 mmol) followed by MsCl (0.458 mib, 5.87 mmol) at 0 °C. The
reaction mixture was stirred at room temperature for 2 hours. The reaction mixture was diluted
with DCM, washed with water, 2 N aq. HCI, saturated aq. NaHCQOs, and brine successively,
dried over Na,SQ4, filtered and concentrated in vacuo to afford tetrahydro-2H-pyran-4-yl
methanesulfonate (882 mg, 100%) as a colorless o1l, which was used for the next reaction
without further purification. "H-NMR (CBClL, Varian, 400 MHz): ¢ 1.84-1.92 (2H, m}, 2.03-
2.07 (ZH, m), 3.04 (35, s), 3.52-3.58 (2H, m), 3.92-3.97 (2H, m), 4.87-4.93 (1H, m).

Step B: 4-azidotetrahydro-2H-pyran

Nj
1@

To a solution of tetrahydro-2H-pyran-4-vl methanesulfonate (0.882 ¢, 4.89 mmol) in
DMF {16 mL) was added sodium azide (954 mg, 14.68 mmol}. The reaction mixture was heated
at 100 °C for 2 hours. After concentration in vacuo, the residue was partitioned between EtOAc
and water. The aqueous layer was extracted with EtOAc. The combined organic layers were
washed with brine, dried over Na,SO,, filtered and concentrated in vacuo. The residue was
puritied by column chromatography on S10, (Hex EtOAc = 3:1) to afford 4-azidotetrahydro-2H-
pyran {110 mg, 17%) as a colorless oil. "H-NMR (CDCls, Varian, 400 MHz): 8 1.60-1.70 (2H,
m), 1.88-1.92 (2H, m), 3.44-3.50 (2H, m), 3.56-3.63 (1H, m), 3.92-3.97 (2H, m).

Step C . (R)-5-(2-(2,5-difluorophenyhpyrrolidin- 1-yH-3-(1-(tetrahy dro-2H-pyran-4-y1)-

1H-1,2,3-tnazol~4~-ylpyrazolo[1, 5-alpyrimidine

146



10

15

20

WO 2016/097869 PCT/IB2015/002521

36 \/\
\/0
To a solution of (R}-5-(2-(2,5-difluorophenylipyrrolidin-1-vi}-3-ethyvnyipyrazolo[1,5
alpyrimidine (96.0 mg, 0.296 mmol) and 4-azidotetrahydro-2ZH-pyran (41.0 mg, 0.326 mmol) in
tBuGOH (1.5 mL) were added copper powder (15.0 mg, 0.237 mmol) followed by water (1.0 mL)
and I M aq. solution of copper sulfate (0.059 mi, 0.059 mmol). The reaction mixture was heated
at 90 °C for 90 min, cooled to room temperature and then diluted with BEtOAc. After addition of
conc, NH4OH (2.0 mL) followed by water (2.0 mL), the mixture was vigorously stirred for 30
min and extracted with FtOAc twice. The combined organic lavers were washed with brine,
dried over Nax80;, filtered and concentrated /n vacuo. The residue was purified by column
chromatography on Si(» (EtOAc only to DCMMeOGH = 30:1) to afford (R)-5-(2-(2,5-
difluorophenybhpyrrolidin-1-y1}-3-(1-(tetrahy dro-2H-pyran-4-v1}-1H-1,2, 3-triazol-4-
vhpyrazolof1,5-alpyrimidine (84.0 mg, 63%) as a vellow oil. 'H-NMR (CDCl, Varian, 400
MHz): 5 2.04-2.30 (7H, m), 2.49 (1H, br. 5), 3.61 (2H, 1, .= 11.6 Hz), 3.92 (11, br. s}, 4.18 (2H,
t, /=116 Hz}, 473 (1H, br. 5}, 519 and 5.66 {1H, br. s + br. 3), 588 and 6.31 {1H, br. s + br. s},
6.73-6.78 (1H, m), 6.91 (11, br. s), 7.01-7.16 (1H, m), 7.52 (1F, s), 8.32 (11, br. s), 8.47 (1H, s).
MS: 452.2 [MIT].

Txample 49: Preparation  of Chemical Compound 37: (R)-2-{4-(5-(2-(2.5-
difluorophenvhipvrrolidin-1-vhipvrazoloi1.5-alpyrimidin-3-vD-1H-1,2.3-triazol- 1 -vi}-1-
{piperazin-1-vilethan-i-one

147



10

15

20

WO 2016/097869 PCT/IB2015/002521

Step A tert-butyl 4-{2-bromoacetyl)piperazine-1-carboxvlate
O
Br
r\/l'l\N/\r
NBoc

To a solution of tert-butyl piperazine-i-carboxylate (2.00 g, 10.7 mmol) in 5wt% ag
NaHCO; (36 mL) and DCM (36 mL) was added 2-bromoacetyl bromude {1.40 mlL, 16.1 mmol)
at 0 °C. The reaction mixture was stirred at 0 °C and then at room temperature for 2 hours. After
separation of phase, the organic layver was washed with water, 2 N aq. HCL water and brine,
dried over Na;SO4, filtered and concentrated in vacuwe. The residual solid was purified by
recrystatlization from EtOAc and hexanes to afford tert-butyl 4-(2-azmdoacetylipiperazine-1-
carboxylate (2.92 g, 89%) as a white solid. "H-NMR (CDCl;, Varian, 400 MHz): § 1.47 (9H, s),
3.42-3.44 (2H, m), 3.46-3.54 (4H, m), 3.58-3.60 (2H, m), 3.86 (21, 5).

Step B: tert-butvl 4-(2-azidoacetyipiperazine-1-carboxylate

O

N A
gaoc

A suspension of tert-butyl 4-(2-azidoacetyl}piperazine-1-carboxylate (2.92 g, 9.51 mmol)
and sodium azide {1.54 g, 23 7 mmol) in CHyCN (47 mL) was refluxed for | hour and cooled to
room temperature. The reaction mixture was diluted with EtOAc, washed with water and brine,
dried over Na,8O,, filtered and concentrated in vacuo. The residue was purified by
recrystallization from EtOAc and hexanes to afford tert-butyl 4-(2-azidoacetyblpiperazine-1-
carboxylate (2.28 g, 89%) as a white solid. "H-NMR (CDCl;, Varian, 400 MHz): § 1.47 (9H, s),
3.33-3.38 (2H, m), 3.42-3.50 (4H, m), 3.58-3.66 (2H, m), 3.95 (2H, s).

Step C tert-butyl (R)-4-(2-(4-(5-(2-(2,5-difluorophenyl)pyrrohidin-1-ylpyrazolo[1,5-

alpyrimidin-3-y1)-1H-1,2 3-triazol-1-yhacetyDpiperazine- | -carboxylate
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To a solution of (R)-5-(2-(2,5-difluorophenyhpyrrolidin-1-yi)-3-ethynylpyrazolo[1,5-
alpyrimidine (Intermediate 13, 100 mg, 0.308 mmol) and tert-buty! 4-(2-azidoacetyl}piperazine-
1-carboxylate {91.0 mg, 0.339 mmol) i tBuOH (1.5 mL} was added copper powder (16.0 mg,
0.247 mmol) followed by water (0.70 mL} and 1 M aq. solution of copper sulfate (0.0620 mi,
0.0620 mmol). The reaction nmixture was heated at 90 °C for 90 min, cooled to room temperature
and then diluted with EtOAc. After addition of conc. NH,OH (2.0 mL) followed by water (2.0
mkbL), the resulting mixture was vigorously stirred for 30 min and extracted with EtOAc twice.
The combined organic lavers were washed with brine, dried over Na;SOy, filtered and
concentrated /v vacuo. The residue was purified by column chromatography on Si0, (EtOAc
only to DCMMeOH = 30:1) to afford (R)tert-butyl  4-(2-(4-(5-(2-(2,5-
diflucrophenylpyrrolidin-1-yDpyrazolo[ 1, 53-alpyrimidin-3-y1)-1H-1,2 3-triazol-1-
ylacetyl)piperazine- i -carboxylate (108 mg, 59%) as a yellow foam. 'H-NMR (CDCl, Varian,
400 MHz): § 1.47 (9H, s), 2.00-2.25 (3H, m), 2.42-2.58 (1}, m), 3.34 (41, br. 5), 3.59 (2H, br. 5),
3.65 (2H, br. s}, 3.92 (1H, br. 8}, 520 and 5.52 (1H, br. s + br. 8}, 5.28-5.32 (ZH, m), 5.85 and
6.27 (1H, br. s + br. ), 6.78 (1H, br. 5), 6.90 (1H, br. 5), 7.04-7.10 (1H, m), 7.63 (1H, s), 8.25
(17, br. ), 8.47 (11, s).

Step D (R)-2-(4-(5-(2~(2,S-difluorophenylipyrrolidin-1-ylpyrazolo{1,S-alpyrinudin-3-
vi}-1H-1,2,3-triazol-1-y1}-1-(piperazin-1-yhethan-1-one
F

@ 2N

Foooz s
AN
i N, 1P

NN
A

H
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To a solution of (R)-tert-butyl  4-2-{4-{5-(2-(2,5-ditluorophenyijpyrrolidin-1-
yhpyrazolo[1,5-a]pyvrimidin-3-y)-1H-1,2,3-triazol-1-vhacetyipiperazine-1-carboxylate (108 mg,
0.182 mmol} in DCM (1.0 mL) was added TFA (0.500 mL, 6.4% mmol} at room temperature.
The reaction mixture was stirred at room temperature for 2 hours. After concentration in vacuo,
the residue was diluted with DCM, washed with saturated aq. NaHCO; and brine, dried over
Na,8Qy, filtered and concentrated in vacuo. The residue was purified by column chromatography
on Si0; (DCMMeOH = 101 to 31 to 2:1) to afford (R¥-2-(4-(5-(2-(25-
diftuorophenyl)pyrrolidin-1-yljpyrazolo[1,5-alpyrimidin-3-y1}-1H-1,2 3-triazol-1-yi}-1-
{piperazin-1-yl)ethanone (78.0 mg, §7%) as a pale yellow foam. 'H-NMR (CDCl;, Varian, 400
MHz): § 1.47 (95, 5), 2.00-2.25 (3H, m), 2.50 (1H, br. 5), 2.85 (4FL br. 5), 3.57 (28, br. ), 3.64
(2H. br. s), 3.90 (1H, br. s}, 5.26 and S5.52 (1H, br. s + br. 5), 5.26-5.30 (2H. m), 5.85 and 6.26
(1T, br. s + br. 8), 6.77 (1H, br. 5), 6.88 (1, br. 5), 7.00-7.12 (1H, m), 7.62 (1H, 5), 8.24 (1H, br.
s), 8.46 (1H, s). MS: 494.2 [MH].

Example 50: Preparvation of Chemical Compound 38

F
H\ F. F:
o~ =
Nuz ‘\5\/ \\ N\A( N
/[ /ng /\( L7 AN (EORPEOICHCOE L f\i\r'{\
) N A
b TkFowso ~N \N‘Q NeH, THF <\N‘ N)\/
180°C.2h ) CHO ri, 5h ) b
\.aOzEt
) F
“\\)/ “ﬁ(
_HoH 4 RRNH “-\() # N, R=Et R =H
\ i\ . R =c-Pr, R = H
ETH N HATU, DIPEA NN R, R = Me
96 °C, 5 h i '\N\ DMF A sz
R
€O P
R

Chemical Compound 38: (E)}-N-ethyl-3-(5-(2-(5-fluoropyridin-3-yhpyrrolidin-1-

yvhipyrazolo[1,5-alpyrimidin-3-vhacrylamide
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NN
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O

Step A 5-2~(5-flooropyridin-3-ylpyrrohdin-T-ylpyrazolof1, S-a]pyrimidine-3-

carbaldehyde

A mixture of S-chloropyrazolo{1,5-a]pyrimidine-3-carbaldehyde (500 mg, 2.75 mmol}, 3-
fluoro-5-{pyrrolidin-2-vhpyridine (Intermediate 1, 490 mg, 2.95 mmol) and KF (800 mg, 13.8
mmol) m DMSO (9.2 mL} was stirred at 180 °C for 2 hours. After being cooled to room
temperature, the reaction mixture was poured into water. The mixture was extracted with EtOAc
twice. The combined organic lavers were washed with brine, dried over Na,SOy, filtered and
concentrated /v vacuo. The residue was purified by column chromatography on Si0, (EtOAc
only to DCM:MeCGH = 20:1) to afford 5-(2-(5-fluoropyridin-3-yhpyrrolidin-1-yhpyrazolof1,5-
alpyrimidine-3-carbaldehyde (779 mg, 91%) as a yellow solid. "H-NMR (DMSO-ds, Varian, 400
MHz): 6 1.92-2.20 (3H, m), 2.40-2.50 (1H, m), 3.62-3 88 (1H, m}, 3.98-4.15 (1H, m)}, 5.30-5.45
(1, m), 6.22 (0.3H, m), 6.72 (0.7 H, d, J= 6.8 Hz), 7.60-7.75 (1H, m), 8 18-8.36 (1, m), §.38-
8.56 (2H, m), 8.65 (0.3H, m), 8.80 (0.7, d, J= 6.0 Hz), 9.60 and 9.94 (1H, s+s).

Step B (E)-ethyl-3-(5-(2-(5-fluoropyndin-3-yipyrrolidin-1-v}pyrazolof1,5-alpyrimidin-

3-yhacrylate
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To a suspension NaH (55wi%, 328 mg, 7.51 mmol) in dry THF (8.0 mL) was added a
solution of ethyl 2-{diethoxyphosphoryllacetate (841 mg, 3.75 mmol} n dry THF at 0 °C. The
nuxture was stirred room temperature for 30 min. After addition of a solution of 5-(2-(5-
fluoropyridin-3-yhpyrrolidin-1-yl}pyrazolo{1,5-ajpyrimidine-3-carbaldehyde (0.779 g, 250
mmol} in dry THF, the reaction mixture was stirred for S hours at room temperature, quenched
with saturated aq. NH4Cl, and extracted with EtOAc twice. The combined organic layers were
washed with brine, dried over Na,SO,, filtered and concentrated in vacuo. The residue was
purified by column chromatography on 810, (Hex EtOAc = 1:1) to afford (E}-ethyi-3-(5-(2-(5-
fluoropyndin-3-yhpyrrohidin-1-yljpyrazolof 1, 5-alpyrimidin-3-ylacrylate (511 mg, 54%]) as a
vellow solid. 'H-NMR. (DMSO-d;, Varian, 400 MHz): 6 1.20-132 (4H, m), 1.85-2.13 (3H, m),
3.60-3.90 (1H, m), 3.96-4.22 (3H, m), 5.28-5.42 (1H, m), 6.05-6.32 (1H, m), 6.54-6.70 (1H, m),
7.40-7.77 (2H, m), 8.09-8.12 (1H, m), 8.15-8.80 (3H, m).

Step €. (E)-3-(5-(2-(S-tluoropyridin-3-ypyrrohidin-1-yhpyrazolo[ 1, S-ajpyrimidin-3-

vijacrylic acid

To a solution of {(Ej-ethyl-3-(5-{2-(5-fluoropyridin-3-yljpyrrolidin-1-yljpyrazolo{1,5-
alpyrimidin-3-yhacrylate (511 mg, 1.340 mmol} i EtOH (5.0 mL) and water (1.7 mL) was
added LiOH (96.0 mg, 4.02 mmol) at 0 °C. The reaction mixture was heated at 90 °C for 5 hours
and cooled to room temperature. After evaporation of EtOH, the residue was acidified with 2 N
aq. HCl untid pH 5~6 and then extracted with EtOAc twice. The combined organic layers were
washed with brine, dried over Na,SOy, filtered and concentrated in vacuo to afford (E}-3-(5-(2-
(3-fluoropyridin-3-yDpyrrolidin-1-yhpyrazolof1,3-ajpyrimudin-3-ylacrylic acid (373 mg, 79%)
as a white solid. "H-NMR (DMSO-~ds, Vanian, 400 MHz): 6 1.92-2.13 (3H, m), 2.40-2.50 (1H,
m), 3.60-3.92 (1H, m), 3.93-4.12 (1H, m), 5.28-5.42 (1H, m), 6.05-6.32 (1H, m), 6.54-6.70 (1H,
m), 7.40-7.77 (2H, m), §.09-8.29 (1H, m), 8.32-8.80 (3H, m), 11.73 (1H, br. s).
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Step B: (E}-N-ethyl-3-(5-{2-{5-fluoropyridin-3-ylipvrrolidin-1-yDipyrazolo[ 1,5-

alpyrimidin-3-ylacrylanude

To a solution of (E}3-(5-(2-(S-flucropyridin-3-ylpyrrolidin-1-yhpyrazolo[ 1,5-
alpynimidin-3-yvhacryhic acid (50.0 mg, 0.142 mmol} in BMF (1.0 mL} were added ethylamine
(2.0 M in THF, 0.142 mL, 0.283 mumol}, DIPEA (0.0740 mL, 0.425 mumol), and HATU (81.0 mg,
0.212 mmol} at room temperature. The reaction mixtare was stirred at room temperature for 18
hours and diluted with EtQAc. The mixture was washed with saturated ag. NH4Cl and brine,
dried over Na;SQOs, filtered and concentrated i vacuo. The residue was purified by column
chromatography on Si(d; (EtOGAc only to BCM:MeQOH = 26:1 to 10:1) to afford (E)}-N-ethyl-3-
(5-(2-(5-fluoropyridin-3-yhpyrrolidin-1-vipyrazolo[1,5-alpyrimudin-3-yhacrylamide {48.0 mg,
89%} as a white solid. 'H-NMR (DMSO-ds, Varnan, 400 MHz): 6 1.16 (3H, t, /= 6.6 Hz}, 1.92-
2.20 (3H, m), 2.43-2.50 (1L, m), 3.10-3.30 (2H, m), 3.60-3.92 (1H, m), 4.00-4.15 (1H, m), 5.28-
5.58 (1H, m), 6.05-6.42 (1H, m), 6.54-6.80 (1H, m), 7.18-8.10 (4H, m), 8.32-8.75 (3H, m). MS:
381.1 [MH'].

Fxample 51: Preparation of Chemical Compound 39: (E)-N-cvclopropyi-3-(5-{2-(5-

fluorepvridin-3-vhinvrrolidin-{-vhipvrazolel 1. 5-alpyrimidin-3-vhiacrviamide

F
RS

N
\
7 PN

A
2 S
R N
/}3 T

To a solution of {(E}-3-(5-(2-(5-fluoropyridin-3-ylipvrrolidin-1-yHipyrazolo[ 1,5-

alpyrimidin-3-yllacryhic acid (500 mg, 0142 mmol) i DMF (1.0 ml) were added
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cyclopropanamine {0.0200 mL, 0.283 mmol), DIPEA {0.0740 mL, 0.425 mmol), and HATU
{81.0 mg, 0.212 mmol} at room temperature. The reaction mixture was stirred at room
temperature for 18 hours and diduted with FtQAc. The mixture was washed with saturated aq.
NHLCL and brine, dried over Na;SQ,, filtered and concentrated 7n vacuo. The residue was
purified by column chromatography on S10; (EtOAc only to DCM:MeOH = 20:1 to 10:1} to
atford (E)}-N-cyclopropyl-3-(5-(2-(5-fluoropyridin-3-yDpyrrolidin-1-vhpyrazolo{ 1,5-
alpyrimidin-3-yhacrylamide (21.0 mg, 38%) as a white solid. 'H-NMR (DMSQ-d,, Varian, 400
MHz): § 0.40-0.60 (2H, m), 0.61-0.75 (2H, m), 1.86-2.17 (3H, m), 2.43-2.50 (1, m), 2.72-2.80
(1, m), 3.60-3.92 (1H, m), 4.00-4.15 (1H, m), 5.25-5.52 (1F, m), 6.05-6.38 (1H, m), 6.54-6.70
(1T, n1), 7.28-8.12 (4H, m), 8.32-8.75 (3H, m). MS: 393.1 [MH].

Fxample 52: Preparation of Chemical Compound 48: (E)-3-{5-2-(5-fluorepvridin-3-
viipvrrolidin-1-yDinyvrazolol 1, 5-alpyvrimidin-3-vi-N. M-dimethviacrvi-amide

. e
N N
] o

i

To a solution of (E)}3-(5-2-(5-fluoropyridin-3-yDpyrrohdin-1-yhpyrazolo[1,5-
alpyrimidin-3-yDacrvlic acid (50.0 mg, 0142 omol) m DMF (1.0 ml) were added
dimethylamine hydrochlornide (23.0 mg, 0.283 mmol), DIPEA (0.0740 mL, 0.425 mmol), and
HATU (81.0 mg, 0.212 mmol} at room temperature. The reaction nuxture was stirred at room
temperature for 18 hours and diluted with EtOAc. The nuxture was washed with saturated ag.
NH4Cl and brine, dried over Na,SO,, filtered and concentrated i vacuo. The residue was
purified by column chromatography on 510; (EtQAc only to DCM:MeOH = 20:1 to 10:1) to
afford (E)-3-(5-(2-(5-fluoropyridin-3-yDpyrrolidin- 1 -yDpyrazolo[ 1, 5-alpyrimidin-3-y1}-N,N-
dimethylacryl-amide (39.0 mg, 72%) as a white solid. "H-NMR (DMSO-ds, Varian, 400 MHz): 6
1.86-2.10 (3H, m), 2.38-2.50 (1H, m), 2.80-3.00 (6H, m}, 3.54-3.83 (1H, m}, 3.92-4.15 {1H, m),
5.25-5.50 (1H, m), 6.05-6.12 (0.3H, m), 6.48-6.70 {0.7H, m), 6.73-7.70 (3H, m), 8.00-8.70 (4H,

3.

m). MS: 381.1 [MH'].
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Example 53: Preparation of Chemical Compound 41

F
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5 Chemical Compound 41 (E3-3-(5-(2-(2,5-difluorophenyl}pyrrohidin-1-yljpyrazolof1,5-

alpyrimidin-3-yl)-N-ethylacrylamide

F
e,
L/ N
F 7NN
N e
N N

A

Step A 3-(2~(2,5-difluorophenylypyrrolidin-1-yhpyrazolo[ 1, 5-alpyrimidine-3-
carbaldehyde
% L9
10 LHO

A mixture of S-chloropyrazolo[l,5-alpyrimidine-3-carbaldehyde (300 mg, 1.65 mmol}, 2-

(2,5-difluoropheyipyrrolidine (Entermediate 2, 324 mg, 1.77 mmol} and KF (480 mg, 826
mmol} in DMSO (5.5 mbl) was heated at 180 °C for 2 hours. After being cooled to room
temperature, the reaction nuxture was poured into water. The mixture was extracted with EtOAc

15 twice. The combined organic layers were washed with brine, dried over Na,50,, filtered and
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concentrate i vacuo. The residue was purified by column chromatography on S1(0, (EtOAc only
to DCM:MeOH = 20:1) to afford 5-(2-(2,5-diflucrophenylpyrrolidin-1-yvhpyrazolo{1,5-
alpyrimidine-3-carbaldehyde (540 mg, 100%) as a yellow solid. "H-NMR (CDCls, Varian, 400
MHz): 8 1.90-2.28 (3H, m), 2.38-2.60 {1H, m)}, 3.60-4.18 (ZH, m), 5.14-5.28 (0.6H, m), 5.54-
572 (0.4H, m}, 5.84-6.02 (0.6H, m)}, 6.35-6.46 {0.4H, m), 6.68-6.78 (1H, m), 6.82-7.20 (2H, m),
8.10-8.36 (2F, m), 9.77 and 10.11 (1H, s+s).

Step B: (E)-ethyl-3-(5-(2-(2,5-difluorophenyl)pyrrolidin-1-yljpyrazolof 1, S-ajpyrimidin-

3-yhacrylate

9

CO,EL
To a suspension NaH (55wi%, 349 mg, 8.00 mmol) in dry THF (8.9 mL) was added a
solution of ethyl 2-{diethoxyphosphoryllacetate (896 mg, 4.00 mmol} n dry THF at 0 °C. The
mixture was stirred room temperature for 30 min. After addition of a solution of 5-(2-(2,5-
diftuorophenvhpyrrolidin-1-yijpyrazolo[1,5-alpyrimidine-3-carbaldehyde (875 mg, 2.67 mmol)
in dry THF, the reaction mixture was stirred for 5 hours and then quenched with saturated aq.
NH4Cl The muxture was extracted with EtOAc twice. The combined organic layers were washed
with brine, dried over Na,SQy, filtered and concentrated in vacuo. The residue was purified by
column chromatography on Si0; (HexEtOAc = 1:1} to afford (E)-ethyl-3-(5-(2-(2,5-
difluorophenylipyrrolidin-1-yljpyrazolo[1,5-alpyrimidin-3-yhacrylate (609 mg, 57%) as a
vellow solid. "H-NMR {(CDCl, Varian, 400 MHz): 6 1.36 (3H, ¢, J=7.0Hz), 1.95-2.20 (3H, m),
2.45-2.60 (1H, m), 3.60-4.18 (2H, m), 4.20-4.43 (2H, m), 5.14-5.28 {0.6H, m), 5.54-5.70 (0.4H,
m}, 5.84-596 (0.4H, m), 6.25-6.46 (0.6H, m), 6.65-6.78 (ZH, m), 6.82-7.00 (1H, m), 7.10-4.15

(1H, m), 7.50-7.85 (1H, m), 7.80-8.05 (1H, m), 8.12-8.35 (1H, m).

Step € (E)-3-(5-(2-(2.5-difluoropheny)pyrrolidin-1-ypyrazolo{ 1, 3-alpyrimidin-3-

yhacrylic acid
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COH

To a solution of (E)-ethyl-3-(5-(2-(2,5-ditfluorophenyl)pyrrolidin-1-ylpyrazolo[1,5-
alpyrimidin-3-yhacrylate (345 mg, 0.866 mmol) in EtOH (3.3 mL) and water (1.1 mL) was
added LiOH {(62.0 mg, 2.60 mmol) at 0 °C. The reaction mixture was heated at 90 °C for 5 hours
and cooled to room temperature. After evaporation of EtOH, the residue was acidified by 2 N aq.
HCH until pH 5~6. The mixture was extracted with FtOAc twice. The combined organic layers
were washed with brine, dried over Na,50,, filtered and concentrated in vacuo to afford (E)-3-
{5-{2-¢2,5-difluorophenyhpyrrolidin-1 -vhpyrazolof1,5-alpyrimidin-3-vhacrylic acid {297 mg,
93%) as a white solid. "H-NMR {(DMSO-ds, Varian, 400 MHz): § 1.80-2.14 (3H, m), 2.38-2.50
(1H, m), 3.35-3.88 (1H, m), 3.98-4.18 (1H, m), 5.28-5.53 (1H, m), 6.00-3.20 (1H, m}), 6.50-6.70
(11, m), 6.90-7.00 (1H, m), 7.01-7.70 (3H, m), 8.05-8.20 (1H, m), 8.50-8.78 (11L, m), 11.95 (1H,

S).

Step D (E)}-3-(5-(2-(2,5-difluorophenylipvrrolidin-1-ybipyrazolof 1, S-ajpyrimidin-3-yl)-

N-ethylacrylamide

To a  solution of (E}3-(5-(2-(2,5-difluorophenylpyrrolidin-1-ylipyrazolof1,5-
alpyrimidin-3-yhacrylic acid (75.0 mg, 0.203 mmol} in BCM (2.0 mL} were added 2 drops of
DMEF followed by oxalyl chloride {0.0355 mi., 0.405 mmol). The reaction mixture was stirred at
room temperature for 30 min and then concentrated under reduced pressure to afford the
corresponding acyl chloride compound. The residual crude acyl chlornide compound was
dissolved in BCM (2.0 mL), and then ethylamine hydrochloride (18.2 mg, 0.405 mmol) was

added thereto. The reaction mixture was stirred at room temperature for 5 hours and quenched
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with 1 N ag. HCI The mixture was washed with water and brine, dried over Na,SOy, filtered and
concentrated i vacuo. The residue was purified by column chromatography on 510,
(Hex: EtOAc = 1:10 to EtOAc only) to afford (E)-3-(5-(2-(2,5-difluorophenyhpyrrolidin-1-
yl)pyrazolof1,5-alpyrimidin-3-yl)-N-ethylacrylamide (13.0 mg, 16%) as a yellow solid. "H-NMR.
(CDCL, Varian, 400 MHz): § 1.15-1.32 (6H, m), 1.98-2.32 (30, m), 2.42-2.60 (1H, m), 3.38-
3.50 (2H, m), 3.61-4.05 (2H, m), 5.38-5.50 (1H, m), 6.23-6.60 (1H, m), 6.70-6.78 (1H, m), 6.86-
7.13 (26, m), 7.80-9.00 (1, m), 8.10-8.36 (1H, m). MS: 398.1 [MH .

Fxample 54: Prenarvation of Chemical Compound 42: {(E3-3-(5-(2-(2. 5-diflusroephenvi)-
pyrrolidin-1-viipyrazole!1.5-alpyrimidin-3-vli-M-isopropvlacrviamide

F

-

\
/ / N - N\

S
s
42 :}?‘NH
O )\
To a  solution of (E}3-(5-(2-(2,5-difluorophenylpyrrolidin-1-ylipyrazolof1,5-

ajpyrimidin-3-yhaecryhic acid (55.0 mg, 0.149 mmol) it DMF (1.5 mL} was added HATU (73 .4

F

mg, 0.193 mmol), DIPEA {780 uL, 0.446 mmol) and 1sopropylamine (9.66 mg, 0.163 mmol) at
room temperature. The reaction mixture was stirred at room temperature for 1 hour and diluted
with EtOAc. The nmuxture was washed with saturated aq. NH4C1 and brine, dried over Na,SQ;y,
filtered and concentrated in vacuo. The residue was purified by column chromatography on 510,
{(Hex FtOAc = 1:10 to EtOAc only) to afford (E}-3-(5-(2-(2,5-difluorophenyl)-pyrrolidin-1-
yhpyrazolof1,5-a]pyrimidin-3-yl)-N-isopropylacrylamide (30.0 mg, 49%) as a vellow solid. "H-
NMR (CDCls, Varian, 400 Miz): § 1.13-1.32 (6H, m), 2.00-2.29 (31, m), 2.42-2.60 (1H, m),
3.60-4.00 (2H, m), 4.20-4.30 (1H, m), 5.25-5.38 (1H, m), 5.62-5.95 (1H, m), 6.20-6.60 (2H, m),
6.70-6.77 (1H, m), 6.82-6.98 (1H, m), 7.00-7.10 (1H, m), 7.45-7.55 (1H, m), 7.82-7.99 (11, m),
8.10-8.40 (1T, m). MS: 412.1 [MH].

158



10

15

20

WO 2016/097869 PCT/IB2015/002521

Example 55: Preparation of Chemical Compound 43: (E-N-cvelopropvl-3-(5-(2-(2,5-
difluocrophenvhipvrrolidin-1-vhipvrazole! 1.5-alpvrimidin-3-vilacrviamide

&

T

) L/ AN,
F s M
NN

43 C}NE

To a  solution of (E}3-(5-(2-(2,5-difluorophenylpyrrolidin-1-ylipyrazolof1,5-
alpyrimidin-3-yhacryhic acid (50.0 mg, 0.135 mmol} in DMF (1.4 mL) were added HATU (66.7
mg, 0.176 mmol), DIPEA (70.7 ul, 0.405 mmol} and cyclopropylamine (10.5 ul, 0.149 mmol) at
room temperature. The reaction mixture was stirred at room temperature for 1 hour and diluted
with EtOAc. The nmuxture was washed with saturated aq. NH4C1 and brine, dried over Na,SQ;y,
filtered and concentrated in vacuo. The residue was purified by column chromatography on 510,
(Hex EtCAc = 1011 to EtOAc only}) to afford (E)}-N-cyclopropyl-3-(5-(2-{2,5-
diftuorophenvbpyrrolidin-1-yijpyrazolo[1,5-alpyrimidin-3-y Bacrylamide (30.0 mg, 54%) as a
yellow solid. "H-NMR (CDCls, Varian, 400 MHz): § 0.50-0.65 (2H, m), 0.78-0.92 (2H, m),
1.92-230 (4H, m), 2.39-2.59 (1H, m), 2.82-2.85 (1H, m), 3.58-3.80 (1H, m), 3.86-4.12 (1H, m),
5.50-5.70 (2H, m), 6.23-6.48 (1H, m), 6.69-6.78 (1H, m), 6.82-7.08 (2H, m), 7.45-7.62 (1H, m),
7.82-8.00 (1H, m), 8.12-8.40 (1H, m). MS: 410.1 [MH'].

Ixample 56: Preparvation of Chemical Compound 44: (E)-N-tert-butvl-3-(5-(2-(2.5-

difluorophenviipvrrelidin-1-vhipvrazolo-{1.5-alpvrimidin-3-viacrviamide
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To a solution of (E}3-(5-(2-(2,5-difluorophenylipyrrolidin-1-yipyrazolof1,5-
alpyrimidin-3-yhacryhic acid {(50.0 mg, G135 mmol) in DMF {090 mL} was added tert-
butylamine (20.0 mg, 0.270 mmol), DIPEA (0.0710 mL, 0.405 mmol), and HATU (77.0 mg,
0.203 mmol} at room temperature. The reaction mixture was stirred at room temperature for 18
hours and diluted with EtOAc. The muxture was washed with saturated ag. NH4Cl and brine,
dried over Na,SQ,, filtered and concentrated in vacuo. The residue was puritied by column
chromatography on 810, (EtOAc only to DCM:MeOH = 20:1 to 10:1) to afford (E)-N-tert-butyl-
3-(5-(2-(2,5-difluorophenvhpyrrolidin-1-ylpyrazolo-f 1, 5-ajpyrimidin-3-yhacrylanide (38.0 mg,
66%} as a white solid. 'H-NMR (DMSO-ds, Varian, 400 MHz): 6 1.31 (OH, s}, 1.80-2.10 (3H,
m), 2.38-2.50 (1H, m), 3.58-3.90 (1H, m), 3.95-4.12 (1H, m), 5.25-5.40 (0.4H, m), 550-5.62
(0.6H, m}, 5.97-6.10 {0.4H, m), 6.30-6.54 (0.6H, m}, 6.52-6.68 (1H, m), 6.70-7.00 (1H, m), 7.01-
7.52 (4H, m), 7.95-8.10 (1H, m), 8.43-8.72 (1H, m). MS: 426.2 [MH].

Fxample 57 Preparation of  Chemical Compound 45: {E-3~(5-(2-{2,5-

difluorophenvhpvrrolidin-i-vhipyrazelol1.5-alpyvrimidin-3-vD~-N M-dimethviacrviamide

F

T

\\
Vi ~N
F 7NN

N —y

To a  solution of (E}3-(5-(2-(2,5-difluorophenylypyrrolidin-1-yhpyrazolof1,5-
alpyrimidin-3-ylacryhic acid (55.0 mg, 0.149 mmol} in DMF (1.5 mL} were added HATU (73 .4
mg, 0.193 mmol), DIPEA (78.0 pi, 0.446 mmol) and dimethyl amine hydrochloride (7.36 mg,
0.163 mmol}. The reaction mixture was stirred at room temperature for 1 hour and diluted with
EitOAc. The muxture was washed with saturated agq. NH4Cl and brine, dried over Na,8Q,, filtered
and concentrated in vacuo. The residue was purified by column chromatography on 8510,
(Hex: EtOAc = 1:10 to EtOAc only) to afford (E)-3-(5-(2-(2,5-difluorophenyhpyrrolidin-1-
viypyrazolof1,5-a]pyrimidin-3-yI}-N N-dimethylacrylamide (38.0 mg, 64%) as a yellow solid.
"H-NMR (CDCls, Varian, 400 MHz): 8 1.98-2.15 (3H, m), 2.35-2.60 (1H, m), 2.82-3.30 (6H, m),
3.50-3.78 (1H, m), 3.80-4.15 (2H, m)}, 5.64-6.01 (1H, m), 6.18-6.44 (1H, m), 6.60-6.78 {1H, m),
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6.83-7.13 (2H, m), 7.55-7.86 (11, m), 7.90-8.05 (1H, m), 8.10-8.43 (1H, m). MS: 398.1 [MH"].

Fxample 58: Preparation of Chemical Compound 46G: {E)-3-(5-{2-{2.5-
difluorophenvhipyrrolidin-i-vhipvrazololl S-alpvrimidin-3-v-N-{Z2-methoxvethvli-
acryiamide

OMe

To a solution of  {E}-3-(5-(2-(2,5-diflucrophenyhpyrrolidin-1-yHpyrazolof1,5-
ajpyrimidin-3-yhacrvlic acid (60.0 mg, 0.162 mmol} m DMF {11 mL) was added 2-
methoxyethanamine {37.0 mg, 0.480 mmol), DIPEA (0.0850 mL, 0.486 mmol)}, and HATU (185
mg, 0.486 mmol) at room temperature. The reaction mixture was stirred at room temperature for
3 hours and diluted with water. After being stirred for an additional 30 min, a precipitated white
solid was collected by filtration and dried under wvacuum to afford (E}-3-(5-(2-(2.5-
diftuorophenyl)pyrrolidin-1-yijpyrazolo[1,5-a}pyrimidin-3-y1}-N-{2-methoxyethyl}-acrylamide
(43.4 mg, 63%) as a white solid. "H-NMR (DMSO-ds, Varian, 400 MHz): & 1.80-2.10 (3H, m),
2.38-2.50 (1H, m), 3.20-3.30 (3H, m), 3.33-3.45 (2H, m), 3.46-3.88 (2H, m), 3.90-4.15 (11, m),
5.20-5.60 (1H, m), 5.88-6.38 (1H, m), 6.40-6.80 (1, m), 6.81-7.55 (4H, m), 7.90-8.15 (2H, m),
8.40-8.80 (1H, m). * A proton from NH was not observed. MS: 428 2 [MH].

Example 59: Preparation of Chemical Compound 47: (E)-3-(5-(2-(2.5-
difluorophenvhinvrrolidin-i-vhipvrazololl S-alpvrimidin-3-vi-1~{3-hvdrosvazetidin- 1~
viiprop-2~en~1-gne
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N
Do

To a solution of (E}-3-(5-(2-(2,5-difluorophenyDpyrrolidin-1-yhpyrazolof1,5-
alpyrimidin-3-yhacryhic acid (50.0 mg, 0.135 nunol) in DMF (0.90 ml) were added azetidin-3-
ol hydrochloride (44.0 mg, 0.405 mumol), DIPEA (0.141 mL, 0.810 mmol), and HATU (0.103 g,
5  0.270 mamol} at room temperature. The reaction mixture was stirred at room temperature for 18
hours and diluted with BtOAc. The mixture was washed with saturated ag. NH4Cl and brine,
dried over Nax80,, filtered and concentrated i/n vacuo. The residue was purified by column
chromatography on 5:10; (EtOAc only to DCM:MeOH = 20:1 to 10:1) to afford (E)-3-(5-(2-(2,5-
diftuorophenyhpyrrolidin-1-yhpyrazolo[ 1, 5-alpyrimidin-3-y1}- 1 -(3-hydroxvazetidin-1 -ybprop-
10 Z-en-1-one {21.0 mg, 36%) as a white solid. "H-NMR (DMSO-de, Varian, 400 MHz): § 1.86-
2.10 (3H, m), 2.38-2.50 (1H, m), 3.56-3.90 (2H, m), 3.92-4.19 (31, m), 4.20-4.58 (2F, m), 5.30-
5.40 (0.4H, m), 5.50-5.62 (0.6H, m), 5.74 (1H, d, J = 5.6 Hz), 5.97-6.10 (0.4H, m), 6.28-6.40
(0.6H, m), 6.52-7.70 (2H, m), 7.05-7.52 (3H, m), B.09-8.20 (1T, m), 8.50-8.78 (1H, m). MS:
426.2 [MIHT.
15

Example 60: Preparation of Chemical Compound 48

N
Ey’] 3 F o~
N i 'u\/ N G N e /k\/
/E/\Nf\ E L . AN (EO),P(=0)CHCOLEL /(\
. — e E z i oo
Cl \N)\g KF, DMSO “\N/%Nke NaH THF
CHO 180°C,2h i " rt,5h
o CHO :
(ozp

Y J ~
_ow )/\)/ 7 m RRAH /L /)
o \\
[ HATU, DIPEA
\ J

EtOH N WA <
96 °C, 5 h /\J = e R
COsH s} NF"

162



10

15

20

WO 2016/097869 PCT/IB2015/002521

Chemical Compound 48: (R E)}-3-(5-(2-(2,5-difluorophenyljpyrrolidin-1-vljpyrazolof1,s
alpyrimidin-3-y1}-N n( 2-hydroxyethyi}-acrylanude

43 }\N\H

G

OH

Step A (R)-5-(2-(2,5-difluorophenylipyrrolidin-1-yDpyrazolof 1, S-ajpyrimidine-3-

carbaldehyde
Q f iag

A mixture of 5-chloropyrazolo{l,5-ajpyrimidine-3-carbaldehyde (Intermediate 18, 4 70 g,
25.9 mmol), (R}-2-(2,5-diflucrophenylipyrrolidine (Intermediate 8, 5.07 g, 27.7 mmol) and KF
(7.52 g, 129 mmol} 1n DMSO (86 ml) was stirred at 180 °C for 2 hours. After being cooled to
room temperature, the reaction mixture was diluted with water. The mixture was extracted with
EtOAc twice. The combined organic layers were washed with brine, dried over Na,SQO,, filtered
and concentrated in vacuo. The residue was purified by column chromatography on 8i0; (EtOAc
only to DCMMeOH = 20:1) to afford (R)-5-(2~(2,5-difluorophenylpyrrolidin-1-
yl)pyrazolof1,5-alpyriroidine-3-carbaldehyde (8.50 g, 100%) as a yellow oil. "H-NMR (CDCl,
Varian, 400 MHz): 6 1.90-2.28 (3H, m), 2.38-2.60 (1H, m), 3.60-4.18 (ZH, m), 5.14-528 (0.0H,
m), 5.54-5.72 (0.4H, m), 5.84-6.02 (0.6H, m), 6.35-6.46 (0.4H, m), 6.65-6.78 (1H, m), 6.82-7.20
(2H, m), 8.10-8.36 (2H, m), 9.77 and 10.11 (1H, s+s).

Step B (R E}-ethyl-3-(5-(2-(2, 5-difluorophenylpyrrolidin-1-yDpyrazolo[1,5-

alpynimidin-3-yhacrylate
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o Lo

COZEt

To a suspension NaH (55wit%, 3.30 g, 76 mmol) in dry THF (80 ml) was added a
solution of ethyl 2-(diethoxyphosphoryljacetate (8.47 g, 37.8 munol) in dry THF at 0 °C . The
mixture was stirred room temperature for 1 hour After addition of a solution of (R)-5-(2-(2,5-
5  diffacrophenylipyrrolidin-1-yDpyrazolof1,S-alpyrimidine-3-carbaldehyde (8.27 g, 25.2 mmol) in
dry THF (40 mL), the reaction mixture was stirred for 5 hours at room temperature and then
quenched with saturated aq. NH4Cl The mixture was extracted with FtOAc, washed with water
and brine, dried over Na,SOy, filtered and concentrated in vacuo. The residue was purified by
column chromatography on Si0, (HexEtOAc = 1.1} to afford (R E)-ethyl-3-(5-(2-(2,5-
16 difluorophenvhpyrrolidin-1-ylipvrazolo[1,5-alpyrimidin-3-ylacrylate (6.00 g, 60%) as a reddish
solid. "H-NMR (CDCls, Varian, 400 MHz): § 1.36 (31, t, J = 7.0 Hz), 1.95-2.20 (3H, m), 2.45-
2.60 (1H, m), 3.60-4.18 (2H, m), 4.20-4.43 (2H, m), 5.14-5.28 (0.6H, m), 5.54-5.70 (0.4H, m),
5.84-5.96 (0.4H, m), 6.25-6.46 (0.6H, m), 6.65-6.78 (2H, m), 6.82-7.00 (1H, m), 7.10-4.15 (11,

m), 7.50-7.85 (1FL, m), 7.80-8.05 (1H, m), 8.12-8.35 (1F, m).
Step €. (R E)-3-(5-(2-(2,5-difluorophenyh)pyrrolidin-1-ylypyrazolof1,5-a]pyrimidin-3-

vhacrylic acid

\ /
//’;\N"N\

To a solution of (R, E)-ethyl-3-(5-(2-(2,5-difluorophenylipyrrohidin-1-ylipyrazolof1,5-

CO,H

20 ajpyrimidin-3-yhacrylate (6.00 g, 15.1 mmol) in EtOH (56 mL} and water {19 mL} was added
fithium hydroxade hydrate (1.90 g, 45.2 mmol} at room temperature. The reaction muxture was
heated at 90 °C for 5 hours and cooled to room temperature. After evaporation of EtOH, the

residue was acidified with 2 N aq. HCI and diluted with EtOAc. A precipitated yellow solid was
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collected by filtration and washed with EtOAc, dried under vacoum to afford (R E}-3-(5-(2-(2,
diftuorophenvhpyrrolidin-1-yijpyrazolo[1,5-alpyrimidin-3-yBacrylic acid {5.58 g, >99%) as a
pale vellow solid. "H-NMR (DMSO-d;, Varian, 400 MHz): § 1.80-2.14 (3H, m), 2.38-2.50 (1H,
m}, 3.35-3 88 (1H, m), 3. 98-4.18 (1H, m), 5.28-5.53 (1H, m), 6.00-6.20 (1H, m), 6.50-6.70 (1H,
m}, 6.90-7.00 (1H, m}, 7.01-7.70 (3H, m), 8.05-8.20 (1H, m), 8.50-8 78 (1H, m), 11.95 (1H, s).
MS: 371.03 [MH'].

Step D (R E)-3-(5-(2-(2,5-difluorophenyh)pyrrolidin-1-ylypyrazolof1,5-a]pyrimidin-3-

J@

yv1)-N-(2-hydroxyethyl}-acrylamide

C}H

To a solution of (R E}3-(5-(2-(2,5-difluorophenyl)pyrrolidin-1-yhipyrazolo[1,5-
alpyrimidin-3-ylacryhic acid (400 mg, 1.080 mmol) in DMF (2.1 mL) were added HATU (616
mg, 1.62 mmol} and DIPEA (0.472 mi, 2.70 mmol} at room temperature. The muixture was
stirred for 1 hour at room temperature. After addition of 2-aminoethanol (66.0 mg, 1.08 mmol) at
room temperature, the reaction mixture was stirred at room temperature overnight. The nmixture
was diluted with DCM, washed with water twice and 1 N ag. NaOH, dried over Na,SOy4, filtered
and concentrated in vacuo. The residue was purified by column chromatography on Si0;
(EtOAcMeOH = 2011 to 10:1) to afford (RE}3-(5-(2-(2,5-difluorophenyl)pyrrolidin-i-
viypyrazolof1,S-a]pyrimidin-3-yD-N-(2-hydroxyethy-acrylanude (279 mg, 62%) as a yellow
solid. "H-NMR. (DMSO-ds, Varian, 400 MHz): & 1.82-2.12 (3H, m), 2.40-2.50 (1H, m), 3.20-
3.30 (3H, m), 3.33-3.52 (ZH, m), 3.56-3.92 (2H, m), 3.95-4.15 (1, m), 5.23-5.62 (1H, m), 5.92-
6.43 (1H, m), 6.53-6.83 (1H, m), 6.90-7.55 (4H, m}, 7.90-8.20 (1H, m)}, 8 50-8.80 (1H, m}. MS:
4141 [MH'].
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Example 61: Preparation of Chemical Compound 49: (R.ER3-(5-(2-(2,5-
difluocrophenvhipvrrolidin-i-vhipvrazolol1,5-alpvrimidin-3-vi)-1-morpholinoprop-2-en-1-
sane

To a solution of (RE}3-(5-(2-(2,5-difluorophenyl)pyrrolidin-1-yhpyrazolo[1,5-
alpyrimidin-3-yhacrylic acid (3.00 g, 8.10 mmol) 10 DMF (16 mL) was added HATU (462 g,
12.1 mmol} and DIPEA (3.54 mL., 20.2 mmol} at room temperature. The muxture was stirred for
30 min at room temperature. After addition of morpholime (1.05 ml, 12,1 mmol) at room
temperature, the reaction mixture was stured at room temperature overnight. After concentration
in vacuo, the residue was diluted with EtOA¢, washed with water twice, 1 N aq. NaOH and brine
successively, dried over Na,SOy, filtered and concentrated in vacuo. The residue was punified by
column chromatography on S$10; (EtOAc only to EtOAc:MeOH = 10:1) to afford (RE)-3-(5-(2-
{(2,5-diftuorophenyl}pyrrolidin-1-yl}pyrazolof1,5-alpyrinudin-3-y}-1-morphohinoprop-2-en-1-
one (2.13 g, 60%) as a pink solid. "H-NMR (DMSO-ds, Varian, 400 MHz): § 1.86-2.40 (5H, m),
2.38-2.50 (1H, m), 3.40-3.70 (6H, m), 3.95-4.10 (1}, m), 5.24-5.40 (0.4H, m), 5.50-5.62 (0.6},
m), 5.95-6.18 (0.4H, m), 6.58-6.70 (0.6H, m), 6.71-6.85 (1H, m), 6.86-7.50 (5t m), 8.05-8.30
(1H, m), 8.50-8.83 (1H, m). MS: 440.2 [MH'].

Example 62: Preparation of Chemical Compound 50: (R,E)-3-(5-(2-(2,5-
difluocrophenvhipvrrolidin-i-vhipvrazolo[l,5-alpvrimidin-3-vi)- 1 -{pinerazin-1-viiprop-2-en-
i-one
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g N\ NH
Step A (RE)tert-butyl 4-(3-(5-(2-(2,5-difluorophenyl)pyrrohidin-1-yl)pyrazolo[1,5-

alpyrimudin-3-yhacryloyl-piperazine-1-carboxylate

)

i«“‘\m
0"\ NBoc
5 To a solution of (RE}3-(5-(2-(2,5-difluorophenyl)pyrrolidin-1-yhpyrazolo[1,5-

o)
|/ .
PRes

alpyrimidin-3~-yhacryhic acid (400 mg, 1.08 munol) in DMF (2.2 mlL} were added HATU (616
mg, 1.62 mmol) and DIPEA (0,472 mL, 2.70 mamol} at room temperature. The mixture was
stirred for 1 hour at room temperature. After addition of tert-buty] piperazine-i-carboxylate {201
mg, 1.08 mmol) at room teraperature, the reaction nuxture was stirred at room temperature

10 overmght, while a yellow solid was formed. The mixture was diluted with DCM, washed with
water twice and 1 N ag NaQOH, dned over Na SOy, filtered and concentrated in vacuo. The
residue was purified by column chromatography on $10, (Hex EtOAc = 1:1 to DUMEtQAc =
1:10) to afford (R E}tert-butyl 4-(3-(5-(2~(2,5-difluorophenylypyrrolidin-1-yiipyrazolof1,5-
alpyrimidin-3-yDacryloyl)-piperazine-1-carboxylate (413 mg, 71%) as a vellow solid. "H-NMR

15 (CDCly, Varian, 400 MHz): § 1.48 (9H, s}, 1.95-2.09 (3H, m), 2.43-2.78 (1H, m), 3.20-4.00
(10H, m), 5.17 and 5.75 (1H, s+s), 5.85 and 6.34 (1H, s+s), 6.67 (1H, s), 6.91 (1H, s), 7.05 (11,
s), 7.32 (1H, s), 7.50-8.32 (3H, m).

Step B: (R E)-3-(5-(2-(2,5-difluorophenvhpyrrolidin-1-ylipvrazolo{ 1, 5-alpyrimidin-3-

20 yh-1«{piperazin-1-yl)prop-2-en-1-one
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O \.\/NH

To a solution of (RE)tert-butyl  4-(3-(5-(2-(2,5-difluorophenylipyrrolidin-i-
viypyrazolof1,S-a]pyrimidin-3-yhDacryloyl)-piperazine-1-carboxyvlate (413 mg, 0.767 mmol) in
DCM (3.8 mL) was added TFA (2.00 1oL, 26.0 mmol) at room temperature. The reaction roixture
was sturred for 1 hour at room temperature. After concentration in vacuo, the residue was diluted
with DCM, basified with saturated ag. NaHCO;, washed with brine, dried over Na)SQy, filtered
and concentrated in vacuo. The residue was purified by column chromatography on 510,
(DCM:MeOH = 1011 to 5:1) to afford (RE}3-(5-(2-(2,5-diflucrophenyl)pyrrolidin-1-
vlipyrazolof1,S-alpynimidin-3-yh)-1-{piperazin-1-yiiprop-2-en-t-one (220 mg, 65%]) as a pale
yellow solid. "H-NMR (DMSO-ds, Varian, 400 MHz): § 1.86-2.40 (3H, m), 2.38-2.50 (1H, m),
2.64-2 80 (3H, m), 3.40-3.82 (7H, m}, 3.95-4.10 (1H, m), 5.24-5.40 {0.4H, m}), 5.50-5.62 (0.6H,
m), 5.95-6.18 (0.4H, m), 6.58-6.70 (0.6H, m), 6.71-6.85 (1H, m), 6.86-7.00 {1H, m), 7.05-7.50
(3H, m), 8.05-8.25 (1H, m), 8.46-8.80 (1H, m). MS: 439.2 [MH"].

Example 63: Preparation of Chemical Compound S1: (R.E)-4-(3-(5-(2-(2,5-
difluorophenvipyrrolidin- lmvibm/rami&il S-alpyvrimidin-3-vhiacrviovlipiperazin-2-one

/\\/ foN
j\ ~

Ni—*

To a solution of (RE}3-(5-(2-(2,5-diflucrophenylpyrrolidin-1-yHpyrazolo[1,5-
ajpyrimidin-3-yhacryhic acid (50.0 mg, 0.162 mmol) in DMF (0.68 mL) were added HATU (62.0
mg, 0.162 mmol) and DIPEA (0.0570 mL, 0.324 mmol} at room temperature. The mixture was
stirred for 1 hour at room temperature. After addition of piperazine-2-one {16.0 mg, 0.162 mmol)

at room temperature, the reaction mixture was stirred at room temperature overnight, while a
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vellow solid was formed. The mixture was diluted with DCM, washed with water twice and I N
aq. NaQOH, dried over Na;SQs, filtered and concentrated in vacuo. The residue was purified by
column chromatography on 810, (Hex EtOAc = 1:1 to DCM:EtOAc = 1:10} to afford (R E}-4-
(3-(5-(2-(2,5-difluorophenyDpyrrolidin-1-yhpyrazolof 1,5-alpyrimidin-3-yhacryloylipiperazin-2-
one (52.0 mg, 85%]) as a yellow solid.

MS: 4531 [MH 1.

Txample 64: Preparation of Chemiecal Compound 52: {(E)}-3-{5-{{R}-2-(2.5-
difluorophenvhipvrrelidin-{-vhipvrazololl, S-alpvrimidin-3-vi)-1-{3-(2-hvdrexvoroepan-2-
viipiperazin-i-viinron-2-en-1-one

~:::?(F
Fj‘:;‘:%} f‘\arN\
Cy =

- /\}/ .
52 >\- N \ H

o N

Step A: 1 4-bis{tert-butoxycarbonypiperazine-2-carboxylic acid

Boc. COyH
N
g

“Boc

To a solution of 1,4-bis{tert-butoxycarbonylpiperazine-2-carboxylic acid (5.00 g, 15.1
mmol} and Na,COs; (5.79 g, 54.7 mmol} in water {49 mb) was added a solution of (-Boc),O
{7.20 mL, 31.0 mmol} in THF (31 mL) at room temperature. The reaction mixture was stirred at
room temperature for 18 hours. The reaction mixture was carefully acidified with 5 N aq. HCI
untll pH = 1 and then extracted with EtOAc twice. The combined organic layers were washed
with brine, dried over Na»SQy, filtered and concentrated in vacwo to atford 1,4-bis(tert-
butoxycarbonylpiperazine-2~carboxylic acid (5.00 g, 100%) as a white solid, which was used
for the next reaction without further purification. "H-NMR (CDCl;, Varian, 400 MHz): § 1.44
and 1.48 (18H, s and s), 2.83 (1H, br. 5), 3.08-3.23 (2H, m), 3.84 (1H, dd, J = 17.2, 132 Hz),
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4.01 (1H, br. s), 4.52-4.60 (1H, m), 4.75 (1H, s), 9.56 (1H, br. s).

Step B: 1 4-di-tert-butyl 2-methyl piperazine-1,2 4-tricarboxylate

BOC\N/YC%M@
k/N‘Bm:

Py

To a solution of 1,4-bis(tert-butoxycarbonylpiperazine-2-carboxylic acid {(4.88 g, 14.7
mmol) m DMF (49 mL) was added K;C0: (2.65 g, 19.2 mmol), and the mixture cooled to 0 °C.
To the mixture was then slowly added methy! todide (1.38 mL, 22.1 mmol}. The reaction stirred
was stirred at room temperature for 18 hours and quenched with saturated aqueous NH,CI (100
mL). The mixture was diluted with water and extracted with EtOAc twice. The combined
organic layers were washed with water and brine, dried over Na,SQOy, filtered and concentrated in
vacuo. The residue was purified by column chromatography on 810, (Hex FtOAc=7:1to 5:1 to
3:1) to afford 1 4-di-tert-butyl 2-methyl piperazine-1,2 4-tricarboxylate (5.09 g, 100%) as a pale
brown viscous oil. "H-NMR (CDCls;, Varian, 400 MHz): § 1.44 (18H, s), 2.80 (1H, br. 5), 3.12-
3.24 (1H, my, 3.21 (14, br. s), 3.74 (3H, s}, 3.80-4.10 (2H, m)}, 4 48-4.73 (2H, m).

Step O di-tert-butyl 2-(2-hydroxypropan-2-ypiperazine-1,4-dicarboxylate

B S
el N/\%OH

k\/N"“E,%c)c

To a solution of 1,4-di-tert-butyl 2-methy! piperazine-1,2 4-tricarboxylate {(5.09 ¢, 147
mmol} i dry THF (49 mb) was added methyimagnesium bromide (3.0 M in THF and tol, 31.7
ml, 443 mmol} at 0 °C. The reaction nuxture was stirred at room temperature for 18 hours.
After quenched with saturated ag. NHyCl the mixture was diluted with water and extracted with
EitOAc twice. The combined organic layers were washed with brine, dried over Na;SQy, filtered
and concentrated in vacuo. The residue was purified by column chromatography on Si10;

{(Hex:EtOAc = 5:1 to 3.1 to 2:1) to afford di-tert-butyl 2-(2-hydroxypropan-2-ylipiperazine-1,4-
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dicarboxylate (2.47 g, 48%) as a colorless viscous oil. "H-NMR (CDCls, Varian, 400 MHz): &
1.21 (3H, 5), 1.31 (3H, 5), 1.46 (18H, 5), 3.01-3.38 (4, m), 3.79-4.21 (4H, m).

Step D 2-(piperazin-2-ylypropan-2-o0l 2HCH

CH

LN 2

To a solution of di-tert-butyl 2-(2-hydroxypropan-2-yljpiperazine-1,4-dicarboxylate (2.47
g, 7.17 mool) i MeQH (23 mL) was added HCI (4 M solution 11 dioxane, 8.96 ml., 35.9 mmol)
at 0 °C. The reaction mixture was stured at room temperature for 5 hours, while a solid was
precipitated. After concentration in vacuo, the restdual solid was dried under vacuum to afford 2-
{piperazin-2-yhpropan-2-ol 2ZHCH (1.17 g, 75%) as a pale brown sohid, which was used for the
next reaction without further purification. "H-NMR (DMSO-ds, Varian, 400 MHz): § 1.19 (3H,
s), 1.25 (3H, s), 2.97 (1H, t, J = 13.6 Hz), 3.20-3.34 (31, m), 3.34-3.48 (2H, m), 3.53-3.56 (2H,
m}, 9.14 (1H, br. s}, 9.60 (1H, br. s}, 9.89 (2H, br. s}.

Step E: (E)-3-(5-((R)-2-(2,5-difluorophenyljpyrrolidin-1-y}pyrazolo{1,5-a]pyrimidin-3-
y1}-1-(3-(2-hydroxypropan-2-yl) piperazin— 1-yhprop-2-en-1-one

josp r
S
e

To a solution of (RE}3-(5-(2-(2,5-difluorophenylipvrrolidin-1-ylipyrazolo[1,5-
alpyrimidin-3-yhacrylic actd {67.0 mg, 0.181 mmol} in DMF (1.2 mL} was added HATU (89.0
mg, 0.235 mmol) and DIPEA {0.142 mL, 0.814 mmol) at 0 °C. The muixture was stirred for 1
hour at room temperature and cooled to 0 °C. After addition of 2-{piperazin-2-yl)propan-2-ol

2HCH(47.0 mg, 0.217 mmol) at 0 °C, the reaction mixture was stirred at room temperature for 2
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hours. After concentration in vacuo, the residue was diluted with DCM, washed with water and
brine, dried over Na SOy, filtered and concentrated in vacue. The residue was purified by column
chromatography on S10, (DCM:MeOH = 20:1 to 10:1) to afford (E}-3-(5-((R}-2-(2,5-
diftuorophenylypyrrolidin-1-yljpyrazolo[1,5-a}pyrimidin-3-y1}-1-(3-(2-hydroxypropan-2-

yl)piperazin-1-yi}prop-2-en-1-one (64.0 mg, 71%) as a pale yellow solid. MS: 468.1 [MH]

Fxample 65: Preparation of Chemical Compound %3 (R E}3-(5-{2-(2.5-
difluorophenvhipvrrelidin--vhinvrazololl.5-alpyrimidin-3-vi)-1-{4-methvipinerazin-1-
yhipron-2-en-1-one

A mixture of (RLE}-3-(5-(2-(2,5-diftuorophenylipyrrolidin-1-yl}pyrazolof1,S-alpyrimidin-
3-yl)-1-(piperazin-1-yhprop-2-en-i-one (50.0 mg, 0114 mmol) and formaldehvde (water
solution 37%, 0.011 mL, 0.148 mmol) in MeOH (1.1 mL) was stirred at room temperature for 10
min. After addition sodium cyancborohydride (10.7 mg, 0.171 mmol) in a one portion, the
reaction mixture was stirred for 1 hour at room temperature and then quenched with 2 N ag.
NaOH (1.42 mL, 2.85 mmol}. The mixture was stirred for 30 min at room temperature and
extracted with DCM twice. The combined organic layers was dried over NaySQ;s, filtered and
concentrated i vacuo. The residue was purified by column chromatography on 510,
(DCMMeOH = 20:1 to 10:1) to afford (R E)-3-(5-(2-(2,5-difluorophenyhpyrrolidin-1-
viypyrazolof1,5-alpyrimidin-3-yi}-1-{(4-methylpiperazin-1-yl)prop-2-en-1-one (44.0 mg, 85%}) as
a yellow solid. "H-NMR (CDCly, Varian, 400 MHz): § 1.65-1.85 (4H, m), 2.34 (3H. s), 2.40-2.52
{SH, m}, 3.40-4.20 (6H, m), 5.20 (0.5H, s), 5.70-5.92 (1H, m), 6.38 (0.5H, s}, 6.69 (1H, 5), 6.82-
7.16 (2H, m), 7.60-7.82 (1H, m), 7.95 (1H, s), 8.10-8.40 {1H, m). MS: 453.1 [MH].

Fxample 66: Preparation of Chemical Compound %4: (R E}3-(5-{2-(2.5-
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difluorophenvhipvrrolidin-i-vhipyrazolo[1,5-alpvrimidin-3-vi)- i-(d-ethvipiperazin-1-
viiprop-2-en-1-one

S
e,

.
FQ fN’N\
@ SN

] 54 >-N”“\\. _

o N

A mixture of (R,E)}-3-(5-(2-(2,5-diftuorophenylipyrrolidin-1-ylipyrazolo{1,5-apyrimidin-
3-yh)-1~(piperazin-1-yljprop-2-en-1-one (100 mg, 0.228 mmol} and acetaldehyde (129 pL, 0.228
mmol) in MeOH (1.1 mL) was stirred at room temperature for 10 min. After addition of sodum
triacetoxyhydroborate (73.0 mg, 0.342 mmol) followed by acetic acid (261 pL, 4.56 mmol}, the
reaction mixture was stirred for 1 hour at room temperature and then quenched with 2 N ag.
NaQH (1.42 mL, 285 mmol). The mixture was stirred for 30 nun at room temperature and
extracted with DCM twice. The combined organic layers was dried over Na;SQO,, filtered and
concentrated i vacuo. The residue was purified by columm chromatography on S10;
(DCM:MeOH = 201 to 15:1) to afford (RE}-3-(5-(2-(2,5-difluorophenyl)pyrrolidin-i-
viypyrazolof1,S-alpyrimidin-3-yl)-1~-(4-ethylpiperazin-1-ylprop-2-en-1-one (69.5 mg, 63%) as a
yellow solid. . "H-NMR (DMSO-ds, Varian, 400 MHz): 8 1.03 3H, t,J = 7.2 Hz), 1. 83-2.00 (2H,
m), 2.02-2.10 (1H, m), 2.30-2.48 (6H, m), 3.40-3.70 (4H, m). 4.03 (2H, q, J = 7.2 Hz), 5.35 and
5.59 (1H, s+s), 6.01 and 6.64 (1H, s+3), 6.76-6.79 (1H, m), 7.05-7.21 (1H, m), 7.23-7.48 (2H, m),
8.13-8.23 (1H, m), 8.54 and 8.74 (1H, s+s). MS : 467.1 [MH'].

Esample 67: Preparation of Chemical Compound 55 (REM3-(5-(2-(2,5-
difluorophenvhipvrrolidin-i-vhipvrazolol 1, 5-alpyvrimidin-3-vii-1-{4d-isopropviniperazin-§ -
vhiprop-2-en-1-one
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Amixture of (R E)-3-(5-(2-(2,5-ddftusrophenyDpyrrolidin-1-yDpyrazolo{ 1, 5-ajpyrimudin-
3-yh-I-(piperazin-1-yliprop-2-en-t-one {50.0 mg, 0.114 mmol} and acetone (0.025 ml, 0.342
mmol) in MeOH (1.1 mL) was stirred at room temperature for 10 min. After addition of sodium
cyanoborohydride (10.7 mg, 0.171 mmol) in a one portion, the reaction mixture was stirred for
30 hours and quenched with 2 N aq. NaOH (1.4 mL, 2.85 mmol). The mixture was stirred for 30
min at room temperature and extracted with DUM twice. The combined organic layers was dried
over Na,SQOy, filtered and concentrated in vacuwo. The residue was purified by column
chromatography on Si10;, (BCM:MeOH = 2001 to 10:1) to afford (REN3-(5-(2-(2,5-
diftuorophenvhpyrrolidin-1-yijpyrazolo[1,5-alpyrimidin-3-y1}- 1 -(4-1sopropyipiperazin-1 -
yviyprop-2-en-1-one {(46.3 mg, 84%) as a yellow solid. TH-NMR (CDClL, Vanan, 400 MHz): &
1.08 {6H, d, /= 6.8 Hz), 1.95-2.36 (4H, m}), 2.40-2.50 (5H, m), 2.70-2.78 (1H, m}, 3.40-4.20 (6H,
m), 5.18 {0.5H, s}, 5.65-5.92 (1H, m}, 6.34 (0.5H, 5), 6.69 (I1H, s}, 6.82-7.20 (ZH, m}, 7.60-7.82
(1H, m), 7.95 (1H, s), 8.10-8.40 (1H, m). MS: 481.1 [MH"],

Ixample 68: Preparation of Chemical Compound 56: (R EW1-{1 4-diazepan-1-vI}-3-{5-{2-

{2 .5-giflucrophenvhinvrrolidin-1-viipvrazolel L. .5-alpyvrimidin-3-vliprop-2-en-1-gne

e,
e,
—

F
G

56 ~N NH
@

Step A tert-butyl 1 4-diazepane-1-carboxvlate
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To a solution of 1,4-diazepane (1.00 g, 9.98 mmol} in DCM (22 ml) was added a
solution of (+-BockhO (1.08 g, 4.99 mmol} i BCM (11 ml) at room temperature. The reaction
mixture was stirred at room temperature overnight and concentrated in vacuo. The residue was
dissolved in Bt;0 and extracted with 10% aq. citric acid solution. The aqueous layer was basified
with solid KoCGs until pH 11 and then extracted with EtOAc twice. The combined organic lavers
were dried over NapS(Qy, filtered and concentrated in vacuo to atford tert-butyl 1,4-diazepane-1-
carboxylate (795 mg, 88%:} as a yellow oil, which was used for the next reaction without further
purification. "H-NMR (CDCY;, Vanan, 400 MHz): § 1.47(9H, s) 1.59 (1H, br. s}, 1.74-1.80 (ZH,
m), 2.84-2.93 (4H, m), 3.39-3.51 (4H, m).

Step B (R E)tert-butyl 4-(3-(5-(2-(2,5-diflucrophenyl)pyrrolidin-1-ylipyrazolof1,5-
alpyrimidin-3-yliacryloyl)-1,4-diazepane-1-carboxylate

N N\
2 N, AR
Q/\“)\g
1 '\EBGC

To a solution of (RE}3-(5-(2-(2,5-difluorophenyl}pyrrolidin-1-ylpyrazolo[1,5-
alpyrimidin-3-yhacryhic acid (100 mg, 0.270 mmol} in DMF (1.8 mL) were added HATU (154

mg, 0.405 mmol), DIPEA (118 pi, 0.675 mmol) and tert-butyl 1,4-diazepane-1-carboxylate (65.0
mg, 0.324 mmol) at room temperature. The reaction mixture was stirred at room temperature
overnight and diluted with EtOAc. The mixture was washed with saturated ag. NHsCl and brine,
dried over Na,8Q;, filtered and concentrated i/n vacuo. The residue was purified by column
chromatography on S10; (Hex: EtOAc = 1:4 to 1:5) to afford (R.E)-tert-buty! 4-(3-(5-(2-(2,5-
diflucrophenylpyrrolidin-1-yDpyrazolo[ 1, 5-alpyrimidin-3-vhacryloyl)-1,4-diazepane-1-
carboxylate (137 mg, 92%) as a yeliow solid. 'H-NMR (DMSO-ds, Varian, 400 MHz): § 1.12-
1.43 (9H, m), 1.55-1.80 (2H, m), 1.81-2.00 (3H, m), 2.32-2.50 (1H, m), 2.19-3.30 (3H, m), 3 38-
3.88 (7H, m), 4.00-4.10 (1H, m), 5.32 and 5.95 (1H, s+s), 6.11 and 3.64 (1H, s+s), 6.67 (1H, s),
6.91 (11, s), 7.05 (1H, s), 7.32 (1H, 5), 7.50-8.32 (3H, m).
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Step ¢ {R,E}-1-(1,4-diazepan-1-y1}-3-(5-(2-(2,5-difluorophenylipyrrolidin-1-

vhpyrazolof1,5-alpyrimidin-3-yliprop-2-en-1-one

3
=N
N
v
Z
I

To a solution of (RE)tert-butyl  4-(3-(5-(2-(2,5-difluorophenylipyrrolidin-i-
vlipyrazolof1,S-ajpynimidin-3-yhacryloyl)-1,4-diazepane-1-carboxylate (137 mg, 0.283 mmol)
m DCM (2.5 mL) was added TFA (382 ul g, 4.96 mmol) at 0 °C. The reaction muxture was
stirred for 2 hours at room temperature and concentrated in vacue. The residue was dissolved n
water, neutralized with saturated aq. NaHCOs and washed with EtQAc. The separated aqueous
layer was extracted with DOM twice. The combined organic layers (only DUM) were dried over
Nay8Qy, filtered and concentrated 7 vacwo to aftford (R,E)-1-(1,4-diazepan-1-y1)-3-(5-(2-(2,5-
diftuorophenyhpyrrolidin-1-yhpyrazolo[ 1, 5-alpyrimidin-3-yDiprop-2-en-1-one {481 mg, 42%)

as a pale vellow solid. MS: 453.1 [MH].

Fxample 69: Preparation of Chemical Compound 57: (RE)-3-(5-(2-(2.5-
difluorophenviipyvrrolidin-1-viipyvrazolol 1. 5-alpyrimidin-3-vD-1-{d-hvdroxvpiperidin-1-
viipron-2-en-i-one

To a solution of (RE}3-(5-(2-(2,5-diflucrophenylpyrrolidin-1-yHpyrazolo[1,5-
apyrnimidin-3-yhacrviic acid (100 mg, 0.270 mmol) in BMF (1.35 mL} was added HATU (0.133

g, 0.351 mmol) and DIPEA (0.118 mL, 0.675 mumol} at 0 °C. The mixture was stirred for 1 hour
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at room temperature and cooled to 0 °C. After addition of piperidin-4-ol (0.0330 g, 0.324 mmol)
at room temperature, the reaction mixture was stirred at room temperature for 2 hours. After
concentration in vacuo, the residue was diluted with DCM, washed with water and saturated aq.
NaHCOs, dried over Na,50,, filtered and concentrated in vacuo. The residue was purified by
column chromatography on Si10, (EtOAc only to DCM:MeOH 20:1 to 10:1) to afford (R E)-3-
(5-(2-(2,5-difluorophenyDpyrrolidin-1-yhpyrazolo[ 1, 5-alpyrimidin-3-y1}-1-(4-hydroxypiperidin-
1-yljprop-2-en-1-one (120 mg, 98%) as a yellow foam. MS: 454.1 [MH"]

Fxample 708: Preparation of Chemical Compound 88 (R EN3-{5-{2-(2.5-
difluorophenviipyvrroelidin-1-viipvrazolol 1 . 5-alpyvrimidin-3-vi)-1-{4-hvdroxv-4-
methvipiperidin-t-viinrop-2-en-1-one

F

f
58 j\ J<OH

Step A tert-butyl 4-hydroxy-4-methyipiperidine-1-carboxylate

BocN
OH

\

To a solution of tert-butyl 4-oxopiperidine-1-carboxyiate (1.00 g, 5.02 mmol} in dry THF
(25 mL) was added methylmagnesium chloride (2.17 mL, 6.52 mmol) at -78 °C. The reaction
mixture was slowly warmed to 0 °C with stirring for 2 hours and quenched with saturated ag.
NH4Cl The mixture was extracted with EtOAc twice, and the combined organic layers were
dried over Na,5Q4, filtered and concentrated in vacuo to afford tert-butyl 4-hydroxy-4-
methylpiperidine-1-carboxylate (1.08 g, >99%) as a colorless o1il, which was used for the next
reaction without further purification. "H-NMR_ (CDCls, Varian, 400 MHz): § 127 (3H, s), 1.46
(OH, 8}, 1.50-1.58 (4H, m), 3.20-3.27 (2H. m), 3.64-3.76 (2H, m).

Step B: 4-methylpiperidin-4-ol
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~OH
\

To a solution of tert-butyl 4-hydroxy-4-methyipiperidine-i-carboxvlate {1.08 g, 5.02

&
mmol} i DCM was added TFA (1.93 mL, 25.1 mmol) at 0 °C. The reaction nuxture was stirred
at room temperature for 12 hours. After basified with saturated aq. NaHCQOs, the separated
aqueous layer was concentrated in vacuo {The compound was dissolved in aqueous layer). The
residue was diluted with MeOH and then filtered through a 510, pad while washing with MeOH.
The filtrate was concentrated iz vacuo to afford 4-methylpipenidin-4-ol {235 mg, 40%) as a

viscous otf, which was used for the next reaction without further purification.

Step €. (R E)-3-(5-(2-(2,5-difluorophenyh)pyrrolidin-1-ylypyrazolof1,5-a]pyrimidin-3-
vi}-1-(4-hydroxy-4-methylpiperidin-1 ~y1)pmp~2~enn 1-one

58 tﬂm ><

To a solution of (RE}3-(5-(2-(2,5-difluorophenylipvrrolidin-1-ylipyrazolo[1,5-
alpyrimidin-3-ylacryhic acid {100 mg, 0.270 mmol) in DMF (1.35 mi) was added HATU (133
mg, 0.351 mmol) and DIPEA {0.165 mL, 0.945 mmol) at 0 °C. The muxture was stirred for 1
hour at room temperature and cooled to 0 °C. After addition of crude 4-methyipiperidin-4-ol
(0.155 g, 1.35 mmol) at room temperature, the reaction nuxture was stirred at room temperature
for 4 hours. After concentration in vacuo, the residue was diluted with DCM, washed with water
and saturated ag. NaHCO;, dried over Na,SOy, filtered and concentrated in vacuo. The residue
was purified by column chromatography on S10; (EtOAc only to DCM:MeOH 20:1} to afford
(RE)-3-(5-(2-(2,5-difluorophenyDpyrrolidin-1-yhpyrazolo{ 1, 5-ajpyrimidin-3-y1}-1-(4-hydroxy-
4-methylpiperidin-I-ylprop-2-en-1-one {126 mg, 100%) as a pale yellow foam. MS: 4681
IMH']

Example 71: Preparation of Chemical Compound 359: (E3-3-(5-((B)}-2-(2.5-

difluorophenvhpyvrrolidin~-i-vhipyrazelol1.5-alpvrimidin-3-vD~1~-{((R)-3-hvdroxypyrrolidin-~
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1-vDiprop-2-en-1-one

3\ WOH
O

A

To a solution of (RE}3-{5-(2-(2,5-diflucrophenyl}pyrrolidin-t-ylpyrazolo{l,5-
ajpyrimidin-3-yhacryhic acid (70.0 mg, 0.189 mmol}) in DMF {1.5 mL} were added HATU (108
mg, 0.284 mmol), DIPEA (99.0 ul, 0.567 mmol) and (R)-pyrrolidin-3-0f {49.0 mg, 0.567 mmol).

¥4}

The reaction mixture was stirred at room temperature overnight and diluted with EtQGAc. The
mixture was washed with saturated aq NH,Cl and brine, dried over Na;SQ4, filtered and
concentrated in vacuo. The residue was purified by column chromatography on Sily

16 (FtOAcMeOH = 301 to 10:1) to afford (E}3-(5-((R)-2-(2,5-difleorophenylipyrrolidin-1-
vhpyrazolof1,5-alpyrimidin-3-y1}-1-({R}-3-hydroxypyrrolidin-1-yljprop-2-en-1-one (150 mg,
18%) as a yellow solid. MS: 440.2 [MH].

15 Txample 72: Preparation of Chemical Compound 68: {(E)}-3-{5-{{R}-2-(2.5-
difluorophenvhpvrrolidin-i-viipvrazole! . 5-alpyrimidin-3-vD- 1 -{{(8)-3-hvdroxyvpvrrolidin-
1-yliprop-2-en-i-gne

20 To a solution of (RE}3-(5-(2-(2,5-difluorophenyl}pyrrolidin-1-ylpyrazolo[1,5-
alpyrimidin-3-yhacrylic acid {70.0 mg, 0.189 mmol) in DMF (1.5 mL) were added HATU (108
mg, 0.284 mmol), DIPEA (99.0 ul, 0.567 mmol) and (S)-pyrrolidin-3-o (49.0 mg, 0.567 mmol).
The reaction mixture was stirred at room temperature overnight and diluted with EtOAc. The

mixture was washed with saturated aq. NHiCl and brine, dried over Na;S5Q,, filtered and
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concentrated in vacuo. The residue was purified by column chromatography on Sily
{(EtOAcMeOH = 30:1 to 10:1) to afford (E)-3-(5-((R}-2-(2,5-difluorophenyljpyrrohidin-i-
vhpyrazolof1,5-alpyrimidin-3-y1}-1-({(S}-3-hydroxypyrrolidin-1-yhiprop-2-en-1-one  {(15.0 mg,
18%) as a yellow solid. MS: 440.2 [MH].

Examuple 732 Preparation of {hemical Compound 61 3-{5-(2-{2 5
difluorophenviipvrrolidin-i-vlipyvrazelel 1.5-alpvrimidin-3-vi)- L -morpholineprop-2-vi-1-
ang

F

\\; o ~N
E

J@s

Caj\i N W

61 N/’“\\

e

o o__P

A solution of 5-(2-(2 S-difluorophenyi}pyrrolidin-1-y1}-3-1odopyrazolo[1,5-alpyrimidine
(456 mg, 1.070 mmol)}, 1-morpholinoprop-2Z-yn-1-one (223 mg, 1.60 mmol) and PdCL(PPhi),
{75.0 mg, 0.107 mmol} and copper(l} todide (20.0 mg, 0.107 mmol) m TEA (5.0 mL) and THF
(5.0 mL) was stirred at 70 °C for 12 hours. After concentration in vacuo, the residue was purified
by column chromatography on Si0; (Hex:EtOAc = 1.1 to EtOAc only) to afford 3-(5-{2-(2,5-
diflucrophenylpyrrolidin-1-yDpyrazolo[ 1,5-alpyrimidin-3-y1}-1-morpholinoprop-2-yn-1-one
(45.7 mg, 9.7%) as an orange solid. "H-NMR (CDC, Varian, 400 MHz): § 2.05-2.20 (3H, m),
2.24-2.60 (1H, m), 3.58-4.20 (10H, ny, 518 and 5.73 (1H, s+s}, 588 and 6.36 (1H, s+s}, 6.69
(1H, br. s}, 6.94 (1H, br. s), 713 {(1H, br. ), 744-7.77 (1H, m), 8.15-8.50 (1H, m). MSK: 4383
IMH']

Example 74: TREK A. B & € kinase Assay

ADP-Glo assay kit was purchased from Promega. poly {(Glu, Tyr), Magnesium sulfate,

Bovine serum albumin (BSA) and dimethylsulfoxide{DMSO) were purchased from Sigma-
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Aldrich. Tris-HCI buffer was purchased from BD Gentest. HTRF KinEASE-TK kit was
purchased from cisbio. TRK A, B & € kinase was purchased from Carna bioscience.

Kinase assay was performed for Chemical Compounds 1-61 using two methods using
fuminescent ADP-Glo assay kit (Promega) and HTRF KinEASE-TK assay kit {cisbio). The
lummescent ADP-Glo assay kit (Promega) measures ADP formed from a kinase reaction. ADP
converted into ATP, which is then converted into light by Ultra-Glo luciferase. The HTRF
KmmBASE-TK assay kit {cisbio} measures tyrosine kinase activities using one substrate and a
universal detection system.

ADP-Glo assay kit (promega)

The protein kinase assay was performed for Chemical Compounds 1-61at 30henucal
Compounds 1-61 using one substrate and a universal detection system.tion. ADP converted into

ATP, which ich. ¢l concentrations are 0.4 ng/ul of TrK A, 0.5 ng/ul of TrKB and 3 ng/ul of TrKC,

respectively), 5 UL of 1 ug/ul stock solution of poly(glu, Tyr), 5 UL of compounds or assay
p ;

buffer, 5 YL of ATP (125 uM stock solution).

The assay was started by incubating the reaction mixture in a 96-well plate at 30°C for 1
hr. After the mmcubation, the assay was terminated by the addition of 25 plate at 30°C for 1 hr.
verted into ATP, which ich. ¢l concentrations are 0.4 ng/ul of TrKA, 0.5 ng/ul Then 30 e
mnculinase Detection Reagent was added, and the 96-well plate was shaken and then incubated
for additional 30 min at ambient temperature. The 96-well reaction plate was then read on an
Enspire plate reader. The ICS0 values were denived through a curve fitting using SigmaPlot.

HTRF KimEASE-TK assay kit (cisbio)

The HTRF KinEASE-TK assay was performed for Chemucal Compounds 1-61 1 384-
well low volame microplate (Greiner). The HTRF KmEASE-TK assay format involves the two
steps. The first step 1s kinase reaction step. This kinase reaction step was performed at RT
{room temperature} in final volume of 10ul according to the following assay reaction recipe: 10ul
of kinase mixture (Kinase (2ul} + ATP (2ul} + Substrate (2ul) + Compound {4ul}}. Kinase final
concentrations were 0.3ng/ul of TRKA, 0.1ng/ul of TRKB, 0.03ng/ul of TRKC, respectively.
ATP final concentrations were 14.7uM (TRKA}, 4.77uM (TRKB), 25.6uM (TRK) respectively.

TK-substrate final concentration was 0.3ng/ul. The mixtures exposed to Dose response
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concentration {DRC} compound from O to 100nM for 40min. During the kinase reaction step,
the kinase reaction was started by the addition of ATP. Kinase phosphorylates the substrate.

The second 1s detection step. 10ul of detection reagents (Sul Sa-XL 665 m EDTA + 5ul
TK Antibody-Eu in EDTA) was added to kinase mixture. This step was performed at room
temperature for 1hr. The detection reagent detects phosphorylated substratse.

Finally 384-well reaction plate was then read on FlexStation 3 machine. The fluorescence
was measured at 620nm (Cryptate) and 665nm (XL665). A ratio is calculated (655/620) x10* for
each well. The 1C50 value was derived through a curve fitting using GraphPad Prism. Table 1

below mcludes the resulis of the assays.

Example 74; Cell proliferation assavs

Doxorubicin was purchased from Sigma Aldrich (D1515). All compounds were diluted in
DMSO (Sigma Aldrich, D2650). AlamarBlue® cell viability reagent was purchased from
Thermo Scientific (88952). CellTuer 96® AQueous One Solution Cell proliferation assay was
purchased from Promega. KM12-luc cells were obtamed from JCRB (National Institute of
Health Sciences, Tokyo, Japan}. They were maintained in BDMEM medium (GIB-11965-118)
sapplemented with 10% fetal bovine serum (Gibeo, 16000-044) and MEM Non-Essential Amino
Acids Solation {Thermo Scientific, 11140-050). TF-1 cells were obtained from ATCC. They
were maintained i RPMI mediam (GIB-A10491) supplemented with 10% fetal bovine serum
{(nbeo, 16000-044), GM-CSF {Thermo Scientific, 11140-050), and B-NGF (R&D systems).
Trypsin/EDTA was purchased from Gibeo (GIB-25300-054, 0.05%). 96-well plates were
purchased from Corning Inc.

Cell Proliferation Assay

The proliferation assay was performed for Chemical Compounds 1-61 s in media
supplemented with 10 % FBS, using AlamarBlue® cell viability reagent or CellTiter 96®
AQueous One Solution Cell proliferation assay kit. Cells were coltured in humidified 37 °C
incubator with 5 % CO2. To evaluate the antiproliferation activity of compounds, TF-1 cells
were adjusted to GM-CSF free media(RPMI, 10% FBS, and 1% penicillin-streptomycin) for 16
hr and were seeded 1n 96~-well plates at 30,000 celis/well with medium (RPMI, 10% FBS, 1%

penicithn-streptomyein and 10 ng/ml human B-NGF). KM12-luc were seeded at 10,000 celis per
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well into 96-well plates. After overnight incubation, serial dilutions of compounds were added to
triplicate wells, and cells were exposed for 72 hours. The final concentration of DMSO was
adjusted to 0.5 % in media. Quantitation of cell growth was assessed using two kinds of reagent.

20 ul of AlamarBlue® reagent in an amount equal to 10% of the culture volume was added to
each well and were mcubated in humidified 37 °C incubator with 5 % CO2 for 2 hr. Otherwise,
20 ul of CellTiter 96® reagent was added to each well and were incubated in the same conditions
as previously described. Data were plotted, and GIS0 values were calculated using GraphPad

software. Table 1 below mcludes the results of the assays.

TABLE 1
b ; 1(250 (‘ﬂ\/i)
Chemica
Compound Structure Enzymatic Cell-based Cell-based
7 assay e
No. assay assay (KMEQ,)
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What Is Claimed Is:

1. A compound of Formula I or a salt thereof:

o L
ZL N N
X"’j @
Formula |
R'is a 6-membered aryl or heteroaryl ring optionally substituted with one or
more substituent groups independently selected from the group consisting of halogen,
hydroxyl, linear C1-C4 alkyl, branched C1-C4 alkyl, linear C1-C4 alkoxy, and branched
C1-C4 alkoxy;
R’ is selected from the group consisting of hydrogen, hinear C1-C4 alkyland
branched linear C1-C4 alkyl;
X 1s selected from the group consisting of -CHy-, -CH,CHy-, -CH,O- and -CH{Z)-,
wherein Z 15 halogen; and

Q is selected from the group consisting of -CH=CR’C(O)NR'R’,

L

v
p=a
i Ry

AY

/I
_ Y.
SCRCC(OINRYR®, and

L.oaYs
N {Z
2

wherein R’ is hydrogen or halogen,

wherein -NR* R” either forms a 4-7 membered heterocyclic ring or does not form
a ring structure, the heterocylic ring being either hetercaryl or heterocycloalky! ring,

wherein when -NR'R” forrs a 4-7 membered heterocyclic ring, the 4-7
membered heterocyclic ring ncludes an optional second heteroatom in addition to the
nitrogen of -NR'R” and is optionally substituted with one or more substituent groups
independently selected from the group consisting of hnear C1-C6 alkyl, branched C1-C6
atkyl, hydroxyl, carboxylic acid, linear C1-C4 alkyl carboxylic acid, and branched C1-C4
atky! carboxylic acid branched,

wherein when -NR*R’ does not form a ring structure, R® is selected from the
group consisting of hydrogen, linear C1-C6 alkyl and branched C1-C6 alkyl, and R is
selected from the group consisting of hydrogen, linear C1-C6 alkyl optionally substituted

with at least one fluorine or at least one hydroxyl, branched C1-C6 alkyl optionally

194



10

15

20

25

30

WO 2016/097869 PCT/IB2015/002521

substituted with at least one fluorine or at least one hydroxyl, and C1-C6 cycloalkyl
optionally substituted with at least one fluorine or at least ong hydroxyl,

wherein Y', Y%, Y, and Y* are each independently selected from the group
consisting of -CH, N, O, S, -CR®, and -NR®,

wherein R° is selected from the group consisting of hydrogen, linear C1-C4 alkyl,
branched C1-C4 alkyl, 5-6 membered aryl ring, 5-6 membered heteroaryl ring, 3-7
membered heterocycloalkyl ring, 3-7 membered cycloalkyl ring, -NHCO-(aryl ring), and

-CH,CO-{C3-C6 membered heterocylic ring).

2. The compound of Claim 1, wherein R" a phenyl ring substituted with one or more
substituent groups are independently selected from the group consisting of fluorine, methoxy and
. 2 3 . 3 . "\ L. )
ethoxy, wherein R” and R’ are H, wherein R’ is selected from the group consisting of H, methyl,

ethyl, 7so-propyl, cyclopropyl, r-butyl, methoxyethyl and hydroxyethyl.

3. The compound of Claim 1, wherein R 1s a pyridine ring substituted with at least
, - : 52 3
one selected from the group consisting of fluorine and methoxy, wherein R” and R™ are H,
wherein R 1s selected from the group consisting of H, methyl, ethyl, iso-propyl, cyclopropyl, ¢-

butyl, methoxyethy! and hydroxyethyl.

4. The compound of Claim 1, wherem R’ is a pyrid-2-on-3-y1 ring optionally
substituted with one or more substituent groups independently selected from the group consisting

of halogen and C1-C4 alkyl

5. The compound of Claim 1, wherein when -NR*R’ does not form a ring structure,
R* is selected from the group consisting of hydrogen, linear C1-C6 alkyl and branched C1-C6
alkyl, and R’ is selected from the group consisting of linear C1-C6 fluoroalkyl, branched C1-C6
fluorcalkyl, linear C1-C6 difluorcalkyl, branched C1-C6 difluoroalkyi, linear C1-C6
trifluorcalkyl, branched C1-C6 trifluorcalkyl, hnear C1-C6 hyroxyalkyl, branched C1-C6
hyroxyalkyl, hinear C2-C6 difluorcalkyl, and branched C2-C6 ditluoroalkyl
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0. The compound of Claim 1, wherein NR'R® forming a 4-7 membered heterocylic

ring 1s a 4-7 membered heterocycloalkyl ring.

7. The compound of Claim 1, wherein when -NR'R” forms a 4-7 membered
5  heterocyclic ring, the second heteroatom in the 4-7 membered heterocyclic ring is selected from

the group consisting of nitrogen, oxygen and sulfur.

8. The compound of Claim 1, wherein the compound of Formula 1 is a compound of

» sz\N”F\‘I\
N S
<><E;d N e
X \:;
5 /=0

RN

)

10 R*

Formula I

Formula 11

9. The compound of Claim 1, wherein the compound of Formula 1 1s a compound of

Formula 11

15
Formula I
10, The compound of Claim 1, wherein the compound of Formula T is a compound of
Formula IV:

RPN

é\!/\\N%
b\

X \\%

Rf‘,‘;\f/}:‘:(}
20 R

Formula IV.
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11 The compound of Claim 1, wherein the compound of Formuia 1 13 selected from

the group consisting of Chemical Compounds 1-10:

/F
/T""'<
(; /a \\“) ,//—\\ N - N .
R— Sy
/ \ A A
PN
) \./") 0" - ;‘S

10

15 Chemical Compound 4
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Chemical Compound 6

F
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N

e
N
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IN

Chemical Compound 7

Chemical Compound 8
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Qfﬁ\

e’

/

Chemical Compound

5 Chemical Compound 10

12, The compound of Claim 1, wherein the compound of Formula 1 15 selected from

the group consisting of Chemical Compounds 11-26:

10
Chemical Compound 11
f <
~~E\
Chemical Compound 12
15
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F
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AN s

Chemical Compound 16
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i-/’l\
N el
UQH

Chemical Compound 18

Chemical Compound 20

13, The compound of Claim 1, wherein the compound of Formuia 1 13 selected from

the group consisting of Chemical Compounds 21-30;
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Chemical Compound 24
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14. The compound of Claim 1, wherein the compound of Formula 1 15 selected from

the group consisting of Chemical Compounds 31-46:

F
vy
F i\

Y

2
N

£
T
\
V (N
M on
"N .
N° N
/f” ~Th

::/\L\:;) N N\

J x e,
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oy
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N

Chemical Compound 33
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Chemical Compound 34
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Chemical Compound 35

F
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Chemical Compound 36
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Chemical Compound 38
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Chemical Compound 39

F
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N
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i
oy

Chemical Compound 40

15, The compound of Claim 1, wherein the compound of Formula 1 1s selected from

the group consisting of Chemical Compounds 41-50;

F
e \> /\N"N\
N /I\
NN
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\

A
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Chemical Compound 41

F
IS e
S¢S
F N \m’*\{\
>y

Chemical Compound 42
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16. The compound of Claim 1, wherein the compound of Formula 1 15 selected from

the group consisting of Chemical Compounds 41-56:

m

Chemical Compound 51
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17. The compound of Claim 1, wherein the salt 15 selected from the group consisting
of acetate, benzoate, besylate, bitartrate, bromide, carbonate, chloride, edetate, edisylate, estolate,
fumarate, gluceptate, gluconate, hydrobromide, hydrochloride, 1odide, lactate, lactobionate,
malate, maleate, mandelate, mesvlate, methyl bromide, methy! sulfate, mucate, napsylate, nitrate,
oxalate, pamoate, phosphate, diphosphate, salicvlate, disalicylate, stearate, succinate, sulfate,

tartrate, tosylate, triethiodide, trifluoroacetate and valerate.

18. A method of treating or prophylaxis of a TRK mediated disease selected from the
group consisting of papillary thyroid carcinoma, pancreatic cancer, lung cancer, colon cancer, breast
carcinoma, neuroblastoma, pam, cachexia, dermatitis and asthina, the method comprising:

administering a pharmaceutically effective amount of the compound of Claim 1 ora

pharmaceutically acceptable salt thereof to a subject in need of such treatment.
19. A method of inhibiting a TRK enzyme, the method comprising:

administering a pharmaceutically effective amount of the compound of Claim 1 ora

pharmaceutically acceptable salt thereof to a subject in need of such inhibition.
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