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(54) Title: SUBSTITUTED PYRROLOPYRIMIDINE JAK INHIBITORS AND METHODS OF MAKING AND USING THE SAME

(57) Abstract: The present invention relates to new pyrrolopyridine compounds and compositions and their application as pharmaceu-
ticals for the treatment of disease. Methods of inhibition of JAK1 and JAK3 kinase activity in a human or animal subject are also
provided for the treatment diseases such as pruritus, alopecia, androgenetic alopecia, alopecia areata, vitiligo and psoriasis.
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SUBSTITUTED PYHROLOPYRIMIDINE JAK INHIBITORS AND METHODS OF
MARKING AND USING THE 5AME

Cross-Reference to Related Applications

{661} This application claims the benefit of UK, Provisional Applivation MNo. 62/581,428
filed November 3, 2017 and ULK, Provisional Application No. 62/670,44R8 filed May 11, 2018,
The disclosures of both of these applications arve incorporated herein by reference. The disclosure

of the application is incorporated hereln by reference.

Summary
LA Embodiments herein are directed to having the structures of Formulas (D=(1V), or a

derivative thereof, where the R groups, ring labels, and n values are defined hereine
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180831 Disclosed heretny are new pyrrolopyaidine compounds and compositions and their
application as pharmageuticals for the treatment of disease. Methods of inhibition of JAK! and
JAKS kinase activity in a human or animal subject are also provided for the reatment of JAK]

and/or JAK 3-mediated conditions,

{83841 The Janus Kinases (JAKS) are a subgroup of nop-receptor tyrosine kinases that are
goaential to transducing signals onginating from type [ and type I oyvtokine receptors and whose
gnzymatic activily is essential for the biological activity of the cytokines. The JAK Kinase family
consiste of four famuly members: JAK Y, JAKZ) JAKS and Tyk2, and these kinases are contral to
the regulation of cytokine signaling in the immune system, as well as more broadly in other
tissues. The kinase activity of JAKSs is directed towards the JAKs themselves, the indracellular
portion of the cytokine receptor, and several other substrates inchuding the members of the STAT
farnily of franscription factors, The STATs (8TATT through STATE) have specific and distinet
effects on gene transeripiion in numerous cell types, inchiding immune cells, and are critical in

processes such as cell proliferation and differentiation. Due to the broad role these kinases have
-i-
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in immunity and inflanunation, numercus small molecule drugs have been developed io
intervene in diseases where JAK kinase signaling coniributes to disease. Initially, these drugs
were developed for systemic administration for the prevention of organ transplant rejection.
Subsequently they have been developed as potential therapics for bematologic malignancies, and
autoimmune and inflammetory diseases including rheumatoid arthritis, ulcerative colitis,
inflammatory bowel disease, avkylosing spondylitis, psoriasis, afopic deratitis, alopecia
disorders, and vitlige, 1o pame a fow. More recently, due (o the hematologic,
immuanosuppressive and metabolic toxicities associated with sysierpic inhibition of the JAK
kinases, local delivery of these inhibitors as topical agents has been described. These include
alopecia arcala, atopic dermatitis, vitiligo, psoriasis, inflammatory bowel diseases, and dry eve,
among others, This document describes compounds that are expecied to have excelient oral and
topical bioavailability and would be useful for systemsic auicimmune disease, as wall as
compounds designed to have limited stability and hence Hmited systemic exposure, therefore, be

best suited for local (e.g., topical} drug delivery,

{B005] Signal transduction of eyiokine receptors activated by cytokines has been shown to
oecur through JAK kinases associated with recepior cytoplasmic domains, Receptor stimulation
results in the activation of the JAKS and subsequent phasphorviation of the cyvtoplasmic domain
of the associated receptor chains. This creates an SHIZ-binding domain, which serves to recriis
the latent cytoplasmic transeription factors known as 8TATs (Signal Transducer and Activator of
Transcription}. While bound to the phosphorylated cytokine receptors, the STATs themselves
become phosphoryiated on tyrosine residucs — which leads to SHZ2-domain mediated homo- and
hetero-dimer formation and translocation to the nucleuns. Once thers, these proteing induce the
transuription of genes associated with activation of the original cyvtokine receptor. This sequence
of events (STAT protein phosphoryiation in minmes, and STAT-induced gene transcription in
hours) are both amenable to characterizing the cellular potency of compounds and informing

structure-activity relationships,

Dretailed Description
{0306] Before the present compositions and methods are described, it is 1o be understood
that this invention is not limited to the particular processes, formulations, compositions, or

methodologies described, as these may vary. s also to be undersioad that the terminology

3
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used in the description is for the purpose of describing the particular versions or embodiments
only and is not intended to limit the scope of embodiments herein which will be limited only by
the appended claims. Unless defined otherwise, all technical and scientific terms used herein
have the same meanings as commonly understood by one of ordinary skill in the art. Although
any methods and materiale similar or equivalent to those described herein can be used in the
practice or testing of embodiruents of embodiments herein, the preferred methods, devices, and
materials are now described. Al publications mentioned herein are incorporated by reference in
their entirety. MNothing herein is to be consirued as an admission that embodiments herain are not

entitled to antedate such disclosure by virtue of prics invention,

Definitions

{0671 I must aiso be noted that as used herein and in the appended claims, the singular
forms “a,” “an,” and “the” include plural reference unless the context clearly dictates otherwise.
Thus, for example, reference to a “JAK inhibitor” is a reference 0 one or more JAK inhibitors

and equivalents thereot known to those skilled in the art, and so forth.

{008} The term “about,” as used herein, is infended o qualify the mumerical values which it
modities. denoting such a value as variable within a margin of error. When no particular margin
of error, such as a standard deviation to 8 wean valae given in a chart or sble of data, is recited,
the term “about” shounld be understood to mean phus or minos 109 of the numerical value of the

number with which it is being used. Therefore, about 50% means in the range of 45%6-55%.

{669 In embodiments or claims where the term comprising is used as the ransition phrase,
such embuodiments can also be envisioned with replacement of the term “comprising” with the

terms “consisting of” or “consisiing essentially of”

(8018} As used herein, the term “consists of” or “consisting of” weans that the composition,
formulation or the method includes only the elements, steps, or ingredients specifically recited in

the particular claimed embodiment or claim.

{611} As used herein, the term “consisting easentially of” or “consists essentially of” means
that the composition, formulation or the method includes only the elements, steps or ingredients

specifically recited in the particalar claired embodiment or claim and may optionally inchude
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additional elements, steps or ingredients that do not materially affect the basic and novel
characteristics of the particular embodiment or claim. For example, the ouly sctive ingredient(s)
i the formulation or methed that treats the specified condition {(e.g., nuirient depletion) is the

specifically recited therapeuticds) in the particular embodiment or clabm.

[B12] As used hereln, two embodiments are “mutually exclusive” when one is defined o he
something which is different from the other. For example, an embodiment wherein two groups
comibine to form a cycloatkyl is mutually exclusive with an embodiment in which one group is
ethyl the other group is hydrogen. Similarly, an embodiment wherein one group is CH; is

mutually exclusive with an erobodiment wherein the same group is NH,

LR As used herein, the term “a derivative thereo!” refers o a salt thereof, a
pharmaceutically aceeplable salt thereof, a free acid form thereof, a free base form thewof a
solvate thereof, a denterated derivative thereof, a hydrate thereof, an M-oxide thereot, a clathrate
thereot, a prodrug thereof, a polymorph thereof, a steresisomer thereef, a geomeiric isomer
thereof, 8 tautorser thereof, & mixiure of tautomers thereof, an enantiomer thereof, a diastercomer
thergot, a racemate thereof, a mivture of sterecisomers thereof, an isotope thereof {2 g, tritium,

deuterivim), or 3 combination thereof

1614} As used herein, the term “pharmaceutically accepiable salt” refers o & salt prepared
frorn & base or acid which i3 acceptable for administration to a patient. The term
“pharmaceutically acceptable salts” embraces salts commonly used {o form slkall metal salts and
to forro addition saits of fres acids or free bases. Such salts can be derived from
pharmaceuticatly-acceptable inorganic or organic bases and from pharmaceuticaliv-acceptable

morganic or organic acids.

{615 When ranges of values are disclosed, and the notation “from nl ... 10 02" or “hetwesn
nl ... and n27 is used, where nl and 02 are the numbers, then unless otherwise apecified, this
notation is intended 1o inchude the numbers themselves and the range between them. This range
may be integral or continuons between and including the end values. By way of example, the
range “from 2 lo & carbons” is intended to include two, three, four, five, and six carbons, since

carbons come in integer untis, Cornapare, by way of example, the range “from | to 3 pM

wihs
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{micromolar),” which is intended to include | M, 3 uM, and everyithing in between to any

number of significant figures (e.gn. 1255 g, 208 pb, 2.9999 pb, eic)).

{001 6] The teren “acyl” as used herein, alone or in combination, refers to a carbonyl attached
to an atkenyl, alkyd, syl cycloallyl, beteroaryl, heterocyele, or any other moiety were the atom
attached {0 the carbonyl is carbon. An “scetyl” group refers to a -C(ONCH; group. An
“alkvicarbonyt” or “alkanoy!” group refers to an alkyl group attached o the parert molecular
moiety through a carbonyl group. Examples of such groups include methylcarbonyl and

ethylecarbonyl. Examples of acyl groups include formyl, alkanoyl and arovl

HH617] The term “alkenyl” as used herein, alone or in corbination, refers to a straight-chain
or branched-chain hydrocarbon radical baving one or more dooble bonds and containing from 2
to 2¢ carbon atoms. In certain embodiments, said alkenyl will comprise from 2 to 6 carbon
atoms. The term “sikenylene” refers fo a carbon-carbon double bond system attached at two or
more positions such as ethenylene ((UH=UH-) Examples of suitable alkenyl radicals include
ethenyl, propenyl, 2-methylpropenyl, 1.4-bndadienyl and the like. Unless otherwise specified, the

term “glkenyl” may include “alkenviens” groups.

10418} The term “alkoxy,” as used herein, slone or in combination, refers to an alky! cther
radical, wherein the term alkyl is as defined below, Examples of suitable alkyl sther radicals
include methoxy, ethoxy, n~-propoxy, isepropoxy, n-butoxy, iso-butoxy, sec-butoxy, tert-buioxy,

and the like.

[60319] The term “alkyl” as used herein, alone or in combination, refers to a straight-chain or
branched-chain alkyl radical comtaining from 1 i 20 carbon aloms. In certain embodiments, said
alkyl will comprise from 1 to 10 carbon atoms. In further embodiments, said alkyl will comprise

from 1 to 8 carbon atoms, Alkyl groups may be optionally substituted as defined herein,

180241 Examples of alkyl radicals include methyl, ethyl wepropyl, isopropyl, n-bunyl,
isobutyl, sec- butyl, tert-butyl, pentyl, iso-amyl, hexyl, octyl, noyl and the like. The term
“alkylene,” as used herein, alone or in corubination, refers 1o a saturated aliphatic group derived

from a straight or branched chain saterated hydrocarbon attached at two or more positions, such
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as methylene (- CHy-). Unless otherwise specified, the term “alkyl” mway include “alkyiens”

ZEOUpS.

{821 The term “alkylaming,” as used herein, alone or in combination, refers to an alkyl
group attached to the parent molecular moiety through an amino group. Suitable alkyiamino
groups may be wono- or dialkylated, forming groups such as, for example, Nomethylaming, N-

W R

ethylaming, N, N-dimethvlaming, N, N-cthyvimethviamino and the like.

8022} The term “alkylidene,” as used hereln, alone or in combination, refers to an alkenyl
group im which one carbon atom of the carbon-carbon double hond belongs to the moiety to

which the alkenyl group is attached.

6623} The term “aliybhio,” as used herein, alone or in combination, refers to an alkyl
thicether {R-5-} radical wherein the term alkyl is as defined above and wherein the sulfir may be
singly or doubly oxidized. Exampies of suitable alkyl thicether radicals include methylthio,
ethylthio, n-propylibio, isopropyithio, n-butylthio, iso-butyithio, sec-buivithio, tert-butyithio,

methanesulfonyl, ethanesulfinyl, and the like.

84247 The term “alkynyl” as used herein, alone or In combination, refers to & straight-chain
or branched chain hydrocarbon radical having one or more triple bonds and containing from 2 to
20 carbon atows. In certain embodiments, said alkynyl comprises from 2 to 6 carbon atoms. In
further embodimnents, said alkynyl comprises from 2 to 4 carbon atoms. The term “alkynylene”

refers to a carbon-carbon triple bond aitached at two positions such as ethvaylene (-C=(C-),

{BOZS] Examples of alkvnyl radicals include ethynyl, propynyl, hydroxypropynyl, butyn-1-
vi, butyn- 2-vl, pentyn-i-yl, 3-methylbutyn-1-vl, hexyn-2-yi, and the lke. Unless otherwise

speciiied, the term “alkyny?” may include “alkynylene” groups.

6625 The terms “amide” and “carbamoyl.” as used herein, alone or in combination, refer to
an gmino group as described below attached to the parent molecular moiety through a carbonyl
group, or vice versa. The term “Ceamido” gs used herein, alone or in combination. refers to a-
COYN(RR") group with R and R as defined herein or as defined by the specifically snumerated
“R” groups designated. The term “Neamido” as used herein, alone or in cornbination, refers (o a

RCOINH{R )~ group, with R and R a3 defived herein or as defined by the specifically
e
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(94 @y

enumerated groups designated. The term "acylamine” as used herein, alone or in
corabination, embraces an acyl groop sttached fo the parent molety through an amine group. An

exanple of an "aeylaroine” group is acetylamine (CHyC{OMMNH-).

{B637] The term “amino,” as used herein, alone or in combination, refers 1o ~NRE’, wherein
R oand R’ are independently chosen from hydrogen, alkyl, acyl, hetersalkyl, aryl, cycloalkyl,
heteroaryl, and heterocyeloalkyl, any of which may themselves be optionally substituted.
Additionally, R and B’ may combine to form hetercoyeloalkyl, sither of which may be optionally

substifuted.

{84281 The term "arvlh” as used herein, alone or in combioation, means a2 carbocyelic
aromatic system containing one, two or three rings wherein such polveyelic ring systems are
fised together. The term "aryl” embraces aromatic groups such as phenyl, naphthvl, anthracenyl,

and phenanthryl,

(0291 The term “arvialkenyl” or “gralkenyl,” as used herein, alone or in combination, refers

1o an aryl group attached 1o the parend molecular molety through an alkenyt group.

{B034] The term “arvialkoxy” or “aralkoxy,” as used herein, alone or in combination, refers

0 an aryl group gttached to the parent melecular motety through an alkoxy group.,

19031} The term “arvialkyt” or “araliovl)” as used herein, alone or i combination, refers to

an aryl group attached 5 the parent molecular moiety through an alky] group.

(88321 The term “arviallynyl” or “arallovnyl,” as used herein, alone or in combination, rofors

3 an arvl group attached fo the parent molecular moiety through an alkyny! group.

18331 The term “srylalkanoyl” or “aralkancy!” or “aroyl.”as used herein, alone or in
cornbination, refers to an acyl radical derived from an aryl-substituted alksnecarboxyiic acid
such as benzoyl, naptheoyl, phenviaceiyl, 3-phenvipropionyl (hydrocinnamoyl), d4-phenyibutyeyd,

{Z-naphthyhacetyl, 4-chlorohydrocinnamoyl, and the lke.

{B034] The term aryloxy as used herein, alone or in combination, refers o an aryl group

attached to the parent molecular motety through an oxy.

T
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{B835] The terms “benzo”™ and “benz,” as used herein, alone or in combination, refer to the
divalent radical CgHe» derived from benzene. Examples include benzothiophene and

benzimidazole,

{88361 The term “carbamate,” as used herein, alone or in combination, refers {0 an ester of
carbamnic acid (-NHCOO-) which may be attached to the parent molecular moiety from either the

nitrogen or acid end, and which may be optionally substitited as defined herein.

186371 The term “O-carbamyl” as used herein, alone or in combination, refers to a-

QC(OINRER], group-with R and B’ as defined herein

{38] The term “Necarbaroy!” as used herein, alone or in combination, refers to a

REOC(OINR- group, with R and B as defined hersin.

LIRS The term “carboryl” g5 used herein, when alone includes formyl [CC{OM] and in

combination is a ~C{O)- group.

{00441 The term “carboxyl” or “carboxy,” as used hereinm, refers to -C{OMOH or the
corresponding “carboxylate” anion, such as is in a carboxylic acid salt. An “O-carboxy™ group
refers to a RC(OYD- group, where R is as defined herein. A “Cocarboxy” group refers o a -

C{OYOR groups where K is as defingd herein,

10041} The term, “compound,” as used herein i3 meant to include all stercoisomers,
geometric isomers, and tautomers, of the structures depicted.  The term “compound” also
includes the incorporation of all isotopes in any enrichment (e g, tritlum, deulerium) at any

position i the structures depicted.
342 The ferm “cvane,” as used herein, alone or in combination, refers o -ON,
o % 3 2

(00431 The term “cycloalkyl” or, alternatively, “carbocyceie,” as used herein, alone or in
combination, refers to a saturated or partially saturated monocvelic, bioyelic or tricvelie alkyl
group wherein each cyelic moisty contains from 3 fo 12 carbon atom ring members and which
may optionally be a benzo fused ring system which is optionally substituted as defined herein
Inn certain embodiments, satd cyeloalkyl will comprise from 3 to 7 carbon aioms, Examples of

such cycloalky! groups include cyclopropyl, cyclobutyl, cyclopentyl, cyelohexyl, eveloheptyl,
8-



WO 2019/090158 PCT/US2018/059071

tetrabydronapthyl, indanyl, octahydronaphthyl, 2,3-dibydro~ i H-indenyl, adamantyl and the like.
“Bicyclic” and “tricyclic” as used herein are intended to nclude both fused ring systems, such as
decahydronapithalene, cctabydronaphihalene as well as the multicyelic {multicentered) saturated
or partially unsaturated type. The latter type of isomer is exemplified in general by,

bicyciof L1, 1 pentane, camyphor, adamantane, and bicvelo{3,2,1ioctane.

{30441 The term “ester,” as used herein, alone or in combination, refers 0 a carboxy group

bridging two moieties Hnked at carbon atoms.

{045] The term “ether,” as used herein, alone or in combination, refers Lo an oxy group

bridging two moisties linked at carbon atoms.

{8046} The term “halo,” or “halogen,” as used herein, zlone or in combination, refers to

fluorine, chiorine, bromine, or iodine.

{30471 The term “haloalkoxy,” as used herein, alone or in combination, refers 1o a haloalkyl

group attached to the parent molecular molety through an oxygen atom.

{63481 The term “haloalkvl” as used hercin, alone or in combination, refers to an alkyl
radical having the meaning s defined above wherein one or more hydrogens are replaced with a
halogen, Specifically embraced are monchaloalkyl, dihaloalkyl and polvhaloalky] vadicals. A
monohalealkyl radical, for one example, may have an iodo, bromo, chlore or fluoro atorn within
the radical. Bihalo and polyhaloalkyl radicals may have two or more of the same halo aloms o1 a
combination of different halo radicals. Examples of haloalloyl radicals include fluoromethyl,
diftuoromethyl, trifluoromethyl, chloromethyl, dichloromethyl, trichloromethyl,
pentatiuorsethyl, beptafluoropropyl, diftusrochloremethyl, dichiorofluoromethyt, difluoroethyl,
dittuoropropyt, dichloroethyl and dichloropropyl. “Haloalkylene” refers 1o a haloalkyl group
attached  at fwo  or mome  positions. Examples imclude fluoromethylene (-CFH-),

difluoromethylene (-CF; -}, chloromethylene ((CHCL-Y and the fike.

(00349} The term “halocycloalky!” as used hereln, alone or in combination, refers to an

cycloalkyl radical having the meaning as defined above wherein one or more hydrogens are

replaced with a halogen. Specifically embraced are monchalocyeloalkyl, dihalocycioalkyl and

polyhalochaloalkyl radicals. A monohaloalkyl radical, for one exaople, may have an iodo,
en
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brome, chiors or flusrs atom within the radical. Dihalo and polvhaloaliyl radicals may have
two or more of the same halo atoms or 4 combination of different halo radicals. Examples of
halpalkyl  radicals  inclode  fhwroeyelopropyl,  diffuorocyclopropyl,  fluorocyelobutyl,

chiorocyclobutyl, and chlorocvelopentyl.

8834} The term "heteroalkyl” as used herein, alone or in combination, refors to a siable
straight or branched chamm, or combinalions thereot, fully saturated or containing from 1 to 3
degress of unsaturation, consisting of the stated number of carbon atoms and from one to three
hetercatoms chosen from N, O, and 5, and wherein the N and 8 gtoms may optionally be
oxidized, and the N heteroaton may optionally be guaternized. The heteroatom(s) may be placed
at any inerior position of the heteroatkyl group. Up to two heteroatoms may be consecutive,

such as, for example, -CH-NH-GCH;,

8881} The term "heteroaryl,” as used hergin, alone or in combination, refers to a 5 to 15
membered unsaturated heteromonocyelic ring, or a fused monocyclic, bicvelic, or tricyclic ring
system in which at least one of the fused rings is arcomatic, which contains at least one atom
chosen from N, O, and 5. In certain embodiments, said heteroaryl will comprise from | to 4
heteroatoms as ring membsrs, In further embodiments, said heteroaryl will comprise from 110 2
hetereatoms as ring members. In certain embediments, said heteroaryvl will comprise from S0 7
atoms, The term also embraces fused polveyclic groups wherein heterocyolic rings are fused with
aryl vings, wherein heteroaryi rings are fused with other heterparyl rings, wherein heteroaryl
rings are fused with heterocycloalky! rings, or wherein heteroaryl rings are fused with cyeloalloyl
rings. Hxamples of heteroaryl groups include pyerolvl, pyevolingl, imddarolyl, pyrazolyl, pynidyi,
pyrimidinyl, pyrazinyl, pyridazinyl, iriazolvl, pyranyi, furyl, thienyl, oxazolyl, isoxazolyl,
oxadiazolyl, thiszolyl, thiadiazolyl, isothiazolyl, indolyl, iscindeolyl, indolizinyl, benzimidazolyvl,
quinolyl, isoquinolyl, guinoxalinyl, quinarchinyl, wndazolyl, benzotrigzolyl, benzodioxolyl,
senzopyranyl, benroxazolyl, benzoxadiazolyl, benzothiazolyl, benzothiadiazolyl, benzofuryd,
benzothienyl, chromenyl, coumarinyl, benwopyranyl, telrabydroquinolinyl, tetrazolopyridazinyl,
tetrahydroisoquinchingl,  thienopyndinyl,  fwopyridinyl,  pyrrolopyridingl  and  the  like.
Exemplary tricyelic heterocyelic groups inclade carbarolyl, bensidolyl, phenanthrolinyl,

dibenzofuranyl, acridinyl, phenamthridinyl, xanthenvl and the Like.
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{8052} The terms “heterccyeloalkyl” and, interchangeably, “hetercoyele,” as used herein,
alone or in combination, each refer to a saturated, partially unsaturated, or fully unsaturated (hut
nenaromaticy monocyelic, bicyelis, or tricycHe heterocyelic group containing at least one
heteroatom as a ring menyber, wherein each sald beteroatom may be independently chosen from
mitrogen, oxygen, and sulfur. In certain embodiments, said hetercyeloalkyl will comprise from 1
io 4 heteroatoms as ring members. In further embodiments, said hetercveloalkyl will comprise
from 1 to 2 hetercatoms as ring wembers. In cerlain embodiments, said hetercyeloalkyl will
comprise from 3 to § ring mernbers in each ring. In further embeodiments, said hetercycloalkyl
will comprise from 3 to 7 ring members in cach ring. In vet further embodiments, said
hetercycloalkyl will comprise from 5 o 6 ring members in cach ring. “Heterooyeloalkyl” and
“heterocyele” are infended to include sulfbnes, sulfoxides, N-oxides of tertiary nitrogen ring
members, and carbocyelic fused and benvo fused ring systems; additionally, both terms also
include systems where a heterocyele rving is fused to an aryl proup, as defined herein, or an
additional heterocyele group. Examples of heterocyele groups include aziridinyl, aretidingl, 13-
benzodioxoliyl, dibydroteoindolyl, dilyydroisoquinglingd, difyydrocinnoliny,
dihydrobenzodioxinyl, dihvdroll 3loxazolofd, S-bipyridinyl, benzothiazolyl, dihvdroindolyl,

diby-dropyridinyl,  1,3-dioxanyl, BL4-dioxanyl, 13-dioxolanyl, iscindolinyl, morpholinyi,

piperazinyl, pyrolidinyl, telrabydropyridinyd, piperidinyl, thiomeorpholinyl, and the Hke. The

heterocyele groups may be optionally substituted unless specifically prohibited.

[B083] The term “hydraziny!” as used herein, slone or in combination, refers to two aming

groups joined by a single bond, fe, ~N-N-
{B654] The term “hydroxy,” ag used herein, alone or in combination, refers fo -OHL

| BIS5] The term “hydroxyalkyl” 85 used herein, alone or in combination, refers to a hydroxy

groug attached to the parent molecular wolety through an alkyl group.
{56} The term “imine,” as used hersin, alone or in combination, refers to =N-,

{30587 The term “iminohydroxy,” as used herein, aione or in combination, refers {o =N{GH)

ard =M.
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{0581 The phrase “in the main chain” refers o the longest contiguous or adiacent chain of
carbon atorns starting at the point of atfachment of & group to the compounds of any one of the

formulas disclosed hersin,
B3GS% The term “socyanato” refers to a -NCO group,
UEZH The term “isothiocyanate” refers to g -NCS group,

HELN The phrase “linear chain of atoms” refers to the longest straight chain of atoms

independently selected from carborn, nitrogen, oxygen and sulfur,

0621 The termy “lower,” as used berein, alone or in a combination, where not otherwise

specifically defined, means containing from 1 to and including 6 carbon atoms (fe., C-Cg abiyl).

10663} The term “ower aryl” as used herein, alove or in combination, means phenvl or

saphthyl, either of which may be optionally substituted as provided.

{8464] The term “lower heteroaryl,” as used hereln, alone or in combination, means either 1)
monocyclic heteroaryt comprising five or six ring members, of whick between one and four said
members may be heteroatoms chosen from N, O, and 5, or 2} bicyelic heteroaryl, wherein sach
of the fused rings comprises five or six ring members, comprising between them one 1o four

heteroatoms chosen from N, O, and 8.

[B065] The term “lower cyeloalkyl” as used herein, alone or in combination, means a
monoeyclie cycloalky! having between thvee and six ring members (Le, C3-Ce oyeloaliovll,
Lower cycioalkyls may be unsaturated. Exasmples of lower cycloalkyl include cyelopropyl,

cyclobutyl, cyclopentyl, and cvelohexyl

{B866] The term “lower heterocveloaikyl” as used herein, alone or in combination, means a
monocyctic heterocyeloalicyl having between three and six ring moemibers, of which between one
and four may be hetercatoms chosen from N, O, and 8 (i.e.. Co-Us heterooycloalkyl). Examples
of lower heterocycloatkyls include pyrrolidingl, piperiding], piperazinyl, and morpholinyl.

Lower heterocycloalkyls may be unsaturated.
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{8067 The term “lower amine,” as used herein, alone or in combination, refers to NRER,
wherein R and R are independently chosen from hydrogen and lower alkyl, either of which may

be optionally substituted.

{6068] The term “mercaptyl” as used herein, alone or in combivnation, refers to an RS- group,

whers R 1% a5 defined herein.
649 The term “nitro,” as used herein, alone or in combination, refers o ~NO».
E: 5 2 L

1BG76] Az used herein, an “N-oxide” is formed from the tertiary basic amines or imines

present in the molecule, using a convenient oxidizing agent.
8871} The terns “oxy™ or “oxa,” as used herein, alone or in combination, refor to -0-,
8072 The term “oxo,” as used herein, alone or in combination, refers to =0,

(8073} The term “perbaloalkoxy” refess to an alkoxy group where all of the hydrogen atoms

are replaced by halogen atoms,

{64741 The tevmo “perhaloalkyl” as used herein, alone or in combination, refers to an alkyi

group where all of the hydrogen atoms are replaced by halogen atoms.

RS The term “substantially free” as used herein, alone or in combination, refers 1o a
compound which is free from all other compounds within the Himits of detection as measared by
any means including nuclear wagpetic resomance {NMR), gas chromatography/mass

spactroseopy (GU/MS), or liquid chromatography/mass speciroscopy (LC/MS)

(8761 The terms “sulfonate,” “sulfonic acid” and “sulfonic,” as used herein, alone or in

combination, refer the -SO3H group and its anion as the sulfonic acid is used in salt formation.
18877} The term “sulfanyl,” as used herein, alone or tn combination, refers 10 -S-.
180781 The term “sulfinyl,” as used herein, alone or in combination, refers 1o -%(0)-,

{79 The term “sultonyl,” as used herein, slone or in combination, refors to -S{{ -,
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{H680] The term “M-sulfovamido” refers to a REEORNR - group with R and R a5 defined

herein,

{8081} The term “S-sulfonarmido”™ refers 1o a -S(=0}RNRR’, group, with R and R’ as defined

herein.

18082 The ferms “thia” and “thic,” as used herein, alone or in combingtion, refer o a -8-
group or an ether wherein the oxygen is replaced with sulfir. The oxidized derivatives of the thio

group, narnely sulfinyl and sultbnyl, are included in the definition of thia and thio.
16083 The term “thiol,” as used herein, alone or in combination, refers to an -8H group.

{8084} The term “thivcarbonyl,” a8 used herein, when alone inslodes thioformyl -C(8YH and

in combination is g ~C(8) group.

{B0ES] The e “N-thiocarbamy!” refers 1o an ROC(SINR’- group, with R and R’as defined

herein.

{84186} The term “O-thipcarbamyl” refers to 8 -QU{SINRR’, group with B and R'as defined

herein.
HI A The term “thioevanato” refers to & NS group.

{0083} The term “nihalomethanesulfonamido” refers to a X3CR{URNR- group with X is a

halogen and R as defined herein.
B384} The term “trihalomethanesulfory!” refers to a X;CR{0- group where X is a halogen.
{8901 The term “tribalomethoxy” refers to a ¥CO0-~ group where X is a halogen.

{091} The term “trisubstitted stivh” as used herein, alone or in combination, refers 1o a
silicone group substituted at its three free valences with groups as listed herein under the
definition of amino. Examples inclode trimethysilyl, tort-butyidimethylsilyl, triphenylsilvl and

the Hke,

14~



WO 2019/090158 PCT/US2018/059071

(8492 Any defintlion herein may be used in combination with any other definition to
describe a composite structural group. By convention, the trailing elernent of any such definition
is that which attaches to the parent molety. For example, the composite group alkylamido would
represent an alkyl group attached 1o the parent molecule through an amide group, and the term
alkoxyalkyl would represent an alkoxy group attached to the parent molecule through an alkyl

group.
8493} When a group is defined to be “null)” what is meant is that said group is absent.

[B084] The term “optionally substituted” means the anteceding group may be substituted or
vnsubstituted. When substituted, the substiiuents of an “optionally substinuted™ group may
include, without limitation, one or more substituents independently selected from the following
groups or a particular designated set of groups, alene or in combination: lower alkyl, lower
alkenyl, lower alkynyl, lower alkanovl, lower hetercalkvl, lower heterocycloalkyl, lower
haloalkyl, lower haloalkenyl, lower haloatkynyl, lower perhaloalkyl, lower perhaloalkoxy, lower
cycioalkyl, phenyl, arvl, arvloxy, Jower alkoxry, lower haloalkoxy, oxe, lower acvioxy, carbonyl,
carboxyl, lower allylearbonyl, Jower carboxyester, lower carboxamide, cyano, hydrogen,
halogen, hydroxy, amino, lower slkylamine, arvlamine, amido, nitro, thiol, lower alkylthio,
lower haloalkylihio, lower perhaloalloylihio, arvithio, sulfonate, sulfonic acid, trisubstituted silvi,
N3, 5H, 8CH;, C(O}CH;, COCHy, COH, pyridinyl, thiophene, furanyl, lower carbamate, and
lower urea. Where structurally feasible, two substituents may be joined together to form a fused
five-, six-, or seven-membered carbocyclic or heterooyelic ring consisting of zero to three
heteroatoms, for example forming methylenedioxy or ethylenedioxy. An optionally substituted
group may be unsubstituied (e g, -CHCUH:), fully substituted {(e.g, -CFUFs), monosubstituted
{e.g, -CHUHF) or substituied at a level anywhere inbetween fully substituted and
monosubstituted {e.g, ~CHCF3), Where substituents are recited without gualification as o
substitution, both substituted and unsubstituted forms are encompassed. Where a substituent js
qualified as “substituted,” the substituted form is specifically intended. Additionally, different
sets of optional substituents to a particular moiety may be defined as needed; in these cases, the
optional substitution will be as defined, often immediately following the phrase, “optiomally

substituged with,”
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{695} The term R or the term R, appearing by itself and without a number designation,
uniess otherwise defined, refers to a molety chosen from hydrogen, allvl, eveloalkvi,
heteroalyl, avyl, heteroaryl and heterocycloalkyl, any of which may be optionally substituted.
Such R and R’ groups should be understond io be optonally substitimted as defived herein,
Whether an B group has a number designation or not, every R group, incloding B, B’ and Bn
where v2(1, 2, 3, ...n), every substituent, and every term should be understood to be independent
of every other in terms of selection from # group. Should any variable, substituent, or term (e.z
aryl, heterocycle, B, eic.) oceur more than one time in a formuls or generic structure, ifs
definition at each occurrence s independent of the definition at every other occurrence. Those of
skill in the art will further recognize that certain groups may be attached 1o a parent molecule or
may ocoupy a position in a chalo of elements from elther end as written, For example, an
unsyrumnetrical group such as -C{ON(R)- may be attached to the parent molety at either the

carbon or the nitrogen,

1B096] Stereogemc centers exist in some of the compounds disclosed herein. These centers
are designated by the symbols “R” or “8,” depending on the configuration of substituents around
the stereogenic cenier. It should be understood that the invention encompasses all sterenchemical
isomeric forms, including diastereomeric, enantiomerie, atropisomerie, racemic and epimeric
forms, as well as d-~ fsomers and 1-isomers, and mixtores thereof, Individual steresisomers of
compounds can be prepared synthetically from commerclally available starting materials which
contain fixed sterecgenic centers or by preparation of racemic mixtures of products followed by
enantiomeric separation such as conversion o a mixture of dissterenmers followed by separation
or recrystallization, chromatographic lechuiques, direct separation of enantiomers on chiral
chromatographic columns, or any other appropriate method koown in the ari Starting
compounds of particular stereochemical configuration are either commercially available or can
be made and resolved by techniques known in the art. Additionally, the compounds disclosed
beretn yay exist as geometric isomers. The present inventon includes all cis, trans, syn, ant,
cutgegen (B}, and =zusammen () jsomers as well as the appropriate mixtures thereof
Additonally, compounds may exist as tawomers; all tautomeric isomers are provided by this
invention. Additionally, the compounds disclosed herein can exist ju unsclvated as well as
solvated forms with phasmacentically acceptable solvents such as waler, sthanol, and the Hice, In

general, the solvated forms are considered equivalent to the unsolvaled forms,
16
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18097} The term “bond” refers to 2 covalent linkage between two atoms, or two ruoielies
when the atoros joined by the bond are considered 1o be part of larger substructure. A bound may
be single, double, or triple unless otherwise specified. A dashed line between two aloms in a

drawing of 2 molecule indicates that an additional bond may be present or absent af that position.

{84981 The term “diseass” as used herein is intended to be generally synonyrous, and is
used interchangesbly with, the terms “disorder,” “syndrome,” and “condition” {as in medical
condition), in that all reflect an abnormal condition of the human or animal body or of one of its
parts ihat impairs normal fimctioning, is fyplcally manifested by distinguishing signs and

symptors, and causes the human or animal o bave a reduced duration or quality of Hife.

B9 The term "combination therapy” means the administration of two or more therapeutic
agents to ireal a therapeutic condition or diserder described in the present disclosure. Such
administration encompasses co-administration of these therapeutic agents in 2 substantially
simuitanecus manner, such a3 in a single topical composition having a fixed ratic of active
ingredients or in muliiple, separate topical compositions for each active ingredient. In addition,
such admuinistration also encompasses use of each type of therapeutic agent in a sequential
manner. In either case, the treatment regimen will provide beneficial effects of the drug

combination in ireating the conditions or disorders described herein,

{H1B40] “IAK T and/or JAKS inhibitor” is used herein io refer to a compound that exhibits an
ICsy with respect to JAKI and/or JAKD activity of no more than about 100 pM and more
typically not more than about 50 uM, as measured in the JAKD and JAKD enzyme assavs
described generally herein. In some embodiments, the compounds will exhibit an s with
respect to JAK] and/or JAKS of about 1 uM to about 50 uM. ICy, is that concentration of
inhibitor which reduces the activity of an envyme {e.z., JAKT and/or JAKZ) 1o haifemaximal
level, Certain compounds disclosed herein have been discovered to exhibit inhibition agsinst
FAKT and/or JAKS. In some embodiments, the compounds will exhibit an ICsy with respect Lo
FJARD and/or JAKS of no more than aboui 300 nM. In some embodiments, the compounds will
exhubit an I with respect to JAKL and/or JAKS of ne more than about 1 oM. In certain
embediments, compounds will e':«;hibit an sy with respect to JAK] and/or JAKS of no more

than about 50 pM; in further embodiments, compounds will exhibit an {4 with respect to JAK
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and/or JAK3 of no more than about 10 uM,; in yel further embodiments, conpounds will exhibit
an s with respect to JAKD and/or JAKS of not more than about 3 ubd; 1w ver further
embodiments, compounds will exhibit an s with respect o JART and/or JAKS of not more

than about T uM, as measured in the JAKT and/or JAKS assay described herein,

{0181} The phrase "therapeutically effective” is ntended to qualify the amoum of active
ingredients used in the weatment of a disease or disorder or on the effocting of a clinical

endpoint,

18162} As used herein, the term “therapeutic” means an agent utilized 1o treat, combat,
ameliorgte, prevent or improve an unwanted condition or disease of a patient. In part,
embodiments of the present nvention are directed to the treatment of JAKL and/or JAK3-

mediated diseases.

[9103] The term “therapeutically acceptable”™ refers to those compounds, or o derivative
therent, which are suitable for use in contact with the tissues of patients withoot undue toxicity,
uritation, and allergic response, ars commensurate with a reasonable benefit/risk ratio, and are

etffective for their intended use.

19104} As used herein, reference fo "treatment” of & patient s jntended o include
prophiviaxis. Treatment may also be preemplive in nature, fe, it may include prevention of
disease. Prevention of g discase may invelve complete protection from disease, for exampie as in
the ease of prevention of infection with & pathogen, or may invelve prevention of disease
progressicn. For example, prevention of a disease may not mean complete foreclosure of any
effect related o the diseases at any level, but instead may mean prevention of the syimptoms of &
disease 0 a clinfcally significant or detectable level, Prevention of discases may also mean

prevention of progression of a disease {o a later stage of the disease.

[B185] “Administering” when used in conjunction with a therapeutic means to administer a
thetapeutic directly into or onto a target tissue or 1 adwminister a therapeutic to a pationt whereby
the therapeutic positively tmpacts the tissue o which it is targeted. Thus, as nsed herein, the
term “administering”, when used in conjunction with a compound of embodiments herein, can

wneiude, but is not limiied to, providing the compound into or onto the target tissue; providing the
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compound systenueally o a patient by, g, intravenous injection whereby the therapeulic
reaches the target tissue; providing the compound in the form of the encoding sequence thereofl
te the target tissue {e.g, by so-called gene-therapy techniques). “Administering” a composition
may be accomplished by injection, topically, orally, or by any of these methods in combination

with other known technigues.

{61061 The term “patient” is generally synonymous with the term “sublect” and includes afl
marmnoals incloding humans. Examples of patients include humans, Hvestock such ss cows,
goats, sheep, pigs, and rabbits, and companion animals such as dogs, cats, rabbits, and horses.

Preferably, the patient is a human.

81071 The term "prodrug” refers to a compound that Is made more active in vivo. Certain
compounds disclosed herein may also exist as prodrugs, as described in Hydrolysis in Drug and
Prodrug Metabolism: Chemistry, Biochemistry, and Freymology (Testa, Bernard and Mayer,
toachim M. Wiley-VHCA, Zurich, Switzerland 2003). Prodrugs of the compounds described
herein are structurally modified forms of the compound that readily undergo chemical changes
under physiclogical conditions to provide the compound. Additionally, prodrugs can be
converted to the compound by chemical or biochemical methods in an ex vivo environment, For
example, prodrugs can be slowly converted to a compound when placed in a transdermal paich
reserveir with a soitable enzyme or chemical reagent. Prodrugs are often useful because, in some
sttuations, they may be easier to administer than the compound, or parent drug. They may, for
instance, be bivavailable by oral administration whereas the parent drug is not. The prodrug may
also have improved solubility in phasmacestical compositions over the pareut drug. A wide
variety of prodrug derivatives are known in the art, such as those that rely on hydrolytic cleavage

or oxidative activation of the prodrug.

{3185} The term “therapeutically acceptable salt,” as used herein, represents salts or
zwitterionic forms of the compounds disclosed herein which are water or oil-soluble of
dispersibie and therapeuntically acceptable as defined herein. The salis can be prepared during the
final isolation and purification of the compounds or separately by reacting the appropriate
compound in the form of the free base with a suitable acid. Representative acid addition salis

imclude acetate, adipate, alginate, L-ascorbate, aspartate, benzoate, benzenesulfonate {hesyiate},
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bisulfate, butyrate, camphorate, camphorsulinnate, clirate, digluconate, formate, fumarste,
gentisate, glutarate, glveerophosphate, glyeolate, hemisulfute, heptanocate, hexanoate, luppurate,
hydrochloride, hydrobromide, hydroiodide, Z-hydroxyethansulfonate (isethionate), lactate,
maleate, malonate, D-mandelate, mesitvienesulionate, methanesulfonate, naphthylenesulfonate,
nicotinate, Z-naphthalenesulfonate, oxalate, pamoate, pectinate, persulfate, 3-phenylproprionate,
phosphonate, picrate, pivalate, propionate, pyroglutamate, succinate, sullonate, tartrate, L-
tartrate,  trichlorcacetate,  wifluorcacetate, phosphate, glutamate, Ibicarbonate,  para-
iohuenesulfonate {p-tosviate), and wndecanoate. Alse, basic groups in the compounds disclosed
herein can be quaternized with methyl, ethyl, propyl, and butyl chlorides, bromides, and iodides;
dimethyl, diethyl, dibutyl, and diamyl sulfates; decyl, lanryl, myristyl, and steryl chlorides,
bromides, and iodides; and beneyi and phenethyl bromides. Hxamples of acids which can be
employed to form therapsutically acceptable addition salts include inorpanic acids such as
hydrochloric, hydrobromic, sulfuric, and phosphoric, and organic acids such as oxalic, maleic,
suceinic, and citric. Salis can also be formed by coordination of the compounds with an alkali
metal or alkaline earth ion. Hence, the present invention contemplates sodium, potiassium,

magnesium, and calcium salis of the compounds disclosed berein, and the like.

{6169 Movel compounds and pharmacentical compositions, certain of which have been
found to inhibit JAKY and/or JAKS kinase have been discovered, together with methods of
synthesizing and using the compounds including, without limitation, methods for the treatment

of YAKY and/or JAKS mediated diseases in a paiient by topicaily adminisiering the compounds.

1B118] Compounds of the present invention may be selective amongst the JARKL and/or
JAKS isoforms in various ways. For example, compounds described herein may be selective for
IAKE and/or JAKS over other isoforms, such as JAKZ2 and Tvk-2, be a pan-ivhibifor of all the
isoforms, or be selective for only one isoform. In ceriain embodiments, compounds of the
preseni Invertion are sclective for JAKD andior JAKS over other isoforms. In some
embodiments, the compounds disclosed herein are selective for JAKT and/or JAKS over JAKZ
and Tyk-2. Selectivily may be determined using enzyme assavs, cellular assays or both. In
some embodiments, the compounds dsclosed herein are at least about 10x selective for JAKI
and/or JAKS recepiors over JAKD receptor. In some embodiments, the compounds disclosed
herein are at least about 10x selective for JAK and/or JAKS receptors over Tyk-2 receptor.
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Compounds

{111} Embodiments hersin are divected to compounds and pharmaceutical compositions,
certain of which have been found to inhibit JAKL and/or JAKS Kinase, together with methods of
svathesizing and wsing the compounds. Some embodimenis inciude methods for the reatment of

disgases in a patient by topically sdministering the compounds of embodiments herein,

{8112} Certain compounds disclosed herein may possess useful JAKID and/or JAK3
tnhibiting activity and may be used in the treatment or prophylaxis of a disease or condition in
which JAKD and/or JAKS plays an active role. Thus, embodimenis are also direcied io
pharmaceutical compositions comprising one or more compounds disclosed hereln together with
a pharmaceutically acceptable carrier, as well as methods of making and using ithe compounds
and compositions, Certain embodiments are directed to methods for inhibiting JAKT andfor
JAKS. Other embodiments are directed to methods fur treating a JAKL and/or JAX 3-mediated
disorder in a patient in need of such trealment, comprising administering to satd patient a
therapeutically effective amount of a compound oy composition according 1o the present
invention. Alse provided is the use of certain compounds disclosed hereln in the manufacture of
a medicament for the treatment of a diszase or condition amelicraled by the infubition of JAKI

and/or JAKZ,

{6113} Also provided are embodiments wherein any embodiment herein may be combined
with any one or more of the other embodiments, unless otherwise stated and provided the

combination is not mutually exclusive,

(0114} Also provided is a compound chosen from the HExamples disclosed herein. The
compounds of erwbodiments herein may also refer 1o a salt thereot, an ester thereof, a free acid

form thereol, a free base form thereof, a solvate thercof, a deuterated derivative thereof, a

sy

bydrate theveof, an MN-oxude thereof, a clathrate thereof, a prodrug thereof, a polymorph thereot, 2
stereoisorner thergof, an cnantiomer thereod, a diastereomer thereof, a racemate thereof, a
mixiure of sterecisomers thereof, a tautomer thereof, a mixture of tautomers thereof, or a

combination of the foregeoing of the compounds of embodiments herein

{3115} Compounds described herein may contain a steresgente center and may be chiral and
thus exist as cnantiomers. Where the compounds according 1o embodiments herein possess two
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or more stercogenic cenlers, they may additionally exist as diastereomers. Ernbodiments herein
includes all possible stercoisomers gs substantialiv pure resolved enantiomers, racemic mixtures
thereof, as well as mixtures of dastereomers, In some embodiments, the formulas are shows
without a definilive stereochemistry at certain positions. Embodiments herein includes all
stereoisomers of such formulas and pharmaceutically acoeptable salts thereof, Diastereoisomeric
pairs of swrecisomers may be separated by, for example, factional crystalitzation from a
suitable solvent, and pairs of enantiomers thus obtained may be separated into ndividual
stereoisomers by conventional mweans, for example by the use of an optically active acid or base
as a resolving agent or on & chiral HPLO column. Further, any enantioreer or diastereomer of 4
compound of the general formula may be obtaived by sterenspecific or sterenselective syntheais
using optically pure o enantivenriched starfing waterials or reagents of known confi guration,
The scope of embodiments herein as deseribed and claimed encompasses the racemic forms of
the compounds as well as the individual enantiomers, diastergomers, and sterenisomer-enriched

Toixinres.

18116} Conventional techniques for the preparation/isolation of individual enantiomers
include stersoselective synthesis from a suiiable enanticenrichad or optically pure precursors or
resefution of the racemate using, for example, chiral high pressure figuid chromatography
(HPLC). Alternatively, the racemate {(or a racemic precursor) may be reacted with a suitable
optically active compound, for exaraple, an alcohol, or, in the case where the compound contains
an acidic or basic moiety, an acid or base such as tartaric acid or 1-phenviethylamine. The
resulting dissiereomeric mixture may be separated by chromatography and/or fractional
crysteliization and one or both of the diastereoisomers converied to the corresponding  pure
enantiomer(s} by means well known to one skilled in the art. Chival compounds of embodiments
herein {and chiral precursors thereof) may be obtained in evantiomericaliy-enriched form using
chromatography, typically HPLC, on an asymmetric resin with a mobile phase consisting of a
hydrocarbon, typically heptane or hexane, containing from § i 50% isopropanol, typieally from
2 16 20%, and from 0 to 5% of an alkylamine, typically 0.1 % disthylamine. Concentration of the
eluste alfords the enriched rudbxture. Sterecisomer conglomerates may be separated by
comventional technigues known to those skifled in the art. See, e g, "Stereochemistry of Organic

Compounds” by Hrest L. Elel (Wiley, MNew York, 1994},
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117} Atropisomers are sterecisomers rosulting from hindered votation abewt single bonds
where the sieric sirain barrier 1o rotation is high encugh to allow for the isolation of the
conformers. Oki (Oki, M; Topics in Stercochemistry 1983, 1) defined atropisomers as
conformers thal interconvert with a halt-life of more than 1000 seconds at a given temperatire.
The scope of embodiments herein as described and claimed encompasses the racemic forms of
the compounds as well as the individual atropisomers {an atropisomer “substantially free” of its

corresponding atropisomer) and stereoisomer-enriched mixiures, e, mixtures of atropisomers,

{118} Separation of atropisorers is possibly by chiral resclution methods such as selective
crystaltization. In an atropo-enantioselective or atroposelective synthesis one atropisomer is
formed at the expense of the other. Atropeselective synthesis may be carried out by use of chiral
auxitiaries like a Corey-Bakshi-Shibata (CBX) catalvst (ssymmetric catalyst derived from
profine} in the total synthesis of knipholone or by approaches based on thermedynamic

equilibration when an isomerization reaction favors one gtropisomer over the other.

[6119) Nuitable pharmaceutically acceptable acid addition salts of the compounds of
embodiments herein may be prepared from an inorganic acid or an organic acid. All of these
salts may be prepared by conventional means from the corresponding compound of cmbodiments

herein by treating, for example, the compound with the appropriate acid or base.

{B128] Pharmaceutically acceptable scids include both inorganic acids, for example
hydrochloric, hydrobromic, hydrotodic, nitrie, carbenic, sulfuric, phosphoric and diphosphorie
acid; and organic acids, for example formic, acetic, wrifluoroacetic, propronis, suceinic, glyeolic,
smbonie  {pamoic), methanssulfonde, cthanesulfonie, 2-hydroxvethanesulfonic, pantothenic,
benzenesulforic, toluenesulfonic, sulfanilic, mesylic, cyclohexviaminosulfonie, stearic, algenic,
B-hydroxybutyrie, malonic, galactic, gelacturonic, citric, fumarie, gluconic, glutamic, lactic,
maleic, malic, mandelic, mucic, ascorbic, oxalic, pantothende, suceinic, tartaric, henzoic, acetic,

xinafols (1-hydroxy-2-naphthoic acid), napadisitic (1,5-naphthalenedisulfonic acid) and the like.

121 Salts derived from pharmaceutically-accepiable inorganic bases include aluminum,
ammonium, caletum, copper, ferrie, ferrous, lihium, magnesinm, manganic, manganous,
potasstum, sodium, zine and the like. Salts derived from pharmaceutically-acceptable organic
bases include salts of primary, secondary and tertiary amines, including allyl amines, arylatkyl

.
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amnines, heterocyelyl amings, cyclic amines, naturally-occourring amines and the like, such as
arginine, betaine, caffeine, choline, chlovoprocaine, diethanolamine, N-methyiglucamine, NN
dibenzylethylenediamine,  disthylamine, 2-disthylaminoethanol, 2-dimethvlaminoethanol,
ethanclanine, ethylenediamine, N-ethyhmorpholine, N-ethyipiperidine, glucamine, glucosamine,
higtidine, hydrabamine, isopropyiamine, lysine, methylglucamine, morpholine, piperazine,
piperiding, polvamine resins, procaine, purines, theobromine, triethylamine, trimethviamine,

tripropylamine, tromethamine and the ke,

18123] Other preterred saits according to embodiments hergin are guatemnary amunoninm
corapounds wherein an equivalent of an anions (X~} is associated with the positive charge of the
W gtom, X~ may be an anion of various mineral acids such as, for example, chloride, bromide,
iodide, sulphate, nitrate, phosphate, or an anion of an organic acid such as, for example, acetate,
maleate, fumarate, citrate, oxalate, succinate, tartraie, malale, mandelate, trilluorcacetate,
methanesulphonate and p-toluencsulphonate, X- is preferably an anion selecied from chloride,
bromide, wdide, sulphate, nitrate, acetate, maleate, oxalate, succinate or irifluoroacetate. More

preferably X- is chioride, bromide, trifluoroacetate or methanesulphonate.

0123} As used herein, an N-oxide is formed from the tertiary basic amines or imines present

in the melecule, using 2 convenient oxidizing agent.

{3824} The compounds of embodiments herein may exist in both unsolvated and solvated
forms. The term solvate is used herein to describe o molecular complex comprising a compound
of embodimenis berein and an amount of one or more pharmaceutically acceptable solvent
molecules. The term hydrate is employved when said solvent is water. Examples of solvate forms
inchude, but are not limited to, compounds of embodiments herein in association with water,
acetone, dichloromethave, 2-propanol, ethanol, methancl, dimethylsulfoxide (IMSO), ethyl
acetate, acetic acid, othanolamine, or mixtures thereof. It is specifically contemplated that in
embodiments herein one solvent molecule can be assccimted with one molecule of the

compounds of embodirnenis hevein, such as a hydrate.

(8135 Furthermore, it is specifically contemplated that in embodiments herein, more than

one solvent rolecule may be associated with one mslecule of the compoumds of embodiments

herein, such as g dihvidrate. Additionally, it is specifically contemplated that in embodiments
Db
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herein less than one solvent moleculs may be assoctated with one moelecule of the compounds of
embodiments herein, such as a hemihydrate. Furthermore, solvates of embodiments herein are
cortemnplated as solvates of compounds of embodimenis hersin that retain the biological

cifectiveness of the non-seivate form of the compounds.

{8126} Embodiments berein also include isotopically-labeled compounds of embodiments
hersin, wherein one or more atoms is replaced by an atom having the sawe atomic number, but
an alomio mass or mass number different from the atomic mass or mass mumber usually found in
nature. Examples of solopes suitable for inclusion in the compounds of embodiments herein
include isotopes of hydrogen, such as *H and *H. carbon, such as 'C, PO and 10, chioring, such

125

as “ICH fluorine, such as '°F, indine, such as T and ', nitrogen, such as B and B, oxygen,
such as PO, 0 and M0, phosphoros, such as 7P, and sulfur, such as 8. Certain isotopically-
labeled compounds of embodiments herein, for example, those incorporating a rsdicactive
isoiope, are useinl in drug and/or substrate tissue distribution studies. The radicactive isotopes
tritium, 'H, and carbon-14, YC, are particularly useful for this purpose in view of their ease of
incorporstion and ready means of detection. Substitution with heavier isotopes such as
deuierium, 2H, may alford ceriain therapeutic advantages resulting from greater metabolic
stability, for exarople, increased in vive half-life or reduced dosage reguirements, and hence may
be preferred in some circumstances. Substitution with posifron emitting isotopes, such as 'C,
BE, 0 and PN, can be nseful in Positron Emission Topography (PET) studics for examining

substrate receptor oecupancy.

{8127} Isotopicaliy-labeled compounds of embodiments herein can generally be prepared by
conventional technigues known to these skilled in the art or by processes analogous o those
described herein, using ap appropriate isotopically-labeled reagent in place of the non-labeled

reagent otherwise emploved.

18128} Preferred  isotopically-labeled compounds ionclnde deuterated derivatives of the
compounds of embodiments herein. As used hersin, the term denterated derivaiive erobraces
compounds of erobodiments herein where in a parbicular position at least one hvdrogen atom is
replaced by desterium. Deuterium (D or 2H) is & stable isolope of hydrogen which is present at a

natural abundance of $.013 molar %.
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{8129] Hydrogen deuterium exchange {(deuterivm incorporation) is a chemical reaction in
which a covalently bonded hydrogen atom i3 replaced by g deuterivm atom. Said exchange

{incorporation} reaction can be total or partial.

{8134 Typically, a deuteraied derivative of a compound of embodiments herein has an
isotopic envichment factor {ratio between the isotopic abundance and the natural gbundance of
that isotope, L2 the percentage of incorporation of deuteriiro gt a given position m a molecule in
the place of hydrogen) for each deuterium present st a site designated as a polential site of

denteration on the compound of at least 3500 {52.5% devteriom incorporation).

{131} in some embodiments, the isolopic enrichment factor is ab least 3000 (73%
deutertumy). In some embodimaents, the isotopic emrichment factor is at least 63333 (85%
deuterium incorporation). In some embodiments, the isotopic enrichment factor is at least 6633.3
{99.5% dewterium incorporation), It is understood that the isotopic enrichment factor of each
denterium present at a site designated as a site of deuleration ts independent from the other

deuteration sites.

181324 The isotopic enrichment factor can be determined using conventional analytical
methods known to one of wrdinary skilled in the art, including mass aspectrometry (MS) and

nuclear magnetic resopance (NMR)

{133} Prodrugs of the compounds described herein are glse within the scope of
embodiments herein. Thus, certain derivatives of the compounds of embodiments herein, which
derivatives may have hittle or no pharmacological activity themselves, when admindstered into or
onto the body may be converted o compounds of embodiments hergin having the desired
activity, for example, by hydrolytic cleavage. Such derivatives are referred fo as ‘prodrugs’
Further information on the use of prodrugs may be found in Pro-drugs as Movel Delivery
Systems, Vol 14, ACS Sympostum Series (T, Higuchi and W, Siella) and Bioreversible Carriers

in Drrug Pesign, Pergamon Press, 1987 (ed. E. B. Roche, American Pharmaceutical Association),

{134} Prodrugs in accordance with embodiments herein can, for example, be produced by

replacing appropriate functionalities present in the compounds of embodiments herein with

26-
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certain moieties known to those skilled in the art as “pro-moieties’ as described, for example, in

Deaign of Prodrugs by H. Bundgaerd {Eisevier, 1985},

{6138} In the case of compounds of embodiments herein that are solids, it is understcod by
those skilled in the art that the inventive compounds and salts may exist in different crystalline or
polymorphic forros, or in an amorphous form, all of which are infended to be within the scope of

embodimenis herein.

{8134 The compounds disclosed hercin can exist ag and therefore include all sterecisomers,
conformationsl isomers snd mixtures thereof in all proportions as well as isotopic formms such as

deuterated compounds.

18137} The compounds disclosed herein can exist as therapeutically acceptable salts. The
present invention includes compounds listed above in the form of salts, including acid addition
saits. Suitable salts include those formed with both organic and inorganic acids. Such acid
addition salts will normally be pharmacentically acceptable. However, salis of non-
pharmaceutically acceptable salts may be of utility in the preparation and purification of the
compound In question. Basic addition salts may alse be formed and be pharmaceutically
acceptable. For a more complete discussion of the preparation and selection of salts, refer to
Pharmaceutical Salts: Properties, Selection, and Use (Stahi, P. Helwich, Wiley-VCHA, Zurich,

Switzerland, 2002}

3138} Baste addition salts can be prepared during the final isolation and puritication of the
compounds by reacting a carboxy group with a suitable base such as the hydroxide, carbonate, or
hicarbonate of a metal cation or with amvnonda or an organic primary, secondary, or terflary
amine. The cations of therapeutically acceptable salts include Bthivm, sodium, potassium,
calcium, magnesium, and abuminum, as well as pontoxic qualernary amine cations such as
amynonium, telramethylammonium,  eiracthyvlammonium,  methylamine,  dimethylamine,
irimethylamine, tricthvlamine, dicthyvlamine, ecthvlamine, tbuoiylamine, pyrdine, MNN-
dimethylaniline, N-methylpiperidine, N-methyimormpholine, dicyelohexviamine, procaine,
dibenzylamine, N, N-dibenzyilphenethylamine, I~ephenamine, and M,

dibenzylethvienediamine., Other representative organic amines useful for the formation of base

37
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addition salts inclnde cthylensdiamine, ethanolamine, dicthanclamine, piperidine, and

piperazine.

$5139 In certain embodiments, compounds have structural Formula (1
¢ 4

wherein:

By is selected from -COpRs, -CpOalkyl-UhRs, -Ua-Cooveloalkvl-COR,, -
NHCORs, -MN{C -5 alky O RS, -G-ULR;, or «C-Csalkyi-0-ChR;;

R, is selected from H, ~Ci-Caalkyl, ~Ci-Ceoveloalkyl, or ~Ci-Coalkvl-Ci-Cgeycloalkoyl,
wherein the alkyl or cycloallyt groups are optionally substituted with one or ore

groups selected from halogen, -OH, or ~0-Cy-Csalloyl;
nisd, { ord;

Ring A is substituted at one or more carbons with ong, two, or three Ry substituents
whergin cach Ry group is independently selected from H, balogen, ~Cy-Caalkyl, -Cs-
Ceoyeloatkyl, -OH, or -0-Cy-Usalkyl wherein gach alkyvl or cyclealkyl group is
eptionally substituted with one or more groups selected from: halogen, -OH, -Cy-

Ceatkyialkoxy, or -O-C-{salkyl:

Two Ry groups on the same or different carbon atoms of the ring A wiay be optionally

joined to form 2 spiroeyelic or bigyelic ving system with ring A;

Ry is selected from -C{ORRe, -CHRR,, -C(OV-CH=CH,, -C(O-C{CHO0CH)»CHy, -
C{O-CH=CHCH,, -C{OYCH=CHCH;NR:Rs, ~C{0pCp-Caallvl, or -C03-Cy-
Cyeyeloalkyl, wherein the alkyl or cycloaikyl groups may be optionally substituied

with one or more groups selected from -OH, halogen, alkyne, or -CN;

2R
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Rs is selected from ~O-Caalkyl, or ~Ch-Coeyveloalkyl wherein the alkyl or cyeloalkyl
groups may bhe optionally substifuted by one or more groups selected from halogen, -

{3H, or -0-C-Csalkyl;

Ry is selected from -Cy-Csalkyl, ~Cy-Coevaloalkyl, -C-Cralkyl-Cs-Croveloatkyl, -NRyR,
~C-aryl, -O-heterogryl, arvl, or heteroaryl wherein the alkyl, eyeloalkyl, arvlor
heteroary! groups can be optionally substituted by one or more groups selected from

halogen, -CN, alkyne, -OH, trifluoremethyl, -0-C-Csalkyl, or -0-Cy-Cocycloalicyl:

Ry and Ry are independently selected from H, -Ci-Cs atkyl, -C1-Cs atkoxy, or -C5-Cs
cyeloaliyl wherein the alkyi groups may be optionslly subetitoted by one or more
groups selecied from halogen, -0, or -CN;

B and By may be optionally joined to form & ring to form g heterocyele such ags

piperidine, pyrrolidine, or with another heteroatom to form a ring soch as morpholine.

16148} {n ceriain embodiments, compounds have structural Formula (ay

¥ .‘“”{Mj §§3
o TR ORN-Ry,
Len, ol

N

wherstn:

Ry i3 selected from H, -Cp-Caalkyl, -Ci-Ceeveloalkyl, or  -C-Coalkyl-Cs-
Ceevelpallyl, wherein the alkyl or eycloallovl groups are optionally subsiituted with

ong or maore groups selected from halogen, ~OH, or -0-Cy-Csalkyl;
nisl, Lor2;

Ring B is substituted at one or more carbons with one, two, or three Ra substituents
wherein each Bay group i independently selectad from H, halogen, ~{-Cialkyl, -Cs-

Cooycloalicyl, -OH, or -0-U-Csalloyl wherein each alkyl or cyeloalkyl group is

-39



WO 2019/090158 PCT/US2018/059071

optionally substituted with one or more groups selected from: halogen, -OH, -Cy-

Csalkyvlatkoxy, or -OG-C-Csaliyl;

Two B3 groups on the same or different carbon atoms of the ring B may be optionally

joined o form a spirocyelic or bicvelic ving svstem with ring B;

Ry 18 selected from ~C{ORRs, ~CHaRey, ~C{O-CH=CH;, -C(O3-C{CHOCH; = CH;,
-C{O-CH=CHCH;, -C(ORCH=CHCHNRB 2 Ray, -C(O30-Caatkyl, or -C(OR0s
Ceoyeloalkyl, wherein the alkyl or eycloalkyl groups may be optionally substituted

with ane or more groups selecied from ~OH, halogen, alkyne, or ~CN;

Ry is selected from -C-Usalkyl, or -Cs-Useyeloalkyl wherein the alkyi or eycloalkyl
groups may be optionally substituted by one or more groups selected from halogen, -

{34, or -O-{-Csalkyls

Bsp is seleoted from -C-Csalkyl, -Ca-Ugeycloatkyl, -Ci-Csalkyl-Cy-Cocycloalikyl, -
NRy R, -G-arvl, -O-heteroaryi, aryl, or heteroaryl wherein the alkyl, cveloalkyl, aryl
or heteroaryl groups can be optionally substituted by one or more groups selected
from halogen, -CN, alkyne, -OH, trifluoromethvl, -G-C-Cealkyl, or -03-Cs-

Ceeyeloalkyvl;

Ry and Ry are independently selected from H, -C;-Cs alkyl, -Ci-Cs alkoxry, or ~Cs-Cs
cveloalkyl wherein the alkyl groups may be optionally substituted by one or more

groups selected from halogen, ~OH, or -CN;

R4 and Bg may be optionally joined to form a ring fo form g heteroeycie such as

piperiding, pyrroliding, or with another heterogtom to form a ving such as morpholine.

HIT 3] In gertain embodiments, compounds have structural Formula by

Rf,g{:}\.\?]/‘::'i ‘Cﬁ a?kyi N

- D
G N N.«’ S

w303~
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wherain

Ry i selected from H, -C-Callyl, -Ci-Csoveloalkyl, or ~Op-Oalkyi-Cs-
Ceoyeloalkyl, wherein the slivl or oveloalkyl groups are optionally substituted with

one or more groups selected from halogen, “OH, or ~0-C-Cialloyl;
nisl, 1orZ;

Ring C is substituted at one or more carbons with one, two, or three Ry, substituents
wheretn each Ry group is independently selected from H, halogen, -Ci-Caalkyl, -Cs
Csoyeloalkyl, -OH, or -O-{-{"salkyl wherein sach alkyl or cycloalkyl group is
opttonally substitnted with one or more groups selected from: belogen, -OH, -Cy-

{satkyialkoxy, or <O-C-Csalkyl:

Two Ry groups on the sarme or different carbon atoms of the ving € may be optionally

ioined to form a spiroceyelic or bovele ring systern with ring O
o af M

RJ-;_Q is selected from -C{f}}-R@, -CHQR.(,Q, -C{O}CH:CHL ~C{0j-f((‘HﬁWB(1Hz}CHL
~C{OPCH=CHCH,, -C{OCH=CHCH;NR» Ry, ~C{03-C-Caglkyl, or OO0
Ceeveloalkyl, wherein the alkyl or cyveloalkyl groups may be optionally substituied

with one or more groups selected from -OH, halogen, alkyne, or -CR;

Rs; is selected from -C-Csalkyl, or -Cy-Cieynioalkyl wherein the alloyl or eycloalkyl
groups may be optionally substituted by ong or more groups selected from halogen, -

GH, or ~03-C-Caalkyl;

Rz i3 selected from ~C-Csalkyl, -Ca-Cyoveloalioyl, - -Csalkyl-Cs-Cyoveloalkyl, -
MNRsRas, -Cenryl, -O-hetercaryl, aryl) or heteroaryl wherein the alkyl, cycloalkyl, aryl
or heteroaryl groups can be optionally substituted by one or more groups selected
from halogen, ~CN, alloyne, -OH, trifluoromethyl, ~O-C-Caalkyl, or -G-{-

Coeyeloalkyl;

Ros and Ryy are independently selected from H, -C-Cs alkyl, ~O4-Cs alkoxy, or ~U4-Cs
cveloatkyl wherein the alkyl groups may be optionally substituted by one or more

eraups selected from halogen, -OH, or -CN;

-31-
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R and Ry may be optionally joined to form a ring to form a heterocyele such ag

piperidine, pyrrolidine, or with ancther heteroatom to form a ring such as morpholine,

101424 in certain embodiments, compounds have structural Formula ek

S
T e

R \T E/C;;Cﬁ eycloaliyl V\fa i\

G

wherein:

Rapn 18 selected from H, -C-Calkyl, -Ci-Ceoyeloalkvl, or ~LC-Coaliovi-Cy-
Ceoyveloalkyl, wherein the aliovl or eveloalkyl groups are optionally substituted with

one or more groups selecied from halogen, O, or ~0-C-Csallovl;
nisQ, Lord:

Ring [y is substituted st one or more carbons with one, two, or three Rj; substituents
wherein cach Rax group is independently selected from H, halogen, -Cy-Cialkyl, -Cs-
Cecycloatkyl, -OH, or -0-C-Usalkyl wherein each alkyl or cyclealkyl group is
opticnally substituted with ong or more groups selected from: helogen, -OH, -Cy-

Csalkylatkoxy, or -0-0-Cs alkyi;

Fwir Ray groups on the same or different carbon atoimns of the ring D way be opticually

joined to form a spivocyelic or bicyelic ring system with ving B;

Rus ts selected from ~C{0-Ra, ~CHpRe, ~-C{OWCH=CH;, ~-C(OWC(CH,OCH; =CH,,
SCN-CH=CHCH,;, ~C{OpRCH=CHCUH;NR 3R, ~CORC-Caallyl, or -C(03Ca-
Ceeyeloalkyl, wherein the alkyl or cycloalkyl groups may be optionally subsiituled

with one or more groups selected from -OH, halogen, alkyne, or ~-CN;
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Ray s selected from -C-Caalkyl, or ~C-Cooveloalkyl wherein the allv! or eveloalkyl
¥ ¥ 3 5 5
groups may be optionally substituied by one or more groups selected from halogen, -

OH, or <O-C~{salkyl;

Bys 18 selected from ~Cy-Chalkyl, -Ca-Cooveloalloyl, ~C-Csalkyl-Ci-Coeycloalkyd, -
MR Ras, ~Crarvl, -O-heteroaryl, arvl, or heteroaryl wherein the alkyl, cveloalkyl, aryl
or heteroaryl groups can be optionally substituted by one or more groups selected
from halogen, -CN, alkyne, -OH, trifluoromethyl, -0-C-Caalkyl, or ~-0-Cs-
Cocycloalkyl;

Ry and Rg are independently selected from H, ~C-Cs alkyl, ~-C-Cs alkoxy, or Cs5-Cs
cyeloalkyl wherein the alkyl grovps may be optionally substituted by one or more

groups selected from halogen, -0OH, or -CNj

R7: and Ry mav be optionally joined o form a ring to form a hetercoycle such as

piperidine, pyrrelidine, or with another heterostom to form a ring such as morpholine.

{143] fn certain smbodiments, compounds have stroctural Formula (Idy

£
.
Fagsd & S
)
R L N

oo
R540»\ ,N\ AL ,.\\

O RV

ety
NTH O g

wherein:

Rog 15 selected from H, -Ci-Caalkyl, ~Ca-Csovelpalkyl, or  -C-Cralkyl-Cs-

5

Cooveloalkyd, wherein the alkyl or eycloalkyl groups are optionally substiuted with

one or more groups selected from halogen, -OH, or ~0-Cy-Csallivl;
nisQ, ! ord;

Ring E is substitiied at one or more carbons with one, two, or three Ry substituents
whergin each Ruy group is independently selected from H, halogen, -C-Caalkyl, -Cy-
Ceovcloatkyl, -OH, or -0-C-Csalkyl wherein each alkyl or cyeloalkyl group is

33
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optionally substituted with one or more groups selected frome: halogen, ~OH, -Oy-

{salkylalkoxy, or -O-C-Csalkyl;

Two Rag groups on the same or different carbon atoms of the ring E may be optionally

joined o form a spirocyelic or bicyelic ring system with ring E;

Ras 15 selected from ~O(0-Rey, ~CHp Ry, ~C{O-CH=CHy, -C{O-CCHOCH: =CHa,
S{EOWCH=CHCH,, ~CIORCH=CHOHNR 1Ry, ~C{-C-Caalkyl, or -C{0)-Cy-
Ceeveloalioy], wherein the alkyl or cyeloalkyl groups may be optionally substituied

with one or more groups selected from ~0OH, halogen, alkyne, or ~ON;

Rss is selected from -C-Chalkyl, or ~Cy-Cseyeloalkyl wherein the alky! or eyeloalkyl
groups may be optionally suhstituted by ove or more groups selected from halogen, -

OH, or -O-Cy-Cisalkyl;

Req 15 selected from -0-Calkyl, -Ci-Cheveloatkyl, -C;-Cealkyl-Ci-Cooveloalkyl, -
MR 1R, ~O-aryl, -O-hetercaryl, arvl, or heteroaryl wherein the alkyl, cycloalkyl, arvl
or hetercaryl groups can be optionally substituted by one or more groups selected
from halogen, -CN, alkyne, -OH, triftucromethyl, -0-Cy-Csalkyd, or -0-Cs-

{sovcloalkyl

Ry and Rgg are independently selected from H, ~C-Cs alkyl, -C-Cs alkoxy, or -{03-Cs
cycloalkyl wherein the atkyl groups may be optionally substituted by one or more

groups selected from halogen, -OH, or ~CN;

Ry and Ray may be optionally joined to forro a ving to form a heterocycle such as

piperidine, pyrrolidine, or with another heteroatom to forro g ving such as morpholine.

{#144] in certain embodiments, compounds have structural Formuls ey
% W
Rss~t N R
45
Cy-Cs atkyl, ~5‘ "L“
i\v}{:‘ o 4:\'#, \,\\ \
Q S

WH e

“3de
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wherain,

Rys i3 selected from H, ~{-Chalkvl, -Ci-Ceoycloalivl, or -C-Chalkyl-Ca-
Ceoveloalloyl, whereln the alkylt or oycloalkyl groupa are optionally substituted with

one or more groups selected from halogen, -OH, or «0-Cy-Caalkyi;
nis(, 1orZ;

Ring F is substituted at one or more carbons with one, two, or three Rss substituents
wherein each Rss group is independently selected from H, halogen, -Ci-Caalkyl, -Cs-
Ceeveloalkyl, -OH, or -0-C-Csalkyl wherein each alkyl or cycloalkyl group s
optionally substittted with one or more groups selected from halogen, -OH, -Cy-

Csalkylalkoxy, or ~(-C-Csallyvl;

Two Bas groups on the same or different carbon atoms of the ring F may be optionally

joined to form a spiroeyelic or bicyelic ring systemy with ring F;

Ras is selected from -C{ORys, -CH;Rgs, -C{OWUH=CH,, ~-C{OWC{CHLOUH =D,
-O{O-CH=CHCH,, -C{OWCH=CHCH;NRyRgs, -C{OWC-Coalkyl, or -£{}-Cs-
Creyveloalkyvl, wherein the alkyl or cyeloalkyl groups may be optionally substituted

with one or more groups selected from -OH, halogen, alliyne, or -CP;

Rss is selected from -C-Caalkyl, or -Ch-Ceyeloalkyl wherein the alky! or cyeloalkyt
groups may be optionally substituted by one or more groups selected from halogen, -

OH, or ~0-C-Csaliovl;

Ree 18 selected from -C-Cealkyl, -C-Coovedpabloyl, -C-Cralkyl-Ca-Choveloalkyl, -
WNR75Rgs, -O-aryl, -O-heteroaryl, arvl, or heteroarvl wherein the alkyl, eycloalkyl, aryl
or heteroary! groups can be optionally substinsed by one or more groups selected
from halogen, -CN, alkyne, ~OH, trittugromethyt, ~0-Ci-Csalkyl, or G-y

Cyoyeloalkyl;

Rys and Rys are independently selected from H, ~04-Cs allovl, ~C-Cs alkoxy, or -5
cycloalkyl wherein the alky! groups may be optionally substituted by one or more

groups selected from halogen, -OH, or -ON;
~35.
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Rys and Rge may be optiopally joined to form a ving to form a heterocycle such as

piperiding, pyrrolidine, or with ancther helercatom fo form a ring such as morpholine.

{3145] In certain embodiments, compounds have structural Formuls (M

wherein,

Ry s selected from H, -Cy-Chalkyl, -Ci-Ceoveloalkyl, or  -Cp-Chralloyt-OCyr
Ceovelnalkyl, wherein the alloyl or eycloalkyl groups are optionally substituted with

one or more groups selected from halogen, -OH, or -0-C-Csalkyl;
nis{ 1or:

Bing {3 is sobstituted at one or more carbons with ong, two, or three Rie substituents
wherein each K¢ group is independently selected from H, halogen, -C-Cialkyl, -Cs-
Ceoveloalkyl, ~OH, or -0-Ci-Csalkyl wherein each alkyl or cyeloalkyl group is
optionally sebstituted with one or more groups selected from: halogen, -0, Oy

Csalkvlalkoxy, or ~0-C-Csalkyl;

Twa Rig groups on the same or different carbon afors of the ring 3 may be optionally

ioined o form g spirocyelic or bicyclic ring system with ving

R4 s selected from -U{0-Res, -CHyRg, -C{OCH=CH,, -C{O-C(CHQCH; 3=CH,,
SCENCH=CHOH,,  -C{OCH=CHCH;NR sRgs, -C{OVCi-OUsalkyl, o -C{O»Cs-
Ceoveloalkyvl, wherein the alkyl or cycloalkyl groups may be optionally substituted

with gng or more groups selected from -{H, halegen, alkyne, or <CIN;
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10146

Rig is selected from ~Ci-Csalkyl, or ~Ca-Csoveloalkyl wherein the alkyl or eveloalkyl
groups may be optionally substituted by one or more groups selected from halogen, -

OH, or -0-C-Caalkyl;

s 1s selected from -Cp-Caalkyl, -Co-Cooycloalkyd, -C-Caallyl-Ca-Cooyeloalkyl, -
WNRRge, -O-arvl, -O-heteroaryl, aryl, or heteroary! wherein the alkyl, cycloalkyl, aryl
or heteroaryl groups can be optionslly substitsted by one or more groups selected
from halogen, -CN, alkyne, -OH, trifluoromethyl, -03-C-Caalkyl, or -0-Ca-
Ceeycloalkyl;

R and R are independently selected from H, ~C-Cs alloyl, -0 alkoxy, or ~Us-0s
eyeloatkyl wherein the alky] groups may be optionally substituted by one or mors

groups selected from halogen, -OH, or -CN;

Ry and Ry may be optionally joined to form a ring to form a heteroeyele such a3

piperidine, pyrrolidine, or with another hetercatom to formn g ring such a5 morpholine,

In certain embodirpents, compounds have structural Formula (Igh

e
Rs'ﬁ-—i A
T M Ny
R"‘\ e 4
Q 7 N/I\ v

g:%k}\a,‘" \’\,GIC‘}‘CE a?kyi Ny, ‘_f‘fk%‘v‘“w‘%-

Ny ‘

NOTR O g
whereiny

Ry 18 selected Fom M, -Ci-Calkyl, -Oa-Ceoyelpatkyl, or -C-Coallyl-Cse

k4

Ceeveloalkyl, wherein the alkyl or oycloalkyl groups are optionally substifuted with

one or more groups selected from balogen, -OH, or ~0-C-Csalkyl;
nis§, 1 or?;

Ring H is substituied at one or more carbons with one, twa, or three Ray substituents

~
> _ﬁ"

whereln each Ry group is independently selected frorn H, halogen, -Ci-Caalkyl, -C

Ceeveloatkyl, -OH, or -0-C-Csalkyl wherein each alkyl or cycloalkyl group is

-3

(%)
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optionally substituted with one or more groups selected fronv halogen, -OH, -Cs-

Coalkyvialkoxy, or ~0-C;-Uaalkyl;

Two Ry groups on the same or different carbon atoms of the ring H may be optionally

joined to form a spirocyclic or bicvelic ring systern with ring H;

Ry7 is selected from -C{O)-Rer, -CHaRey, -C{ORCH=CH,, -C(O}-C{CUH0CH =CH,

SC{OWUH=CHOH;, -CORCH=CHCHNRE Ry, -C(O-0-Caalkyl, or -C{O30s-

Ceeyeloalkyl, wherein the alkyl or cycloalkyl groups may be optionally substituted
h

with one or more groups selected from ~3H, halogen, alkyne, or -CI;

Rsy is selected from ~C-Cralkyl, or -Cs-Cseyveloalloyl wherein the alloyl or eycloalkyl
groups may be optionally substituted by one or more groups selected from halogen, -

OH, or -0-C-Csalkyl;

Ry is selected from - -Calkyl, -Cs-Ceoveloalkyl, ~C-Caalkyl-Cs-Cooveloalkyl, -
MWRR gy, -O-aryl, -O-heteroaryl, aryl, or heteroary] wherein the alkyl, oveloalkyl, aryl
or heterparyl groups can be optionally substituted by one or more groups selected
from halogen, -CN, alkyne, -OH, triflucromethyl, -0-C-Caalkyl, or -0-Cy-
Cecycloalkyl;

Ro7 and Ry are independently selected from H, -C-Cs alkyl, -C-Cs atkoxy, or -Cs-Cs
cveloaikyl wherein the alky! groups may be optionally substituted by ong or more

sroups selected from halogen, -0, or -CN;
4 g

Ryy and Rgy may be optionally joined to form a ring to form a heteroeycle such as

piperidine, pyrrolidine, or with another heteroatom to form 2 ving such as morpholine,

18147} In certain embodiments, compounds have structural Formula (11
_;‘_,\»i:\ ‘__R )
Fao=gd '}ﬁ"i"‘ ¢
R 20~ N"yk\\-‘" e
Rag Ao
i \‘?’E' \.\\/
NOOg

3R
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wherein:

Rm iq selected from —C{)ERS(}, -"::1“(:5-811(}’"1“(:07}{50, -C},“C(jmcydi)aik‘}’i'cOQR_:;Q_‘,
“VHC(EQRQ:, *N{C;"Cj alk},«i)u(l(}gRgd, ~{)"C02R50, Qf ‘~C1 --€;’.5alkyi—0~00;;}{50;

R s selected from H, -C-Caalkyl, -Cs-Cooveloalkyl, or -C-Chalkyi-ly-Cooyeloalkyt
wherein the alkyl or cycloalkyl groups are optionally substituted with one or more

groups selected from halogen, -OH, or -0-C-Uealkyls
niglorl:

Ring [ is substituted at one or more carbons with one, two, or three Ry substituents
wherein each Rp group is independently selected from H, halogen, -C-Caalkyl, -Cs-
Creyeloalkyl, -GH, ~O-C-Caalkyl, -NR, C{O-CH=CH,,

MR CO-C{CHOCH Uy, ~NR o (-CH=CHCH;, or -NECO)-
CH=-CHCHNR g Rg wherein each alkyl or cyeloalkyl group is optionally substituted
with one or more groups selected fromy: halogen, -OH, -Cy-Cialkylalkoxy, or -G-Cy-

{salkyl;

Twi Bs groups on the same carbon atom or two or three Rag groups on different carbon

atoms of ring 1 may be optionally jeined to form a spirocyclie, bicyelic, or tricyclic

ring system with ring [ such as adamantyl;

Rya is selected from H, -OH, -C{0)-Reg, -ORg, ~O-C(0Reg, ~“NR7-C{ORaq, -1~
(:4&}}(}&_(}((}}}{60, -=SO;3"R6{)& "Soz"NRsoRga, -Cg~C4&1k}f‘E~SQQ“R60, Of -(:1“(:4&51{}’1‘
SOMNR R0t

Rag s selected from -C-Csalkyl, or -Us-Creycloallyt wherein the alkyl or eveloalioyl
groups may be opiionally sebstituted by one or more groups selected from halogen, ~

OH, or -0G-C-Csatkyl:

Raq is selected from -Cy-Csalioyl, ~-Oi-Ceeyvcloalkyl or -C-Usalkyl-{-Csevelnalkyl
wherein the alkyl or eycloalkyt groups can be optionally substituted by one or more

groups selecied from halogen, -CN, alkyne, -OH, or -0-Cy-Caalkyl;

- 3G
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Rap 15 selected from H, -C-Cealloyl or -C4-Cicyeloalkyl;

Ry and Ryg are independently selected fromm H, -C-Caalkyl, -C-Caalkoxy, or -Cs-
Ceeveloalkyl wherein the alkyl groups may be optionally substituted by one or more

groups selected from halogen, -OH, or -CN; and

Rge and Rog may be opticnally loined to form 2 ring to form a heterocycke such as

piperidine, pyrrolidine, or with another hetercatom to form a ring such as meorpholine.
{81438} In certain embodiments, compounds bave struchural Formuda (Ilak

Roms /Ei/\;\ /R4'31
BEGTT Y
RQO" N ‘./J‘\ )j /J/
Q N

/

X,
¥

wherein:

Baps 18 selected from H -C-Caalkyl, ~Ca-Cooveloaliovl, or -C-Caalkyl-Oe-Ugeycioalkyl
wherein the alkyl or cycloallyl groups are optionally substituted with one or morg

groups selected from halogen, -OH, or ~03-C-Csalkyl;
nisQori;

Ring J is substituted at one or more carbeons with one, two, or three Ry substituents
whergin each Kag group 18 independently selected from H, halogen, ~Cy-Caalkyt, -Cy-
Ceeyeloalkyl, <OH, -O-C-Caalkyl, -NE {0 CH=CH,, -NE5: C{O)-
C{CHOCH ) =CH,, -NR; CIOWIH=CHCH;, or -NRyCO-CH=CHCH, NE 30 Rop
wharein each alkyl or eyeloalkyl group is optionally substituted with one or more

gronps selected fromu halogen, -0H, -0 -Csalkylalkoxy, or -0-C-Caalkyl;

Two Ry groups on the same carbon stom or two or three Raop groups on different carbon
aioms of ring J may be optionally joined to form a spivocyelic, bieyelic, or tricychc

ring eystem with ring F such as adamantyvl;

-40-
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[14%]

R4(;3 ¢ selected from H, -OH, —C((}}~Régg, ‘"()Rﬁ(}‘“ "(}“{:{())"R,éej, -NR;{,VC({:})*R@;, ~C~1~
Czﬁik}!i*C(O)"Rém, -SO2~R.50}, —SOz—NRx(}iRQ(}h -C}- :4&11(?1—8{)24{5();, oar -C;"C/_;alk}’iw
SO NRgoiRoets

Ry 18 selected fromn ~C~Csalkyl, or ~-C-Csoveloalkyl wherein the alkyl or cveloatioyl
groups may be optionally substituted by one or more groups selecied from halogen, -

OH, or -0-Cy-Csalkvl;

Reor is selected from -Cy-Usalkyl, -Ca-Cooveloalkyl or -C-Cealkyl-Cy-Coeyeloalkyt
wherein the alkyl or cycioalkyl groups can be optionally substituted by one or more

groups selected from halogen, -CN, alkyne, -OH, or -O-C-{salkyl;
By is selected from H, -C-Cealkyl or ~Ca-Csoveloalkyl;

Ry and Rogy are independently selected from H, -C-Caalkyl, ~C-Csalkoxy, or -Cs-
Ceoveloallovl wherein the aliovl groups may be optionally substituted by one or mwore

groups selected from halogen, ~OH, or -CN; or

Raos and Rop; may be optionally joined to form a ring to form a heterocyele such as

piperiding, pvrrolidine, or with ancther heteroatom to form a ring such as morpholine.

In certain embodiments, compounds have structural  Formula by
4 -Race
Fagg~sd ay"
;‘:‘é e
st : AUy alkylt '\vv'““\\k\, -
& -
(Hib)
wherein,

Ro 19 selected from H, ~U-Calkyl, «Cs-Ceoyoloalkyl, or -Cy-Chalkyl-Ua-Caoveloalkyl
wherein the alkyl or eycloatkyl groups are opticnally substituted with one or more

groups selected from halogen, ~OH, or «G-C+{salkyl;

nisfori;
41
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Ring ¥ iz substituted at one or more carbons with one, two, or three Kjyp substituents
wherein each Ragy group is independently sclected from H, halogen, -Ci-Caalkyl, -Cs-
Ceeycloatkyl, ~OH, ~0-Ci-Caallkyl, ~NRppC{O-CH=CH,, -MNRpCI0)-
C{CHR OCH =CH,, -NR7C{OCH=CHCH,, or ~NRpU{O-CH=CHUHNR o Bom
wherein cach alkyl or cycloalky! group is optionally substinited with one or more

groups selected from halogen, -OH, -C-{salkvylalkoxy, or <O~ -Caalkyl;

Two Ragp groups on the same carbon atom or two or three Ry groups on different carbon
atoros of ring K may be optionally joined to form a spivocvelie, bicyelic, or tricyche

ring system with ring K such as adamantyl;

Rugy 1s selected from H, -OH, ~CO)-Ren, ~ORgn, ~O-CI0-Reo, -MR70:-C(0 3R, ~Ci
Caatkyl-CLO)-Reon, -500-Reen, -50-NRgpeRop, -Ci-Caalkyl-500-Reg, or -C-Caalkyl-
SO NReooRom;

Rz 18 selected from -Cy-Usalkyl, or -Co-Useyeloalkyl wherein the alkyl or oveloalkyl
groups may be optionally substituted by one or more groups selected from halogen, -

GOH, or 0= salkyl:

Reoe i3 selected from ~L-Csalkyl, -Ci-Cecyeloalkyl or -Cy-CsalhyWUa-Uscycloalkyl
wherein the alkyl or cveloallyd groups can be opticnally substituted by one or more

groups selected from halogen, -CN, alkyne, -OH, or -0-C-Csalkyl;
Ry 18 selected from H, ~O-Csalkyt or -Ca-Cseycloalkyl;

Ry and Ryyp are independently selected from H, -C-Csalkyl, -Cy-Csalkoxy, -Cs-
Cseveloalkyl wherein the alkyl groups may be optionally substituted by one or more

groups selected from halogen, -OH, or -CN; and

Rage and Rop may be opticnally joined to form a ting fo form a heterocvele such as

piperidine, pyrrolidine, or with another heteroatom to form a ring such as morpholine.

In certain embodiments, compounds have structural Formula (ley:

-42-
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f?ﬁgggf}\‘ el oycivatioyt \\(ffg Y

e,

7
o
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£
Z,
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AT,
H
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wherein:

Raes 8 selected from H, ~Ci-Chalkyl, -Ca-Cgeycloalkyl, or -0 alkyl-Ch-Coeyloalioyi
whereln the alkyl or cycloalky! groupe are optionally substituted with one or more

groups selected from halogen, ~OH, or -O-C-Csalkyl;
nisfori;

Ring L is substituted at one or more carbons with one, two, or three Rygs substituents
wherein each Rap group is independently selected from H, halogen, -Ci-Caalkyl, ~Cy-
Ceeveloalkyl, -0OH, -0-C-Coalkyl, -NR;C{O-CH=CH,, -NR 5 C{0)-

C{OH,OUH =CH,, -NRypUOWCH=CHCH;, or ~-MNRygC{O-CH=CHCHNR g3 Rog
wherein gach altkyl or cycloalkyl group is optionally substituted with ong or more

groups selected from: halogen, -OH, -Cy-Csalkylalkoxy, or -(-C-Caalkyl;

Ty Ria groups on the same carbon atom or twe or three Ry, groups on different carbon
atoms of ring L. may be optionally joined to form a spirocyelic, Moeyelic, or tricyelic

ring system with ring L such as adamantyl;

Rug ts selected from H, ~OH, ~-C(O-Fam, ~ORgp, ~O-C{O-Raps, -NR703-Cl0 R Res, ~Ci
Caalkyl-C{OY-Raps, -BO0-Rgps, -B00-NRgg3Rags, -Ci-Caalkyl-500-Rep, or -Cy-Cralkyl-
SO NRgrsRens;

Ry 19 sedected from -C-Csalkyl, or -Cs-Cseyelaalkyl wherein the alkyl or eyeloalkyl
groups may be optionally substituted by one or more groups selected from halogen, -
GH, or -0-Cy-TUralkyl;

4%
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Rgoa 18 selected from -C;-Caalkyl, -Ci-Coeveloaliovt or ~{-Csalkyl-Cs-Coeyeloalkyd
wherein the alkyl or eycloalkyl groups can be optionally substituted by one or more

groups selected from halogen, -ON| alloyne, -0, or -0-C-Caalkyh

Bogs 18 selected from H, -Cp-Csaliov] or ~C5-Cseyeloalkyl;

Rgoz and RBogs are independently selected from H, -C-Caalloyl, -C-Csalkoxy, -Cs-
Ceeycloalkvl wherein the alkyl groups may be optionally substituted by one or morg

groups selected from balogen, -OH, or -UN; and

Ryo: and Reg may be optionally joined to form a ring to form a heterocycle such aa

piperiding, pyrroliding, or with another heteroatom {0 form a ving such as morpholine.

{11351} In certain emnbodiments, compounds bave structural Formula (Hdy:

{Eldy

whearein:

Bo0s is selected from H, -C;~-Caalkyl, -Ca-Cooveloalkyl, or -Ci-Coalkyl-C3-Ceoveloalkyt
swherein the alkyl or eveloalkyl groups are optionally substituted with one or more

groups selected from halogen, -OH, or ~0-C-Caallovl;
nislorl;

Ring M is substituted at one or more carbons with one, two, or thres Rips substituents
wherein gach Rags group is independently selected from H, halogen, -C-Cuallyl, -Cy-
Cecycloatkyl, -OH, ~O-C-Usalkyl, ~NRpC{O-CH=CH,, ~NR 7, C(O)-
C{CHOCH=CHy, ~NRyuCO3-CH=CHCH;, or -MNRypC{O-CH=CHUH NR s Ros
wherein cach alkyl or cycloalkyl group is optionally substitited with one of more

groups selected from: halogen, ~OH, -0 -Cealkylatkoxy, or -O-{-Catkyi:

-4
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Two Rage groups on the same carbon atom or two or three Rapg groups o different carbon
atoms of ring M way be optionally joined to form a spirocyclic, Mcyelic, or tricyehc

ring system with ring M such as adamantyl;

Raps 18 selected from H, -OH, GO Raps, -ORpa, -O-C{0 R, -NR0-CO}Reps, -Ci-
Caallyb-C{0 Ry, -805-Reps, ~80-NReRagq, ~Ci-Caalkyl-803-Reps, or -Cr-Cyalkyl-
S0 NRggaRona;

Rsos is selected from -C-Csalkyl, or -Cs-Caeycloalkyl wherein the alloyl or eycloalkyi
groups may be optionally substituted by one or more groups selected from halogen, -

O, or -0-C-Csallvl;

Reaq 19 selected from -Cp-Cealloyl, ~Co-Croveloallyl or ~-Caalkyl-Ca-Csoveloalkyl
where the allovt or eveloalkyl groups can be optionally substituted by one or more

groups selecied from halogen, ~-ON, alkyoe, ~-OH, or ~(3-C-Caalkyi;
Rogq 15 selected from H, -C-Csalovl or -Cs-Cseveloalkyl;

Rapa and Ruge are independently selected from H, -C-Csalkyl, or - -Cialkoxy, -Cs-
Ceeyveloalkyl wherein the alkyl groups may be optionally substituted by one or mors

groups selected from halogen, ~OH, or ~CN: and

Rsos and Rogs may be optionally joined to form a ring to form a heterocycle such as

piperidine, pyrrolidine, or with another heteroatom to form a ring such as morpholing,

18132} In certain erabodiments, cornpounds bave struchural Formula (Tle):

. ucsaikyi‘
Ragghd Ns

§ &
C} "\ e
N

wherein:
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Roas is selected from H, -C-Cualkyl, -Cy-Cooyeloalkyt, - -Coalkyvi-Cs-Caoyeloalkyl
wherein the allyl or cyelealkyl groups are optionally substituied with one or more

groups selected from halogen, -0, or -O-C-Uaalkyl;
nisfiorl;

Ring N is substituted at one or more carbons with one, two, or three Raps substituents
wherein gach Ryes groop ie independently selected from H, halogen, -C-Cialkyi, -Cs-
Ceeyeloalkyl, ~OH, ~0-C-Cralkyl, -NRypCOWCH=CH,, -NR:C(0)-

C{CHOCH pCHy, -NRyeC{O-CH=CHCH,, or -NR o C(O)-CH=CHCH;NR30sRo05
wherein each alkyl or eycloalkyl group is optionally substituted with one or more

groups selected from: halogen, -OH, -C-Caalkylalkoxy, or -0-C-Cealkyl;

Two Ryes groups on the same carbon atom or two or three Bags groups on different carbon
atoms of ring N may be optionally joined o form a spirocyelic, bicyelic, or tricyelic

ring system with ring N such as adamantyl;

Ruos i3 selected from H, -OH, -C{O}-Rgps, -ORaos, ~O-C{OReos, ~WNR75-C{O}-Reos, -Cy-
Canalkyl-C{OReos, ~802-Reos, -30:-NRupsRavs, ~Cr-Uaalkyl-80:-Regs, o1 -Ci-Caalkyl-
SO NRgsRags;

Rsns 18 selected from -Cp-Caalkvl, or ~Ca-Caeyeloalky! wherein the alkyl or cveloalkyl
groups may be optiosally substituted by one or more groups selected from halogen, -

OH, or ~0-C-Cealkyl;

Rags 13 selected from ~C-Caalkyl, -Cy-Cooyeloalkyl or ~C-Chalkyl-Ca-Cooveloalkyl
wherein the aikyl or cveloalkyl groups can be optionally substituted by one or more

groups selected from halogen, -UN, alkyne, -OH, or -0-C-Csalkvl;
Royps 18 selected from H, O -Csalkyl or -O-{seycloatkyl:

Rsos and Rops are independently selected from H, ~L-Csalkyl, -Ci-Canlkoxy, ~Cs-
Ceoyveloalkyl wherein the alky! groups may be optionally substituted by one or more

groups selected from halogen, -OH, or -CN; and

.
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Raos and Regs may be optionally joined to form a ring o form a helerocyele such as

piperiding, pyrrolidine, ov with another heteroatom o form a ring such as morpholine.

{#153] in certain embodinents, compounds have structural  Formuda (1)

{16
whereind

Rags 18 selected from H, -C-Cyalkvl, -Co-Ugeyeloalkyl, or £ -Caalkyl-Ci-Cooyeloaibvi
wherein the alkyl or cycloalkyl groups are optionally substituted with one or more

groups sclected from halogen, -OH, or -O-C-Csalkyl
nis Qori;

Ring {3 ts substituted at one or more carbons with one, two, or three Rage substituents
wheretn sach Rags group 13 independently selected from H, halogen, -C-Cyaliyd, ~Cs-
Ceoveloalkyl, -OH, ~03-C-Csalkyl, -NR e C{O-CH=CH,, ~NR 3 C{O)-
CCHAMCH = CHy, ~NRpeC{OWCH=CHCH;, or ~-NR:C(OCH=CHCH, NR g, Roe
wharein cach alkyl or eyeloalkyl group is optionally substituted with one or more

groups selected from: halogen, ~OH, ~C~Caalkylalkoxy, or -0-Cy-Csalkyl;

Twa Ragg groups on the same carbon atom or two or three Rage proups on different carbon
atorms of ring O may be optionally joined to form a spirocycelic, bigyelice, or tricyclic

ring system with ring O such as adamantyl;

Rape is selected from H, -OH, ~C{0)-Regs, -ORgy, ~O-C{OFRios, MR- T Raps, -Cy-
Caalkyl-CLOReos, -50:-Reps, -SO-NRapeRoqg, ~01-Caaldkyl-305-Ros, ov ~0-Caalkyl-
S MR gacRane;
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Risgs 18 selected trom -C-Caalkyl, or -Ca-Ceeyeloalkyl wherein the alkyl or eyveloalkyl
groups may be optionally substituted by one or more groups selected from halogen, -

OH, or -0-C-Caalloyls

Regos 15 selected from ~C-Csalkvl, -Cs-Ceoveloalkyl or -C-Cralkyl-{-Croyeloalkyl
wherein the atkyl or eycloalkyl groups can be optionally substituied by one or more

groups selgcted from halogen, -UN, alkyne, -OH, or -(3-C-Csalioyi;
Rigs i3 selected from H, -Ci-Csalkyi or -Ca-Caeycloalkyl;

Rsoe and Rops are independently selected from H, -0 -Csalkyl, -C-Caalkony, -Cs-
Ceoyeloalkyl wherein the alkyl groups may be optionally substituted by one or more

groups selected from halogen, -OH, or -ON; and

Rgee and Rags may be optionally jnined to form 3 ring to form a heteroeyele such as

piperidine, pyrrolidine, or with another heterpatom to form a ring such as morpholine,

6154} In certain embodiments, compounds have stractural Formula (fgh

(e Ryns
.y }%f-40,
207 A 2
,p} ™ N ol \'\‘,\»f‘
Aoty ekt ok
Rgg73 'i.!f s e
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g ol [
¥ “ S
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i ¥
1 >
"L\«‘

ol

NN g

i
i
e

N

y gosee

wherein:

Ry 18 selected from H, -C-Challyl, -Co-Caeyeloalkyl, or ~C-Cralky-Ca-Cooveloalkyl
wherein the alkyl or cycloalkyl groups are optionally substituted with one or more

groups selected from halogen, ~0H, or G- -Claalkyl;
nisorl;

Ring P is substituted at one or more carbons with one, two, or three Ry substituents
wherein each Rygr group is independently selected frorn H, halogen, -C)-Chalkyl, -Cs-

Ceeyeloalkyl, ~OH, -0-C-Caalkyl, -NR e COWCH=CH,, -NR:C{0)-
LB
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C{CHLOCHR =CHy, ~NRyp (- CH=CHCH,, or ~NRypC{OWCH=CHCH: MR 507Ron7
wherein each alkyi or eveloalioyl group 13 optionally substituted with one or more

groups selected from: halogen, -OH, -C-Csalkvlatkoxy, or --C-Csalkyl;

Two Ragy groups on the same carbon atom or two or three Bap groups on different carbon
atoms of ring P may be optionally joined to form a spiroeyelic, bicyeli, or tricyelic

ring sysiem with ring P such as adamantyl;

Ruyy is selected from H, -OH, -C{0 R, -ORgor, ~O-C{0-Regr, -NR7p7-C{03-Regy, -~
Caalkeyl-C{O3Ragr, -S0x-Rapr, ~SO-NRapRogy, ~Ci-Caalkyl-80-Rayr, or -Ci-Cualloyl-
SO NRgorRony

Ko7 18 selected from -O-Csalkyl, or -C3-Csoveloalkyl wherein the alkyl or oycloalkyl
groups may be optionally substittted by one or more groups selected from halogen, -

OH, or -G -Csalkyl;

Reoy 18 selected from ~C-Caallovl, ~O-Cooveloalkyl or -C-Cealky-Co-Cooveloalkyl
wherein the alkyl or cycloallyt groups can be optionally substituted by one or more

groups selected from halogen, -CN, alkyne, -OH, or ~0-C;-Caalkyl;
Rorgy 18 selected from H, ~C-Csalkyl or -Cp-Cooyeloalkyl;

Rapr and Rogy are independently selected from H, -C-Csalkyl, -Ci-Cealkoxny, -4

Creveloalkyl wherein the alkyl groups may be optionally substituted by one or more

groups selected front halogen, ~-OH, or -CN; and

oy and Rogr may be optionally joined o form a ring o form a heterseyvele such as

piperidine, pyrrolidine, or with another heteroatom to form 2 ring such as morpholine.

[B185] tn certain ermnbodiments, compounds have stroctural Formuola (11T

45
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LY

Ragopfn 0
3000 ":Q f‘f‘“f"i,@m;}
QOQO\N» St

H
N

Ricoe N R

wherein:

Riaag 18 selected from ~CO2Raans, ~Cr-Csallovi-C0 R, -i:j-Cg,-(:ych?aﬂ(}’iﬂ(:()2515.3.(){),

--Ni'“-i{:‘(;ﬁzf{sf)()(j, “N(C}*LS aikyiu)-c{}zﬁgg@@, -Q“CO;;RSQ@Q, or ~C-1-'{:5315(}“5-{}*(3025{5990;

Rooos i5 selegted from H, -C-Calkyl, ~C5-Ceoveloalkyl, or £-Chalkyl-Cye
Ceoveloalkyl, wherein the alkyl or eyeloalkyl groups are optionally substituied with

one or more groups selected from halogen, -OH, or ~-0-C-Csallovl;
nisQ, L ord;

Ring €} is substituted at ong or more carbons with one, two, or three Ky substituents
wherein cach Raape group 18 mdependently selected from H, halogen, ~Ci-Caalkyl, -
Cy-Ceoyeloatkyl, -OH, or -0-Cy-Csalkyl wherein each alkyl or oycloatkyl group is
opticnally substituted with ong or more groups selected from: helogen, -OH, -Cy-

{satkylalkoxy, or ~0-C-Csalkyl:

Fwis Ragee groups on the same or different carbon atoms of the ring G may be optionally

joined to form a spirocyclic or bieyelic ring system with ring Qs

Bapoe 18 selected  from  ~O003-Reens,  -CHiRege, -C{OWCH=CH,, OO
CCHOCH Oy, -CORCH=CHCH;,  -COWCH=CHCHNRR,,  -C(O-C-
Csalkyl, or ~C{ORCs-Cooveloalkyl, wherein the alkyl or eycloalkyl groups may be
opticnally substituted with one or more groups selected from ~OH, halogen, alkyne,

or -

Rsoog 15 selected from H, -C-Cialkyl, and -Ci-Cyoveloaikyl wherein the alkyl or
cyeloalkyl groups may be optionally substituied by one or more groups selected from
hialogen, ~OH, -Cs-Ceeyeloalkyl, or -0-C-Caalkyl;

5
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Koo 18 seleeted from -Ci-Csalkyl, -Ca-Ceevcloalkyl, -Ci-Caalkvi-Co-Ceeyclnalkyl, -
MN¥r00Reo00, ~C-aryl, -O-heterparyi, aryl, or heternaryl wherein the alkyl, cycloalkyi,
aryl or heteroarvl groups can be optionally substituted by one or more groups selectad
from halogen, -CN, alkyne, -OH, wriflusromethyl, -0-C-Cialkyl, or «43-Cy-

Coeveloalkyl;

Rygoe and Rgaes are independently selected from H, -C-Cs atkyl, -C-Cs alkoxy, or -Cs-(s
cyeloalkyl wherein the alkyl groups may be optionally substituted by one or more
groups selected from halogen, ~OH, or —CN;

Rogap and Rggeo toay be optionally joined to form a ving to form a heterocyele such ag

piperidine, pyrrolidine, or with another heteroatom to form a ring soch as morpholine.

19156} In certain embodiments of the present invention, compounds have structural Formuls

(v

'\:\ ~Ragons
i“
ks N

Hsonog 1
Rzmm\N N

Rapans ~. /i\\

AN
I ,Jfﬁ >

Rl (1}

swherein:

Rypeen 18 selected from -C O3 0000, vC:st-aikyi~COstm~,, "C‘a"C6"63’0105111(3"1~C(}?Rsnmﬁy

O Rso000;

Rogons 18 selected from H, -Cy-Caalkyl, -Ci-Cooviloalkyl, or -Ci-Caalkyl-Cs-Ueoveloalkyl
wherein the alkyl or cyeloalkyl groups are optionally substituted with one or more

groups selected from halogen, -OH, or -0-C;-Caalkyl;
nisQor i

Ring 5 is substituted al one or more carbons with one, two, or three Ry substitnents
wherein each Rageoe group t¢ independently selected from H, halogen, -C-Chalkyl,

-5
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~{a-Ceeyeloalkyl, -OH, -O-C-Csalkyl, ~NR 70000 00-CH=CHa,

~NR 70006l { O3-C{UHOCH =CHy, ~NR7a00 CEN-CH=CHCH , or ~NR50000C{O)-
CH=CHCH NR so000Ropoop wheretn each alkyl or eveloalkyl group ts optionally
substituted with one or more groups selecied from: halogen, ~-CN, -OH, -C;~

Ceallylatkoxy, or <0-C~Caalkyh

Two Ragoee groups on the same carbon atom or two or three Rag groups on different
carbon gtoms of ring 8§ may be optionally joined to form a spirocyelic, bicyelic, or

iricyelic ring system with ring 8 such gs adamantyl;

Repooo, - Caalkvi-C{O»Reannon, -SC2-Baonon, ~STO-NRsosooRaasos, ~Ci-Caalkyl-80,-
R(,@gg@, oF = i "C4&1}(}’ 1‘“'S{}ZINI{.‘;{}{}GQ}{‘\)QQ@Q;

Rspoon 18 selecied from H, -C-Uaalkyl, and -Cs-Coeyeloalky! wherein the allovl or
cycloalkyl groups may be optionally substituted by one or more groups selected from

halogen, ~OH, -Ci-Ugeycloalkyl, or ~3.-C-Caalkvl;

Reoonn 18 selected from ~C-Caalkyl, -Cs-Ceeyeloalivl or ~C-Cialky-Cs-Cooycloaliyl
wherein the alkyl or eycloalkyl groaps can be optionally substituted by one or more

groups selected from halogen, -ON, alkyne, -OH, or -0-C-Cealkyl;
Rogops 18 selected from H, -C-Cealkyl or ~Cs-Coeyeloalkyl;

Raocoe and Regn are independently selected from H, -U-Calkyl, -Ci-Csalkoxy, or -{s-

Ceeycloatkyl wherein the alkyl groups may be optionally substitiied by one or more

groups selected from halogen, -OH, or -CN; and

Rsoee and Raseee may be optionally joined 1o fovm a ring fo form a heterocyele such as

piperidine, pyrrolidive, or with another heteroators to form a ring such as morpholine,

{B157] In certain embodiments, compounds of structural Formoula (01, Formula (la) or

Formula (BY) are not the tollowing:
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athyl 4-{cyclohexylamino-1 H-pyrralof, 3-blpyriding-S-carboxyiats

- \f'
AN Pat
Q HN T
{1 i
PENRGEE G ¢
* TN,
- G EEEN NS
N 0 iy
i i 7

NN N-

W4

ethyl 4-{{{18 2R)2-mathyicyciohaxylaminol-1H-pyrrolof2, 3-Hlpyridine-B-carboxylats

=53
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=

o

}\E

St A o
o Se‘:}"’ e ot *\.;.w*r‘\"‘-
N i :{ N
RIS DI
s N
3

H

athyl 4-¢{2 2-dimethyleyclohexyliamine}-1 H-pyrrolo[2, 3-blpyridine-S-carboxylate

IS

it \‘

O HNTTT
4 i
3 1

T SERING
o {:} )J\'\]/;f \{ \\"\

i
H
i 7
A }"é

S
4

ethyl 4-({{1 8 2R}-Z-ethylcyclohexyllamingl-1 H-pyrrolol2, 3-bipyridine-S-carboxylate :

-54-
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{8188} The invention is further illustrated by the following examples of compounds of

Formula (1}

Exaraple

X Structure Name
,\‘;}.

ethy] 4-{{(3R AR 1-(2-ovanoaceiyl-4-
methylpiperidin-3-yi{methy Damine -1 4~
pyirelof2 3-6lpyridine-S-cathoxylate

methyl 4-{{{3R, 4/ 1 {Z-cyanoacetyiy-4-
methyipiperidin-3-yh{methyhaming)-1 H-
pyreole]2, 3-Mpyridise-S-carboxviate

)

athyl 4-{{GRAR-1-(Z-cyanoacetvi-4~
methyipiperidin-3-yhammo 1 Hpyreoloi?, 3«
Hipyridine-3-carboxylae

methoxymethyl 4-({{(3R 4R 1 -C-oyancacetyil-4-
methylpiperidined-yhamine}-1 Hpyrrolof2,3-
Hlpyridine-S-carboxylate

isopropyt 4-{{{38,45) 1 -{2-cyanoacetyii-4-
roethylpiperidin:3-yi(methy Daminoy- 154~
pyrrolol2, 3-blpyridine-S-carboxylate

ethyl {35 A8 1-2-cvanvethyh-d-methyipiperidin-
FvBimethyifamine)-1 Hpyreolof 2, 3-blpyridine-5-
carboxylate

55
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4 o \,\g
N RN E\“E\ A ) e . .
§ i:? N ta \3;_\‘, tsopropyl - (({3 R 4R 1-(Z-cyanoethyl}-4-
7 Ao i methylpiperidin-3-y{resthyDarainn}- | &-
AN s . . .
A ¢ R pyrrolol2,3-bipyridine-5-carbouylate
| B
. \‘\L’\‘\, -~ ?'j ~ /”L\uﬁf} ¥ (i ; p . g
v N - T sthvl 4-{{{(3R 4R)-1-{cyclopentanecarbonyii-4-
8 o v}\ §\ o methyipipgridin_—%y}}{ methyDamino -1 H-
S pyrroloi2 S-bipyridine-S~carboxylate
e
e N ’ , ,
O \N‘ ~ \F/ L\/ methyl 4-{{37,4- 1 -(eyclopentunecarbonyii-4-
g - *\\ ‘Ai& B methy]p‘iperidinj‘,i-y?)(n‘a@i}iyl)amim).)n1H-
(SR j ‘\\ pyrroiof2,3-Epyridine-3-carboxyiate
S'\\i\i .\j’{"\ g\gl
Sy y N . O
L
SNRCS N
O \N‘ ~ \T’ ~ reethy! 4-{methy {3 R 4K -4-methyi-[-(pyrrolidice- -
18 . }\ \ . Q carbonvlipiperidin-3-vhamino)- | Fpyrrola2,3-
ey \’ ' ?" Y Hipyriding-S-carboxyiate
K e N
,,,,,,,,,,,,, NOH
(PN -
o N
i i i )
N L\/- N e N ~ . ~ . s g
3 N 1 ethyl A-{methy KGR 4R }-4-raethy]-L-(pyreolidioe- 1 -
i1 i _ L : carbonylpiperidin-3-yamino}- L H-pyrroloi2,3-
: [ A = bipyridine-S-carboxylate
isopropyl 4-(methy (3R 4R-4-methyi-1-
12 {pyreoliding- 1 -carbooyDpiperidin-3-yDamine)-1 H-
pyrrolof2,3-Bipyridine-S-carboxyiate
isepropy] 4-{{(OR 4R 1-{8)-3-flucrepyrrolidine- | -
i3 carbony-4-methyipiperidin-3-vimethyDaming)-
- | Hapyrrolo] 2, 3-blpyridine-S-carboxylate

56
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ethyl 4-{{({(3R 47 1-{{S}3-Guorapyiralidine-1-

i4 carbonyl}-4-methylpiperidin-3-yH{methyDamino)-
VH-pyrrololZ 3-Elpyridine-S-carboxylate
& \i‘;‘j"" i gthyl 4-({(3RAR L-{(R3-3-fluorepyrralidine-1-
i3 e R A ‘ - sarbonyl-4-raethvipiperidin: 3-yD{methy Bamino}-
I \\i# %\\b 1H-pyrrolo]2,3-blpyridine-5-carboxylate
A o
S N*
AAAAAAAAAA NoH
BRI e
LT N
RN N /4N~\.¢"" r . . .
g N T isopropyl 4-(({3R AR 1-{{R}-3-fluoropyrrolidine-1 -
& ,i\ {N carbpayi}-d-methyipiperidin-3-vimethyDansino)-
OO Ty LH-pyreolnf2,3-Ripyridine-5-carboxyiate
N
B f\‘i .-“}'m:ﬁ ~ haxvethy] e Voo B
I TR T A-n)et.n(‘i.x.yet wi 4-{{{AR 4R 1-({R}-3-
07 i 7 fluoropyrrolidine- 1-carbonyD-4-methylpiperidin-3-
‘ A "\_{3./ ’*—\ﬁgﬁv\’\c\_&?\ G yi(methvhamine -1 Hupyrrolo[2,3-5ipyndine-5-
: IR carboxylate
B ey’
TR
N b
s iy,
3 s "\_‘\; gy
o St N N T 2-methoxyethyl 43R AR 14513
13 \[ fluoropyrralidine- 1 -carbonyl-d-methylpiperidin-3-
/Q\ Ny P Ny Q yh{methyDarsiog - EA-pyreale]2,3-bpyriding-5-
§ H carboxyiate
TN
‘, .,.vx.\\ o
YA
e TR s "'\W’ ~ 2~msthoxyethyl 4-(methy 3R AR -d-methyi-1-
{9 O ,\ A D {pyreolidine-1-carbonyDpiperidine3-yiamine -1 /-
S \xs{x'-’ E;-*""-\\_\ wrrelalZ, 3-blpwidine-S-carboxylate
{ 1 B
Ry
n - N
NOoH
N /’\-j
S
[ \N N ‘\g»g*f\‘\%\ Zumethoxyethyl 4-{{{3R8 4R 1-{Z cyancacetyi}-4~
20 B e {i\ f'? N methyvipiperidin-3-vB{methyhaming)- 1 #-

pyrealof 2, 3-blpyriding-S-carboxyiate
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2-methoxyethyi 4-{{{ 3R ARY-1-C-cyancacctyl}-4~
21 D reethyipiperidin-3-ylarane)- I Hpyrrole]2,3-
St ) bipyridine-3-carboxylate
I-methoxyethyi £-H3 R 48-1-C-cyanoethylid-
22 O methylpiperidine3-vDaming- L H-mrrolof2,3-
2T e 3 bipyridine-3-carhouyiate
; N
Zemethoxyethyl 4-(((3 8,48~ 142~¢cvanocthyip-4-
23 methylpiperidin-3-vhi(methyDamino -1 H-
pyrroiof2,3-Hpyridine-3-carboxylate
ethyl 4-({(3R, 4R} 1-(C-oyancethyl}-4-
24 rasthyipiperidin-3-vijaminok- | Fpyreelel?,3-
bipyridine-3-carboxylate
5
i..«'\\: N‘;‘-“'\\‘
| P e A
. \\Q L4 ﬁgo*\\;w,..i\@\f N ’Lfmethjsxyz’st}}yl df gpar-’iS}@-methyHv. |
25 ; i propionyipiperidin-3-yBamino -1 H-pyrele(2,3-
3 &lpyridine-S-carboxylate
1
e "\? \,—«" N i
"\,G ( @,i\‘ #gx; N Z-mathoxyethyl 4-({(38,45)-1-butyryl-4-
26 Hb \53 ) methyipiperidin-3-viamino}- 1 H-pvivele{2,3-
O‘T}:’.‘-“"\\ A, O Bipyridine-S-carboxylate
i N
W ey
NT TN
%

-58-
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Z-methoxyethyl 4-{{{3R 4 - 4-methyi-1-(3-
methyibutanevipiperidin-3-yhamine - LH-
pyrrele{? 3-bipyridine-S~carboxylate

S, ENN N demethoxyethyl ${{{35,48-4-methyl-1-
28 i HY ) ) propyipiperidin-3-yhamino -1 H-pyrroln{2,3-
= blpyridine-S-carboxylate

ey ™ M o Z~1'ri§timt'<§,"ethyl 4-f ((:5;5,48}1 methylraf
29 T §‘ methyipiperidin-3-yljamino}-1 H-pyrrolof2,3-
‘G{:f}‘\f:;'-\,\ = bipyriding-S-carboxylate
R A
k\‘}: P;‘l,\\ N'&'

ot g
a wn e S
29 T I methyl 4-{{{3#,65)-1-acryioyl-o-mathyipiperidin.3~
- o AN R, BN yhamingy 1 H-pyreolol2, 3-dipyridine-S-carboxyviate
e cale i N Py

W L7

Wy ,-*"“\N
B W

f/\ 5

othyl 4-{((ZR 65 E~;ic:t’y]0yi-=f§-=sneéhyipipari(iiﬁnf’e»

31 ..,. yvhamino}-1 F-pymrololZ 3-Slpyridine-3-carboxylaic
1 5 E opropyl 4-({(3R6S) 1 -acrylovi-6-methvipiperidin-
: :_d,.r““\“,{»’”\ N Vo 3-yhamine}-1 F-pyrrolol2 3-blpyridine-5-carboxylale 3
43 raethyi (Ay-4-({ 1 -acrvioyipiperidin-3-varmmo -1 4~

pyrrolof2,3-bipyridine-8-carboxylate

-3%-
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A4 ethyt (A3-4-{{T-acrvlovipiperidin-3-yhamino - i F-
: pyrrolol2 3-bipyridine-S-carboxylate
15 isopropyt (K)3-4-{{ 1-acrviovipiperidin-3-vhamino)-
- 1 Hpyrrolof2 3-bipyridine-S-carboxylate
i Z-methoxyethyl (R}_m'i--( {1 ~acr}’§gy}jpiperidin~3 -

) vhaming}-1 Hpyrrolof2. 3-blpyridine-3-carhoxviate
3 d-fyydroxyethyl (fO~4-({ L-acryloyipiperidin-3-

! yhamino}-1 Hopymrolo2, 3-Alpyridine-S-carboxylate
18 methoxymethyl (K)-4-{{ 1 -acryloylpiperidin-3-
7 yharino - UH-pyreclof 2, 3-Slpyeidine-5-carboxviate
N sthoxymethy! (73-4-{(L-acryloyipiperidin-3-
- yhaminok- | H-pyreolo]2,3-blpyridine- S-carboxyiate
45 isopropoxymethyl (£3-4-((-acrviovipiperidin-3-

vhemine}-! H-pyrrolol2, 3-lpyridine-S-carboxylate

-6i}-
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isopropoxymethyl (Sp4-({ {-acrvioylpiperidin-3-

41 yiaminok-| H-pyroiof2,3-&ipyridine-S-carboxyiate
W isopropoxymethyl {R»-4-{(L-acryloylpyrrolidin-3-
= yhamino-1 Hpyrrolof2, 3-blpyridine-S-carboxylate
43 isopropoxymethyl (S)4-({ T-acryloylpyrroiidm-3-
A yvhamino - Fepyrrolold, 3-Elpyridine-S-carboxylats
44 isopropexymethyi 4-{(1-acryioviazefidin-3-
vijamino}-1 H-pyrrele]2,3-Alpyridine-S-carboxylate
methoxymethyl 4-{((3 R, 65 {-acryloyl-6-
45 methyipiperidin-3-vhamino}- 1 H-pyrrolol2,3-
blpyridine-S-carboxviate
‘o ‘.«»‘;'\x\{
o~ \*"l\'\. Q‘xé i " : RIS TP
N e \R' e othyl 2-{4-{({ 3R 4R 1-{Z-cyancacetyi}-4-
45 B 2\ -~ & R methyipiperidin-3-yh{methyijamino}- 1 5-
\\ﬁ *[ \"\\\ pyrroiof2,3-bipyridin-S-yhacetate
3 i " A N
M o
TS PN
.
o i A \i i D ethyl 3-{(4-{{{3R AR~ 1 -(2-vyanoacetyi}-d-
47 5 N S Y methylpiperidin-3-vi¥ methyemino)- | H-
BT \1 \‘j R pyrrolo{2,3-Flpidin-S-ypropancate
‘\ o ‘\N‘j
H

~01-
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48

gthyl 4-({1 (Z-cyanoacety-4-methylpiperidin-3-
ylhamino)-1 H-pyrsloll 3-blpyridine-S-carboxylate

44

-~

ethyl 4-{{1-{Z-cyanoacety-4-methylpiperidin-3-
vy methyllamino)-1 H-pyrrolof2,3-6lpyriding-5-
carboxylaie

methyl 4-({ 1-{2-cyanoacetyl -4-methylpiperidin-3-
yhamino)- | Hpyrrolo]2,3-8lpyridine-S-carboxviate

methyl 4-{{1-(2-cyanoacety J4~methyipiperidin-3-
yh{ruethyDamine | Hpyrrelo]2,3-Alpyridine-5-
carboxyiate

sopropyl ({1 -(C-cyancacetyl)-d-methyipiperidin 3.
yhaming)-1 H-pyrralol2 3-Sipyridine-S-carboxviate

17
(V51

- isopropyh 4-{{ E-{2-cvanoacetyl-4-methylpiperidin3-

yvhi(methvilamioo}- L H-pyeroinf 2,3 -5 1pyridine-5-
carhoxylate

54

etbeyl $-{(1-{Z-oyanoethyl-4-methyipiperidin-3-
yvhaming}-i H-pyrrolol2 3-blpyridine-3-carboxylate

£
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gthyt 4-({1-2-cyvanoethyl-d-methylpiperidin-3-
55 yimethyDamino)-1 Hpyrrobol2 3-Fpyridine-5-
carboxylate
Z-methonyethyi 4-{(1 -{2-cyvanoethyii-4-
56 rasthyipiperidin3-yhsminoe)- | fpyrrolof2,3-
bipyridine-S~carboxylate
Z-methoxyethyvl 4-((1{2~cyanoethyii-4-
57 methyipipendin-3oyhamine )1 Mayorolo2 3+
Hpyridine-S-carboxyiate
58 ethyl 4-({1-goryloyl-6-ruethyipiperidin-3-yDamine}-
’ P Hpyreolol2, 3-5lpyridine-3-carboxylate
ethyt 4<{(1-aorvioyh-f-methylpiperidin3-
5G yh{methyDamine)-1 F-pyrroio]2,3-61myridine-3-
carboyyiate
0 sthy! 4-i{ 1-acrviovipiperidia-3-yvharinoy- 1 #-
pyrrolol2 3-bipyridine-S-carboxylate
61 methyl 4-{{]-acrylovi-G-methylpiperidin-3-
yviamino LA pyrrolol 2 3-blpyridine-S-carboxylate
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raethyl 4-({ | -acryloyhG-methyipiperidin-3-
y{methyarnioo}-  FpyreclolZ,3-Slpyriding-§-
carboxyiate

isopropyl 4-{{ -acryvioyl-G-methylpiperidin-3-
yhaming -1 H-pyrroiol 2, 3-blpyridine-S-carboxyiate

64

sopropyl 4-({1-acrvlovl-S-methyipiperidin.3-
vi(methyhamine - 1 &-pyrrolof2,3-bipyridine-5-
carbonylate

Z-methoxyethyl 4~{{1-acryloyi-S-methyipiperidin-3-
vhaming - Fepyrroloi2, 3-blpyridine-S~-carboxylate

&6

Z-methoxvethyl 4-{{1-acryiovi-G-methyipiperidin-3-
yvijmethyhamino -1 Hepyrroloi2 3-blpyridine-5~
carbooviaie

117

gthyi { R-4-((1-{Z-cyanoacetyDipiperidin-3-vDamine)-

FH-pyrrolo{Z,3-blpyridine-S-carboxylate

methyl 4-{((3 R 484-1-2~cyanoacetyl}-4-
methylpiperidie-3-ylamino)- L H-pyrreionf2,3-
Slpyridine-S-carboxyiate

64
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tert-butyl 4-{{{(3R AR 1-(Z-cvanoacetyi}-4-
119 methylpiperidind-yhaming} L Hpyrrolof2,3-
Hipyridine-S-carboxyiate
33 ethyl {R)4-{{1-{2-cvanoethyijpiperidin-3-yDamino}-
- | Hopyrrola]2 3-blpyeidine-S-carboxylate
isopropyvl 4-{((3R,4/0-1-2-cyanoacetyi}-4-
124 methylpiperidin-3-yimminge)- 1 H-pyrrobof2,3-
Slpyridine-5-carboxylate
propyl 4-{{({3R 48-1+2~cyanoacetyl}-4-
125 methylpiperidin-3-yijamioe)- | H-pyreole]2,3-
Hipyridine-S-carboxylate
ethyt 4-{{{37 47)-1-(1-cyanocycilopropane-1-
26 carbonyl-4-methvipiperidin-3-yhamino}-1 4~
pyrroinf2, 3-blpyndine-S-carboxyiate
ethyl 4-{{{3R,4R)-1-{Z-cvanopropanoyi-4-
127 methyipiperidin-3-yhamine}~-1 H-pyrrolef2 3~
Hipyvridine-3-carboxylae
ethyl {K-4-({ 1-{ I-cyanocyciopropane-1-
128 carbonyHpiperidin-d-yharaiao -t Hepyreeinf 2, 3-
blpyridine-3-carboxylate
129 ethiyl - ({381 -{2-cvanopropancypiperidin-3-
- yhaminoy | H-pyreole] 2, 3-blpyvridine-S-carbonyiate
130 propyl {£-4-{(1-(Z-cyanoacetypiperidin-3-
o vhaminei-1 #-pyreolo{ 2,3-bpyridine-S-carboxylate

65
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Z-methoxyethyl (8-4-{(1-(C-cyancacetylpiperidin-3-
yhaming}-1 Hepyrrelol2,3-blpyridine-S-carboxylate

Z
4

131

T K ethyl {Sp4-{{ i-(2-cyanoscetylpiperidin-3-yijamino)

43 1 H-pyrrolo]2 3-blpyridine-3-carboxylate

¢ : S ethyl (RO-4-({1-{2-cyana-2-
144 R L N i N methylpropaneyiipiperidin-3-yDanino - 14

LA

pyreolol2, 3-Aloyridine-S-carboxyiate

sthyl 4-({(3R 653-1-(2-cyanoacetyl-6-
methylpiperidin-3-yhamino -1 Hepyrrolof2,3-
&ipyridine-S-carboxyiate

146

gthyl 4-{{{ A1 -{(&}3-2,2-difluorocyelopropane-1
carbonylpiperidin-3-yi}armino)-1 H-pyrroin{2,3
bloyridine-S-carbozylate

sthyl-d-{{{ R)}-1-{{ 82 2-diflucrocyelopropane-1-
catbonyUpiperidin-3-yhamine)- 1 Hpyrrolofd,3-
Elpyridine-S-carboxylate

propyl 4-{{{ R} 1-{{ -2 2-difluorocyclopropane-1-
carbonyDpiperidin-3-yDamine -1 H-pyrrolof2,3-
Hlpyridine-3-carboxylate

B
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isopropyt 4-{({ &)~ 1-({ Ry-2 2-difluorocyclopropane-1-
carbonyBpiperidin-3-ylamine) 1 Hpyrrole[2,3-
Hlpyridine-Jecarhoxylate

methyl 4-(({f3~1-{{7)-2,2~difluorocyclopropanc-1-
carbonyhpiperidin.3-yhamino- | Hpyrrole]2,3-
Fipyridine-S-carbouyiate

160

NN riathyvl 4-{{(3R 681 | -3 -cyanoacetyl 6
methylpiperidin-3-yhamino}- L H-pyrrolo2,3-
Fipyridine-S-carboxylate

176

o sopropyl 4-{(3 /681 -{2-cyanoacety}-6-
methylpiperidin-3-yhamine - 1 fpyrolo{Z,3-
Shyynidine-S-carboxylate

i

~3

O HNT “""\ oM propyl 4-{{{3 R 68)-1-{2-cyanvacetyl}-6-
172 i {\ methylpiperidin-3-yDamine -1 5-pyrrolei? 3~
blpyridine-S-carboxylate

OGN ethyl 4-({{3R 6531 -{2-cyanc-2-meihylpropancyl}-6-
. methyipiperidin-3-yDamine}-1 Hpyrrolof2,3-
Hlpyridine-S-carboxylae

\ ety 4-0((3R,68-1-(C-ovancethyh-6-
174 g i a\ methyvipiperidin-3-vljamine -1 Fpyrrele{2,3-
¢ e \“‘\\}““"“\}\- Sipyridine-S-carboxviaia
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cyslopropyl 4-({(3R,65)-1-{2-cvanoaceiyl}-H-

175 methyvipipecidin-3-yhamino -1 H-pyrroloi2,3-
Hipvridine-S-carboxyiaie
gthyl 4-{({ 3R 853 1-({5-2, 2~difluorocyslopropans~ 1 -
178 carbunyi-G-methylpiperidin-3-viaminoy-1 -
ryrrelo(2,3-Hlpyridine-3-carborylate
< AT 6\1 N g f ‘ N, < opo N <
OHN T f’ P - ethyl 4-{{(3R.68-1{&)-2, 2 diflworocyelopropane- -
177 i : 1 carbouyh)-&-methyipiperidin-3-yhaming} 1 -
h pyrroiof2, 3-Epyridine-S-carboxylate
178 raethyi (R-4-({ 1-(2-cyanoacetvhipiperidin-3-

' yviamino}-1 H-pyrrolel 2, 3-4pyridine-S-carboayiate
179 isopropyt (Rp4-{{ | {2-cvanoacetyhipiperidio-3-

i vijamine)-| Fpyrrofof2,3-4ipyridine-5-carboxyiate
{80 cyclopropy} {(Kd-({1-{Z-cyancacetyDpiperidin3-
o yhamino)- | Hepyrrolo2,3-#ipyridine-S-carboxylate

syclopropy! 4-{((3R 48 1-(Z-cyanvacetyl}-4-
181 methyipiparidin-3-viamino}- F F-pyrreio{Z,3-

Fipyridine-5-carboxylate

18-
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ethyl &-{(3R AR-1-{(5}-2 2-diffuorocyclopropane- -
carbormyl-4-methylpiperidin-3-yiamine)-1 4~
pyrrolo]2,3-6 ynidine-S-carboxylate

ethyl 4-{{AR AR -({ B2 2-diffuoracyclopropang-1 -
carbonyi-4-methyipiperidin-3-yBamino} 1 #-
pyrrolof? 3-bipyridine-S-carboxylate

183

propyl 4-{{{ R-1-({8)-2 2-diffleorcoyclopropane- 1
carbouypiperidio-3-yhamino - LH-pyeroln[2,3-
Slpyridine-3-carboxylate

wpropyl 4- {8 L((SH2 2-diftaorceyclopropane-1-
carbonylipiperidin-3-vhaming- L pyreale{23-
Slpyridine-3-carboxyisie

198

methyt 4-{{{ & 152, 2-diflusrooyciopropane-1-
sarbonyDprperidin-3oyDamino) L H-pyrroloi2 3.
#pyridine-S-carboxviaic

8159} The invention iz further illusirated by the following examples of compounds of

Formula ()

xampie
mef e Structure Matmne
mthyl 4-{{4-{Z-cyannacetoKy -2~
&7 methyioycishexyh{methvDamine -1 H-pyirele]2,3-
&ipvriding-S-carboxylaie

e
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58 sthy] 4-{{{1R 383 -hydroxyeyelopenty Mmethyljaraino -
) 1 Hepyrrolol2 3-Alpyridine-S-carboxylste
pthy] 4-({(LE, 38342
69 cyanoaceioxyieyclopentyl{methyDaming - 14-
pyrrotof2,3-Slpyridine-S-carhoxyiate
ethyl 4-((15,383-(2-
70 cyanoacetoxyeyclopentyl¥methyDanmo - LH-
pyrectof2,3-blpyriding-S-carboxylate
1 \ \ ethvl 4-({{ 15,353 -hydroxyeyvelopontylmethyilamino)~
O N ’\!\?««“\\l\:\ LHpyrrolof2 3-bipyridine-S-carboxylate
-i:‘ ',L P4
\\N,\ 3
,,,,,,,,,,,,,,,,,, I
e
J li }"“‘GH
N T y -~
7 ,.f (\ athvl 4-(({1R3 E}S mhj,’d)'qucyclopemyl)ammc)n iH-
- s Sl \'\;t = \r*}x\ pyrrolold, 3-blpyridine-S-carboxylate
3\5'\* ,-,,E-“;\ a
BTN
H
0 8
W
N Py
D WO S
W@.si_m\‘&wf TN K ethyt 4-(({IRIR)-3-42-
73 kY 3\ N gyangaceioxyoyelopentyDaming ) 1 H-pyrrolef2 3~
GT:fﬁ;&\‘”:‘?ﬁ;‘ Sy, Epyridine-S-carboxylate
o A7
SN
N
3
e S
{ 7
o e
w4 ol 51 Al *‘;;é athyl 4-(({ 13,3832 -cyanoacstoxyjoyefopeniyl aming)-
' A iy 1 H-pyrroio]2 3-blpyridine-S~carboxyiate
B i R e R
T TN
g7
\\E\ v ‘“Ng‘
AAAAAAAAAAAAAAAAAAAAAAAAAAA i
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]
n

gthyl 4-(({1 5,38 3-hydroxyoyciopentyDaming - | A
N, pyvreaie2 3-hipyridine-3-carboxviate
Lo
TR M
H
e”'*‘(k\'\ AQQQH
|

‘{.:}»-““' H NQ‘# \\;\ et
76 i

ethyt 4-({{ 15,48-4-hydroxycycichexyhamine)- 1 4~
JENs. N pyvrrolo2, 3-5ipyriding-S-carboxyiate
G FER N
i Hoo»
U SN

ethyl 4-(({ i R4 &pd-hiydroxyeyciohexylaminoi-{ H-
iy pyrrolof2,3-bipyriding-3-carboxylate
S N
G

i
i
i
i
\\f gsﬂ‘) M ,»-’“'.

78

cthyl 4-{{{ 1548 4-hydroxyoveiohexyvimethyDarinn -
S \w_,,%\ t H-pyrrole{2,3-Alpyridine-S-carboxyiate
T
v - “«-‘:N

78

ethyl 4-0{{i R 4R-4-hydroxyvevelohesylimethyDaming -
1 ‘f’fﬁ\*‘”ﬁ"\ﬁ\ 1 H-pyrrolo]l 3-blpyridine-5-carboxyvliate
it Qy:

H
V-"'/.‘ i \‘
M
H?‘ \i‘?" RN %’%
RO !

o~y . i
S S
N

ethyl 4-{{{15,3R)-3-hydroxyeyelohexyaming -1 H-
b

pwrele{2, 3-flpyridine-S-carboxylate
s x\\ ‘ F
T N

ethyl 4-({{13,35-3-hydroxycvelohexyliamino -1 A4~
pyrralai? 3
3

3-hipyridine-S-carboxyiate

71
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ethyl 4-{({ 18,35 3-hydroxyeyelohexyD{methylamine -
Hepyrrolo]2,3-blpyridine-S-carbonylate

sthyl 4-{{{ 15 3R-3-hydroxyeyclohexy DimethyDamino)-
1 H-pyrrolol2 3-5pyridine- S-carhoxylate

gthyl 4-(({1 R 2R, 5 A-S-hydroxy-2-
methyicyciobexyDamine -1 H-pyirole{2,3-Flpyridine-5-
carbony

etivl A-(LE 28, 58-5-hvdroxy-2-
methyleyolohexyiXmethyhaming)- 1 H-pyrrolof2.3-
Epyridine-S-carboxyiate

methyl d-{{(1 R385, 7T5)-S-hydroxyadamantan-2-
vijamino - HFpyrrolef2, 3-4ipyridine-S-carboxylate

isopropyl 4-({{ 18,38, 5s, 7ep-S-hydroxyadamantan-2-

yvhamina}-1 Hpyrolof2, 3-5pvridine-S-carboxyiate

72
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mwethyl 4-({ 12,353,575} 5-hydroxyadamantan-2-
vi¥methyhaming -1 Fepyrrolsi? 3-5lpyriding-3-

88
carboxyiate

ethyt 4-0((3 B, 38,58, 785 S-bydroxyvadamantan-2-
vh{methyDaning)-1 H-pyrrolof2,3-6lpyriding-3-

&3
carboxyiate

wsopropyl 4-0{1 8,358,58,75)-5-hyvdroxyadamantan-2-
yiXmethyDamino)- | fpyrrolo]2,3-5lpyridineg-5-

a0
carboxylate

’ 2-Huorcethy 4-{methyl{(1 RARN4-(N-
methylselfamoeyDmethyhoyolohexvhamingy- 154~

91
pyirolof2,3-bipyridine-3-carboxviate

ethyl 4-(({1 R4 B-4-{{ N~
methylsualfamoyDmethyiyelohexyDamino) 1 H-
pyreolo[2, 3-blpyridine-S-carboxylate
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methy! d-{methy (1R 4 R-4-((N-
methylsaifamoyDmethyDoyvelobexyDamino)- 1 #H-
pyrrolo{2 3-Hpyridine-S-carboxylate

sthyl 4-{methy{{1 R 48-4-({(N-
rasthylsulfamoyvhimethy Doyvelohexyhamo)- 1 H-
pyrrolof2,3-8lpyridine-5-carboxylate

94

ethy! 4-{{1 RAR4-({H-
ethylsalfamoyDmethylioyclobexymethyDamino - 1 4.
pyrrolo{2 3-Flpyridine-S-carbouyiate

a5

methyl 4-{{1 RAR-4-{{N-
sthybulfamoylrasthyleyelohexyYmethyiamine}- 1 H-

F

pyrrelol2,3-Apyriding-S-carboxyviate

26

2-Fluorcethyl 4-{({1 8 4R}-d-{{ N~
methylsuifemoyDmethyDeyclohexyDaming)- 175
pyrroloi2, 3-blpyridine-S-carboxylate

methyl 4-{{1 R AR-4-{{N-
methylsulfamoyDmethyDoyelohexyDaming)- 1 H-
pyrrolof2, -blpyridine-S-carboxyiate

98

Sy .
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T ~"W\<{§3
P
ANy e e H ethyi A-{{{ 1 B 4E}-4-({N-
549 ‘-g i sthylaulfamoyiimethyhevelohexyDammo - 154+
Q-rff’v‘\w~ \[\ pyrrolof2.3 -Slpyridine-S-carboxylate
NN
X ﬁ ,,,,,
/"&\\;«M&\"‘ e
DTS
o My C H ety (LR AR
10 ethylsulfamoyDmethyDeyelohexyDamino -1 H-
\\G“ \L fE\‘,» V\\\,\ pyrrolol 2. 3-5lpridine-3-carboxylate
o ;.-s’“mN
N OH
e A,o\\ 7777777
o o ,}‘ “iaH
0 HN
0 — x‘\ A ethyl 4-{{3-hydroxyc vclope'*t yharis - L Hpyrroiof2,3-
< E \l \ Hipyridine-S-carsoxylale
N N
N s N
N
A0
PO HNT Y
0 \ i\ isopropyi 4-((3-hydroxyeyclopentylaraing ). £
o g :‘A"x:v‘«"“\‘\ pyrrelol2,3-dfpyridine-S-carboxylate

propyt 4-{{3-hvdroxyeyclopentylaming)-1 &~

4
103 pyrrale2, 3-blpyridine-S-carboxylate
) 2-methoxyethyl 4-(G-hydroxyevclopentyDamino)- 1 H-
pyrroiof2.3-6lpyridine-S-carboxylaie
105 ethy! 4-{{4-hydroxy-2-methyicyclopentyDamine)-1 4~

pyrrolof2,3-Flpyriding-S-carboxylate
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06 isopropy! 4-{(4-hydrnoy-Z-methyleyclopeatyllamino-
. P H-pyrrolo]2,3-Slpyridine-3-carboxyiate
107 propyl 4-{{4-hydroxy-2-methylevelopentyDaming - 1 H-
. S pyrrole{2,.3-Slovridine-S-carboxylate
Z-methoxyethyl 4-{(4-hydroxy-2-
108 G methyicyclopentyDamino -1 H-pyerolo]2 3 -6 lpyridine-5-
AT carboxylare
109 N ; sthyl 4-{(d-hydroxy-2-rusthyicyclohenyaminn k- LH.
- N, N Ty ovrrolo]2,3-slpyriding-S-carboxylate
16 isapropyt 4-({(4-hydrony-2-methyloycichexylamino -
= 1 H-pyrrolof2. 3-blpyridine-S-carboxyiate
111 propy! 4uf{d-hydroxy-2-methylevelbhexylDaming)-1 H-
R pyirelef2, 3-Fipyridine-5-carboxyviate
> (‘&} } J S
2-methoxyethyl 4-({d-hydroxy-2-
1iz o methyloyelohexvilaming)-1 H-pyrroio[2,3-ipyridine-§-
Nt carboxylate

-76-
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R
N
P
(13 ¢ HH b ety 4-((3-{2-cyanoethoxy)cyelopentyDamino)-1 5+
I C’}'\}\"ﬁ"'?’.&\* T pyrrolof2,3-6 jpyridine-S-carboxyiate
X gy \N
,,,,,,,,,,,,,, N H
N
N Pt
,.-.é\ , ‘)}V‘ -3
114 G MR g tsopropyt 4-{(3-(Z-cyanosthoxyicyciopentyDamine)- 1 -
A, % - pyrrolof2, 3-Fipyridine-5-carhoxylate
118 propyl 4-{(3-{2-cyanoethoxylovelopentyDamno -1 A~
T pyreceiol 2 3-blpyridine-S-carboxylate
2-methoxyethyl 4-((3-{2~
1is cyancethoxyjoyclopentyDaming - flpyrrole2,3-
bipyridine-S-carbonyiate
(4 ethyl 4-{(3-hydroxyeyclohexyDamine)-1 H-pyrrolof2,3-
blpyriding-S-carbonylate
N A
, G oHNT T ethyl 4-((3-(cyanomethyi-d-frvdroxyeyclobexyDamine -
142 L - ’ - A -
P - {Hepyrealod? 3-blpyridine-S-carboxylate
o S & isopropy] 4d-{methy {1 B 48-4-({N-
162 i i\ methylsulfamoyDmethyDeyvelohexyvDaming)- 1 H-
= N,

pyreoioi2,3-blpyridine-S-carboxyiate

w77
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propy! d-{methvi{(1 B 48-4-({N-
{53 . methylsulfamoylmethyDevelobexyilaming)-1 #-
TR pyrroiof2, 3-bpyridine-5-carboxyiate
164

propyt 4-({{1 RARM4-{(N-
methylsulfamoyDmethyheyelohexyDaming -1 5~
pyrotol2,3-bipyridine-S-carboylate

wopropyl $-{{{I R 4R}-4-({N-
methyisollamoy DimethyheyelohexyDamine) 1 H-
wyrralol2, 3-Alpyridine-S-carbonyiate

166

rethyi 4e{methy (1 R 4AR4-{{N-

methybulfamoyhroethyDeyelohexy Darone -1 H-
pyirole[2,3-5

g

lpyridine-3-carboxyiate

methyl 4-{1 R 4104 ((N-
methylsalfamoyDmethyDeyelohexyBaming)- 1 H-
pyrrololZ 3-bipyridine-S-carboxyiate

124 &N e propyl 4-({{18,25,35 5, 75}-5-hydroxyadamantan-2-
; yvhamine -1 Hopyrrelof2,3-Aipvridine-3-carboxylate
185

cyclopropyl 4-(({1R,2535,%¢ T3 S-hydroxyadarnanian-2.
yijamino)-1 H-pyrroln]2,3-Hpyridine-S-carboxylate
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methyi 4-({(1 R 25,38 57,75} 5-hvdroxyadamantan-2-

193 . o ey g e o
ylhaming}- 1 H-pyrrolof2,3-blpwridine-S-carboxylate
(og isopropyl 4-{{(18,25,35, 5, 75)-5-hydroxyademantan-2-

yhaming -1 H-pyrroio]2, 3-blpyridine-S-carboxyiate

[166] The invention is further tilustraied by the following examples of compounds of

Formula ({H)
l:xax}"sp ® Siructure Nani
N
130 4-{{{3 R 4/ 1-{2-cyanoacetyl md-methyipiperidin-3-
yhamino -1 A-pyrroie2,3-&lpyriding-S-carboxyiie acid
i {R3-4-({1 ~{‘2~cyano§cetyl)pi‘peridin-? ~yDaming)-157-
o pyrroloi 2 3-Mpyvridine-S-carboxylic acid
143 cyslopropyimethyl (B-4-({1-{Z-cyancacetylipiperidin-3-
o yhamino-1 Hepyreolo]2, 3-Blpynidine-S-carhoxylate
evelopropyimethy! 4-0{1-02,2-difluorocyelopropane-1-
161 carbonylpiperidin-3~-yhamino- | H-pyrron{2,3-
blpyridine-S-carboxylate

ST
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P /\\’]"\“
ANl e . :
O RN \”/ ey cyclopropylmethyl 4-({{3R 68} 1-{Z-cyancacetyi}-&-
186 - )\E ) ‘\ B o) methyipiperidin-3-vhamino 1 Hpyirolof2 3-b jpyridine-
e \,E oy N S-carboxylate
W TS §
= :'r“"v»M
cyclopropyimethyl 4-({(3R48)-1-(Z-cyanoaceiylj-4-
E87 L methylpiperidin-3-yDamino - L pyrrolol2,3-lpyridine-
s Secarboxylate
,\;\:9

D161} The wvention is further illustrated by the fbllowing examples of compounds of

Formulg (IV})
Exa?ple 1 Mruciure Name
119 athyl 4-{{3-(2-cvancethyheoyciohexyDamine- L H-
o pyrrolo{Z 3-blpyridine-5-carboxylate
113 {racy-{cin-Bthyl 4-((3-2-cvancethvhicveichexvhinmingy-
’ P Hpyrrolol2 3-blpwridine-S-carboxylate
{racy-{trans)-Ethyl 4-({3-(2-
134 eyancethyDeyclobexylamine} 1 Hopyorolo[2,3-
Elpyridine-S-carboxyiate
. {cis} Ethyl 4-{(3-2-cvancethyDevelohexyamino -1 54~
133 q ) g S .
’ pyreolaf2,3-dlpyridine-3-carboxylate, enantiomer 1
. {wig) Ethyl 4-{(3-(Z-cvancethyDoyclohexy Danuno -1 H-
138 " RS . ” .
pyrrole2,3-lpyridine-5-carboxylate, enantiorner 2
Cig isomer, single snantiomer

~80-




WO 2019/090158 PCT/US2018/059071

gl
(4 {trans} Ethyl 4-{(3-2-cyanoethylcyelohexyilamine)-1 H-
’ pyrroiof2,3-61pyridine-S-carboxylate enantiomer |
H
Trang isomar, s%;:gle anantiomer
/"\\CN v ‘
{35 {transy-Ethyl £-{(3-{2-cyauoethylicyclohexyamine)-
{H-pyrrolol2 3-Sipyridine-5-carboxylate, enandiomer 2
i
VVVVVVVVVVVV Trans isamer, single enantiomer
{rach {viny Propyl 4-{03-02-
139 cyanosthyloyelchenyiamino- L A-pyrrolo{Z, 3-
Hipyridine-S-carboxylate
{racy-{transy-Propyl 4-((3-(2- _
148 cyanoethylxeyolohexyhaming-1 Hpyrrolof2 3-
Shpyriding-S-carboxylate
{47 d-{{(1 538 3-Z-ovanoethyDeyelohexyDarmino - L H-
' pyirele]2, 3-Fipyridine-S-carboxylic acid
racemic, trans ~2-methoxyethyt 4-((3-(2-
143 cyansethyDeyelohexylamino}- 1 5-pymrolo[2,3-
Hlpyridine-3-carhoxylate
cis-Z-methoxysthyvl 4-({3-{2-
149 cyanoethyDoyvelohexyareiooi- | Hpyreole]2,3-
bipyridine-S-carboxyiate, enantiomer |
cis Z-methoxyethy! 4-{{3-(2-
158 cyanoethylicyelohexybaming)-1 Hpyrrolof2.3-
Elpyridine-S-carboxyvlate, enantiomer 2
sFans-racemic-Methyl 4-({3-{2-
{5t cyanoethvijoyvelohexyijamine - L -pyrroinf2,3-
Elpyridine-S-carboxylais

8-
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cis~racemic-Methyl 4-({3-(2-
cyanosthyleyelohexyliamino)- 1 H-pyrrotof2.3-
Hipyndine-S-carboxyiate

153

ethyl 4-{{3-(2-cvanosthylcvelopentyDaming)-1 #-
pyrrolof 2, 3-Alpyridine-S-carboxylate

cyciopropylmethyl (IR AR-4-{(N-
methylsuifemoylmethyDovelohexyBamino)-1 H-
pyrrolol 3-bipyridine-S-carhoxylate

169

cyclapropyirpethyi d-{methyl{{ L K 4 K4~ {{ N
methylsulfamoyimethyhoyelohexyilaming -1 5~
pyviralo{2,3-Alpyeidine-S-carboxviate

isopropyl {318,383
svanosthyleoyelohexyDariso- | Hpyrrolo]2,3-
Bipyriding-3-carboxylate

139

sopropyl -1 3R-3-02-
cyanoethyiicyeiohexyiminay-1 F-pyrole{2,3-
Elpyridine-S-carboxyiate

186G

sycloprapyl 4-{{{15,383-(3-
cyancethyheyelohexyDamine -1 H-pyrrolo{2,3-
Slpyridine-S-carboxylate

82~
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ey
cyeloprapyl 4-(({1 3R-3-(2-
191 gyanosthyDoyvclohexyDamma 1 H-pyrrolo| 2,3+
blpyridine-S-carboxylate
N
0 HNT Y S cyclopropylmethyl 4-{{{1.5,35)-3-{2-
w2 o~y 1 ¥ A eyanocethyDeyelohexyDamine )1 Hpyrrola]2 3-
: - R o N by .
T A Eloyridine-S-carboxyviate
N i : ES
; ., Pt S
~ i CAS N
Ny
""""""""""""""""""""""" BN
e eyclopropylmethyl ({1 R,3RM3-{2-
183 cyanoethyheyelchexyhamino- 1 Hpyrrolo]2,3-
N bloyndine-3-carboxylale
evclopropyimethyl $-(({1R2535,5+ 75)-5-
194 hydroxyadamantan-2-vDamine -1 H-pyrrolof2,3-
Blpyridine- S-carbanviate

Pharmaceutical Compositions
{162} Some embodiments herein are directed to a pharmacentical composition comprising a

compound of embodiments herein and a pharmacentically acceptable carrier or diluent.

{81631 Also provided i3 a pharmaceutical composition comprising a compound as disclosed

herein, together with a pharmaceutically acceptable carrier,

Hi6d] While it may be possible for the compounds desoribed herein o be admirnistered as
the raw chemical, it 15 also possible to present them as a pharmaceuticsl formulation
Accordingly, provided herein are pharmaceutical formulations which comprise one or more of
cortain compowds disclosed herein, or a dertvative thereof, together with one or more
pharmaceutically acceptable carriers thereol and optionally one or more other therapeutic
mgredients. The carrier(s) must be "acceptabie” in the sense of being compatible with the other

83
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ingredients of the formulation and neot deloierious to the recipient thereof Proper formulation is
dependent upon the route of administration chosen. Any of the well-known techniques. carriers,
and excipients may be used as suifable and as understood in the art. The pharmaceutical
compositions disclosed herein may be manufactured in any manner known in the ari, e g, by
means of conventional mixing, dissolving, granulating, dragee-making, levigating, emulsifying,

encapsulating, entrapping or compression provesses.

{H165] In some embodiments, the pharmaceutical compositions for uge In accordance with
embodiments hercin can be formulated in conventional manner using one or moye

physiologically acceptable carriers or excipients.

[0166] The formulations include those suitable for oral, parenteral (including subcuianeous,
ifradermal, Intranscular, intravenous, intrearticular, and intramedullaryy, intraperitongal,
intrathecal, intradurgl, transmucosal, transdermal, rectal, iniranasal, topical {including, for
example, dermal, buccal, sublingnal and intraccular), intravitreal, or intraveginal adminisiration
although the most suitable rowe may depend upon for example the condition and disorder of the
recipient. The formulation could include those suttable for administration by depot injections or
by implants, The formulation could include those suitable for adminisiration by inhalation, such
as, for example, a gas, vapor, or powder. The formulation could inchude those suitable for
administration, ¢.g., as an acrosol viz a nebulizer, humidifier, inhaler and vaporizer or the like.
The formulations may conveniently be presented in unit desage form and may be prepared by
any of the methoeds well known in the art of pharmacy. Typically, these methods inchude the step
of bringing inte asscciation a compound disclosed herein or a derivative thereo! (Mactive
ingredient”} with the carrier which constitules one or more accessory ingredients. In general, the
formulations are prepared by usiformly and intimately bringing into association the active
tngredient with Hguid carriers or finely divided solid carriers or both and then, if necessary,

shaping the product into the desired formulation.

{167} Formulations of the compounds disclosed heremn sutiable for oral adminisiration may
be presented as disorete unils such as capsules, cachets or tablets each containing a
predetermined amount of the active ingredient; as a powder or granules; g3 a solution or a

sgspension i an aguecus haquid or a non-agueons Haud: or as an ol-in-water liquid emulsion or

“Bd-
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a water-in-¢il Hquid emulsion, The active ingredient may aiso be presenied as a bolus, electuary

OT paste.

{168} Pharmaceutical preparations which can be used oraily include tablets, push-fit
capeules made of gelatin, as well as soft, sealed capsules made of gelatin and g plasticizer, such
as glycerol or sorbitol. Tablets may be made by compression or malding, optionally with one or
mure accessory ingredients. Compressed tablets may be prepared by compressing in a suitable
machine the aclive ingredient in a free-flowing form such as a powder or granules, optionally
mixed with binders, inert diluends, or Inbricating, surface active or dispersing agents. Molded
iablets may be made by molding in a suiiable machine 2 mixture of the powdered compound
moistened with an inert liguid diluent. The tablets may optionally be coated or scored and may
be formulated so a3 to provide slow or controlied release of the active ingredient therein, All
formadations for oral administration should be in dosages suitable for such administration. The
push-fit capsules can contain the active Ingredients in admuxture with filler such as lactose,
binders such as starches, and/or lubricants such as tale or magnesium siearate and, optionally,
stabilizers. In eoft capsules, the active compounds may be dissolved or suspended in suitable
Hoguids, such as fatty oils, liguid paraffin, or liquid polyethylene glveols. In addition, stabilizers
may be added. Dvagee cores are provided with suitable coatings. For this purposs, concentrated
sugar solutions may be used, which may optionally contain gum arabic, tale, polyvinyl
pyrrolidone, carbopol gel, polyethylene glveol, and/or itanium dioxide, lacquer solufions, and
suitable organic solvents or solvent mixtures, Divestudts or pigments way be added to the tablats
or dragec cogtings for idemiification or o characterize different combinations of active

compound doses,

{3169} The componnds may be formulated for parenteral adminisirgtion by injection, e. 2., by
bolus mjoction or continuous infusion. Formulations for injection may be presented in unit
dosage form, e.g., in ampoules or in mulli-dose containers, with an added preservative. The
corpositions may take such forms as suspensions, solutions or emulsions m oily ot ggqueous
vehicles, and may contain formulatory agents such as suspending, stabilizing and/or dispersing
agents. The formulations may be presented in unit-dose or multi-dose containers, for example
sealed ampoules and vials, and may be stored in powder form or in a freeze-dried (lyophilized)
condition requiring only the addition of the sterile liguid camigr, for example, saline or sterile

~R5.
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pyrogen-free water, unmediately prior io use. Extemporansous injection solutions and
suspensions may be prepared from sterile powders, granules and tablets of the kind previeusly

described.

{178} Formulations for parenteral administration include agueous and non-aguecus (oily)
sterile injection solntions of the active compounds which may contain antioxidants, buffers,
bacteriostats and solutes which render the formulation isotonic with the blood of the ntended
recipient; and agueous and non-aquecus sterile suspensions which may inclade suspending
agents and thickening agents. Suitable lipophilic solvents or vehicles include fatty otls such as
sesame oil, or syathetic fatly acid esters, such as ethyl oleaie or triglveerides, or Hposomes.
Agueous injection suspensions may contain subsiances which inerease the viscosily of the
suspension, such as sodivm carboxymethyl cellalose, sorbitol, or dexiran. Optionally, the
suspension may also contain suitable stsbilizers or agents which increase the solubility of the

sompounds o allow for the preparation of hughly concentrated solutions.

(0171} In gddition to the formulations described previously, the compounds may also be
formulated as a depot preparation. Such long acting formulations may be adminisiered by
implantation {for example subcutaneously or intramuscularlyy or by intramuscular Injection
Thus, for example, the compounds may be formulated with suitable polymeric or hydrophobic
raierials (for example as an emulsion In an acceptable oil} or ion exchange resing, or as

sparingly soluble dertvatives, for example, as a sparingly soluble salt,

{4172} For buccal or sublingual administration, the compositions may lake the form of
tablets, lozenges, pastiles, or gels formulated in conventional manner. Such compositions may

compriae the active ingredient in a flavored basis such a3 socrose and acacia or fragacanth,

{1 73] The compounds may slso be formulated in rectal compositions such as suppositories
or refention enemas, e.g, containing conventional suppository bases such as cocoa butler,

polyethylene glyeol, or other glveerides.

{3174} Certain compounds disclosed herein may be administered topically, that is by non-
systemic administration, This includes the application of a compound disclosed herein externaily

to the epidermis or the bucecal cavity and the instillation of such a compound into the ear, eve and
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nose. 1o comdrast, systemdc gdminisiration refoers to oral, intravenous, intraperitoneal and

tramuscular administration.

8175} In some embodiments, the compounds disclosed herein may be administered
ophthalmically. In some embodiments, the compounds disclosed herein may be administered as
an ophithalmidc composition. The compounds of embodiments herein may be administered as, for
example, liquid preparations, including eye lotions, spray, or eve drops for topical
adpynisiration.  In some embodiments, the compounds disclosed herein may be administered as
semi-sedid preparations, for examiple, applied 1o the evelid, such as cream, lotion, gel, ointment,
or paste. In some embodiments, the compounds disclosed herein may be administered as sohid
dosage forms, for example, applied to the eve surface o produce modified release, such a8 3
powder. In some smbodiments, the compounds of embodirents berein are administered through
devices for surgicel implantation, perenteral products, {e.g, infracomeal or intravitreous
products), hqwds for ierigation, or the Hke. In some embodiments, the composition comprising
the compounds disclosed hereln are sterile and free from pariiculate matters. In some
embodiments, the compounds disclosed hersin way he administered by intraccular injection,
fntraorbital injection, or an intravitreal injection, In some embodiments, the intraccular injection
may be (o the anterior chamber of the eve, posierior chamber of the eve, or g combination
thereof. For example, the compounds disclosed herein may be administered to the posterior

intravrbital region of the eye.

18175] In some embodiments, formulations suitable for topical administration inchude Liguid
or semi-Hauld preparations suitable for ponetration through the skin to the site of inflammation
such as a solution, powder, fluid emulsion, fluid suspension, semi-solid, ointment, paste, cream,
gel, jelly, foam, liniment, lotion, and drops suitable for administration to the eve, car or nose.
The active mgredient For topical administratinn may comprise, for example, from 0.001% to 10%
wiw {by weight) of the formulation, In cortain embodiments, the active ingrediont may comprise
as much as 10% w/w. In other embodiments, it may comprise iess than 5% w/w. In certain
erobodimends, the active ingredient may comprise from 2% wiw fo 5% wiw. In other

embodiments, it may comprise from §.1% to 1% w/w of the formulation.
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18177 Gels for topical or transdermal administration may comprise, generally, a mixtare of
volatite solvenis, nonvolatile solvents, and waler. In certain embodiments, the volatile solvent
component of the buffered solvent system may include lower (C1-Cg) ally! alcohels, lower alkyl
glycols and lower glveol polyvmers. In further embodiments, the volatile soivent is ethanol. The
volatile solvent component is thought to act as a pepetration enhancer, while alse producing a
cooling effect on the skin as it evaporates. The nonvolatile solvent portion of the buffered solvent
systemn is selected fromy lower alkyiene glyonis and lower glveol polymers. In certain
embodiments, propylene glycol is used. The nonvelatile solvent slows the evaporation of the
volatile solvent and reduces the vapor pressure of the bulfered solvent system. The amounnt of
this nonvolaiile solvent component, as with the volatile solvent, s determined by ihe
pharmaceutical compound or drug being used. When too little of the nonvolatile solvent s in the
system, the pharmacsutical compound may crysiallize due lo evaporation of volatile solvent,
while an excess may result in a lack of bioavailability due 1o poor release of drug from solvent
mixture. The buffer component of the buffered solvent systers may be selected from any buffer
commonty used in the art; in certain embodiments, water i3 used. A common ratio of ingredients
is about 209 of the nonvolatile soivent, abowut 409 of the volatile solvent, and sbout 40% waler,
There are several optional ingredients which can be added to the topical composition. These
include, but are not Hmited o, chelators and gelling agents. Appropriate gelling agents can
inclode,  but  are  not Hmited to, semisynthetic  celludose  derivatives  {such as

hydroxypropyimethyicetiulose) and syuthetic polymers, and cosmetic agents,

8178} Lotions include those suttable for application to the skin or eye. An eve lotion may
coroprise a sterile agueous solution optionally containing a bactericide and may be prepared by
methods similar {o those for the preparation of drops. Lotions or Haimends for application to the
skin rpay also include an agent fo hasten dryving and to cool the skin, such as an aleshel or

aeetone, and/or g moisturizer such as glyeerol or an ¢il such as castor oil or arachis oif,

{1791 Creams, cintments or pastes are semi-solid formulations of the active ingredient for
external application. They may be made by mixing the active ingredient in finely-divided or
pewdered form, alone or in solution or suspension in an aqueocus or nonragueous Huid, with the
aid of suilable machinery, with a greasy or non-greasy base. The base may comprise
hydrocarbons such as hard, soft or lipud paraffin, glycerol, besswax, a metallic soap; a
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mucilage; an oil of natural origin such as almond, corn, arachis, castor or olive oil; wool fat or its
dertvatives or g fatty acid such as steric or sleic acid together with an alcoho! such as propylene
ziveol or 3 macrogel. The formulation may incorporate any suitable surface active agent such as
an anionic, cationic or non-ionic surfactant such as a sorbitan ester or a polyoxyethyiene
derivative thereof. Suspending agents such as natural gums, cellulose derivatives or inorganic

materials such as silicaceous silicas, and other ingredionis such as lanclin, may also be included.

15188} Brops may comprise sterile aqueons or oily solutions or suspensions and may be
prepared by dissolving the active ingredient in a suiiable agueous solution of a bactericidal
and/or fungicidal agent andfor any other soitable preservalive, and, in certain embodiments,
including a surface active agent. The resoling solution may then be clarified by filiration,
transferred fo a suilsble container which is then sealed and sterilized by autoclaving or
maintaining at 98-100°C for half an houwr. Allernatively, the soluotion may be sterilized by
fungicidal agents suitable for inclusion in the drops are phenvimercuric nitrale or acelate
{6.002%), benzalkonium chloride (8.01%) and chlorhexidine acetate (0.01%). Suoitable solvents

for the preparation of an oily solution include glycerol, diluted aleohol and propylene glyeol.

{8181} Formulations for topical admunistration in the mouth, for example buccally or
sublingually, include lozenges comprising the active ingredient in a flavored basis such as
sucrose and acacia or tragacanth, and pastilles comprising the active ingredient in a basis such as

gelatin and glyoerin or sucrose and acacia.

{81821 For administration by inhalation, compounds may be conveniently delivered from an
insuttiator, nebulizer pressurized packs or other convenient means of delivering an aerosol spray.
Pressurized packs may comprise a suitable propellant such as dichloredifluoromethane,
richlorofluoromethane, dichlorotetrafluoroethane, carbon dioxide or other suitable gas. In the
case of a presagrized aerosel, the dosage unit may be determined by providing a valve to deliver
a melered amount. Alternatively, for adrministration by inhalation or msufflation, the compounds
according to the invention may take the form of a dry powder composition. for example a
powder mix of the componnd and a suttable powder base such as lactose or starch. The powder

composition may be presented i unit dosage oo, in for example, capsules, cartridges, gelatin
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or blister packs from which the powder may be sdministered with the aid of an inhalator or

insuitiator,

{8183} Preferred unit desage formulations are those containing an cffective dose, as herein

below recited, or an appropriate fraction thereof, of the active mgredient,

161841 It should be understood that in addition to the ingredients particularly mentioned
above, the formuldations described above may inchude other agents conventional in the art having
regard to the type of formulation in question, for example those suttable for oral administration

may include Havoring agenis.

{1185] Compounds may be administered at a dose of from €.1 10 300 mg/ke per day. The
dose range for adult bumans is generally from 5 mg to 2 g/day. Tablets or other forms of
presentation provided in discrete units may conveniently contain an amount of one or more
compounds which is effective at such dosage or as a multiple of the samse, for instance, units

containing 5 mg to 500 mg, usuaily around 10 mg 1o 200 mg.

8186} The amourtt of active ingredient that mav be combined with the carrier materials to
produce a single dosage form will vary depending upon the host treated and the particular mode

of administration.

G187} When employed as pharmaceuticals, the compounds can be administered in the form
of pharmacentical compositions. These compositions can be prepared in a manner well known in
the pharmacentical arts, and can be administered by a variety of routes, depending upon whether
local or sysiemnic treatment s decired and upon the ares to be treated. Administration of the
disclosed compounds or compeositions may be oral, parenteral {(Including subcutancous,
intradermal, intramuscular, intravenous, intraarticular, and intrarsedoilary), pulmonary {eg., by
iphalation or nsuffiation of powders or aerosols, inchiding by nebulizer; intratracheal or
intranasal), intraperiioneal, fransmoucosal, ransdermal, rectal, topical (ncluding dermal, buccal,
sublingual and otraoculary, or infravagingl adniumistration. Parenteral admumstration includes
intravenous, mtraarterial, subcutaneous, mtraperiioneal, intramuscular or injection or infusion; or
infracranial, e.g., infrathecal or intraveninicular, administration. Parenteral admunistration can be

i the form of a single bolus dose, or may be, for example, by a continucus perfusion pump.
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Pharmaceutical compositions for topical administration may include foams, transdermal patches,
ointments, lotious, creams, gels, solutions, fhuid smulsions, fluid suspensions, semi-solids,
pastes, drops, suppositories, sprays, ltquids and powders. Conventional pharmaceuntical carriers,
aguecus, powder or oily bases, thickeners and the like may be necessary or desirable. Coated
condoms, gloves and the like way also be usefid. In some embodiments, the compounds can be
contained in such formudations with pharmacentically acceptable diluenis, fillers, disintegrants,
binders, lubricants, swrfactants, hvdrophobic webiclegs, water soluble vehicles, emulsifiers,
huffers, humectants, moisturizers, sohubilivers, preservatives and the like. The artisan can refer to
various pharmacelogic references for guidance. For example, Modern Phamoaceutics, Sth
Edition, Banker & Rhodes, CRC Press (2009} and Goodman & Gilman's The Pharmaceutical

Basis of Therapeutics, 13th Bdition, MeGraw Hill, New York (2018) can be consulied.

{#188] In some embodiments, a method of freating a JAK and/or JAKS mediated disease
administering a pharmaceutical composition of embodiments disclosed herein. In some
embodiments, the compound is in g therapeutically effective amount. o sore embodiments, the

therapeutically effective amount is an amount disclosed hergin.

(8189} Nome embodiments disclosed herein also include pharmaceutical compositions which
contain, as the active ingredient, one or morg of the compounds disclosed horein in combination

with one or more pharmaceutically acceptable carriers {excipients},

{61947 In some embodiments, & methed of making a pharmaceuiical composition comprises
mixing the active ingredient with an excipient, diliuting the active ingredient uysing an excipient,
or enclosing the active ingredient within a camier in the form of, for example, a capsule, sachet,
paper, or other container. When the excipient serves as g diloent, it can be a solid, semu-sohd, or
Liguid material, which acls as a vehicle, carrier or mediun for the active ingredient. Thus, the
composifions can be in the form of tablets, pills, powders, lozenges, sachets, cachets, elixirs,
suspensions, emulsions, solutions, syrups, acrosols {as a solid or 1o a hgud mediom), ointments
containing, for exarnple, up to 10% by weight of the active compound, soft and hard geiatin

capsules, suppositories, sterile injectable solutions, and sterile packaged powders.

{191 Some examples of suitsble excipients mclude lactose, dextrose, sucrose, sorbitol,
mannitol, starches, gum acacia, calcium phosphate, alginates, tragacanth, gelatin, calcium
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stiicate, micrecrysialling cellulose, polyvinyipyrrolidone, cellulose, water, syrup, and methyi
celiulose, including eutectic solvents, eutectic-based ionic liquids, or ionic biguids. The
formulations can additionally include: hubricating agents such ag fale, magnesiun stearate, and
mineral otl; wetting agents; emulsifying and suspending agents; preserving agents such as
methyl- and  propyibydroxy-benzoaies; swegiening  agents; and  flavoring  agenmts. The
compositions can be formulated so as o provide quick, sustained or delayed release of the active

ingredient after administration (o the patient by employing procedures known in the art.

18192} The compositions can be formmlated in a unit dosage form. The term "unit dosage
forms” refers to physically discrete units suitable as unitary dosages for human subjects and
other mammals, each unit containing a predetermined quantity of active material caloulated to

produce the desived therapeutic effect, in association with 8 suitable pharmaceutical exciplent.

1931 The active compound can be effective over a wide dosage range and can be generally
administered in g therapeutically effective amount. B will be understood, however, that the
amouwtt of the compound actually admindstered will usually be determined by a physician,
according to the relevant circumstances, including the condition 1o be treated, the chosen route of
administration, the actual compound administered, the age, weight, and response of the

individual pationt, the severity of the patient’s symploms, and the like,

{8194} In some embodiments, the pharmaceutical composition may comprise about 8.01% o
about 30% of one or more compounds disclosed herein. In some embodiments, the one or more
compounds 18 in an amount of about §0.01% to about 50%, about 0.01%% to about 43%, about
$.01%% to about 40%, about 0.01% to about 30%, about 8.01% 1o abowr 20%., shout 0.01% o
aghout 10%, about .01% 1o about 5%, about 0.05% io sbout 30%, about .05% to about 45%,
about 0.05% 1o about 40%, about .05% to sbout 30%%, about 0.05% to shout 20%, about 0.05%
1o sbout 10%, about 0.1% io about 50%, about 0.1% to about 459%. about 0.1% to about 40%,
gbout 0.1%% to about 30%, about 0.1% 1o about 209, about 0.1%4 o about 10%, abowt 0.1% 1o
about 5%, about {1.3% 1o about 530%, about .5% 1o about 45%, about (1.5% 1o about 40%, abowt
(.59 to about 30%, about 0.5% 1o about 20%, abowt 0.5% to about 10%., shout .59 1o ahout
3%, about 1% 1o abowt 50%, about 1% to about 45%, about 1% to about 4{1%%, about 1% o abowt

315%, about 1946 to about 30%, ghout 1% to about 25%, about 1% io shout 20%, abowt 19 to
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about 15%, about 1% to about 1094, about 196 to abowt 5%, about 3% to about 45%, about 3% fo
about 40%. about 5% to about 35%, about 5% 1o abowt 30%, abow 5% 1o about 25%%, about 5%
to about 209, about 5% to about 15%, about 5% 1o about 10%4, about 10%% to about 45%, about
10% to about 40%, about 10% to abouwt 35%, about 10% to about 30%, about 10% 10 about 25%,
about 0% to about 20%, zhowt 0% to about 15%, or a value within one of these ranges.
Specific examples may tnclude about 8.01%, about 0.05%, about 06.1%, abowt 0.25%, about
(3.5%, abowt 0.73%, about 196, about 5%, abowt 10%, abowt 15%, about 20%, shout 25%, about
30%, about 35%, ahout 40%, aboui 45%, about 50%, about 60%, about 70%. about 809, about
%, or a range between any two of these values. The foregoing all representing weight
perceniages of the composition. I some embodiments, the composition 18 suitable for topical

sdministration. In some embodiments, the composition is sultable for gral, parenteral (including

subcitansous intdeumal
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administration.

{B195] In some embodiments, the compound ¢ w a therapeutically effective amount. In
some embodiments, the therapeutically effective amount may be about 1 mg to about 1000 mg,
about 1 mg o about 800 myg, about 1 mg (o about 800 myg, sbout T mg 1o sbout 700 my, about 1
mg o about 600 mg, about I myg o sbout 300 mg, about 1 mg o sbout 408 g, sbowt 1 mg to
about 300 mg, shbout 1 mg to about 200 mwg, about 1 mg w0 about 100 mg, about 10 my to abowt
1000 mg, abowt 50 myz to about 1000 mg, about 100 mg {o gbout 1000 mg, about 200 mg o
about 1000 g, about 300 mg 1o about 1000 myg, about 400 wg o about 1000 myg, about 300 mg
1o about 1000 my, about 10 mg to about 500 mg, about 30 mg to about 500 mg, shout 100 mg to
about 500 mg, about 10 mg to about 300 mg, about 530 myg to about 300 rog, from sbout 100 mg
o about 300 my, about 10 mg to about 1530 mg, about 50 mg o about 150 my, about 60 mg to
about 120 mg, about 30 mg to about 120 mg or a range between any two of these vaiues,
Specific examples inclade, for example, about 1000 mg, about 900 mg, about 800 mg, abow 700
mg. about 750 mg, about 600 mg, about 500 mg, gbout 400 me, about 450 mg, sbout 300 mg,
about 250 my, about 200 mg, sbout 175 mg, about 150 mp, about 125 mg, about 120 mg, about
110 mg, about 100 mg, about 90 myg, about 80 mg, about 70 mg, about 60 mg, about 30 mg,

about 30 mg, about 20 mg, or any value between the ranges disclosed above,
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{3196} In some embodiments, the therapeutically effective amount can vary according to, for
example, the particular use for which the treatment 13 made, the manner of admirgsiration of the
compound, the health and condition of the patient, and the judgment of the prescribing physician.
The proportion or conceniration of a compound v 3 pharmaceutical composition can vary
deponding upon a2 number of factors including dosage, chemical characteristics {e.g,
hydrophobicity), and the route of adminisiration. For example, the compounds can be provided
in an gquecus physiclogical buller solution conlainming aboul 0.1 to ghout 1% wiv of the
compound for parenteral admimstration. Some typical dose ranges for the compounds are from
about 1 pg/ky 1o about 1 g/kg of body weight per day. In some embodiments, the dose range 15
from about .01 myg/kg to about 100 my/ke of body weight per day. The dosage is hikely to
depend on such variables as the type and extent of mrogression of the disease or disorder, the
cverall heslth status of the particular patient, the relative binlogical efficacy of the compound
selected, formulation of the excipient, and U5 route of admurdstration. Effective doses can be

extrapolated from dose-response curves derived from in vitre or animal model test sysiems.

{197} The amount of compound or composition administered to0 & patient will vary
depending upon what is being administered, the pwpose of the administration, such as
prophylaxis or therapy, the staie of the petient, the manner of administeation, and the like. In
therapeutic apphications, composifions can be administered 1o a patient already suffering from a
disease in an amount sufficient (o cure or at least partially arrest the symptoms of the disease and

its complications.

9198] For preparing solid compositions such as tablets, the principal active ingredient can
be mixed with a pharmaceutical excipient o0 form a sobd pre-formulation composition
containing a homogeneocus mixture of a compound of the present invention. When referring o
these pre~-formulation compositions as homogeneous, the active ingredient iz typically dispersed
evenly throughout the composition so that the composition can be readily subdivided into
equally therapeutically effective unit dosage forms such as tablets, pills and capsules. This solid
pre-tormulation is then subdivided into unit dosage forms of the type described above contaiming

from, for cxample, about 0.1 to about 1000 myg of the active mgredient.
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13199] The tablets or pills of the present vention can be coated or otherwise compounded
o provide a dosage form affording the advantage of prolonged action. For example, the tablet or
pill can comprise an inner dosage and an outer dosage component, the lalter being in the form of
an envelope over the former. The two components can be separated by an euteric layer which
serves to resist disintegration in the stomach and permit the nner component {0 pass infact into
the duodenum or o be delayed in release. A variety of malerials can be used for such enferic
fayers or coatings, such malerials including 3 number of polvmeric acids and mixiures of

polymeric acids with such materials ag shellac, cety! aloohol, and cellulose acetate.

{284 The Hgud forms in which the compounds and compositions of the present invention
can be incorporaied for administration orally or by injection include agueous solutions, suitably
Havored svrups, squecus or oil suspensions, and flavored emulsions with edible oils such as
cotionseed  oil, sesame o1, coconut oil, or peanut oil, as well as elixirs and similar

pharmaceutical vehicles.

{8201} Compositions for inhalation or insufflation include solutions and suspensions in
pharmaceutically acceptabie, aqueous or organic solvents, or mixtures thereot, and powders. The
figuid or solid compositions may contain suitable pharmaceutically acceptable excipients as
deseribed supra. In some embodiments, the compositions are administered by the oral or nasal
respiratory route for local or systemic effect. Compositions in can be nehulized by use of inert
gases. Mebulized solutions may be breathed directly from the nebulizing device or the nebulizing
device can be attached to 8 face masks tent, or intermittent positive pressure breathing machine.
Solution, suspension, or powder compesitions can be administered orally of nasally from devices

which deliver the formulation in an appropriale manner.

{282] fa some embodiments, the compositions administered {0 a patient can be in the form
of pharmaceutical compositions desceribed gbove, In some embodiments, these compositions can
be sterilized by conventions!l sterihization techniques, or may be sterile filtered. Aqueous
solutions can be packaged for use as is, or lvophilized, the lyvophilized preparation being
comubined with 2 sterile agueouns carvier prior o adwministration. o some embodiments, the pH of

the compound preparations is about 3 to abowt 11, shout 5 to about B, about 5.5 to abowt 6.5, or
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about 5.5 to about 7.5, It will be understood that use of certain of the foregoing excipients,

carriers, or stabilizers will result in the formation of pharmaceutical salts.

Methods of Use
18203} The present invention relates o a2 method of modulation of 3 JAKY and/or JAKZ-
mediated fonction in a subicct comprising the administration of s therapeutically effective

amount of a compound as disclosed herein.

{8284} The present Invention also relates to 8 method of inhibiting at least one JAKD andfor
IAKS function comprising the step of contacting JAKY and/or JAKS with a compound as
described herein. The cell phenotype, cell proliferstion, activity of JAKT and/or JAKS, change in
tiochemical output produced by active JAKT and/or JAKS, expression of JAK T and/or JAKS, or
binding of JAKI and/or JAKS with a natural binding partner may be monitored. Such methods
may be modes of reatment of disease, biological assays, cellular assays, blochemical assays, or

the fike.

[8285] Also provided herein s a method of treating a JAKY and/or JAK3-mediated disease
comprising administering to a patient in need thereot a therapsutically effective amount of a
compound gs disclosed herein, a derivative thereof, or g combination thereof.  In certain
emthodiments, the therapeutically effective amount of a2 compound as disclosed herein, g
derivative thereof, or a combination thereof, may be in the form of a pharmaceutical
compositicn.  In embodiments, the pharmaceutical composition may include a pharmaceutically

acceptable excipient.

82861 in embodiments, diseasss or disorders associated with a JAKT kinase and/or a JAKS
kinase that are treated by compounds of the present invention include autehmmune disorders,
chrone nflammatory disorders, ascute inflammatory disorders, awto-inflaromstory disorders,
fibrotic disorders, metabolic disorders, wneoplasias, or cardiovascular or corcbrovascular
disorders. Thus, in some embodiments, the present ifnveniion provides 3 method for treating a
JAKY and/or JAKS mediated disesse or disorder in a patient in nesd thereof, wherein said
method comprises admimistering o said patient a therapeutically effective amount of a provided
compound, or composition therest. Such JAKD and/or JAR 3-mediated diseases or disorders
nclude, but are not HBmitted fo, those desoribed herein.

~8H.
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(0287} In some embodiments, said JAKD andior FAK3-medisted disease or disorder is
chosen from a skin disorder, pruritus, 2 hair loss deorder, a cancer, a neoplasm, Alzheimer's

disease, an nflammatory condition, connective {issue diseases and a0 awtoimmme condition.

{02858} In certgin embodiments, said JAKD and/or JAK3-mediated disease or disorder is a
neoplasm, a malignancy, a myeloproliferative disorder, a hematopoietic neoplasm, & myeloid
neoplasm, a lymphoid neoplasio, including myelofibrosis, primary myelofibrosis, polveythemia
vera, essential thrombocovihemia, scute and chronic leukemuas, lymphomas, cutanecus
fymphomas including myvcosis {ungoudes, other myeloid malignancies, and myslodysplastic

svndrome,

{§289] In certain embodiments, said JAKT and/or JAK3-mediated disease is selected from
the group consisting of an auoimmune disorders or responses, broad activation of the immune
responaes, bacterial infection, viral infection, inflammation, a chronic and/or scute inflammatory
disorder or condition, and/or auto-inflammatory disorder, fibrotic disorders, metabelic disorders,
a neoplasm, or cardiovasealar or cerebrovascular disorders, a skin disorder, pruritus, 3 hair loss
disorder, a cancer or malignancy, astoimmune connective tissue diseases and an autolmmune
condition:  Still’s  dissase, aduli-onset  Sull’s  disease, Thl7-sssociated inflammation,
polvchondritis {e.g relapsing polychondritis), myvositis, polvmyositis, autcimmune myosiis,
dermatomyositis, juvenile dermatomyositis; myasthenia gravis; Arthritis {e g rheumateid
arthritis, juvenile rhewmaloid artheills, systemic-omset juvenile rheumatoid  arthritis,
osteoarthiriils, infectious arthritie, inflammatory arthritis, inflammatory bowel disease-associated
arthritis, idiopathic arthritis, Juvenile idiopathic arthritis, systemic juvenile idiopathic arthritis,
psoriatic arthritis), spondyitis/spondyloarthritis/spondyioarthropathy (ankylosing spondyiitis),
gout, scleroderma (systemie scleroderma, juvenile scleroderma), Reiter’s syndrome/reactive
arthritis, lyme disease, lupus/ sysiemic lopus ervthematosus (8LE)} dupus erythematosus,
pediatric systernic lupus ervthemalosus, cotansous hupus (subacute cutaseous lupus, chronic
cutaneons  lupus/discoid lupus, chilblain lupus erythematosus), polymyalgla rheumatica,
enthesitis, mixed connective fssue disease, enthesopathy; carditis, mvocarditis, angiogenesis
disorders, myelndysplastic syndrome, atheroselerosis, restenosis (restencsis of an atherosclerstic
coronary  arteryy, acule  comonary  syiwhrome, myocardial  infarction,  cardiac-allogratt
vasculopathy, fransplant arferiopathy; vasculitis (Jarge vessel vasculitis, small vessel vasculitis,

97
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giant-cell arteritis, polvarterilis nodosa, vasculitis syndromes inchuding: Takavasw’s arteritis,

1, stimulator of inlerferon genes (BTN

Wegener's granulomatosis, Beehcet's Disease)}
associated vasculopathy with onset in infancy (BAVI) gastrointestinal disorders, enterocolitis,
cobitis, wnflammatory bowel disease {vicerative colitis, Urohn’s discase), britable bowel
syndrome, entertiis syndrome/spastic ¢olon, celiac disease: acute and chronic pancreafifis:
primary biliary cirrhosis, primary sclerosing cholangitis, jaundice, cirrhosis {(for example,
primary billary cirhosis or cirthosis due to faity liver discase {for example, aleoholic and
nonatcohohie  steatosis);  esophagitis, gastritis, gastric and  ducdenal ulcers, peritonitis;
Mephropathies: immunoclogically mediated glomerslonephropathy, autoimmune nephropathy,
membranous  glomendopathy,  chronic  progressive  nepbropathies,  disbetic kidney
disease/diabetic nephropathy, repal fibrosis, renal ischenuc/repertusicn igury, HIV asscciated
vephropathy, ureleral obstructive nephropathy,  glomernlosclerosis, protejouria, nephrotic
syndrome, polyeysiic kidoey disease, antosomal domanant polyeystic kidoey disease, g
nephropathy 1s an immunologically mwediated nephvopathy, autoiromuone nephropathy, chronic
magressive nephropathies, diabetic nephropathy, renal fhrosts, ischemic/reperfusion njury
associgted, HIYV associated nephropathy, ureleral obstruciive neplropathy, glomerulonephritis,
chromic Kidney disease (for example, diabetic nephropathy), hypertension nduced nephropathy,
glomerulosclerosis, proteinuria, nephrotic syndrome, polveystic kidney disesse, autosomal
dominant polycystic kidney disease, dishetic kidney disease, hupus nephritis; interstitial eystitis;
periodoniitis, pingivitts; pulmonary inflameation, sinusilis, pnewmonia, bronclutis, asthma,
bronchial asthina, Churg-Strauss syndrome, bronchislitis, bronchiolitis oblitorans, chronie
obstructive pulmonary disease (COPD), interstitial lung disease (pulmonary fibrosis, idiopathic
puilmonary fibrosis), acuie hung injury, pulmonary fibrosis (for example, diopathic pulmenary
fitwosis or cystic fibrosis), chronic obstructive pulmonary disease, adult respiratory distress
syndrome, acute lung injury, drug-induced lung injury; Meniere's disease; ocular disorders
inchuding, {e.g), ccular inflammation, uwveills, dry eve/keratoconjunctivitis sicea, scleritis,
episcleritis, keratitis/keratopathy, choroiditis, retinal vasculitis, optic neuritis, refinopathy
{diabetic retinopathy, itmmune mediated retinopathy, macular degeneration, wet macular
degeneration, dry {age related) macular degeneration); Masiocytosis, ron deficiency anemia,
uremia, hypereosinophilic  syndrome  (HEE), systemic mast cell  disease (SMOE,

myelodysplastic  syndrome,  idiopathic  thromboceytic  pupura; bone  resorpiion  diseases;

e} .



WO 2019/090158 PCT/US2018/059071

Meurodegenerative disorders, neurclogical/ newromuscular disorders (e g}, multiple sclerosis,
Parkinson's discase, Huntington's discase, amyotrophic lateral sclerosis (ALS) {(familial ALS,
sporadic ALSY Alrheimer's disease, myasthenia gravis, Lambernt-Faton myasthenic syndrome
(LEMS), Guillain-Barret syndrome, meningitis, encephalitis, traumatic brain injury; nervous
sysiem damage, delusional parasitosis, dvsregulation of newrpnal processes and sensoery
percepiion, stroke/neuronal ischemia, spinal cord injury, peripheral neuropathy, tactile
hallucinations, spinal cord injury, psychiatric disease: pain (acute pain, chronic pain, neuropathic
pain, or fibromyalgia) paresthetica, nerve irritation, peripheral nowropathy; pruritus/itch {(atopic
pruriins, xerots pruritus, provitus asspociated with psoriasis/psoriatic ich/psoriasis-associated
fteh), acwute pruritus, chronic pruritus, idiopethic pruritus, chronic idiopathic tich, billary itch,
hepatobiliary-associated  dtch, remal associated lich/renal tich, wremic tich, cholestasis,
intrahepatic cholestasis of pregoancy, lichen simplex chronicus associated pruritus, lvmphoma-
associated tich, leukemia-associated itch, prurigo nodularis, atopic dermatitis-associated lich,
atopic itch/atopic puritis, bullous itch, brachioradial pruritus) neurogenic iich, neurepathic iteh,
notalgia paresthetica, pruritic popular eruption of HIV, psvchogenic itch, swimmer’s uch,
pravitus or uremic fich, orBicarial ftch; demmatologic disorders {e.g), dermatologic drug
reactions/drug eruptions, xerosis/dryakin, skin rash, skin sensitization, skin frritation, sunburn,
shaving, body louse, head Hee/pedicnlosis, pubie lice, culancous larva migrans, scabies, parasitic
infection, insect wiesiation, urticarial/bives, popular uritcariaurticaria, insect bites, insect stings,
dandruft, foreign objects or devices on skin, fungal infection, herpes, varicella/chicken poxy,
eosinophilic folliculitis, dermatosis of pregnancy/pruritic wrticarial papules and plagues of
wregnancy {PUPE), inflammatory dermatoses, nentrophitic dermatoses, histipeytoid neutrophilic
dermatosis, bowel-bypass syndrome dermatosis, psoriasis/psoriasis vulgaris, lichen planus,
itchen sclerosus, acne (acne vulgaris, comedonal acne, inflammatory acne, nodulo~-cystic acne,
scarring acne, acne keloidalis nuchae), atopies (allergic contact sensitization, allergic dermatitis)
dermatitis {atopic dermatitis/eczema, condact dermatitis, photodermatitis, sehorrheic dermatitis,
stasis dermatitis, acuic febrile neutrophilic dermatosis (Sweet’s syndrome), chronic atypical
neutrophilic dermatosie with lipodysirophy and elevated temperature syndrome {(CANDLE
Syndrome), hidradenitis  suppurativa, hives, pyoderma gangrenosum, alopecia  {cyebrow
alopecia, intranasal hair slopecia, scarring alopecia (central centrifugal cicairicial alopecia),

nonscarring  alopecia (alopecia arcata {AA)Y {patchy AA, alopecia totalis {AT), alopecia
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aniversalie (AU), ophiasis pattern  alopecia  areata, sisathpo pattern alopecia  areata}),
androgenetic/androgenic alopecia (AGAYmale and fomale pattern AGA), wlogen efffovium,
tinea capifis, hypotrichosis {(hereditary hypotrichosis simplex), Hehen planopilaris  (frontal
fibrosing alopecia), punciate palmoplantar keratoderma, ervthema elevatinum dutinum (EED),
neutrophilic ecorine hidradenitis, palisading neutrophilic granulomatous dermatifis, neutrophilic
urticarial dermatosis, vitiligo including segmental vitiligo (unisegmental vitiligo, bisegmental
vitiligo, multisegmental vitiligo) non-segmental vitiligo {acral, facial, or acrofacial vitiligo,
centrotacial vitilige, mocosal vitiligo, confetti vitilige, richrome vitiligo, marginal inflammatory
vitiligo, quadrichrome vitiligo, blue vitiligo, Kockner phenomenon, vulgaris vitiligo, generalized
vitthigo, universal vitiligo), reixed vitiligo/monsegmental asseciated with segmental vitiligo, focal
vitifign, solitary mucosal vitiligo or vialige with or withowt leukotricia {(involvement of body
hairy; bullous diseases, mmmunobullous diseases (bullous pemphigeid, cicatricial pemphigoid,
perphigus vulgaris, linear IgA disease), gestational pemphigoid, xeroderma pigmentosum;
disorders of fibwosis and scarring: fibroids, hepatic tibrosis, pulmonary fibrosis, idiopathic
pulmonary fitwosis, low grade scarring such as, sclerederma, nereased fibrosis, keloids, post-
surgical scars; wound hesling, surgical scarring, radiation induced fibrosis (for exampic, head
and neck, gastrointestinal or pulmonarv), UNS scarring, alimentary track or gasirointestingl
fibrosis, renal fibrosis, hepatic or biliary fibrosis, Hver fibrosis {(for example, nonalecholic
steatohepatitis, hepatitis O, or hepatocellular carcinoma), cardiac fbrosts {({or example,
endomyocardial fibrosis or atrial fibrosis), ophthalmic scarring, fibrosclerosis, scar growth,
wountd or scab healing, keloid, mediastinal fibrosis, myelofibrosis, retroperitoncal
fibrosis/Ormond’s  discasg, progressive massive fibrosis, nephrogenic systemic  fibrosis;
Sjorgren’s syndrome, sarceidosis, familial Mediterranean fever, Cryopyrin associated periodic
syndrome (Muckle-Wells syndrome, familial cold auto-inflammatory syndrome/famitial cold
uticaria/ TWNF receptor associated periodic syndrome, neonatal-onset multisystern inflanmatory
discase), hyperoxia induced nflammations, reperfision inpbary, post-surgical frauma, fissue
iy, elevated temperature syndrome; diabetes (Type 1 diabetes, Type I diabetesy disbetes
mellitus, Hashimoto's thyroiditis, Graves' disease, Addison’s disease, Castleman's disease,
hyperparathyrotdism, menopause, obesity, sieroid-resistance, ghucose intolerance, metabolic
syndrome, thyroid illness, hypophysitis; systemic immune senescence; suloimmune atrophic

gastritis, autolmmune atrophic gastritis of pernicious anemia, autoimmune encephalomyelitis,

=~} (3=
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autoimnmnune  orchitis,  Ooodpasture's  disease,  Sjogren’s syndrome,  autolnmmune
thrombocviopenia, sympathetic  oplhthalmia;  secondary  hematologie  manifesiations  of
auteimnuune disesses (for example, anemias), avicimmune hemolytic syndromes {autoinunune
hemolytic anemia), autolmmune and inflammstory  hepatitls, autolmunune ovarian failure,
autoimmune thrombocytopenia, silicone implant associated avioirmamuone disease, drug-induced
autoimmunity, HIV-related autoimmune syndromes, metal-induced avioimmunity, auloimmune
deafthess, auroimmune thyroid disorders; allergy and allergic reactions including hypersensitivity
reactions such as Type @ hypersensitivity reactions, {e.g. jociuding anaphyiaxis), Type 11
hypersensitivity reactions {e.g Goodpasture’s Disease, autobmnune hemolviic anemia), Type I
hypersensitivity reaction diseases {eg the Arthus resction, serum sickness), and Type IV
hypersensiiivity reactions (e.g contacl deratitls, allograft rejection); acute and chronic
tnfection, sepsis syudromes {sepsis, septic shock, endotoxic shock, exotoxin-induced toxic
shook, gram negative sepsis, gram positive sepsis, fungal sepsis, toxic shock syndrome); acute
and chronie infection, sepsis syndromes (sepsis, septic shock, endotoxic shock, exotoxin-induced
toxic shook, gram negative sepsis, gram positive sepsis, fungal sepsis, toxic shock syndrome); a
rejection: graft vs. host reaction/graft vs, host discase, allogratt rejections (for example, acute
atlograft rejection or chuonic allografl rejection), carly transplaniation rejection; Malignancy,
cancer, lymophoma, leukemia, multiple myeloma, a2 solid tumor, teratoma, metastatic and bone
disorders, iniernal cancers, cancer of the! bone, mouth/pharynx, esophagus, larynx, stomach,
intestine, colon, recturs, tung {for exaraple, non-small cell lung cancer or small cell fung cancer),
fiver (hepatic), pancreas, nerve, brain (for cxample, glioma, gliohlastoma multiforme,
astrocytoma, ueuroblasioma, and schwannomas), head and neck, throat, ovary, uterus, prosiate,
testis, bladder, kidney (remal), breast, gall bladder, cervix, thyroid, prostate, eve (ocular
matignancies), and skin {(melanoma, keratocanthoma); as well as fibrotic cancers, fibroma,
tibroadenomas, fibrosarcomas, a  mysloproliferative  disorder, neoplasm  {hematopotetic
neoplasm, 2 myeloid neoplasi, a fymphoid neoplasm (mvelofibrosis, primary myelofibrosis,
polycvibemia vera, essential thrombocythemia)), leukemias {acuie lvmphocytic feukemia, acute
and clwonic myelogencus leukemia, chronic lvmphocoyiic leskernia, acuie lymphoblasiic
leukemia, chronic myelomonocytic lenkemia (CMML), or promyeloevtic levkemia), multiple
myeloma and other myeloid malignancies (myeloid metaplasia with myelofibrosis (MMM),

primary myelofibrosis {PME), idiopathic wyelofibrosis (IMFY), vimphomas (Hodgkin®s disease,
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cutaniecus lymphomas {(cutanepus T-cell Ilymphoma, mycosis fumgoides), lymphomas (for
example, B-cell lymphoma, T-cell lymphoma, mantle cell lymphoma, hairy cell Ivinphoma,
Burk:it's fymphoma, mast cell tumors, Hodgldn's disease or non-Hodghin's disease); Kapost's
sarcorna, rhabdomyosarcoma, seminoma, leratecarcingma, ostecsarcoma, thyroid follicular
cancer; increased accumuiation of exogencus oploids or synthetic opioids, notalgia pargesthetica,
ohsessive-compulsive disorders, nostalgia associated with obsessive-compulsive disorders, aud a

combination thereof,

(214 In some embodiments, additional exemplary disorders fnclude, but are not Hmited to;
complications from organ transplants (including senotransplantation) such as graft vs. host
reaction (for example, graft vs. host disease), allograft rejoctions {for example, scute allograf
rejection or chronic allograft rejection), early transplantation, disbetes, a myeloproliferative
disorder, a rejection (for example, acute allograft rejection); bone resorption diseases, asthma
{e.g., bronchial asthena), atopy, autolnvmune thyroid disorders, chyonic atypical neutrophilic
dermatosis with Upodysirophy and elevated teroperature syndrome (CANDLE Syndrome), SAV]
{stimulator of interferon genes (STING) associated vasculopathy with onset in infancy),
ulcerative colitis, inflammatory bowel diseage, Crohnt's disease, celiac discase, ulcerative colitis,
Beheet's disease, myasthenia gravis, nepbropathies, and myocarditis, secondary hematologic
manifestations of aulolmmuse  discases (for exarople, snemias), sutolmmune hemolytic
syandromes, antoimmuone and inflammatory hepatitis, avtoimmune ovarian failure, autoimmume
orehitis, avtoimmaone throwbocytopenia, silicone implant associated antedmmune disease, drug-
induced autoimumunity, HIV-related antoimmune syndromes; acuie and clvonic infection, sepsis
syndromes {(e.g.) sepsis, septic shoek, endotoxic shock, exotoxin-induced toxic shock, gram
negative sepsis, gram positive sepsis, fungal sepsis, toxic shock syndrome; hyperoxia induced
nflammations, reperfusion injury, post-surgical trauma, tissue injury, pain {e.g)} acule pain,

chronic pain, neuropathic pain, or fibromyalgia.

18211} In an embodiment, said vitiligo i3 segmental vitilige inchuding wrisegmental,
bisegmental or mullisegmental vitilige, non-segmental vitiligo including acral, facial, or
acrofacial vitiligo, centrofacial vitilige, muwcesal vitiligo, confetli vitiligo, trichrome vititigo,
marginal inflammatory vitilige, quadrichrowe vitiligo, blue vitiligo, Kocbner phenomenon,
vulgaris vitiligo, generalized vitiligo, universal vitiligo, mixed vitiligo (nonsegmental associated
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with segmental vitilige), focal vitiligo, solitary mucosal vitilige or vitilige with or without

icukotricia {involvement of bedy hair) or any type of vitiligo set forth in Table 1 below:

Table 1

Classification of vitiligo,

NOMENCLATURE  SUBSET

MOTES

Non‘segmeﬁia?m
vitiligo

Segmental vitthigo

Mixed vitiligo

Unelassified vitiligo

Acrofacial

(reneralized

Mucosal {at least
two sites involved)
Universgl

Unisegmental
Bisegmental
Plurisegmental

Ocourrence of SV
ardd NEY

Focal vitilign

Mucosal vitiligo
{ordy one siie
involved)

Usually hmited to face, head, hands, and feet

Symmetrical macules, mainly hands, fingers, face,
and aurma-exposed areas

Involvement of the oral and/or genital mucosae
with other sites of skin invelvement
Diepigrmentation affects 80%:-90% of body surface.
One or more depigmented macuies distributed on
onig side of the body

Two segmental lesions distributed either
unilaterally or bilaterally

Multiple segmental lesions disteibuted either
unilaterally or bi-laterally

SY followed by NSV with a delay of at feast 6
months, At least 20% of a dermatomal segment
affected by §V.

Isolated macules that do not have a segmental
distribution. Mo evelution into NSV after at least
2 years

Exclusive involvement of the oral or genital
IMUCOSEs

[9212]

T an embodiment, said skin disorder is atopic dermatitis, psoriasis, peoriasis vulgaris,

skin sersitization, skin irritstion, skin rash, contact dermatitis, allergic contact sensitization,

allergic dermatitis, inflarnmatory dermatoses, or newtrophilic dermatoses,

6213

“Prurttus”, as used hersin, is interchangeable with “tich.” In some embodiments,

pruritus includes chronic idiopathic proritis, as well as pruritic components of other pruritic

disorders. In some embodiments, pruritus may be a symptom of a disease or condition selecied

from the group consisting oft allergic reaction, arthropod bites, athlete’s foot, atopic dermatitis

(A}, atopic tich, atopic dermatlitis-associated itch, autolmimune responses, aulotnumune

conneciive tissue disease, bacterial infection, biliary itch, broad activation of the lmmune
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responses, body louse, bullous diseases, brachioradial prurttus, brain tumors, chronic idiopathic
pruritus, contact dermatitis, cholestasis, cutaneous larva migrans, culangous T-cell lvmphoma,
nervous systern damage, dandmiff, delusional parasitosis, dermatornyositis, dermatosis of
pregnancy, diabetes mellitus, drug eruptions, dysregulation of neuroval processes and sensory
pereeplion, eczema, eosinophilic folliculitis, foreign objects or devices on skin, fungal infection,
gestational pemphigoid, head lice, herpes, hidradenitis suppurativa, hives, Hodgkin's disease,
hyperparathyroidism, idiopathic chronie tich, inflammation, Insect infestation, Insect bites, insect
stings, intrahepatic cholestasis of pregnancy, fron deficlency anemia, increased accumulation of
exogenous opioids or synthetic opioids, interoal cancer, jaundice, lichen planus, lichen sclerosus,
lupus  erythematoses, lymphoma,  bymphoma-associated  teh,  leukemiz-associated  itch,
malignancy, mastocytosis, meoopause, roultiple sclorosis, neoplasm, nerve trritation, neurogenic
fich, newropathic itch, nolalgia paresthetica, noislgis  obsessive-compulsive  disorders,
paresthelica, parasific  infeciion, popular  wrticaris, pediculosis, peripheral neuropathy,
photodermatitis, polyeythenda vera, psychiatric disesse, psychogenic itch. pruritic popular
eruption of HIV, prurific wrticarial papules and plagues of pregnancy (FUPPEP), psoriasis,
paoriasis-associated itch, psorigtic tich, pubie live, punctate palmoplantar keratoderma, renal iteh,
rheumatoid arthritis, scabies, scar growth, shaving, seborrheic dermatitis, stasis dermatitis,
sunburn, swimmer’s tich, sysiemic immune senescence, tactile hallucinations, Thi7-associated
inflamysation, thyroid flness, vrersig, pruriius or uremic iich, urticaria, urticarial itch, varicella,

viral infection, wound or scab healing, and xerosis.

B214] in an embodiment, the hair loss disorder is selected from alopecia, alopecis areata,
patchy alopecia arcats, alopecia totalis, alopecia universalis, ophiasis pattern alopecia areats,
sisathpo pattern alopecia areata, androgenetic alopecia {male and female paticrn halr loss)
telogen effluvium, tinea capitis, hypotrichosis, hereditary hypotrichosis simplex, scarring

alepecia, lichen planopilaris, central centrifugal clcatricial alopecia, or frontal fibvosing alopecia.

{3215} In an ersbodiment, the connective tissue disease 18 selected from SLE {(systemiec hupus
ervihematosus), cutaneous lupus {e.g SCLE, discoid lupus), chilblain lupus ervihematosus,
myositis, polymyositis, dermatomyositis, scleroderma, Sjogren’s syndrome, polychondritis

{relapsing polychondritis}, vascolitis, or large vessel vasculitis.
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{12186} I an emboditoent, the neplropathy is selected from an immunclogically mediated
nephropathy,  auwtoimoune  sephropathy,  chronic  progressive  nephropathies,  diabetic
nephropathy, renal fibrosis, ischemic/vepertusion injury associated, HIV associated nephropathy,
urgteral  obstructive  nephropathy,  glomerulosclerosis,  proteinuria, nepluotic  syndrome,
polycystic kidney disease, auwiosomal dominant polycystic kidney disease or disbetic kiduey

disease.
{62171 in an embodiment, said cancer is a solid tumor.

{218} in an embodiment, said cancer 13 prostate cancer, renal cancer, hepatic cancer, breast

cancer, lung cancer, thyroid cancer, Kaposi's sarcoma, Castleroan's disease or pancreatic cancer.
10219} In an erabodiment, ssid cancer 1s bymiphoroa, leukemia, or nultiple myveloma.

{6228 fn an embodiment, said myeloproliferative disorder (MPID} is polycyvihemia vera
{PV), essential thromboceythemia (ET), myeioid metaplasia with myelofibrosis (MBMM), primary
myelolfibrosis (PMY), chronie myelogenous leukemia (ML), chronic myelomonooyiic leukemia
(CMML), hypercosinopbilic syndrome (HES), idiopathic myelotibrosis {(IMF), or systemic mast

cell disease (SMCD.
221} I an embodiment, said myeloproliferative disorder is myelofibrosis.
{02224 in an embodiment, said myeloproliferative disorder is primary myelofibrosis (PMF).

12231 In an embodiment, said bone resorption disease is osteoporosis, ostesarthritis, bone
resorption associated with hormonal imbalance, bone resorpiion associated with hormonal
therapy, bone resorption associated with autoimnmune disease, or hone resorption associated with

CATBCET.

{1224] In some embodiments, the JAK] and/or JAK.3.mediated disease or disorder is a
fibrotic disorder. Exemplary fibrotic disorders include systemic sclerssis/scleroderma, lupus
nephritis, connective tissue disease, wound healing, surgical scarring, spinal cord injury, CNS
scarring, acute lung ijury, pulmonary fibrosis (for example, idiopathic pulmonary fibrosis or
cystic fibrosis), chronic obstructive pulmonary disease, adult respiratory distress syndrome, acule

tung injury, drug-induced lung injury, glomerulonephritis, chronic kidney disease {(for example,
-105-
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diabetic nephropathy), hypertension induced nephropathy, alimentary track or gasirointestinal
fibrosis, renal {ibrosis, hepatic or biliary fibrosis, Hver fibrosis (for example, nopalcoholic
steatohepatitis, hepatitis C, or hepatocellular carcinoma), cirrhosis (for example, privoary biliary
cirresis or cirrhosis due to faity liver disease (for example, alcoholic and nonaloobolic
steatosis), radiation induced fibrosis {for example, head and neck, gastrointestinal or pulmonary),
primary sclerosing cholangitis, restenosis, cardiac fibrosis (for example, endomyocardial fibrosis
or atrial {ibrosis), ophthalmic scarring, fbrosclerosis, fibrotic cancers, fibrotds, fibroma,
tibroadenomas, fibrosarcomas,  iransplant  arteriopathy, keloid,  mediastinal  fbrosis,
myelofibrosis, retroperitonesl fibrosis, progressive wmassive fibrosis, and nephrogenic systernie

throsis,

{6225} in some embodiments, the JARD andior JAK-3-mediated discase or disorder is a
metabolic disorder. Exemplary metabolic disorders include obesity, steroid-resistance, glucose
intolerance, and metabolic syndrome. In some embodiments, the JAKT and/or JAK-3-mediated
disease or disorder ¢ 2 neoplasia. Exemplary neoplasias include cancers. In some embodiments,
exemplary neoplasias include angiogencsis disorders, multiple myeloma, leukemias (for
example, acute lyrmophocyiic leukemia, acute and chronic myelogenous leukemis, chronic
lymphocyiic leokerta, acule lymphoblastic leukemia, or romyelocytic lpukemia), lvmphomas
{for exarnple, Becell lymphoms, T-cell lyrophoma, mantle cell lymphoma, hairy cell lymphoma,
Burkiti's lymphoma, mast cell fumors, Hodgkin's disease or non-Hodgkin's  disease),
myelodyaplastic syodrome, fibrosarcoma, rhabdomynsarcoma; astrocyioma, neuroblastoma,
glioma and schwannomas; melanoma, seminoma, eratocarcinoma, osteosarcoma, xerodermia
pigroeniosurn, keratoacanthoma, thyroid follicular cancer, Kaposi's sarcoma, melanoma,
teratoma, thabdomyvosarcoma, metastatic and bone disorders, as well as cancer of the bone,
mouth/pharynx, esophagus, larynx, stomach, intestine, colon, rectum, lung (for example, non-
small cell lung cancer or small coll lung cancer), liver, pancreas, perve, brain (for example,
ghioma or ghioblastoma multiforme), head and neck, threat, ovary, wlerus, prosiate, iestis,

bladder, kidney, breast, gall bladder, cervin, thyroid, prostate, and skin.

{#226] In some embodiments, the JAKT and/or JAK3-mediated disorder is g cardiovasoular
or cercbrovascular disorder. Exemplary cardiovascular disorders include atheroscierosis,
restenosis of an atherosclerotic coronary artery, acule coronary syndrome, myocardial infarction,

-1 06-



WO 2019/090158 PCT/US2018/059071

cardiac-aliograft vasculopathy and stroke. Exemplary cerebrovascolar diseases include central
nerveus sysiem disorders with an inflammatory or apoptotic component, Alzhelmer's disease,
Parkinson's diseass, Humtington's disease, amyotrophic lateral sclerosis, spinal cord injury,

neuronal ischemia and peripheral neuropathy.
{227} Alse provided herein 13 a compound as disclosed herein for use as a medicament.

[G22%] Also providad herein is 2 compound as disclosed herein for use as a medicament for

the treatment of a JAK L and/or JAK 3-medisted discase.
19339] Also provided s the use of a compound as disciosed herein as a medicament.

18236] Also provided is the use of a compound as disclosed herein as a medicament for the

treatment of a JAK T andfor JAK 3-mediated disease,

82311 Also provided is a compound as disclosed herein for use in the manufacture of a

medicament for the treatment of 3 JAK L and/or JAK3-mediated discase.

{82321 Also provided is the use of 8 compound as disciosed herein for the treatment of a

JAK Y and/or JAK 3-mediated discase.

{08233} Also provided herein is g method of inhibition of JAK! and/or JAKS comprising

adminisicring a compound as disclosed herein, or a derivative thereof,

19234 Also provided herein 1s a method for achisving an effect in a2 patient comprising the
administration of a therapeutically effective amouni of a compound as disclosed herein, or a salt

thereot, o a patient, wherein the effect is chosen from cognition enhancement.

(6235} fn certain embodiments, the JAKIL and/or JAK 3-mediated disease is chosen from
pruritos, alopecia, alopecia areata, vitiligo, male pattern androgenetic alopecia, female patiem

androgenstic alopecia, alopic dermatitis, theumatoid arthritis, psoriagtic artheitis, and psoriasis.

{6236} The compounds can be administered in various modes, e g oral, parenieral (inchuding
subcutanoons, intraderroal, intramuscular, intravenocus, intrearticular, and intrameduliary),

ntraperitoneal, intrathecal, intradural, transmucosal, transdermal, rectal, intranasal, topical
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{including, for example, dermal, buccal, sublingual and intraccular), intravitreal, or intravegina!
administration. The specific dose level for any particular patient will depend upon a variery of
factors including the activity of the specific compound employed, the age, body weight, general
bealth, sex, diet, tme of adwinistration, route of administration, rate of excretion, drug
combination, the precise disorder being treated, and the severity of the indication or condition
being treated. Also, the route of administration may vary depending on the condition and its

3everity.

9237} Thus, in another aspect, certain embodiments provide wethods for treating JAKI
and/or JAK3-mediated disorders in 2 human or animal subject in need of such treatment
comprising administering to said subjoct an amount of a compound disclosed herein effective to
reduce or prevent satd disorder in the subject, in combination with at least one additional agent
for the treatment of sald disorder that is known in the art. In a related aspect, certain
embodiments provide therapeutic compositions comprising ai least one compound disclosed
herein in combination with ong or more additional agents for the {freatment of JAKY andior

JAK 3-mediated disorders.

{3238} In certain embodiments, 2 topically or orally administered JAKD and/or JAK3Z
inhibitor/antagonist described herefo can be used for the treatment of alopecia arcata {e g patchy
alopecia arcata, alopecia totalis, alopecia universalis) alone or in combingtion with topical or
intralesional corticosteroids, topical winoxidil, oral finasteride, oral dutasieride, contact
sepsitization  therapy  such a3 with squaric acid  dibuiyl  esier, dimtrochlorobenzene,
diphencyprone, topical or oral methoxalen and ultraviclet a (PUVA), topical anthralin, hair

trapsplantation procedures, or other therapies known o have beneficial effects in the condition,

18239} In certain embodiments, a topically or orally adwinisiersd JAKY and/or JAKS
inhibitor/antagonist disclosed herein can be used for the treatment of male or female- pattern
baidness (androgenetic alopecia) alone or in combination with topical minoxidil, oral finasteride
{in male), oral dutasteride (in male), topical antiandrogens, hair transplantation proceduges, of

other therapies known to have beneficial effects in the condition.

{248} n certain embodiments, the compounds may be sed for the ireatment of vitiigo (e g
localized vitiligo, focal vitiligo, generalized vitilige, segmental vitiHgo, acral vitiligo, facial
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vititige, acrofacial vitthgo, mucosal vitiligo, confetii vitiligo, wichrome vitilige, marginal
inflammatory  vitiligo, guadrickvome vitiligo, blue vitiligo, Koebner phenomenon, vulgaris
vitiligo, mixed acrofacial and vulgaris vitiligo, or universal vitilige) alone or in combination with
topical corticosteroids, topical facrolirnus, topical pimecrolimus, phototherapy such as ultraviolet
light therapy with UVE, narrow-band UVE, oral or topical psoralen plus ultraviclet A (PUVA),
calcipotriene or other topical vilamin b anslogs, excireer laser phototherapy, systemic
nmunosuppressive agents, surgical treatments such as skin minigrafling, transplargation of
autelogous epidermal suspension, camoutlage such as with make-up or dihydroxyvacetone and

such, or other therapies known to have beneticial etfocts in the condition,

82411 Specific JAKT and/or JAKS-mediated discases to be wreated by the compounds,
corgpositions, and methods disclosed heroin include a skin disorder, pruritus, cancer, Alzheimer's

disease, an inflammatory condition, and an sutoimmune condition.

{32421 In an embodiment, said skin disorder is pruritus, atopic dermatlitis, psoriasis, aone
volgaris, comedonal aene, inflammatory acne, nodulo-cystic acne, scarring acne, hidradenitis
suppurativa, pvoderma gangrenosum, skin sensitization, skin irritation, skin rash, coniact

dermatitis or allergic contact sensitization.

{8243} in an embodiment, said bone resorption disease is osteoporosis, osicoarthritis, bone
resorption associated with hormonal imbalance, bone resorption associated with hormonal
thevapy, bone resorption associated with autolmmune disease, or bone resorption associated with

CRNCOL

(82443 Besides being useful for human treatment, cerfain compounds and formulations
disclosed herein may alse be useful for veterinary treatment of companion animals, oxotic
animals and farm aninals, including mammals, rodents, and the like, More preferred animals

nclude horses, dogs, and cats.

Combination Therapy
{B245] The compounds and pharmaceutical compositions of the present disclosore may be
used to prevent or ireat a JAK-medisted disorder by the sequential or co-adminisiration of

ancther pharmaceutical agent.
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{8246} In certain instances, it may be appropriate to administer at least one of the compounds
described herein, or a derivative thereof, in combination with another pharmacentical agent. By
way of example only, if one of the side effocts experienced by a patient upon receiving one of
the compounds herein 18 hypertension, then i may be approprisie to adminisier an andi-
hypertensive agent in combination with the initial pharmaceutical sgent. Or, by way of example
only, the therapeutic effectivencss of one of the compounds described herein may be enhanced
by administration of gn adjuvant (Fe., by tiself the adjuvant may only have minimal therapeutic
benefit, but in combination with another pharmaceutical agent, the overall therapeutic benefit 1o
the patient is enbanced). Or, by way of example only, the benefit of experienced by a paticnt may
be mereased by administering one of the compounds described hergin with another
pharmaceutical agent {which also includes a therapeutic regimen) that also has therapeutic
benefit. By way of example only, in a treatment for diabetes invelving administration of one of
the compounds described herein, increased therapeutic benefit may resull by also providing the
patient with another pharmaceutical agent for diabetes. In any case, regardiess of the disease,
disorder or condition being treated, the overall benefit experienced by the patient may simply be

additive of the two pharmacentical agents or the pationt may experience a synergistic benefit,

{8247} Specific, non-Hmiting examples of possible combination therapies inclode use of
compounds of embodiments herein with: chemotherapeutic or anti-proliferative agent, an anti-
inflampmatory agent, an immunomodulatory or rnmunosuppressive agent, a neurotrophie factor,
ann agent for treating cardiovascular disease, an agent for treating diabeles, or an agent for

freating immunodeficiency disorders.

{(1248] Specific, non-lhimiting examples of possible combination therapies for inflarnmetion
include use of certain compounds of the disclosure with: (1) corticosteroids, including bt not
iimited o cortisone, dexamethasone, and methylprednisolone; {2) nonsternidal anti-inflamumatory
drugs (NBAIDS), including but not hmited to ibuprofen, naproxen, acelaminophen, aspirig,
fenoprofen (NALFON™Y, tlurbiprofen {AMSAID™), ketoprofen, oxaprozin {DAYPRO™,
diclofenac  sodimm {(VOLTAREN™), diclofenac potassium  (CATAFLAMT,  etodolac
(LODINE™) indomethacin (INDOGCINTG, ketorolac {TORADOL™), sulindac (CLINORILTY,
tolmetin {TOLECTIN'G, meclofenamate (MECLOMEN™, mefenamic acid (PONSTEL™),
nabureione (RELAFEN™) and pirexicam (FELDENE™): (3} immunosupprossants, inchuding

-11¢-



WO 2019/090158 PCT/US2018/059071

but not bmited to methotrexate (RHEUMATREX™S, leflunomide (ARAVA™), azathioprine
(IMURANTY,  oyelosporine (NEOQRAL™,  SANDIMMUNE™S,  tacrolimus and
cyclophosphamide (CYTOXANTYY: (43 D20 blockers, including but not limited to rituximab
(RITUXANTY, (3) Tumor Meorosis Factor (TMNFY blockers, including but not Hmited to
gtanercept {(ENBREL™), mfliximeb (REMICADE™) and adalimumab (HUMIRA™Y); {8)
interfenkin-T receptor antagonisis, including but not Hmited to anakinea (RINERETT™), (7)
interleukin-6  inhibitors, jocluding but not Hmited to tocilizumab {(AUTEMRA™) (%)
interlenkin- 17 inhibilors, including but not Hmited to AINGSY; (%) Janus kinase inhibitors,
mwoluding but not mited to tasocitinib; and (10} syk inhibitors, including but not lmited to

fostgrmatinib.

G244 Specific, non-limiting examples of possible combination therapies for the treatment
of cancer incinde use of certain compounds of the discloswre with: {1} alkyviating agents,
including bt net limited to cisplatin (PLATIN™™, carboplatin {(PARAPLATINTG, oxaliplatin
(ELOXATINTG, streptorocin (ZANORAR™), busulfan (MYLERANT) and cyclophosphamide
(EMNDOXANTM) (2} anti-metabolites,  including but not lUmiled to  mercaptopurine
(PURINETHOL™), thioguanine, pentostatin (NIPENTTY), ¢ytosing arabinoside {(ARA-CTV),
gemcitabine {(GEMZAR™),  fhuorouractl (CARAC™Y,  lencovorin  (FUSILEV™)  and
methotrexate {(REEUMATREX™Y; (3 plant alkaloids and terpenoids, including but not Hmited
te vigeristine (ONCOVINT, vinblastine and paclitaxel (TAXOL™Y: (4} topoisomerase
inhibitors, including but not limited to  irinctecan  (CAMPTOSAR™),  topotecan
(HY CAMTINT and etoposide (EPOSINTY; (S} cyiotoxic antibiotics, inchuding but not Hmited
to  actinomycin I (COSMEGEN™),  doxorubicin  (ADRIAMYCING,  bieomycin
{BLEMONANE™) and muomycin (MITOBROL™); (6) snglogenesis inhibitors, including but not
himited fo sunitinth (SUTENT™) and bevacizomsb (AVASTINTSG {7} tyrosine kinase
wthibitors, incloding bt not hmited o imatindb (GLEEVEC™), erlotinib (TARCEVATMY
lapatininh (TYKERB™) and axitinitb (INLYTA™Y, and (8) immune checkpoint inhibitors,
mcluding but sot Hmiled to atezolizumab (TECEMTRIG™), avelumab (BAVENCIQT™),
durvalumab  (DAFINZI™Y,  ptlimumab (YERVOY™, pembrolizomaeb  (KEYTRIDAT,

pivohunab (OPDIVO™) and tremelimumab.
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182381 In seme embodiments, the compounds disclosed in embodiments herein can alse be
co-administered {concurrently or sequentially) with a variety of other pharmaceutical agents or
treatments, for example, pharmaceutical agents or treatments that are administersd systemically,
such as orally or parenterally. Hxamples of such systemic treatments tnclude topical or sysiemic
corticostercids (such as preduisone), antibiotics {(such as ervthrowyein, fetracycline, and
dicloxacilling, antifungal agents (such as ketoconazole and fluconazole sold under the radename
Ditlocan™, antiviral agents {such as valacyclovir sold under the iradensmoe Vallrex™,
acyelovir,  and  fameiciovir sold  under the tradename  Famva™),  corticosteroids,
pumnunosuppressants  {such as cyclophosphamide sold under the tradensree Cyloxan™,
azathioprine, methotrexate, myveophenolste), biologics {such as rituximab sold wnder the
fradename Rituxan™, etanercept sold under the tradengmme Enbrel™ adalimomab sold under the
tradename Humira™, miliximab sold under the tradensme Remicade™, ustenkinumab sold
pnder the fradename Stelara™, and alefacept sold under the tradename Amevive™), and/or

thyrotd hormone replacement.

Liss33 In some embodiments, other therapigs that can be used in combination with the
compounnds  disclosed herein include, for example, mercaptopurine, topical or sysiemic
corticastereids such as prednisone, methviprednisclone and prednisolone, alkylating agenis such
as cyclophosphamide, calcineurin inhibitors such as cyclosporine, sirolimus and tacrolimus,
inhibitors of inosine mwonophosphate  dehydrogenase (IMPDH) such as mycophenolate,
mycophenolate mofeti], azathioprine, various antibodies, for example, antilymphocyte globulin
{ALG), antithymocyie globulin (ATG), monoclonal anti-T-cell antibodies {OKT3), and
irradiation. These various agents can be used in accordance with their standard or common
dosages, as apecified in the prescribing information accompanying commercially available forms
ot the drugs (see also, the prescribing information in the 2006 Edition of The Physician's Desk
Refersnce}. In some embodivoenis, standard dosages of these agents may be reduced when used
irn combination with the compounds of embodiments herein, Without limiting the scope of this
disclosare, it 18 believed the such combination may resulf in synergistic resubts with better
efficacy, less toxicity, longer duration of action, or guicker response {o therapy. o some
erbodiments, the combination therapies in embodiments herein may be administered in sub-
therapeutic amounts of cither the compounds of cmbodiments hercin or the additionsl

pharroaceutical agents, or both, Azathioprine 18 currently gvailgble from Salix Phammaceuticals,
~112-



WO 2019/090158 PCT/US2018/059071

Inc. under the brand name Azassn™; mercaptopurine is cumently gvailable from Gate
Pharmaceuticals, Inc. under the brand name Purinethol™ prednisone and prednisolone are
currenily available from RBoxane Laboratories, Inc.; methyl prednisolone is currently available
from Plizer; sirolimus {rapamycin) i carrently available from Wyeth-Avyerst under the brand
name Rapamune™; tacrolimus is cuwrrently available from Fujisawa under the brand name
Prograt™,; cyclosporine s current gvatiable from MNovartis under the brand name Sandimmune™
and Abbott under the brand name Gengraf™; IMPDH inhibitors such as mycophenolate mofesil
and mycophenolic acid are currently available from Roche under the brand name Celleept™ and
Novartis under the brand name Myfortic™; azathioprine is currently availsble from Glaxo Smith
Kline under the brand name Imuran™; and antibodies are currently available from Ortho Biotech
under the brand name Orthoclone™ | Novartis under the brand name Simulect™ {hasiliximab)

and Roche under the brand name Fenapax™ (daclizumab).

{4232] in some embodiments, the compounds of embodiments heretn are adminisiered in
confunction, concomifantly or adjunctively, with the phurmaceutical ageuts or therapies above
and/or with a pharmaceutical agent or therapy for another disease. For example, the compounds
of embodiments herein may be combined with thyroid hormone replacement therapy or with

anti-inflammatory or immunomodulatory therapies.

{6253} In some embodiments, the combination theraples in embodiments herein may be
administered in sob-therapeutic amounts of either the compounds of embodiments hersin or the

additional pharmacewtical agents, or both.

1652541 In any case, the mulliple pharmaceutical agents {at least one of which is a compound
disclosed berein) may be administered fn any order or even simultaneously. I simullancously,
the multiple pharmaceutical ggents may be provided in a single, unified form, or in multiple
forras {(by way of example only, cither as a single pill or as two separate pilis). One of the
pharmaceutical agents may be given in multiple doses, or both may be given as multiple doses.
If not simultancous, the timing between the multiple doses may be any duration of time ranging
from a few minutes to cight weeks or at any interval appropriate o0 maintain the desired

thergpeutic efficacy. In some embodiments, the timing between the multiple doses may be g
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minuie, an hour, six hours, a day, two days, theee days, tour days, five days, six days, a week,

two weeks, three weeks, four weeks, five weeks, six weeks, seven weeks or eight weeks.

8255] One or more additional pharmaceutical asgents such as, for example, ant-
inflanupatory agents, steroids, mmunosuppressants, as well as one or more other ITK kinase
inhibitors and/or other kKinase inhibitors, such as JAKS kinase, JAK I kinase, JAK1/2 kinase, or
JAKZ Kinase inhibitors, such as, for example, those described in WO 99/6390%, WO 00/00202,
and/or WO/2004/0992035, or other agents can be used in combination with the compounds of the
present inventiop for ireatment of JAKD and/or JAK3-associated diseases, disgrders or

conditions.

{2564 in certain embodiments, the additional pharmaceutical agent 15 selected from faxanes,
inhibitors of ber-abl, inhibitors of EGFR, DNA damaging agents, antimetabolites, pacHiaxel,
imatinily, dasatinib, nilotinib, erlotinib, gefitinib, cisplatin,  ovaliplating  carboplatin,
anthracyclines, AraC, S5-Fl, camptothecin, doxorubicin, idarubicin, paclitaxel, docetaxel,
vincristing, a MEK inhibitor, UB126, a K3P inhibilor, vorinostat, pembrolizursab, nivolumab,

atezolizumab, avelumab, tremelimurnab, and durvalumab,

{2871 in some embodiments, said composition further comprises an  additional
pharmacentieal agent selecied from a chemotherapeutic or anti-proliferative agent, anmtiviral,
antibiotic, antihistamine, an emwollient, systemic phototherapy, psoralen pholochemotherapy,
laser therapy, hormone replacement therapy, an anti-inflanwnatory agent, an immunomodulatory
OF HHTROsSuppressive agent, a neurotrophic factor, an agent for treating cardiovascular disease,

an agerd for treating diabeles, and an agent for treating inununodeficiency disorders.

182581 In some embodiments, one or morg compounds of the embodiments hergin can bhe
used in combination with one or more other therapeutics used in the treatment of JAK-mediated
disorders, and may improve the treatment response as compared fo the response (o the other
therapeutics alone, without exacerbation of its toxic effects. In some embodiments, compounds
of embodiments herein can be used in combination with one or more other I'TH imbhubitors, and
for JAK 1 and/or JAKZD inhibitors and/or JAKZ inhibitors and/or TYKZ inhibitors for the
treatment of JAK-mediasied disorders. Additive or synergistic effecis are desirable ouicomes of
such combinations. The additional agents can be combined with the present compounds in a
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single or continuous dosage form, or the agents can be administered simultansously or
sequentisily as separate dosage forms. In some embodiments, one or more additional agents can
be admimistered 1o a patient in combination with at least one JAKD andlor JAKS
inhibitor/antagonist described herein where the additional agents are administered intermittently

as opposed to continupusly,

General Synthetic Methods {or Preparving Compownds

{2591 Compounds of the present invention can be prepared using methods thustrated in
general synthetic schemes and experimental procedures detailed below. General svanthetic
schemes and experimental procedures are preseuted for purposes of iHustration and are not
intended to be Hmiting. Starfing materials used to prepare compounds of the present tnvention
are commercially available or can be prepared osing voutine methods known in the arl.
Representative procedures for the preparation of compounds of the invention are outlined in
Schemes 1-3 below.  Additional schemes used for analogs are provided in the examples.
Selvents and reagents, whose synthetic preparations are vot described below, can be purchased at
Stgma-Aldrich or Fisher Scientific. Additional schemes for the synthesis of specific analogs are

also provided in the example section.

{6260} Scheme 1 depicts the general synthesis of compounds of Formula (1) where By, Ry,
Rs, and R4 arve defined as above, nis 0, 1 or 2, and X is a halogen. PGy is an indole protecting
group such as benzencsulfonyl, tolucnesulfonyl, mesitylenesulfonyl, #butylcarbamate {(Boc),
alivl, benzyl, irisopropyisilyl (TIPS), 2-(rnimethvistivDethoxymethyl (8EM) or p-
methoxybenzyl, PG; is a secondary amine protecting group such as ¢-butylcarbamate (Bool,
benzyl carbamate {Chz}, benzyl (B}, p-methoxybenzyl (PMB), or M-acetyl {Ac). Compound Ci
iz forroed by coupling DI with Bl Removing the amine protecting group PG, yvields compound
Bl Coupling of BI with a compound of formula HORy or halo-Ry vields compound Al Finally,
removal of indole protecting group PGy vields a compound of Formula (1), Altematively, one
could remove both protecting groups of O and couple the imtermediate with 8 compound of

formula HR, to vield compound L

Scheme 1. General Synthests of Pyrrolopyridine Analogs of Formula ().
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{261} scherpe T ilustrates a general synthesis for compounds of Formuda I in cases when Ry

i a ~CORs group.  Commercially available ethvl d-chlore-1Hpyrrolo]2,3-2lpyridine-5-
carboxylate (UARE 885500-55-0) can be protected using SEM-CI under standard reaction
conditions using 2 base such g8 sodium hydride in a solvent such as DMFE or THF followed by
the addition of 3EM-CL  The synthesis of diamine 3 (CASH 1251908-18-3) has been described
previousty (Shivakama ot al,, WO 20101 19875) and may be converted o iidermediate 3z by the
reduction of the Boo profecting group with hithiom alumunum hydride 1o a solvent such as THF,
Alternatively, diamine 3 (CAS# 1251908-18-5) may be deprotected using TFA in methylene
chloride to give 3b. The secondary or primary amines 3a or 3b may be used to replace the
chioride of 2 via nucleophilic aromatic substitption by heating in a solvent such as NMP., The
resulting benzyl protected amine 4a or 4b can be deprotected with palladium on carbon in a
soivent such as methanol. Once deprotected, amine 3a or 3b may be coupled with a variety of
carboxylic acids under standard amide coupling procedures; reaction with acid & using
tripropyiphosphonic anhvdride with triethylamine in dichloromethane is shown by way of
example, Final deprotection using ferra-bulyvlammonium flucride in THEF can produce the final
compound 8z, ethyl 4-{{(38,48)-1-(2-cyannacetyl}-4-methylpiperidin-3-y{methyiiamine)-14-
pyrredol 2, 3-flpyridine-S-carboxylate or  8b, ethyl 4 ((QRA4AR-1-(Z-cyanoacetyl}-4-

methylpiperidin-3-vhamine - Hopyrroiof2,3-5lpyridine-S-carboxvlate.  Other aminss mav be
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utilized in addition fo 3a and 3h. For instance, (8)-1-benzylpiperidin-3-amine may be used and

the corresponding analogs lacking a methy! group on the piperidine may be synthesized.

Scheme 2. Synthesis of 5-Ester Pyrrolopyridines,
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Intermadiate

{816l Analogs that have linkers between the carbonyl group of the ester and the
pyreolopyridine core may be accessed by methods deseribed in Scheme 3. Commercially
available 4-chloro-1-[tris{1-methylethylisilvi]-1 Hopyrrole{2,3-5lpyridine (9) may be selectively
lithiated at the 5 position using s-Buli (Heimwrich et al., I Med. Chem. 2013} and reacted with I
1o produce 4-chioro-S-iodo-1-iriisopropyisilanyl-1H-pyrrelo] 2, 3-fipynidine (10}, Alieratively,
the lithiated intermediate may be reacted directly with an electrophile such as ethyl 2-
bromoacetate o produce intermediate 12, Other electrophiles such as allyt bromide could be
used with the ester formed in subsequent steps by known methods, Compound 10 may be
transformed i a variety of ways by paliadiom catalyzed cross coupling o produce analogs of
interest. Husirated here is reaction with ethyl acrviate (Heck reaction) followed by reduction of

the double bond to prodoce interroediate 11, Intermediates T and 12 may be transfornned into
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JAK inhibitors by the methods deseribed in Scheme 2 using a protected diamine such as (3R 48}

I-benzyi-N4-dimethylpiperidin-3-smine or (3R 4R -1 -benzyil-d-methyipiperidin-3-amine.

Scheme 3. Preparation of S-Alkyl-ester Pyreolopyridings.
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{1263} Scheme 4 depicts the general synthesis of compounds of Formuda {F). Rig, Rag. Rap,
and Byp are defined as sbove, nis 8 or 1, and X i3 a halogen. PGy s an indole protecting group
such a3 benzencaulfonyl toluenesulfonyvl, mesitvlenesulfonyl, ~buivicarbamate {Bocg), allyl,
benzyl, frisopropyisilyl (TIPS}, 2-(trimethvisilylethoxymethyl (3EM), or p-methogyvbenayl
Compound FI is formed by reductive amination of G with g compound of formula NH;Rz.
Compound DI is formed by the couphing of FII with a compound of formula EIL Compound
CH is formed by removing the ketal group from a coropound of DIL Compound BI i< formed
by the reduction of a ketone from a compound of Formula CIT using sodiun borobydride.
Compound Al 13 formed by the coupling of a compound of Formula BU with a compound of
formula HORye under standard acylation or alkylation conditions. Finally, removal of indole
protecting group PG vields a compound of Formula (11 In some cases B is deprotected to

provide [ where Rap 1s OH.

Scheme 4. General Synthesis of Formula (1),

-} 18-
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{H264] Compounds of Formula H may be produced by the methods described in Scheme 3
which  iHustrates the syothesis of methyl  4-((4-(2-cyanoacetoxy)-2-methvicyeiohexyl)
{ructhyDamino)-1 f-pyreolof2,3-Alpyridine-3-carboxylate.  Commercially available 7-methyl-
i 4-dioxaspiro[4.5ldecan-8-one (13) can be converted to &) 7-dimethyl-1,4-dioxaspiro{4. 5 jdecan-
$-amine {15} by reductive amination using sodium cyanoborohydride. MNucleophilic aromatic
substiiution of an aromatic chioride such as 16 with 15 under thermal conditions in water or
NME provides ketal protected intermediate 17, Deprotection followed by reduction can produce

aleohol 1%, Hster formation and deprotection results in the final analog 22.

Scheme 5. Synthesis of S-Ester Pyrrolopyridings.



WO 2019/090158 PCT/US2018/059071

UMM HCE 48

AR AcOH, Molecuiar sisves,
S’ NaDNBH, MeGH, RT, 18h

CAB 702892
13

PT84, MeOH,
4,0, RT, 248

13

13265] While the tnvention has been particularly shown and described with reference o
preferred embodiments and various alternate embodiments, 1 will be undersicod by persons
skilled in the relevant art that various changes in form and detaile can be made without departing
from the spirit and scope of the invention. Al printed patents and publications referred to in this

application are hereby incorporated hersin in thelr entirety by this veference,

{266} Excemplary synthetic methods for certain compounds detailed in the example section

are further thasirated by the following:.

{8267} Synthesis of Hxample I Preparation of ethyl 4-{{(3R4R)-1-{Z-cyanoacetyl}-4-
methyipiperidin-3-yD{methyDamino)- 1 H-pyrrolo]2,3-Alpyridine-3-carboxylate

e 1\
S pv‘l\\'\ ,N RPN
=~ T ‘\\
: i H ~
o AN . O

3
g CIEE R 5
= \\‘:\}a \'\f“” \\\‘ — Q:
) | Y

)

o d 7
L TR N

H
Ncheme 6. Preparation  of  ethyl  4-{{{3R4R)-1-{C-cyanoacetyl-d-methyipiperidin-3-

yi(methyDamino)- 1 H-pyrrolef2,3-bipyridine-5-carboxyiate
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Uipheny! ether
130°C

Step-t

3] R

H“ -..f'i\:\:\ \\}i‘x}

b2} K
B, HORt
DIPEA, DOM

Step-3

» :‘"f‘fx\;
P Al \’«\h»"m'\

{8268} Preparation of (38,481 -berwyl-VA-dimethyvipiperidin-3-aming

s N
™~ \2.\(
‘Tg-

st

e

To a solution of fert-butyl ((3K,48)-1-benzyl-d-methyipiperidin-3-vicarbamate {1 g, 3.28 mumol}
in tetrahydrofuran (20 mb), was added hthium sluminium hydride (4.9 mi, 4.9 mmel, IM in
THF) and mixture was beated to 60°C for 5 howrs. After cooling 1o ambient temperature, the
reaction mixture was guenched with water and extracted with gthyl acetate, The organic laver
was washed with water, brine and dried over anhydrous sodivm sulfate. The solution was filiered
and concentrated ir vacuo to provide (3R48)-1-benzyl-V 4-dimethyipiperidin-3-amine (0.6 g,

crude): ME (ES) sz 219 (M+H)

8269} Step 1o Preparation of  ethyl 43848 -beneyvl-4-methyvipiperidin-3-

vi¥methyDamino -1 Hpyrrolo]2.3-5lpyriding-3-carboxylate

o

&

To g solution of ethyl 4-chloro-1 Hopyrrole[2,3-blpyridine-S-carboxylate (0.17 g, 0.75 mmel) in

dipheoyl ether (0.1 mL}), was added (3R A4Z)-1-benzyl-Nd-dimethylpiperidin-3-amine (0.18 g,

-121-
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0.83 mmol). The mixture was subiccted to microwave irradiation at 190 °C for 8.3 hours. After
cooling to ambient teroperature, the reaction mixture was guenched with water and extracted
with ethyl acetate. The organic layer was washed with waler, brine and dried over anhyvdrous
sedium sulfate. The solution was filtered and concentrated in vacue. The crude material was
purified using flash chromatography {50% ethyl acetate/hexans) to provide ethyl 4-(((3R4R-1-
benzyl-d4-methyipiperidin-3-y1y  {methvDamino -1 H-pyrrelof2, 3-Elpyridine-3-carboxyiaie a5 &

thick lquid (0.035 g, 12% vield): M (ES) m 407.2 (M+H),

{2748 step 20 Preparation of ethvl $-{methyl{{(3R 4R)-d-methyipiperidin-3-yDaminoy-1H-

pyrrolo] 2,3-blpyridine-S-carboxylaie

To a sclufion of ethyl 4-{{{384L8)-1-benzyl-d-methyipiperidin-3-vi}{methyliamine - 1 4~
pyrrolo]2 3-blpyridine-S-carboxylate (0.09 g, 0.2 mmol} in tetrahydrofuran (1 ml) was added
polladivin on carbon {025 gz, 30% wet w/w) and the mixture stirred under a hvdrogen
alroosphere at room temperature for 30 hours. The reaction was partitioned hetwesn 30%
methanolethy! acetate and filered thwough celite. The filtrate was concenirated i vacuo 1o
provide 4-{methy {38 4 8)-4d-methyipiperidin-3-vDamine}-1 H-pyrrolo] 2, 3-Alpyvridine-5-
carboxylate {(crude 0.07 g, 100% vieldy MBS (ES) m/t 317.2 (M+H).

18271} Step 3: Preparation of ethyl 4-({{(3R48)-1-(Z-cvancacetyl-d-methyipiperidin-3-

~

v methyDaminoe)-1 H-pyrrolo]2,3-6] pyriding-S-carboxviate

A

~— Mo o

o NN N

i i >N

14 N > R
N Lo .f\\ s, {}

o "ﬁ‘_ \‘\{:" ’\“}QY-:' "\\‘

{ N

24

it i .
5 g
Ny

To a solution of ethyl 4-(methyl{(3R4R)-4-methylpiperidin-3-yDamine)- 1 Hpyrrolof2,3-
Aipyridine-S-carboxylate (0.07 g 0.22 mmol} in dichloromsthane (2 mi) was added N-(3-

dimethylaminopropy-N-gthylcarbodiimide HOY (0.068 g, 0.4 mmol), -hydroxvhenzotriazole
~123-
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(0.05 g. 0.44 mmel), N ¥M-diisopropylethylamine {0.05 g, 0.4 muneol} and cyancacetic acid {(0.028
g, .33 mrnol} and the mixture was stirred al ambient temperature for 12 hours. The reaction was
guenched with water and extracted with dichloromethane. The organic layer was washed with
water, brine and dried over agnhydrous sodinm sulfate.  The solution was filtered and
concentrated in vacuo, The crude material was purified using flash clromatography (6%
methanol/dichloromethane) fo provide ethyl 4-({(3R48)-1-{Z-cyancacetyl-d-methylpiperidin-3-
yImethyDaming)-1 H-pyrrolo]2,3-b]pyridine-5-carboxylate (0.013 g, 5% vield): 'H NMR (400
MHz, DMSO-dy at 90°Cy 8 1158 {5, 1H), 8.32 (5, 1), 7.33 (s, 1H), 6.54 {br s, 1H} 4.28-4.29
{rn, ZH} 3.81-3.94 {m, 4H}, 3.37-3.4% {m, 3H), 2.94 ¢s, 3H), 2.16 (m, 1H}, 1.61 (m, Z2H), 1.36-
1.33 41, =12 Hz, 3}, 0.94-0.96 {m, 3H) MS (EX) sz 3842 (M+HD.

{82724 Synthesia of Hxample 3. Preparation of ethyl 4-(((3R4R-1-(Z-cvanoaceivii-d-

methyipiperidin-3-yDamino - 1 H-pyrrolo{2, 3-8 pyriding-3-carboxylate

Scheme 7. Preparation of ethvl 4-({(3£,4R}-1-(2-cyancacetyi}-4-methyipiperidin-3-vljaminoe)-

{ H-pyrrolof2,3-5lpyridine-S-carboxylate,

18273} Preparation of (38,4801 -beneyi-4-methylpiperidin-3-amine
YAHE

! b

i o8

. ; i

R s WS A
X

T B
A sobution of reri-butyl (38 483 1-benzyi-d-methyipiperidin-3-vDcarbamate (2 g, 6.57 munol) in
HCU in dioxane (10 mL, 4M} was stirred at ambient temperature for 4 hows, The reaction

mixiure was concentrated in vacye and peutralized with triethylaming {7 mL) The residue was

~123-
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quenched with water and extracted with dichloromethane. The organic layer was washed with
water, brine and dried over anhydrous sodium sulfate. The solution was filtered and concentrated
in vacuo to provide (3%, 48)-1-benzyl-d-methyipiperidin-3-amine (1.3 g, erude) MS (ES) m/’2

2051 (M+H?.

{8274} Step 1: Preparation of othyt 4-({{(3R.4#)-1-benzyl-4-methyipiperidin-3-viamine -1 /-

pvrrelo] 2, 3-8 pyridine-5-carboxyiate

To g solution of ethyl d-chiore-1H-pyrrole[2,3-bipyridine-5-carboxylate {% g, 40.17 mmol) in M-
wethyi-Z-pyreolidone (100 mL), was added (3R, 423 1-beneyl-4-methyipiperidin-3-amine (9.8 g,
48.2 mmol) and risthyvlamine (4.5 mL} in a sealed tube and the mixture was heated to 170 *C for
16 hours. After cosling to room femperature, the reaction mixture was quenched with water and
exiracted with ethyl acetate. The organic layer was washed with water, bring and dried over
anhydrous sodivm solfate. The solution was filtered and concentrated i vacuo, The crude
material was purified using flash chromatography (80% ethyl acetate/hexane} to provide ethyl 4-
(({3R 4Ry 1-benzyi-4-methyipiperidin-3~-yDamino -1 Fl-pyreolo{2,3-5ipyridine-3-carboxylaie as a

sevnt solid (10 g, 64%6 vield): ME (ER) m/2 393 4 (M+H).

{275] Step 2: Preparation of ethyl 4-({{3R, 4R)d-methvipiperidin-3-yl} amino}-1H-

pyrrelo{2, 3-blpyridine-S-carboxylate

To a solution of ethyl 4-{{{(3R 4R} 1-benzyi-4-methyipiperidin-3-yllamino}-1 Hepyrrole{Z,3-
bipyridine-S-carboxylate (10 g, 25.5 mmol) in tetrahydrofuran (120 mbL ) was added palladium
on carbon (30 g, 50% wet w/w) and the mixture was stirred under a hydrogen atmosphere using a
Pagr-shaker (70 psi) at ambient temperature for 30 hours. The reaction mixture was pariitioned
between 56% methanol/ethyl acetate and filtered through celite. The filirate was concentrated to

-1 24
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provide gthyl $-{((3AR AR -4-methylpiperidin-3-vhamino)- 1 H-pyrrole{2 3 -5lpyriding-5-
carboxylate (4.7 g, 93% vieldy ME {ES) m/z 3031 (M+H )

18276} Step 3. Preparation of ethvl 4-({ORAK-1-{Z-cyanpacetyl-4-methyvipiperidin-3-

yhaming -1 H-pyrrolo{2. 3-Alpyridine-S-carboxviate

To a sclution of ethyl 4-{{3H4-1-(Z-cyvanoacetvli-d-methyipiperidin-3-yDamine -1 H-
pyrrotel2,3-blpyridine-S-carboxylaie (4.7 g, 13.8 mmol} in dichloromethane (58 mb) was added
N-CG-dimethylaminopropyl 3-8 -ethylearbodiimide  HCL 49 g, 316 wmmol),  1-
hydroxyibenzotriazole (4.2 g, 31.7 munol), N N-diisopropyiethylamine (12.2 ml, 31.6 nunol) and

~
;
i

cyaneacetic acid {2.7 g, 31.7 mmol) and the mixture was stirred al ambient temperatore for 16
hours. The reaction was guenched with water and extracted with dichloromethane. The organic
igver was washed with water, brine and dried over anhydrous sodium sulfate. The solution was
filtered and concentrated i vacwo. The crude material was purified by using flash
chromatography (6%  wethanol  /dichloromethane) o provide  ethyl 4-{({(3R4R8-1-(2-
evancacetyl-4-methyipiperidin-3-vhamino} 1 H-pyrrolo]2, 3-blpyadine-S-carboxviate (3.8 g,
66% vieldy: 'H NMR (400 Mz, DMSO-de at 90°C) 8 11.49 (s, 1H), 8.79-8.81 (m, 1H), 856 (s,
PHY, 796 (s, 1H 6.64 (3, 1H} 4.27-4.36 {m, 48, 3.9 (o, TH), 3.70 (o, TH, 342 Gy, 1R, 3013
{m, 1H}, 2.88 {m, 1H), 2.14 (br s, 2}, 1.64 {m, TH), V30133 {8, J= 875 He, 3H), 095 (b s,
3HY M3 (ES) sz 3703 (M+H)

10277} Synthesis of Example 21 Prepamation of Z-mothoxyethyl 4-{{((3R4R-1-(2-

evanoacetyl --methyipiperidin-3-yhamine -1 F-pyrrolol 2, 3-5lpyridine-S-carboxyviate

Mg

Y

- o i N A N
G HNT TR N
R N s

, A : g
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Scheme 8. Preparation of 2-methoxyethyl 4-(((3R 4K)-1-(2-cyannacetyi}-4-methylpiperidin-3-
yiamino)-1 H-pyrrole{2,3-5 | pyridine-S-carboxylate
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ngfifjg,

Siep-1

EDCHOL HORE
DIPEA, DMF

Step-4
{3278} Step Iy Preparation of Zemethoxyethyl 4-chloro-1Fepyrrolof2,3-61pyridine-~5-

carboxylate

oy

To a sohution of ethyl 4-chloro-1 Fepyrroloi2, 3-blpyridine-S-carboxyiate (4.0 g, 17.88 wmol) in
methoxyethanol (40 mL) was added cesium carbonate (29.0 g, 88.0 mmol) and the mixture was
stirred at arpbient termperature for 16 hours, The veaction was quenched with water and exiracted
with ethyl acetate. The organic layer was washed with water, brine and dried over anhydrous
sodiu sulfate. The solution was {iltered and concentrated in vacue. The crude vomerial was
purified using flash chromatography (40% ethyl acetate/hexane} o provide 2-methoxvethyl 4-
chioro-1 Hepyrrolo[2,3-Alpyridine-S-carboxviale as a white solid (2.6 g, 57% vieldy MS (ER)
ayz 255 (M+H).

279 Step 20 Preparation of Z-methoxvethyl 4-({((3R,481-benzyi-4-methyipiperidin-3-

T

yviaming -1 H-pyrrolo]2,3-hlpyridine-5-carboxylate

~

A solution of Z-methoxyethyl 4-chloro.t Hepyrrolo[2, 3-5ipyridine-S-carboxylate (0.6 g, 2.35

-1 28
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wmel}, (3R 48 -benzyl-4-methylpiperidin-3-amine (3.48 g, 2.35 mmol) and triethylamine (0.1
mL} in Nmethyl-Z-pyrrolidone (10 1ol in 2 sealed tube was heated to 140 °C for 12 hours, The
reaction mixture was cooled to ambient temperature, quenched with water and extracted with
cthyl acetate. The organic layer was washed with water and brine and dried over anhydrous
sodivm sulfate. The solution was filtered and concentrated in vacue. The crude material was
purified using flash chromatography (45% ethyl acetate/hexane) to provide 2-mcthoxyethyl 4-
(R AR -benzyi-d-methyipipeddin-3-vhamino -1 Hpyrrolol2,3-Alpyridine-3-carboxylate  as

an off-white solid (0,35 g, 35% yield) MS (ES) m/z 423 (M-+H).

18288} Step 3 Preparation of Z-methoxvethyl 4-{{(3H 4R} 4-methyipiperidin-3-vDaminok

PH-pyrrolol2,3-5ipyridine-5-carboxylate

To a solution of Z-methoxysthyl 4-((3R48)-1-benzyl-d-methyipiperidin-3-yDaming -1 F-
pyrrolnl2,3-bpyridine-S-carboxylate (0.35 g, 0.82 mmol} in tetrahydrofuran (10 ml) was added
paliadivm on carbon (0.3 g, 50% wet w/w) and the mixture was stirred under a hydrogen
atmosphere at ambient temperature for 48 hours. The reaction mixiure was filtered through
celite. The filirate was concentrated in vacwe o provide Z-methoxyethyld-({((3R48)-4-
methylpiperidin-3-yhamino}-1 A-pyrrole]2,3-Slpyridine-S-carboxyviate (crude 8,16 ¢ S8% vield):

WS (ES) sz 333 (MHD.

2811 Step 4 Preparafion of  2emethoxyethyl  4-{{(3R4E)-1-{2-cvancaceiyil-4-

methvipiperidin-3-vHamino}- 1 H-pyerolol 2, 3-Flpyridine-S-carboxyiate

To a solution of Z-methoxyethyl 4-({(3R4£)-4-methylpiperidin-3-yDamine -1 Hpyrrolo]2,3-

Shyridine-S-carboxylate (0,16 g, 0.48 muwnol) in N N-dimethylformamide {10 mL) was added 1-

ethyl-3-(3-dimethylamino propyljcarbodiimide HU (0.14 g, 0.96 mmol), T-hvdroxybenzotriazole
-127-
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(0.13 g, 0.96 mmuod), N N.disopropylethylamine (025 mi, 1.44 mmol} and cyanoacetic acid
{0.08 ¢, .96 nuncl} and the mixtare was stirred  at ambient temperaiure for 24 howrs, The
regetion mixture was partitioned betwesn ethy! acetate and waier and the organic layver was
separated. The organic layer was washsd with water, brine and dried over anhvdrous sodium
sulfgte. The solution was filiered and concentrated o vocuo. The orade material was purified
using flash chromatography (5% methanol/dichloromethane) to provide Z-methoxvethyl 4-
({{3R AR 2-cvancacstyl }-4-methylpipenidin-3~yDamine -1 Hepyrrolo] 2, 3-lpyridine-3-
carboxylate (.03 g, 169 vield ¥ "H NMR (400 MHz, DMSO-de, a8 80 °Cy 8 11.52 {s. 1H), 8.74
(s, 1H), 8.57 (5, 1H), 7.16 {5, 1H) 6.65 {s, 1H 434436 {m, 3H }, 4.24 {m, 1H}, 3.91 {m, 2H),
3.65-3.67 (m, 3H 332 (s, 3HDY, 3004 (my, THD, 2,18 (o, THD, 1.56-1.65 (m, 3H), 0,95 {br s, 3H);
MS (S a2 400 (MHH).

18282} syuothesis of Example 240 Preparation of ethyl 4-({(3R4R-1-{Z-cyanoethyl}-4-

methyipiperidin-3-yDamino}- 1 H-pyrrolol 2, 3-5jpyriding-S-carboxviate

Scheme 9. Preparation of ethyl 4-{(38 48)-1-C-cyancethy! -d-methylpiperidin-3-yDaming -1 #-

pyrrolof2,3-blpyridine-S-carboxylate

A solution of ethyl 4-({(38 4R -4-methylpiperidin-3-yDamino}-1 F-pyrrolo[2.3-blpyridine-5-
carboxyviate (0.1 g, §.311 mmol), acrylonirile (0.035 g, 4.66 wmol) and triethylamine { .13 mL,
(.99 mmol) in ethanol (10 mL) was heated at 7¢ °C for 2 hours. Afler cooling to ambient
temperature, the reaction mixture was concentrated & vacuo and orade material purified using
flash chromatography (50% ethvl acetate’hexane) to provide ethyl 4-(((3R,48)-1-C-cyanosthyly-
4-methylpiperidin-3-ylamine)- 1 pyrrolo[2, 3-Blpyridine-S-carboxviate (0.07 g 63 % vyield)y
U ONMER (400 MHz, DMSO-de) § 11.61 (br s, 1H), 9.08 (d, /=92 Hz, 1H3, 852 (s, 1H), 7.13
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(s, LH}, 6.67 (3, 1H), 437 (br s, 1H) , 4.24-4.25 (m, 28D}, 2.79 (d, J = 8.8 Mz, 2H). 2.43-2.60 (m,
4H), 2.02 (br 5, 1), 187 (brs, TH), 1.70-1.55 (br s, ZH3, 1.22-1.31 (m. 4FD, .85 (d, J = 6.0 Ha,
3 Hy; MS (E8) mz 356.2 (M+HD,

1283} Synthesis of Example 34 Preparation of ethy! (R}4-{{1-acrylovipiperidin-3-

vhamino}-1 H-pyrroln]2,3-5ipyridine-S-carboxviate

Beheme 10, Prepamation of ethyl  (R)-4-({1-acrviovipiperidin-3-ylamino -1 Hpyrroke{2,3-

blpyridine-S-carboxylate

QQT,G
' LHGE
Y i,
7 j SN
"\\ - "I;\:s‘{' i i
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ o Y
Etf, NMP, DO HOL N
189 °0 in LHioxans :
Step-1 Siepd

{1284} Sep-1. Preparation of ethyl (£394-((1-{fert-butoxycarbonylpiperidin-3-yDamino -
P H-pyrroloe]2,3-6] pyndine-S-carboxylate

A solution of ethyl 4-chiore-1Hpyrroloi2, 3-Alpyridine-S-carboxylate (0.5 g, 2.23 mumal), fers-
butyl (R)-3-aminopiperidine--carboxylate (0.53 g, 2.67 mmol) and {ricthyiamine (0.3 mb) in M-
mathyl-2-pyrrolidone (10 ml) was subjected to microwave rradiation at 180 °C for 2 hours.
After cooling to ambient temperature, the reaction mixture was guenched with water and
extracted with ethyl aceiate. The organic laver was dried over anhydrous sodium sulfate. The
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solution was concentrated in vacuwe. The orude material was purified by using flash
chromatography  (30%  ethyl  acetatebesane}y o provide  ethyl {(Bp4-{{1-{ters-
butoxyearbonyDpiperidin-3-yDamino)-1 H-pyrrolo2,3-blpyridine-S-carboxyiate as an oft-white

solid (0.6 &, 35% yield): MS (E8) s 389.2 (M+H).

{3851 Step 2: Preparation of ethyl (B)-4-{piperidin-3-viamino -1 H-pyrrolo] 2, 3-Slpyridine-5-

carboxyiate hydrochioride salt

—"',\\.
5 HSVL\/,NH\:‘ECS

"
i

To a solution of ethyl {(Ry-4-{(}-{rere-butonyearbonyDpiperidin-3-yDamine}-1 A-pyrrolo]2,3-
Blpyridine-S-carboxyiate (3.6 g, 1.17 mmol} in dichloromethane {15 ml) was added HCl in
dioxane (2.0 mE, 4M) at § °C and the mixiure was stirred at ambient temperature for 6 howrs,
The sclution was concentrated fn vacue to provide ethyl {(B»-4-{(piperidin-3-ylamino}-15-
pyrroiol2,3-blpyridine-S-carboxylate HCH as an off-white solid (0.3 g orudey MS (ES) m/i

289.2 (VD

[B286] Step 3. Preparation of ethyl (B3-4-((-acryloyipiperidin-3-vllamino}- 1 H-pyrrolof2,3-

blpyridine-S-carboxylate

To & selution of ethyl (R)-4-{piperidin-3-yvlamino}- 1 H-pyrelo]2,3-51pyridine-S-carboxylate HCI
salt {013 g, (045 nwool} in tetrabydroturan @ water (11, 2 mL : 2 mbl) was added N N-
diisopropylethylamine (0.2 mi, 0.92 mmol} followed by acrvloy! chioride (0.01 ml, 4.092
mmol) at § °C. The mixture was stured for 2 hours. The reaction was quenched with saturated
sodivmn bicarbonate solution and extracted with ethyl acetate. The organic layer was washed with

water, brine and dried over anhydrous sodinm sulfate, The sohution was filtered and concentrated
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in vacue. The crude material was purified by using Hash chromatography {(ethyl acetate/hexane)
to provide  ethyl  {(K3-4-({L-acryloyipiperidin-3-vDamine - 1 H-pyrrelo] 2, 3-bipyridine-3-
carboxylate as an off-white solid (0.035 g, 22% vieldy: 'H NMR (400 MHz, DMSO-dg) § 11.68
{brs, 1H}, 885 (brs, 1H), 8.53 (s, 1H), 7.19 {5, 1H), 6.75~ 6.82 {m, 1H}, 6.50- 6.39 {m, 1H),
GO0-621 (m, THY, 532 - 566 (m, 1H), 424 (g, J =72 He, ZHY 411 (m, | H), 3.72-3.84 {m,
FH) 3.57 (o, TH), 2,06 (o, FHD, 170 (o, 2H), 088 (o, TR, U3 (L F= 6.8 He, 3 HD, 122 - 1.25
{m, TH ), L82-1.09 (m, 1) M8 (ES) sz 343.2 (M+HL

{0287} Synthesis of Examples 684 and 638: Preparation of enantiomers of {frans)-ethyl 4-

{{ 3-hydroxyeyeiopentyD{methy Daminol- 1 H-pyrrolof2,3-5lpvridine-S-carboxylate 68 A and 48H

Scheme ti. Preparation of enantiomers of {trapsy-athyl 4-{(3-

hydroxyeyelopentyh(methyhamino)-1 Hopyrrolof2,3-8lpyridine-S-carboxviaie

OQN "’“\;':. in\j

[ 3.
St HPLG S e M.

N
BT — >
Kgcc’g, E“ﬂeDH,

Stap-1

by
L
e

Trans ynknown enagntiomers 1 & 2

Trang racemic

O
MO, y
e = E EY :" . i
LiAlH,, 70°C, 3 s BMBO, 15070
e AT
Step-2 Stz;ﬂ;

Trang unknown enantiomers 18 2

{8288} Chiral separation  of  {ronsi-(rac)-3-{{lert-butoxyearbonvhaminoleyclopentyl  4-

niirobenzoate

The enantiomers of (frana-lracy3-{(tert-atoxyearbonyllaminooyelopentyl  4-nitrohenzoate
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were separated by chiral chromatography,

Analytical conditions:

Column: CHIRALPAK TA ( 250 nun X 4.6mm X Sim)
Muobile phase mHexane:Ethanol with §.1% DEA (30:50)
Flow rater 1O mL/min

Enantiomer 11 Rendention time 4.161 min,

Enanttomer 2: Retention time .29 min.

§289 Step 1: Preparation of (frons-fere-butyl-{3-hvdroxyeyelopentylicarbamate
Ef P . o k o }l v i‘ o

Q. .
HE BN
P eoNHBoo
\\e'{

To a solution of one of the enantiomers of (frans)-3-{{feri-butoxycarbonyDaminoleyelopentyl 4-
nitrobenzoate (1.2 g, 3.42 mmol} in methanol (30 mL) was added potassium carbonate (0.71 g,
5. 14 mmoly and the mixture stirred at ambient temperature for & hours. The reaction mixiure was
concentrated 7 vacuo and the residue was dizssolved in waler and extracted with ethyl acetate,
The organic layer was washed with water, brine and dried over anbydrous sodium sulfate. The
sohition was filtered and concenirated in vacwo. The crude material was purified by flash
chromatography (30% ecthyl acetate/hexans) fo provide tert-butyl —(3-hydroxyeyelopentyl)
carharnate as an off-white solid {0.42 p, 66.95 % vield): "H NMBR (400 MHz, DMSO-dg) § 6.72
{brs, 1H), 437 (d, J = 3.6 Hz, 1H), 4.09-4.10 (m, 1H), 2.89-3.91 (m, 1H), 1.75-1.91 (m, 2H),
1.66-1.70 (m, THD, 1.44-1.51 {m, TH), 135 (5, 8H), 1L19-1.31{m, 2H).

[B294] Step 20 Preparation of (rans)-3-(methyvlamino)eyelopentan-1-0}

H
R

Ou_n

»\\ ¥

To a solution of one of the enantiomers of {frans)-feri-butyl —(3-hydroxyeyclopentyDearbamate
{0.13 g, 0.74 mmol) in terahvdrofiran (5 mL) and was added Hthium sluminium hvdride (2.23
mL, 2.23 nunol, (1.0M solhution in tetrahvdrofuran) dropwise at 8 °C and the mixture was heated
at 70 °C for 4 hours. After covling, the reaction mixture was gquenched with agueous sodium
hydroxide solution and ethyl acetate and the suspension was filteved through celite. The organic
tayer was separated, washed with water and dried over anhydrous sodium suiphate. The filtrate
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was concentrated in vacuo o provide 3-{methylamineeyclopentan-1-0! as a vellow 0il (0.1 g,

8% vield): MS (ES) m/z 116 (M+H)

{381} Step 3: Preparation of {framsi-ethyl 4-((3-hydroxyeyciopentvli{methyhamino -1 H-

pyrrolo [2,3-A] pyridine-S-carboxviate

A solution of ethvl 4-chloro-1 H.pyreoloi2 3-Alpyridine-S-carboxviate (§.15 g, .66 mmol} and
one of the enantiomers of -{methyvlaminoicyclopentan-1-o! (3.092 g, G.8 mmol} in dimethyl
sulfoxide (3 mi} was heated under microwave irradiation for 2 hours. After cooling to ambient
temperature, the reaction mixtire was quenched with water and extracied with ethyl acetate. The
organic layer was washed with water, brine and dried over anhvdrous sodinm saolfate. The
sofution was filtered and concentrated in vacws. The crude material was purified by flash
chromatography (5% methanol/dichloromethane) to obtain ethyl 4-((3-
hydroxveyelopentyi{methybamino}-1 Hpyrrelo] 2, 3-bipyridine-S-carboxylaie as a brown solid

(D.015 g, 7.42 % vield).

{82921 Example 684 {(framsp-Ethyl 4-((-3-hydroxyeyclopentyD{methyDamino - H-pyrrolo

{2, 3-5] pyridine-S-carboxylate, enantiomer |

P ‘\\\
¥ -
i R @1 5]
N :
g, &
o

' NMR (400 MHz, DMSO-d) 8 1159 (s, THY, 5.20 (m, 1H), 7.24-7 26 (m, 1HY, 6.57-6.58 (m.
VH), 4.66-4.80 (m, 1H), 4.57 (m, 1H), 4.06-4.27 (m, 35), 2.82 (s, 3H), 1.78-1.96 (m, 3H), 1.60-
1.76 (m, 2HD, 1.48-1.30 (m, 15D, 1.30 (1, 7 = 8.8z, 3H); MS (ES) m/z 304 (M),

18293} Example  688: (raas)-Ethyl  4-{{-3-hydroxyeyclopentyD{methyDamine}-1 /4~

pyrrelofZ, 3-blpyridine-S-carboxylate, enantiomer 2

"
Rt
03
143

f
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H NMER (400 MHz, DMSO-de) 8 11.59 (br s, 1H), 8.20 (m. 1H), 7.24-7.26 {m, 1H), 6.57-6.58
(m, 1H), 4.66-4.74 (m, TH), 4.54-4.55 (m, 1H), 4.20-4.27 (m, 3H), 2.78 {5, 3H), 1.80-1.94 {m,
SHY, L71-1.78 {m, 2D, 1.48-1.51 (m, 1H), 1.31 (4, J= 8.8 Hz, 3,

{32941 Synthesis of Example 6% Isolation of Trans enantiomer-2, {(fransi-ethyl 4-((3-(2-

cvancacetoxy jevclopenty{methyiamine} L H-pyrrolo 2, 3-5lpyridine-S-carboxylate

N

Trans enantiomer-2
HENMER (400 MHz, DMSO-ds) 8 11.64 (5, 1H), 824 (s, 1H), 7.26-7.28 {m, 1), 6.55-6.56 (m,
PE, 5.21-5.22 (m, 1H), 4.57-4.61 (m, 1H), 426 (g, J = 6.8 Hz 2H), 3.94 {5, 2H), 2.84 (s, 3H),
2.01-2.20 (m, 2H), 1.92-2.0 {m, 3H},1.83-1.86 {m, 1H), 1.29{t. /= 7.6 Hz, 3H). Retention time:
21.666 min.

[6293] Synthesis of Example 70 Isclation of Trans enantiomer-1, {(frans)-ethyl 4-{(3-(2-

cyanoacetoxy yslopentyl  methylamine -1 H-pyrrole]2,3-5lpyriding-S-carboxylate

Trans enantiomer-1
FNMR {400 MHz, DMSO-de) 8 11.64 (s, 1H), 8.24 (5, 1H), 7.26-7.28 {m, 1H), 6.35-6.56 (10,
Py, 5.21-3.22 (m, 1H), 4.57-4.610m, TH), 425 (g, J= 6.8 Hz, 2H}, 3.94 (s, 2H), 2.82 (3, 3H),
2R0-2.11 {m, 2Hy, LE3-1.96 (m, 3H), 168170 (m, 1H), 1.27 (4, J = 7.2 Hz, 3H); Refention
fimer 19434 min.

~} 34~
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[3286] Syuthesis of Exaroples 72-75: Proparation of cnantiomers of {(frams) othyl 4-((3-
hydroxyeyelopentyiamino -1 Hpyrrolol2,3-Alpyridine-S-carboxylate: 72 and 73 and (frons)-

ethyl  4-({3-(Z-cyanoacetoxyievelopentyDaminn}- 1 H-pyrrolo{2,3-5lpyridine-S-carboxyviate: 7

and 74

N
B

Trans, Z enantiomers
Scheme 13, Preparation of enantiomers of (ransi-ethyl 4-(3-bydroxyeyelopentyDamine}- 1 H-
pyreolol 2, 3-Flpvridine-S-carboxviate and {transethyl 432~

cyancacetoxy wvelopentyDamino L -pyrrolo]2,3-6pyridine-S-carboxyiaie
¥ vayelopentyl A P Py ;

Trans enantomers 1 &2 Trans enanfiomers 1 & 2
[B297] Step-1: Preparaiion of (fransi-(rac)-3-aminocyclopentan- L -ol hydrochloride salt
HO,
N
[ N HO

Trans, Racemic
To a solution of (rransy-(rackreri-boty -3 -hydroxyeyclopentyDearbamate (0.27 g, 1.34 mmeol) in
dichloromethane {5 mb)y at § °C wag added HCE in dioxane (4M, 5 mL) and the solution warmed
to ambient ternperature and stirred for § hours. The reaction mixiure was concentrated in vacuo
and the residue washed with disthylether to provide 3-aminocyclopentan- 1-of hydrochioride salt

a3 a yellow oil (0.18 g, 96% vield): ME (ES) m/z 102 (M+H).

[8258] Step-2: Preparation of {(fransi-cthyl 4-((3-hvdroxyeyclopentyl) amino}-1 HepyrrofolZ,

3-Blpyridine-5-carboxylate
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Trans, Racamic
A solution of (fransi-{raci-ethy! 4-chlore-1 Hopyrrolo[2,3-bpyvridine-S-carboxylate (0.05 g, 0.22
o), 3-aming cyclopentan-1-of HCL (8.036 g, (.26 mmol) and triethylamioe $.15 mi, 111
mmel} in dimethyl sulfoxide (3 miy was hested under microwave frradiation at 150 °C for |
hour., Afler cooling to mmbiont temperature, the reaction mixiure was quenched with water and
extracted with ethyl acetate. The organic laver was washed with water, brine and dried over
anhydrous sodium sulfate. The solution was fillered and covcentrated in vacwo. The crude
material was purified by {lash chromatography (9% methanol/ dichloromethane} to provide ethyl
4-{(3-hydroxyevelopentyl} amine}- 1 H-pyrrolo[2 3-blpyridine-3-carboxylate as an off-white solid

(0.01 g 17 % vield: MS (B3 m/z 290 (M+ID.

EREEY Step 31 Preparation of (fransi-{rac)-ethyl 4-((3-(2-cvancaceioxyicvelopentyDamino)-
Y 1 { ity LL-CY Y RYOIOpen] ;

{ Hepyrrolo[2,3-blpyridine-S-carboxylaie

Trans, Racemic

To a solution of {ransi-(rack-ethyl 4-((G-hyvdroxveyclopentyDamine)- 1 Fpyreolo[2,3-4lpyridine-
S-carboxyviate {0.14 g, 8.48 mmob) in dichioromethane (10 miy was added 2-cyvanoacetic acid
{0.062 g 072 mmol), 4-dimethylaminopyridine (0.06 g, 048 wmmol} and F-ethyl-3-(3-
dimethylaminopropylicarbodiimude HCE (0,14 g, 8.72 munol) and the mixiure stirred at ambient
temperature for 16 hours. The reaction mixture was quenched with water and extracted with
dichioromethane. The organic layver was washed with water, brine and dried over anhydrous
sodium sulfate. The solution was filiered and concentrated in vacue., The crude material was
purified by flash chromatography (5% methanol/ dichloromethane) o provide ethyl 4-{(3-(2-
cyanvacetoxy eyelopentyDamino)- L pyrrolol2 3-5lpyridine-3-carboxylate as an off-white solid

(0.035 g, 20% vieldy: M8 (ES) w2z 3537 (M+H)
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308 Synthesis of BExample 720 Isolation of Trans enantiomer-Z, {framsi-sthyl 4-((3-

hydroxyeyelopentylamino -t Flpyrrolo[2,3-bpyridine-5-carhoxylate

Trans enantiomer-2
"F NMR {400 MHz, DMSO-ds § 11.66 (br s, PHD, B.82 {d, J= 7.6 He, 1H), 8.52 (5, 1H), 7.17-
758 {m, 1H), 6.67 (s, 1H} 4.61-4.63 (m, 2H}, 4.21-4.26 (m, 3H), 1.98-2.37 {m, 3H), 1.68-1.69
(o, 1H), L33 {m, 2H), 1.29 (1, J= 7.2 Hz, 3H). Retention time: 7.625 min.
Analytical conditions:
Columne CHIRALPAK 1A (250 mm X 4.6mm X Sim)
Maobile methanol with 0.1% DEA (50:5()

Flow rate: 0.5 mL/min

16301} Synthesis of Example 73 Isolation of Trans enantiomer-1, {frans)-ethyl 4-{{3-{2-

cyanoacetoxycyclopentyDaming -1 H-pyreslo {2, 3-blpyridine-3-carboxylate

Trans enentiomer-1
HONMR (400 MHz, DMSO-de) § 11.67 (s, 1H) €81 (d, J= 3.8 Hz, 11 853 {5, THY, 717 {5,
LH), 6.65 (s, 1H), 5.30 (br, 1H}, 4.63-4.66 {m, 1H), 425 (g, J= 6.8 He, 23}, 3.99 {5, 2H}, 2.05-
230 {m, 3H), 1.93-2.0 (m, 1H}, 1.79-1.81 (m, TH}, 1.60-1.67 (m, 1), 1.30 (1, J = 6.8 Hz, 3H}
Retention time: 9.484 min.
Analytical conditions;
Colomue CHIRALPAK A (250 mm X 4.60un X Sim)
Mobile methanod with 0,19 DEA {30:50)

Flow rate: 6.5 mL/min
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(83021 Synthesis of Example 74: Isolation of Trans enantiomer-2, {frans)-ethyl 4-4(3-(2-

cyancacetoxy jovelopentyhamino -1 H-pyrrolof 2, 3-8]pyridine-3-carboxylate

Trans, enantiomer-2
THONMR (400 Mz, DMSO-de) 5 1170 (br s, THD, .84 (d, J= 7.2 Hz, 1H), 853 (s, 1H), 7.18
(s, 1}, 6.65 (5, 1H}, 525 {br s, TH), 4.63-4.67 {m, 1M}, 4.24 {q, J= 7.2 Hz, ZH), 3.99 (3, 2H},
2.04-2 31 {m, 3H), 193200 {m, TH, 1.30 (m, 1H), 1.63-1.65 (m, THLLA3 ¢, /= 7.2 Hz, 3H)
Retention time 4,346 min
Analytical conditions:
Column: CHIRALPAK A (250 mm X 4.6mun X Sim)
Muobile methanol with 0.1% DEA (50:50)

Flow raie: 9.5 mL/min

{68363] Synthesis of Example 75: Isolation of Trans enantiomer-1, {fransi-cthyl 4-((3-

hydroxyeyelopentyDamnino -1 H-pyrrolo{2,3-5ipyndine-S-carboxylate

Trans enantiomer-1
'HONMR (400 MHz, DMSO-dg) 8 1165 (s, 1H), £.80 (4, J = 7.6 Hz 1H), 851 {5, 1H), 7.17 (5,
1H), 6.66 (5, 1H}, 4.59-4.66 (m, 2H), 4.21-4.26 {m, 3H), 2.23-2.31 (g, 1H), 2.05-2.10 (m, 1H),
1.593-2.04 {m, 1H} 1.64-1.69 (m, 1H), 1.46-1.58 (m, 2H}, 127 {t, J = 7.6 Hp, 3H}). Retention
time: 7.540 min.
Ansaiviical condifions:
Columm: CHIRALPAK TA (250 nmyn X 4.6mm X Simy)
dMobile methanol with 0.1% DEA (§8:50)
Flow rate: .5 mi/min
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{304} Synthesis  of  Example 92 Preparation  of  ethyl  4{{(Irdrd-((N-

methylsuifamoylimethyllovelohexylamino - 1 Hepyrrolol2,3-5jpyriding-3-carboxylate

Scheme 14, Preparation of ethyvl 4-(((Ir 4 -4-{ NomethylsulfamoyDmethvDoyelohexyDamino)-

VH-pywolof2,3-5lpyndine-S-carboxylate

e ™
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[3385] Preparation of {({1rdr3-4- Aminocyelohexylimethanol hydrochloride

N
3

eeeeeeeeeeeeeeeeeeeeee 0L
1 4-dioxana HC N, MO

rf, 2h

Hﬁ,.«-.-,,‘ . J.»\.\\ ) T
s 2 J< RO TN
.
)

To g stirred solution of ferr-butyl {{ 1r dri-d-Chydroxymethylleyciphexyhearbamate (1 g, 17.47

mmol) i dioxane (5 mL)Y was added 1,4-dioxanchydrochloride (10 mi) at § °C and the solution
~139-
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was stired for 2 hours. The reaction was concentrated i vacuo 1o provide crade {1rdvi-4-

aminoevelohexyhmethanol hvdrochloride as g semi solid (D.6g crude).

18306} Step 10 Preparation of ethyl 4-(((Ir.drd-(hydroxymethylicvelohexyliaminsg - T H-

pvrrolo] 2, 3-blpyridine-S-carboxylate

To a stirred sclution of sthyl 4-chlovo-1H-pyreolol2,3-blpyridine-S-carboxyiate (3 g, 13.39
mmol} in N-methylpyrrolidine (10 ml} was added iriethvlamine (0.3 mb) and {(Irdr)d-
aminocyclohexyvlmethanol hydrochloride (2,539 g, 19.9 mmol). The solution was heated in g
sealed tube at 160 °C for 2 hours. After cooling to srubient {emperature, the reaction mixiure was
guenched with water and extracted with dichloromethane. The organdc layer was washed with
brine, dried over anhydrous sodivm sulphate and concentrated in vacue. The crude material was
purified by using flash chromatography (55% ethyl acetate/hexane) to provide ethyl 4-(((1r 4r)-
d-(hydroxymethvhoyelohexyhamino -1 H-pyrrolol 2,3 - lpyndine-S-carboxylate as a brown solid

(3g 71% vield): MS (B5) m/iz 3181 (M+H)

a3a7] Step 2: Preparation of ethyl 1-tosyi-4-{{{1r.4r}-4-

{(tosviosy poethyeyclohexyhamino -1 H-pyrrolo{2,3-blpyridine-S-carboxvlate

.."\\,-sp\
: B 3

O HNY
"\ ){\ K\e ‘-\
¢ v”“s{

T

To a3 solution of ethyl 4-({(irdr4-(hydroxymethyDoyelohexyDamine -1 Hpyirolo]2 3~
Slpyridine-3-carboxylate (1.3 g, 473 mmol) in dichloromethave (20 miy were added
triethylamine (1.2 mbL, 12,08 mmeol}, 4-dimethvlaminopyridine (3.28 g, 2.36 mmol} and 4~
tohwenesutfonyl chloride (2.7 g, 1419 mmel} at § °C. The wmixture was stimed gt room
temperature for 12 hours at which time the reaction was quenched with water and extracted with

dichloromethane.  The organic layer was washed with brine, dred over anhydrows sodiom

-1 40
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sulphate and concentrated i vacue. The crude walerial was purified by using flash
cliromatography  (35%  ethyl  aceiste/hexane) 1o provide  ethyvl  I-tosyld-({(1rdr}-4-
{{tosyloxy methyheyclohexyhamine -1 Hepyrrolo{ 2, 3-Alpyridine-Scarboxyiate as an off-white

solid (1.6 g, 353% yield): ME (ES) m/z 6261 (M+H).

[G388] Step-3: Preparation of ethyl 4-({(Irdr-4-{{acetylthioymethyDeyclohexyllamino)-1-

tosvi-1 H-pyrrolof 2, 3-Alpvridine-S-carboyyiate

To a solution of ethyl Iosyb-4-({(1rdr4-((tosyionyimethyDovelohexyDamine)- 1 H-
pyrolo{2.3-5ipyridine-3-carbo-xylate (1.6 g, 2.56 mumol) in dimethyl sulfokide (5 mi) was
added potassium ethanethioate (0.33 g, 2.89 mmol) and the wixiore was stirred gt 30 °C for 3
hours, The reaction mixture was cocled to ambient temperature and quenched with ice water.
‘The obtained solid was filtered, washed with water and dried to provide ethyl 4-{{(1r4r)-4-
{{acetyithiodmethyDevelohexyDamdoe - Ttosyl- T Hpyrrolof2,3-lpyridine-S-carboxylate  as 2

white solid (1.6 g, 74%0 MS (ES) sz 33001 (MHHD.

¥

R Sep 4 Preparation of ((1r, 4r-4-((S-{cthoxyearbouyl}-1-tosyl-1 H-pyrrole [2, 3-8)
pyridin-4-y1} aminoeyclohexyl) methanesulfonic acid

o s
TN J@!&‘\Q.
§ N

A sohution of ethyl 4-({(1r4rp-4-((acetylthiomethyDoyclohexyDaming - -tosyl- H-pyrroln2,3-
Blpyridine-S-carboxviate (0.3 g, 0.56 mmol} in hydrogen peroxide (.15 mL } was freated with
formie acid (3.8 mL) at § °C and the solution was stirred at room temperature for 2.3 hours. The
reaction mixiure was guenched with tee water, the oblained solid was filtered, washed with water

and  dried to  provide {({1r4rp4-((S-{ethoxycarbonyl)-1-tosyl-1 Hpyreolo]? 3-5lpyridin-4-
~14i-



WO 2019/090158 PCT/US2018/059071

ylaminoieyelohexyhimethanesulfonic acid as a white solid (021 g, 66% vicld)y: MS (E8) m/Z

5350 (MHH.

19318} Step 50 Preparation of ethyl 4-{{{1r 4r}-4-{(chiorosul fonyDimethyDeyclohex yDamino)-

i-togyl-1 H-pyrrolo{2,3-5lpyridine-S-carhoxvlate

TR

To a stirred solution of ({1r,4r3-4-((5 -({:‘thoxycarimn:'i)nE -tosyl-1 H-pyrrolof 2 3-Alpyridin-4-
yhaminoleyelohexyl) methavesulforde acid (0.21 g, .39 mmol) in N N-dimethylformaride (0.1
ok, ¥ was added thionyl chloride (2.0 mb) at § °C and the solution stirred at room temperature
for 2.5 hours, The reaction wmixture was concentrated in vacuo 1o provide ethyl 4-({({1r4r3-4-
{{chlorosulivnylmethylieyelohexyDamino)-L-tosyl-1 Hopyrrolo]2,3-5ipyridine-S-carboxviale as

a pale vellow solid (.35 g crude).

{8311} Step 6: Preparation of ethyi 4-4{{ 1 r 4ri-d-{{N-

methylsulfamoyimethvlicyelohexylamino)- 1 -tosyl- L H-pyreolo|2,3-4 pvriding-S-carboxviate

L
T
R

To a seolution of ethyl 4-(({Irdr-4-({chlorosalfonylimethyvlieyclohexyDamino)-t-tosyl-1 H-

pyrrolo]2 3-Alpyndine-S-carboxyiate (.21 g, 0.37 mmol) in tetrahydrotiran (10 mL) was added
methviamive (13 mb, 2.0 M in tetrahydrofuran) and the solution was stired in a sealed tbe at
roorn temperature 12 howrs, The reaction mixture was quenched with water and extracted with
ethyl acetate which was washed with brine, dried over anhydrous sodium sulphate, filiered and
coneentrated i vacue. The crude material was purified by tlash coluran chromatography (40%
ethyvi acetate/hexang i provide cthyl d-{{(Fr do3-4-{{N-
methylsulfamoyDmethvhicyelohexylaming -1 -tosyl-1 H-pyrroloi2, 3-Fpyridine-5-carboxylate as

a brown solid (0.07 g, 70% vieldy: MS (ES) sz 348.1 (M+H).
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(3312} Step 7: Preparation of gthiyl 4-{{({1r 44 ({N-

methyisuifamoyDmethyDoyelohexyDamine - Apyrroio]2,.3-5lpyridine-3-carboxviate

o
3_.\...»-'\\. T
et ©H

X, \‘1\ AN
NS
i iy
Sy ::;'\N
Bt

To a sohution of ethyl 4-{{¢{ 1r 4r}-4-{{(Numethyisulfamoyl mmethyDevelohexyDaming)- 1 tosyl- 1 H-
pyrrolo{2.3-bipyridine-S-carboxylate {0.14 g, 8.25 mmol} in tetrahvdrofiran (1 ml) was added
potassium fere-butoxide (007 g, 0.63 nunol) and the solution was stirred at room temperature
for 2.5 hours. The reaction mixture was quenched with waler, extracted with ethyl acetate,
washed with brine, dried over anhydrous sodinum sulphate, filtered and concentrated in vacuo.
The crude material was purified by flash column chromatography (40% ethyl acetate/hexane) to
provide  ethyl  4-({{1r 4rp-4-({V-methylsudfamoyDimethyhicvelohexyDamine - D il-pyrroln]2, 3-
Bipyridine-5S-carboxylate as an off white solid (0.07 g, 37% vield)y: 'H NMR (400 MHz, DMSO-
dey 8 1163 (b, TH), 871873 (m, TH), 831 {s, TH), 7.16 (s, TH), 6,85 {5, 1H), 6.51 (5, 1H},
4.22-424 {m, 2H 3, 3.87 (br s, 1H), 2.92-2.93 (m, 2H), 2.55 {m, 3H), 2.11 {ro, 2H), 1.97 {m, 2H),
184 (m, 2H), 1.29-1.30 (my, 64y MS (ES) sz 3821 (M-+H).

6313} Synthesis  of  Example 94 Preparation  of  ethyl  4-(methyl{{(Irde)-4-({N-

methylsoHamovipoethyDeyclohexyhaming -1 Fepyrrolo]2,3-5pyridine-S-carboxylate

Kcheme 15: Preparation ot ethyl S-{methyl{{ 1r 4r¥-d-({N-

methylsulfamoyhmethylievelohexyDamine - ilpyreoio]2,3-Alpyridine-3-carboxvlate
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8314} Preparation of ({1r4r)-4-{methylaminoloyelohexylmethanol

HQ"A!"'E/‘/'\\E O i ] ’: é?""f ““““ - H(:j// /’n :“;‘,«w\,\?
RN )’x AR THE NNy

HE ﬁ

To a stirred solotion of reri-butyl ({(Ir dr-4-(hydroxymethyhoyelehesyDearbamate (4 g, 17.47
munol} i tetrahydrofuran (75 ml) was added Hihium aluminium hydride (26 mi, 26.2 mmol, 1
M solution in telrahydroforan) slowly 2t 0 °C and the mixiure was slowly heated at 60 °C for 12
hours, The reaction mixiure was cooled {0 room temperature and guenched with ethyl acetste
and filtered through celite. The ovganic layer was washed with water, brine, dried over
anhydrous sodiumy  sulpbate, filiered and concentrated & vocwo to provide ((Irdrp-4-

{methylaminojoyclohexylmethano! as a yellow solid (3 g crude): MS (ESy m/z 1441 (M+H).

14318] Step i Preparation of cthyi d-{{{1r,4r)-4-

{hydroxymethyDeovelohexybi{methyDamino)- L H-pyrrolo2 3-8 jpyridine-3-carboxylate

~144-



WO 2019/090158 PCT/US2018/059071

To a sohution of ethyl dchlore-1 Hpyrrolol 2,3-Alpyridine-S-carboxylate (3 g 13.39 mmol) in
diphenyl ether (10 mb) was added {(1r dri-d-{methvlaminojeyclohexybmethanol (3.4 ¢, 24.10
mmol} and the solulion was subjected to microwave rradiation  at 180 °C for 2 bowrs. The
reaction muxiure was cooled o ambient temperature, quenched with water and extracted with
dichloromethane. The organic layer was washed with brine, dried over sodiwn sulphate, filtered
and concentrated i vacue, The crude material was purified by using flash chromatography (55%
sthvl acetate/hexane) to provide ethyl 4-(({1r dri-4-(hydroxymethyDeyelohexyDimethyDamine -
1 H-pyreole] 2,3 -Alpyridine-S-carboxylate as a brown solid {1 g, 27% yieldy MS (E8y mz 332.2

(W),

(83161 Siep 2 Preparstion of gihyl d-{methyl{{trd)-4-

{{tosyloxy ymethyvheyelohexyDamino}-1-tosyi-1 H-pyrrolof 2, 3-blpyridine-5-carboxylate

To a stired solution of ethyl 4-(((1rdr3-4-{hydroxymethylioyelohexy ¥ methyDaming - 1 /-
pyrrolol 2,3-Apyridine-S-carboxviate (1.0 g, 3.02 wmol} in dickioromethane 20 mi) was added
trigthylamine (1.2 mb, 12,08 mmol) at 0°C, followed by 4-dimethylaminopyridine (0,18 g, 1.51
mmol} and  d-tolueneselfony! chloride (1.7 g, 9.06 mumol). The mixture was stirred under a N3
atmosphere al room temperature for 12 hours, The reaction mixture was guenched with water
and exiracted with dichloromethane. The orgapie layer was washed with brine, dried over
anhydrous sodium sulphate, filtered and concentrated in vacue, The crude material was purified
by using tlash chromatography {20% ethyl scetgte/hexane) {o provide ethyl 4-{methyi{{1#47)-4-
{(tosyloxy ymethytoyelohexyDamino -1 ~tosyl-1 H-pyrrolo{2,3-blpyridine-S-carboxylate as an off-

white solid (1.4 g, 73% vield): MS (ES) a7 640.2 (M+H).
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0317 Step 3 Preparation of gthyl 4-{{{1rdr}-4-

{{acetyithioymethyDoyelohexylD{maethyDamina -1 -tosyl-1 H-pyrroln[2,3-Alpyridine-5-carboxylate

To a stirred solution of ethyl 4-(methyi({(Ir 4r)-4-((tosvioxyinethyheyclohexyDamino)-1 -{osyl-
Fpyrrolo]2,3-5lpyridine-S-carboxylate (1.4 g, 2,18 mmol) in dimethy! sulfoxide (30 mb) was
added potassiumn ethanethioste (028 g, 2.47 mmoly and the mixiure was stirred gt 50 °C for 3
hours. The reaction mixture was guenched with lce water, the obtained solid was fillered, washed
with water and dried £ provide cthyi A{{(1r4r-4-{{accivltiuo}-
methyheyelohexyDmethyDaminod- 1 -tosyl-LApyrrole[2,3-5lpyridine-5-carboxylate as a brown

colour solid (1.0 g, 84% vieldy: MS (ES) m/z 544.2 (M+H),

191318} Step 40 Preparation of  ({(Irdei-4-{(5-{gthoxycarbonyl}-1 tasyl-1 Hopyrrolo]2 3«

Sipvridin-4-vD{methyDaminecyclohenyl) methanesulfonic acid

N
‘\,-4“"“"\:\‘ ,@p’\ 5 :;:
i { R
T )
b dwg
I
N L
-y N =
- \-\{:_,i,- A ‘\}\*“'ﬂg’\
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\,Nw K
' N
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A stirred solution of ethyl 4-(({(1r,4r-4-{{aceiylthioimethyleyelohexyl{methyDamine -1 tosyl-
| H-pyrrolol2,3-bipyridine-5-carboxylate (1.1 g, 2.02 mmol} in hydrogen peroxide {3 mb) was
treated with formic acid (9 mL) at § °C and the selution was stirred at room temperature for 2.3
hours. The reaction mixiure was guenched with ice water, the obtained solid was filtered, washed
with water and dried to obtain {((1r,4r)-4-{{5-(ethoxycarbonylj-1-tosyl-1 H-pyrrolof 2 3-Fipyridin-
4-yli{methviiamine)oyclohenylimethanesulfonic acid as an off-white solid (0.55 g, 50% vield):
YHNMR (400 Mz, DMSO-3:) 8 821 (s, TH), 7.9(d, J = 7.6 Hz, 2H), 7.7 (4. J = 5.2 Hz, 1H),
739{d, S =8 Hz 2 H), 667 (d, /=32 Hz, 1H), 425418 {g, 2H}, 3.64-3.60 (m, 2H}, 2.75 (5,
3H, 2.37-82.32 (m, 5H), 2.06-2.03 (my, 2H), 1.75-1.70 (m, SH), 1.29 (1, J = 6.8 He, 3H), 1.06 -
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(.96 {m, ZH)

{319 Step 5 Preparation of ethyi 4-{{{1r dr}-4-
{{chlorosulfonyDmethyDeyelohexy DNmethyDamino - Ltosy - Apyreole]2.3-8pyridine-3-

carboxyiate

To a solution of  ({ird4r)-4-{{5-{ethoxvearbonyl}-1-tosyi-1 Hepyrrolo[2,3-Aipvridin-4-
vimethylaminoioyelohexyl)-  methanesuifonic  acid (05 g 6.9 wmmol} in NA-
dimethyiformamde (0.5 ml ) was added thiony! chioride (8 mb) at 0 °C and the solution stirred
for 2.5 hours, The reaction mixture was concenirated i vacue 1o provide ethyl 4-(({(1rdr)-4-
{chlorosulfonyimethyDeyelohexyli{methy Damino - Ttosyl-1 H-pyrroto 2, 3+ Ipyridine- 3~

carboxyiate as a coloriess Hauid (835 g crude): MS (E8) m/z 568.2 (M+H).

{33207 Step &: Preparation of ethyi G-{methyl{{Tr 4ry-4-((N-

methyispifamovhimethyvDiovelohexyliaming - osvl-1 Hlpyrrolo] 2, 3-8 ovridine-3-carboxviate
y ¥ YEICY yi J $ 7 o5 3

To a stirred solution of ethyl 4-({({!rdr-4-{{chiorosulfoayDmethvhcyclohexyD{methylamino)-
{-tosyl-1 H-pyrrelof2,3-blpyridine-5-carboxylate (.35 g, 0.61 munol} in tetrahydrofuran (10 mL)
was added methylamine (15 mi, 2.0 M in tetrahydrofuran) and the selution was stirred for 12
hours gt room temperature. The reaction mpiture was guenched with water and extracted with
ethyl acetate, brine, dried over anhydrous sedium sulphate and concentrated in vacuo, The crude
material was purified by using flash chromatography (40% ethyl acetate’hexane) to provide ethyl
4-{mgthvi{{1r 47 -4-((N-methyvisulfamoyvhmethvheyclohexyDamino - 1-tosy -1 H-pyrrolsf 2,3~

bipyridine-3-carboxviate as a yellow solid (3,300 g, 87 %6y MS (ES) m/z 563.2 {M+H).
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8321 Step 7 Preparation of ethyl d-{methyl({1r4ry-4-({M-

methylsulfamovhmethyhevelohexyhamino -V i-pyrrolo[2,3-Blpyridine-5-carbogylate

1o & stiveed selution of athyl d-{methyl{{1r 434N~
methyisulfamoyimethyDeyelohexyhamino - 1-tosy - L i-pyrrole[2,3-8ipyridine~3-carboxylaie

(1.3 g, 0.53 mmol} in tetrahydroturan (8 ml) was added polassiom sert-butoxide (0,15 g, 133
mmo!) and the solution was stirred at room temperature for 1.5 hours. The reaction muxture was
guenched with water and extracted with ethyl acetate. The organic layer was washed with brine,
dried over anhydrous sodivm eulphate and concentrated {v vacwe. The crude material was
purified by using flash chromatography (45% ethyl ascetate/hexane) to provide ethyt 4-
{methvi{{(1rde3-4-{(N-methylselfamoyvDmethyiioyelohex viamine)- 1 Fopyrrolo] 2,3-Alpyriding-3-
carboxylate as an off-white solid (.08 g 37% vieldy: 'H NMR (400 MHe, DMSO-ds 3 6 11.64
(s, TH), &.18 {s, 18y, 7.25 ¢s, IH}, 6.85 (4, J = 4.8 He, 1H), 640 s, 1H), 423420 {y, 2H),
3.81 {(bs, 1H), 2.80 (4, J = 5.6 He, 2H), 2.80 (3, 3H), 2.55 {4, J = 4.8 Hz, 3H), 2.05-2.02 {m,
FHY, L1776 (m, SHY, 129 (1, 7 =68 Hx, 3H), 1.21-1.19 (m, 2H); MS (E5) m/z 409.0 [M+H]

10322} Synthesis of Example 13 Preparation of ethyl 4-{(3-(2-

cyanoethoxyjoyclopentyDanmino -1 H-pyrrolof 2. 3-bpyridine-5-carboxylate

~
b3

Scheme 16, Preparation of ethyl 4-(CG-(C-cvanoethoxvicvclopentviiamine -1 H-pyrrolo{2,3-
4 3 {3403 yieyctopenty 3

blpyridine-S-carboxyiate.
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5323 Step 1 Preparation of 3-aminocyelopentan-1-ol triflucroacetic acid salt

TFA Hal ™0

To a solution of fert-butyl (-hyvdroxyevelopentyDearbamate (1.0 g 547 mmoll  in
dichtoromethane (5§ mi) was added trifinoroacetic acid (8 mL). The solution was stimed at
ambient temperature for 5 hours and then concentrated in vacuo to dryness to provide 3-

aminocyclopentan- Lol trifluorcacetic acid salt {117 g, orude),

{13241 step 20 Preparation of ethyl  4-{3-hydroxyeyclopentylaminoy-1 H-pyrrolof2,3-

Slpyridive-3-carboxylate

A stitred solution of ethyl 4-chloro-1 H-pyrrolo{2,3-Flpyridine-5-carboxylate (127 ¢ 544
nunol), 3-amdoocyclopentan-1-oltntlooroacetic acid salt (1.17 g, 5.44 mmol), triethylamine
{227 g, 16.3 mmad) in N-methvi-Z-pyrrolidone {10 ml) was heated in a sealed tube at 160°C for
12 hours. After cooling 1o ambient temperature, the reaction mixture was partitioned between
cthyl gcetate and water. The organic laver was washed with water, brine and dried over
anhydrous sodium sulfate. The solution was filiered and concentrated in vacwo. The crude
material was purified using flash chromatography (10% methanol/dichioromethane) to provide
ethyl 4-({3-hydroxyeyclopeniviiaming}-1 Hepyrrolo{2,3-blpyridine-S-carboxylate as a colorless

zum {0.82 g, 50% vieldy MS (ES) sz 290 1(M+H}

{B325] Step 3 Prepavation  of  ethyl  4-((3-{Z-cyavoethoxyieyclopentyhaming - LH-

pyrrolof 2, 3-blpyridine-S-carboxyiate
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To a suspension of potassium carbonate (0.86 g, 6.25 mmol) In cthanol (10mL) was added ethyi
&-((3-hydroxyeyciopentylamine - L F-pyrrolof2,3-blpyridine-S-carboxylate (0.74 g, 2.56 mumol}
and the mixture was stirred at ambient tomperature for 0.5 hours, Then acrylonitrile {1.35 g, 25.6
mmoly was added and the mixture was stirred for 15 hours. The solvent was concentrated in
vacuo and residue was partiioned between ethyl acetate and water. The organic layer was
washed with water, brine and dried over anhydrous magnesium sulfate. The solution was filtered
and concentrated @ vacuo. The crude material was purified by reverse phase preparative HPLC
{0.1% ammonda in wateracetonitrile) to provide ethyl 4-4{(3-(2-cvancethoxyjeyclopentyDamino -
{ Hepyrrolo[2,3-blpyridine-S-carboxylate (0.05 g, 8% vieldy:  'H NMR (400 MHz, DMSO-dg) &
P16t {brs, 1H), 895 (d, =76 Hz, 1H), 850 (s, 1H), 7.14 (s, TH), 6.58 (5, 1H}, 4.59-4.5 {m,
EH 425 (g, J =72 He, ZH), 4.02-4.10 {m, THY, 3.56-351 (m, 2, 2.73 (1, J = 6.4 Hx, ZH)
2.20-2.19 (m, 1H), 215-2.07 {m, TH), 1.90-1.82 (my, Z2H}, 1.73-1.69 {m, 2HY 1.29 (8, J= 6.2 Hz,
3Hy MS (ES) sz 3431 (M)

Prep HPLC Analyvtical Conditions

Column: Inertsil QDS 3V(250mm X 4.6mm X Smic)

Mobile phase{A): 0.1% Ammonia in waler

Maobile phase(B): ACN

Flow rate: 1.0 mi/min

Retention time: 12.61 min,

(83261 Synthesis of Example 117; Preparation of ethyl {(Ry-4-({1-(Z~cyanoacety}piperidin-3-

yhamine -1 Hepyvreolof2, 3-8pyridine-S-carboxyviate

Scheme 17, Preparation of ethyl (R}»4-({1-{Z-cyancacetylipiperidin-3-yhamino -1 Hopyrrolo[2,3-
-1 50
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Slpyridine-3~carboxylate

NMEP, TEA, Paiv, MeQH
Sealed tubs Step-3
Step-1
s
a “\»\%\\ ¥

ELC HCLHOBE,
IHPEA, DIGF
Step-3

{03274 Step 1t Preparation of ethyl {Ry-4-((I-beneylpiperidin-3-vDamine)-1 Hpyrrolo[2,3-

Hlpyvridine-S-carboxylate

Fo a solation of ethyl d-chloro~-1 Hepyrrolo[2,3-Alpyridine-S-carboxylate (3 g, 22.3 nunol) in M-
methyl-2-pyrrolidone (35 mb), was added (R)-1-benzylpiperidin-3-amine (848 g, 44.6 mmol)
and tristhylamine (1 mL) i a sealed tube. The mixture was heated to 170°C for 16 hours. After
cooting to roow temperature the reaction mixiure was quenched with water o precipitate a solid
which was filtered and washed with water, dried and concentrated in vacuo to provide ethyl (£)-
4-{{ I -{{benzyloxyicarbonylpipenidin-3-yhamina - 1 H-pyrroio2, 3-bipyridine-S-carboxviate as a

brown solid (8 g, 95 % vield): MS (ES)y m/z 3791 (M+H).

[8338] Step 2 Preparation of thyl {#)-4-{piperidin-3-ylamino)-1 Hpyrrolo|2 3-bipyridine. 3-

carboxylate

To a solution of sthyl (£-4-{(1-{(benzyvioxyicarbonyDpiperidin-3-vDamino)}- 1 H-pyrrelo2,3-
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blpyridine-S-carboxylate (.25 g, 1.06 mmol) in methano! (5 mL) was added 10% palladium on
carbon (0.3 g 5% wet w/w} and the mixture was stiveed under a hydrogen atmosphere at
ambient temperature for 12 hows. The reaction mixiure was partitioned between 509
methanol/ethyl acetate and filtered through celite. The filirate was concenirated in vacue o
provide ethyl (®3-d-(piperidin-3-vlamino}-1 H-pyrrolo[2,3-hlpyridine-5-carboxylate as an off

white selid (0.1 g, 90% vield)y MS (ES) avz 289.3 (MA+H).

{13291 Step 3 Preparation of ethyl (8)-4-((1-(2-cvancacetyDpiporidin-3-ylamine}- 1 -

pyrroloi2 3-Blpyridine-S-carboxsyiate

To a solution of ethyl (R)-4-(piperidin-3-ylamino)-1 H-pyrrolof2,3-Alpyridine-S-carboxylate (9 g,
313 mwmoly in dichloromethane (30 mbl) was added N-(3-dimethyiaminopropyl-A'-
ethylearboditmide HCL (9.7 g, 62.5 mmoly, -hydroxybenzotriazols (843 g, 62.5 mmoly, N A-
dusopropylethylamine (11.3 mL, 62.5 nunel} and cyancacetic acid (.76 g, 9.0 mmol) and the
mixiure was stirred gt ambient temperature for 18 hours. The reaction mixhre was guenched
with water and extracted with dichloromethane. The organic layer was washed with waier, bring
and dried over gnhvdrous sodium sulfate. The solution was filtered and concentraied in vacuo.
The crude material was purified by using flash clromatography (3% methanol/dichioromethane)
to provide cthyl {K)-4-{{1-(2-cvancaceiviipiperidin-3-ylamine -1 H-pyrrolo]2, 3-Alpyriding-5-
carboxylate (7.5 g, 68% vieldy: 'H NMR (400 MHz, DMSO-de) 8 11.68 (br s, 1H), B.86-8.79
{tn, 1H}, 854 (s, 1H), 7.20 (5, 1H), 6.67 {s, EE-E), 4.17-4.44 {m, 3H 3, 3.70-4.05 (m, 4H), 3.45-
348 {m, 1H} 3.11-3.24 (m, 1H), 2.066 {br s, 18}, 1.57-1.72 (e, 3H), 1.28-1.32 1, J = 7.2 Hz,
3H) MS (ES) sz 3561 (M+HD).

{B334] Synthesis of Hxample 118 Preparation of methyl 4-(((S3R4R)-1-(Z-cyannacetyl}-4-

methylpiperidin-3-yDamino}- 1 pyreolo[2,3-5lpyridine-3-carboxylate

~§ 52~
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Scheme 18, Preparation of methyl 4-(((3R 4K} 1-{2-cyancacety -4-methyipiperidin-3-ylDarino)-

I Hepyrrolo]2,3-6pyridine-3~carboxyiate.
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{83311 Step 1o Prepamstion of  4-{((3&.4K)-1-benzyl-4-methyipiperidin-3-vDamino)- 1 5-

pyrrolofl,3-8lpyridine-S-carboxylic acid

Toe a solution of ethyl 4-(((3RA4Z)-1-benzyi-4-methyipiperidin-3-yDamino}- 1 H-pyirolo2,3-
&ipyridine-S-carboxylate (6.1 g, $.25 mmol) in methane! (10 wl} was added lithiun hydroxide

(0.017 g, 6.7 mmoly and the wmixture was beated to 60 °C for 10 hours. After cooling to

ambient temperature, the reaction mixiure was concentrated in vacus o dryness. The residue was
dissolved in water and acidified with 2N hydrochloric acid and the agquecus mixture was
extracted with ethyl aceiate. The organic layver was washed with water, brine and dried over
anhydrous sodium sulfate, The solution was filtered and concentrated in vacuo fo provide 4-
{(BRAK-1-benuyl-d-methylpiperidin-3-yDamine)- 1 H-pyrrolo]2,3-blpyridine-3-carboxylic acid
{1085 g, 91% vield): MS (EX) m/z 3652 (M+H)
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{63321 Step 2: Prepavation of ethyl 4-({(3R 48)-1-beneyl-d4-methyipiperidin-3-yhamino -1 H-

pyvrrotold, 3-blpyridine-3-carboxylate

To a solution of 4-({(3 &, 4X)-1 -benzyl-4-methyipiperidin-3-vDamino -1 H.pyrroio] 2, 3-bipyridine-
S-carboxylic acid (0.08 g, $.22 mmol} in methano! (10 mL) was added sulfimic acid (1.0 mi) and
the solution was heated to 80 °C for 48 hours. Afier cooling to ambient temperature, the reaction
was quenched with saturated bicarbonate solution and extracted with ethyl acetate. The organic
layer was washed with water, brine and dried over anhydrous sodium sulfate, The solulion
filtered and concentrated in vacuw 1o provide methyl 4-(({(3 R 481 -benayl-4-methylpiperidin-3-

vijamino-1 Hepyrrolo{2,3-5lpyridine-S-carboxylate (3.1 g, crude): MS {EX) sz 3791 (M+H).

{6333 Step 3 Preparation  of wmethyl 43X 4R)-4-methyipiperidin-3-yDamino)- 17~

pyrrolof 2. 3-4lpynidine-S-carboxyviate

To a solution of soethyl 4-({(3R48)-1-benzyl-4-methylpiperidin-3-yhamina -1 H-pyrroln]2,3-
Alpyridine-S-carboxylate (8.1 g, 8,34 mmol) in tetrahydroturan {5 mL), was added palladium on
carbon (0.5 g, 50% wet wiw) and  the mixiure was stirred under a hydrogen atmosphere at
ammbicnt temperature for 12 howrs. The resulting solution was partitionsd between 50%
methanol/ethyl acetate and fillered through celite, The filtrate was concentrated in vacue fo
provide methyl 4-{{( 38 4R -4-methylpiperidin-3-ylamine)-1 H-pyrrolof 2,3-bpyriding-3-
carboxylate (0.09 g, 93% yieldy: MBS (ES) sz 2892 (M+H).

{334} Step 4 Preparation of methyt 4-{{{38,48)-1-{2-cyanoacetyl-d-methyipiperidin-3-

yhamine)-1 H-pyrrolo [2,3-6lpyridine-S-carboxviate
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To a solution of methyl 4-(((3R,4R)-4-methylpiperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-
5-carboxylate (0.1 g, 0.34 mmol) in dichloromethane (5 mL) was added N-(3-
dimethylaminopropyl)-N'-ethylcarbodiimide HCl (0.10 g, 0.69 mmol), 1-hydroxybenzotriazole
(0.09 g, 0.69 mmol), N,N-diisopropylethylamine (0.89 g, 6.94 mmol) and cyanoacetic acid (0.04
g, 0.52 mmol) and the mixture was stirred at ambient temperature for 12 hours. The reaction
mixture was quenched with water and extracted with dichloromethane. The organic layer was
washed with water, brine and dried over anhydrous sodium sulfate. The solution was filtered and
concentrated in vacuo. The crude material was purified using flash chromatography (6%
methanol/dichloromethane) to provide methyl 4-(((3R,4R)-1-(2-cyanoacetyl)-4-methylpiperidin-
3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate (0.06 g, 49% yield). 1H NMR (400 MHz,
DMSO-d6) 6 11.73 (m, 1H), 8.82-8.91 (m, 1H), 8.52-8.55 (m, 1H), 7.19-7.22 (m, 1H), 6.65-6.70
(m, 1H), 4.26-4.42 (m, 2H), 4.06 (s, 1H), 3.85 (s, 1H), 3.65-3.68 (m, 1H), 3.38-3.42 (m, 1H),
3.04-3.19 (m, 2H), 2.18-2.88 (m, 1H), 2.12 (br s, 1H), 1.35-1.64 (m, 3H), 0.88-0.96 (m, 3H); MS
(ES) m/z 356 (M+H).

[0335] Examples 119 and 120: Preparation of fert-butyl 4-(((3R,4R)-1-(2-cyanoacetyl)-4-
methylpiperidin-3-yl)amino)- 1 H-pyrrolo[2,3-b]pyridine-5-carboxylate and 4-(((3R,4R)-1-(2-
cyanoacetyl)-4-methylpiperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylic acid

trifluoroacetic acid salt

O H o
%%0 HO |\\

| A L 2
: N
N" H

N\‘.GNT]/\\\N o HN“'GWN
TN
i N
Scheme 19. Preparation of tert-butyl 4-(((3R,4R)-1-(2-cyanoacetyl)-4-methylpiperidin-3-
yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate and 4-(((3R,AR)-1-(2-cyanoacetyl )-4-
methylpiperidin-3-yl)amino)- 1 H-pyrrolo[2,3-b]pyridine-5-carboxylic acid trifluoroacetic acid

salt
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[0336] Step 1: Preparation of tert-butyl 4-chloro-1H-pyrrolo[2,3-b]pyridine-5-carboxylate

o ci
AR
To a solution of 4-chloro-1H-pyrrolo[2,3-b]pyridine-5-carboxylic acid (3.5 g, 17.8 mmol) in
toluene (20 mL), was added N-(di-fert-butoxymethyl)propan-2-amine (14.5 g, 71.4 mmol) and
the mixture was heated to 100°C for 1 hour and then stirred at ambient temperature for 12 hours.
The reaction mixture was quenched with water and extracted with ethyl acetate. The organic
layer was washed with water, brine and dried over anhydrous sodium sulfate. The solution was

filtered and concentrated in vacuo to provide tert-butyl 4-chloro-1H-pyrrolo[2,3-b]pyridine-5-
carboxylate (3.1 g, 63% yield ): MS (ES) m/z 253.1 (M+H).

[0337] Step 2: Preparation of fert-butyl 4-(((3R,4R)-1-benzyl-4-methylpiperidin-3-yl)amino)-

1 H-pyrrolo[2,3-b]pyridine-5-carboxylate

>L fo) HN\"O‘\/@
B ee

P
N
N R

To a solution of tert-butyl 4-chloro-1H-pyrrolo[2,3-b]pyridine-5-carboxylate (0.9 g, 3.57 mmol)
in N-methylpyrrolidine (2 mL), was added (3R,4R)-1-benzyl-4-methylpiperidin-3-amine (0.72 g,
3.57 mmol) and triethylamine (0.2 mL) in a sealed tube and the mixture heated at 170°C for 16

hours. After cooling to ambient temperature, the reaction mixture was quenched with water to
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precipitate a solid. The solid was filtered, washed with water and dried to provide tert-butyl 4-
(((3R,4R)-1-benzyl-4-methylpiperidin-3-yl)amino)- 1 /H-pyrrolo[2,3-b]pyridine-5-carboxylate as a
brown solid (1 g, 67% yield): MS (ES) m/z 421.2 (M+H).

[0338] Step 3: Preparation of tert-butyl 4-(((3R,4R)-4-methylpiperidin-3-yl)amino)-1/H-
pyrrolo[2,3-b]pyridine-5-carboxylate

>L o) HN“'K)\lH
L.

N

IZ

To a solution of fert-butyl 4-(((3R,4R)-1-benzyl-4-methylpiperidin-3-yl)amino)-1H-pyrrolo[2,3-
b]pyridine-5-carboxylate (0.4 g, 0.95 mmol) in tetrahydrofuran (1 mL) was added palladium on
carbon (1 g, 50% wet w/w) and the mixture was stirred under a hydrogen atmosphere at ambient
temperature for 24 hours. The reaction was partitioned between 50% methanol/ethyl acetate and
filtered through celite. The filtrate was concentrated in vacuo to provide fert-butyl 4-(((3R,4R)-4-
methylpiperidin-3-yl)amino)- 1 H-pyrrolo[2,3-b]pyridine-5-carboxylate (0.4 g, crude): MS (ES)
m/z 331.2 (M+H).

[0339] Step 4: Preparation of Example 119: tert-butyl 4-(((3R,4R)-1-(2-cyanoacetyl)-4-
methylpiperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate

‘s,
0 HN“'OI\[(\\
> N
o

(o]
B
o
N
N"H

To a solution of fert-butyl 4-(((3R,4R)-4-methylpiperidin-3-yl)amino)-1H-pyrrolo[2,3-
b]pyridine-5-carboxylate (0.4 g, 1.2 mmol) in dichloromethane (10 mL) was added N-(3-
dimethylaminopropyl)-N'-ethylcarbodiimide HCI (0.37 g, 2.4 mmol), 1-hydroxyl benzotriazole
(0.32 g, 2.4 mmol), N, N-diisopropylethylamine (0.31 g, 0.24 mmol) and cyanoacetic acid (0.2 g,
2.4 mmol) and the mixture was stirred at ambient temperature for 12 hours. The reaction mixture
was quenched with water and extracted with dichloromethane. The organic layer was washed
with water, brine and dried over anhydrous sodium sulfate. The solution was filtered and

concentrated in vacuo. The crude material was purified using flash chromatography (10%
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methanol/dichloromethane)  to provide tert-butyl 4-(((3R.,AR)-1-(2-cyanoacetyl)-4-
methylpiperidin-3-yl)amino)- 1 H-pyrrolo[2,3-b]pyridine-5-carboxylate (0.2 g, 41% yield).
'"H NMR (400 MHz, DMSO-de) § 11.65-11.71 (m, 1H), 8.91-8.93 (m, 1H), 8.48-8.52 (m, 1H),
7.17-7.20 (m, 1H) 6.63-6.69 (s, 1H) 4.21-4.43 (m, 2H), 3.84-4.07 (m, 2H), 3.60-3.70 (s, 1H),
3.38-3.41 (m, 1H), 3.07-3.20 (m, 2H), 2.13 (br s, 1H), 1.61-1.68 (m, 1H), 1.54 (s, 9H), 0.90-0.96
(m, 3H); MS (ES) m/z 398.2 (M+H).

[0340] Step 5: Preparation of Example 120: 4-(((3R,4R)-1-(2-cyanoacetyl)-4-
methylpiperidin-3-yl)amino)- 1 H-pyrrolo[2,3-b]pyridine-5-carboxylic acid trifluoroacetic acid

salt

To a solution of fert-butyl 4-(((3R,4R)-1-(2-cyanoacetyl)-4-methylpiperidin-3-yl)amino)-1H-
pyrrolo[2,3-b]pyridine-5-carboxylate (0.055 g, 1.2 mmol) was added trifluoroacetic acid (1 mL)
and the mixture was stirred at ambient temperature for 1.5 hours. The reaction was concentrated
in vacuo and crude material was purified by reverse phase preparative HPLC to provide 4-
(((3R,4R)-1-(2-cyanoacetyl)-4-methylpiperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-
carboxylic acid.trifluoroacetic acid salt (0.03 g, 47.6% yield). 'H NMR (400 MHz, DMSO-ds) &
12.37 (br s, 1H), 9.94 (br s, 1H), 8.62 (s, 1H), 7.38 (m, 1H) 6.93 (m, 1H) 4.31-4.54 (m, 2H),
3.69-4.11(m, 2H), 3.69-3.73 (m, 1H), 3.41-3.49 (m, 1H), 3.10-3.19 (m, 1H), 2.15 (br s, 1H),
1.62-1.70 (m, 1H), 1.46-1.49 (m, 1H), 1.21-1.36 (m, 1H), 0.85-0.94 (m, 3H); MS (ES) m/z 342.3
(M+H). Retention time: 4.603 min.

Analytical Conditions:

Column: Inertsil ODS 3V (250mm X 4.6mm X 5mic)

Mobile phase (A): 0.1%TFA in water

Mobile phase (B): ACN,

Flow rate: 1.0 mL/min

[0341] Synthesis of Example 121: Preparation of (R)-4-((1-(2-cyanoacetyl)piperidin-3-
yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylic acid trifluoroacetic acid salt
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[0342] Scheme 20. Preparation of (R)-4-((1-(2-cyanoacetyl)piperidin-3-yl)amino)-1H-

pyrrolo[2,3-b]pyridine-5-carboxylic acid trifluoroacetic acid salt.
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[0343] Step 1: Preparation of fert-butyl (R)-4-((1-benzylpiperidin-3-yl)amino)-1/H-
pyrrolo[2,3-b]pyridine-5-carboxylate

o] HN“'Q\/ :

x
L~

N
N" H

>

To a solution of tert-butyl 4-chloro-1H-pyrrolo[2,3-b]pyridine-5-carboxylate (0.1 g, 11.9 mmol)
in N-methylpyrrolidine (1 mL), was added (R)-1-benzylpiperidin-3-amine (0.08 g, 23.8 mmol)
and triethylamine (0.01 mL). The mixture was heated in a sealed at 170 °C for 16 hours. After
cooling to ambient temperature, the reaction was quenched with water to precipitate a solid. The
solid was filtered, washed with water and dried to provide fert-butyl (R)-4-((1-benzylpiperidin-3-
yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate as a brown solid (0.1 g, crude): MS (ES)
m/z 407.2 (M+H).

[0344] Step 2: Preparation of fert-butyl (R)-4-(piperidin-3-ylamino)-1/-pyrrolo[2,3-
b]pyridine-5-carboxylate
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To a solution fert-butyl (R)-4-((1-benzylpiperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-
carboxylate (3.1 g, 7.63 mmol) in methanol (10 mL ) was added palladium on carbon (2 g, 50%
wet w/w) and the mixture was stirred under a hydrogen atmosphere using Parr-shaker (70 psi) at
ambient temperature for 30 hours. The reaction mixture was filtered through celite and washed
with 50% methanol/ethyl acetate (200 mL). The filtrate was concentrated in vacuo to provide
tert-butyl (R)-4-(piperidin-3-ylamino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate (2.0 g crude):
MS (ES) m/z 317.1 (M+H)

[0345] Step 3: Preparation of tert-butyl (R)-4-((1-(2-cyanoacetyl)piperidin-3-yl)amino)-1H-
pyrrolo[2,3-b]pyridine-5-carboxylate

Xoxm I

NN

To a stirred solution of fert-butyl (R)-4-(piperidin-3-ylamino)-1H-pyrrolo[2,3-b]pyridine-5-
carboxylate (2.0 g, 6.32 mmol) in dichloromethane (20 mL) was added N-(3-
dimethylaminopropyl)-N'-ethylcarbodiimide HC1 (1.07 g, 12.6 mmol), 1-hydroxybenzotriazole
(1.70 g, 12.6 mmol), N,N-diisopropylethylamine (2.4 g, 18.9 mmol) and cyanoacetic acid (1.70
g, 12.6 mmol) and mixture was stirred at ambient temperature for 12 hours. The reaction mixture
was quenched with water and extracted with dichloromethane. The organic layer was washed
with water, brine and dried over anhydrous sodium sulfate. The solution was filtered and
concentrated in vacuo. The crude material was purified using flash chromatography (10%
methanol/dichloromethane) to provide fert-butyl (R)-4-((1-(2-cyanoacetyl) piperidin-3-
yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate (1.4 g, 58% yield): MS (ES) m/z 384.1
(M+H).

[0346] Step 4: Preparation of (R)-4-((1-(2-cyanoacetyl)piperidin-3-yl)amino)-1H-
pyrrolo[2,3-b]pyridine-5-carboxylic acid trifluoroacetic acid salt
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To  fert-butyl  (R)-4-((1-(2-cyanoacetyl)piperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-
carboxylate (1 g, 2.6 mmol) was added trifluoroacetic acid (5 mL) and the mixture was stirred at
ambient temperature for 1.5 hours. The reaction was concentrated in vacuo and crude material
was purified using reverse phase preparative HPLC (0.1% trifluoroacetic acid in water/methanol)
to provide (R)-4-((1-(2-cyanoacetyl) piperidin-3-yl) amino)-1H-pyrrolo[2, 3-b]pyridine-5-
carboxylic acid trifluoroacetic acid salt (0.72 g, 63% yield):lH NMR (400 MHz, D>O, DMSO-
ds,) 0 8.59 (s, 1H), 7.32-7.34 (m, 1H) 6.81-6.86 (m, 1H) 4.40 (m, 1H), 4.23 (m, 1H), 3.90-4.05
(m, 2H), 3.33-3.48 (m, 2H), 2.04 (m, 1H), 1.57-1.78 (m, 3H), 1.18-1.21 (m, 1H); MS (ES) m/z
328.1 (M+H).
Analytical Conditions:
Column: Inertsil ODS 3V (250mm X 4.6mm X 5mic);
Mobile phase (A): 0.1% TFA in water
Mobile phase (B) : Methanol;

Flow rate ;: 1.0 mL/min

[0347] Synthesis of Example 123: Preparation of ethyl (R)-4-((1-(2-cyanoethyl)piperidin-3-
yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate

o) HN“'O"\/\CN

(O A "
J L
NN

Scheme 21. Preparation of ethyl (R)-4-((1-(2-cyanoethyl)piperidin-3-yl)amino)-1H-pyrrolo[2,3-

o) HN“'O"\/\CN

b]pyridine-5-carboxylate.
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A solution of ethyl (R)-4-(piperidin-3-ylamino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate HCI
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(0.07 g, 0.21 mmol), acrylonitrile (0.11 g, 2.16 mmol) and triethylamine (0.06 mL, 0.42 mmol)
in ethanol (3 mL) was heated to 80°C for 2 hours. After cooling to ambient temperature, the
solvent was concentrated in vacuo and the crude material purified using flash chromatography
(5% methanol/dichloromethane) to provide ethyl (R)-4-((1-(2-cyanoethyl)piperidin-3-yl)amino)-
1 H-pyrrolo[2,3-b]pyridine-5-carboxylate as an off-white solid (0.025 g, 34% yield): 'H NMR
(400 MHz, DMSO-ds) 6 11.64 (s, 1H), 8.93 (b, 1H), 8.52 (s, 1H), 7.15 (s, 1H), 6.55 (s, 1H),
4.16-4.25 (m, 3H), 2.90-2.88 (m, 1H), 2.64 (s, 3H), 2.53-2.61 (m, 2H), 2.31-2.38 (m, 2H), 1.83-
1.92 (m, 1H), 1.63-1.75 (m, 1H), 1.43-1.62 (m, 2H), 1.28-1.38 (m, 3H); MS (ES) m/z 342.1
(M+H).

[0348] Synthesis of Example 124: Preparation of isopropyl 4-(((3R,4R)-1-(2-cyanoacetyl)-4-
methylpiperidin-3-yl)amino)- 1 H-pyrrolo[2,3-b]pyridine-5-carboxylate
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Scheme 22. Preparation of isopropyl 4-(((3R,4R)-1-(2-cyanoacetyl)-4-methylpiperidin-3-
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yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate.
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[0349] Step 1: Preparation of isopropyl 4-chloro-1H-pyrrolo[2,3-b]pyridine-5-carboxylate
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To a solution of 4-chloro-1H-pyrrolo[2,3-b]pyridine-5-carboxylic acid (0.5 g, 2.55 mmol) in
isopropyl alcohol (20 mL) was added concentrated sulfuric acid (0.2 mL) at 0 °C and the mixture
heated at reflux for 10 hours. After cooling to ambient temperature, the reaction was
concentrated in vacuo and the residue was quenched with saturated sodium bicarbonate and
extracted with ethyl acetate. The organic layer was washed with water, brine and dried over
anhydrous sodium sulfate. The solution was filtered and concentrated in vacuo to provide
isopropyl 4-chloro-1H-pyrrolo [2,3-b]pyridine-5-carboxylate as a white solid (0.45 g, crude): MS

(ES) m/z: 239.1 (M+H).

[0350] Step 2: Preparation of isopropyl 4-(((3R,4R)-1-benzyl-4-methylpiperidin-3-yl)amino)-
1 H-pyrrolo[2,3-b] pyridine-5-carboxylate

AN

NN

A solution of isopropyl 4-chloro-1H-pyrrolo[2,3-b]pyridine-5-carboxylate (0.4 g, 1.68 mmol),
(3R,4R)-1-benzyl-4-methylpiperidin-3-amine (0.41 g, 2.01 mmol) and triethylamine (0.5 mL) in
N-methyl-2-pyrrolidone (5 mL) was subjected to microwave irradiation at 180 °C for 2 hours.
After cooling to room temperature, the reaction mixture was quenched with water and extracted
with ethyl acetate. The organic layer was washed with brine, dried over anhydrous sodium
sulfate. The solution was filtered and concentrated in vacuo. The crude material was purified by
using flash chromatography (ethyl acetate/hexane) to provide isopropyl 4-(((3R,4R)-1-benzyl-4-
methylpiperidin-3-yl)amino)- 1 H-pyrrolo[2,3-b]pyridine-5-carboxylate as a liquid (0.6 g, 88%
yield): MS (ES) m/z: 407.1 (M+H).

[0351] Step 3: Preparation of isopropyl 4-(((3R,4R)-4-methylpiperidin-3-yl)amino)-1/-
pyrrolo[2,3-b]pyridine-5-carboxylate
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To a solution of isopropyl 4-(((3R,4R)-1-benzyl-4-methylpiperidin-3-yl)amino)-1H-pyrrolo[2,3-
b]pyridine-5-carboxylate (0.6 g, 1.47 mmol) in tetrahydrofuran (30 mL) was added palladium on
carbon (0.9 g, 50% wet w/w) and the mixture was stirred under hydrogen atmosphere (70 psi)
by using Parr-shaker at ambient temperature for 16 hours. The reaction mixture was filtered
through celite and filtrate was concentrated in vacuo to provide isopropyl 4-(((3R,4R)-4-
methylpiperidin-3-yl) amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate (0.45 g crude): MS (ES)
m/z: 317.1 (M+H).

[0352] Step 4: Preparation of isopropyl 4-(((3R,4R)-1-(2-cyanoacetyl)-4-methylpiperidin-3-
yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate
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To a solution of isopropyl 4-(((3R,4R)-4-methylpiperidin-3-yl)amino)-1H-pyrrolo[2,3-
b]pyridine-5-carboxylate (0.2 g, 0.63 mmol) in dichloromethane (6 mL) was added N-(3-
dimethylaminopropyl)-N'-ethylcarbodiimide HC1 (0.14 g, 0.75 mmol), 1-hydroxybenzotriazole
(0.1 g, 0.75 mmol), N,N-diisopropylethylamine (0.3 mL, 1.58 mmol) and cyanoacetic acid (0.08
g, 0.94 mmol) and the mixture was stirred at ambient temperature for 6 hours. The reaction
mixture was quenched with water and extracted with dichloromethane. The organic layer was
washed with brine, dried over anhydrous sodium sulfate. The solution was filtered and
concentrated in vacuo. The crude material was purified by using flash chromatography (ethyl
acetate/hexane) to provide isopropyl 4-(((3R,4R)-1-(2-cyanoacetyl)-4-methyl piperidin-3-
yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate as a pale yellow solid (0.05 g, 21% yield).
'H NMR (400 MHz, DMSO-de, at 90°C) § 11.54 (br s, 1H), 8.85 (d, J = 8.4 Hz, 1H), 8.54 (s,
1H), 7.17 (s, 1H), 6.64 (br s, 1H), 5.12-5.18 (m, 1H), 4.25- 4.42 (m, 2H ), 3.88-4.00 (m, 1H),
3.68-3.79 (m, 1H), 3.28-3.44 (m, 1H), 2.65-2.87 (m, 1H), 2.07-2.17 (m, 1H), 1.57-1.66 (m, 2H),
1.43-1.48 (m,1H), 1.32 (t, J = 6.4 Hz, 6H), 0.96 (br s, 3H); MS (ES) m/z 384.3 (M+H).
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[0353] Synthesis of Example 125: Preparation of propyl 4-(((3R,4R)-1-(2-cyanoacetyl)-4-
methylpiperidin-3-yl)amino)- 1 H-pyrrolo[2,3-b]pyridine-5-carboxylate

O
~"o |\ N o]
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Scheme 23. Preparation of propyl 4-(((3R.,4R)-1-(2-cyanoacetyl)-4-methylpiperidin-3-yl)amino)-
1 H-pyrrolo[2,3-b]pyridine-5-carboxylate.
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[0354] Step 1: Preparation of ethyl 4-chloro-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-
pyrrolo[2,3-b]pyridine-5-carboxylate

To a suspension of sodium hydride (0.53 g, 13.39 mmol) in dimethylformamide (30 mL) was
added ethyl 4-chloro-1H-pyrrolo[2,3-b]pyridine-5-carboxylate (2.0 g, 8.92 mmol) at 0 °C and the
mixture was stirred for 30 minutes. Then 2-(trimethylsilyl)ethoxymethyl chloride (1.9 mL, 10.7
mmol) was added at 0°C and the mixture stirred for 2 hours. The reaction mixture was quenched
with ice water and extracted with ethyl acetate. The combined organic layer was washed with
water, brine and dried over sodium sulfate. The solution was filtered and concentrated in vacuo.
The crude material was purified by using flash chromatography (ethyl acetate/hexane) to provide
ethyl 4-chloro-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate as
a liquid (2.0 g, 64% yield): MS (ES) m/z 355.1 (M+H).
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[0355] Step 2: Preparation of 4-chloro-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrrolo[2,3-
b]pyridine-5-carboxylic acid

(o] Cl
HO | N\
NZ N

To a solution of ethyl 4-chloro-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrrolo[2,3-b]pyridine-
5-carboxylate (1.8 , 5.07 mmol) in methanol : water (8:2, 30 mL) at 0 °C was added sodium
hydroxide (0.45 g, 10.1 mmol). The mixture was then heated at 70 °C for 10 hours. After
cooling to ambient temperature, the reaction mixture was concentrated in vacuo and residue was
dissolved in water and acidified with 3N HCI. The aqueous layer was extracted with ethyl
acetate. The organic layer was washed with water, brine and dried over anhydrous sodium
sulfate. The solution was filtered and concentrated in vacuo to provide 4-chloro-1-((2-
(trimethylsilyl)ethoxy)methyl)-1H-pyrrolo[2,3-b]pyridine-5-carboxylic acid as an off-white solid
(1.5 g, crude): MS (ES) m/z: 327.1 (M+H).

[0356] Step 3: Preparation of propyl 4-chloro-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-
pyrrolo[2,3-b]pyridine-5-carboxylate

o ¢l
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To a solution of 4-chloro-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrrolo[2,3-b]pyridine-5-
carboxylic acid (0.5 g, 1.53 mmol) in NN dimethylformamide (10 mL) was added potassium
carbonate (0.42 g, 3.06 mmol) and 1-iodopropane (0.3 mL, 6.12) and the mixture was stirred at
room temperature for 16 hours. The reaction was quenched with ice water and extracted with
ethyl acetate. The organic layer was washed with water, brine and dried over sodium sulfate. The
solution was filtered and concentrated in vacuo to provide propyl 4-chloro-1-((2-
(trimethylsilyl)ethoxy)methyl)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate as a liquid (0.6 g,
crude): MS (ES) m/z: 369.1 (M+H).

[0357] Step 4: Preparation of propyl 4-(((3R,4R)-1-benzyl-4-methylpiperidin-3-yl)amino)-1-
((2-(trimethylsilyl) ethoxy)methyl)-1/H-pyrrolo[2,3-b]pyridine-5-carboxylate
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A mixture of propyl 4-chloro-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrrolo[2,3-b]pyridine-5-
carboxylate (0.2 g, 0.54 mmol), (3R,4R)-1-benzyl-4-methylpiperidin-3-amine (0.13 g, 0.65
mmol) and triethylamine (0.1 mL, xx mmol) in N-methyl-2-pyrrolidone (6.0 mL) was heated in a
sealed tube for 12 hours. After cooling to ambient temperature, the reaction was quenched with
water and extracted with ethyl acetate. The organic layer was washed with water, brine and dried
over sodium sulfate. The solution was filtered and concentrated in vacuo. The crude material was
purified using flash chromatography (ethyl acetate/hexane) to provide propyl 4-(((3R,4R)-1-
benzyl-4-methylpiperidin-3-yl)amino)-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrrolo[2,3-
b]pyridine-5-carboxylate as a liquid (0.8 g, 69% yield): MS (ES) m/z: 537.3 (M+H).

[0358] Step 5: Preparation of propyl 4-(((3R, 4R)-1-benzyl-4-methylpiperidin-3-yl)amino)-
1 H-pyrrolo[2,3-b]pyridine-5-carboxylate

N
To a solution of propyl 4-(((3R.,4R)-1-benzyl-4-methylpiperidin-3-yl)amino)-1-((2-
(trimethylsilyl)ethoxy)methyl)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate (0.8 g, 1.49 mmol) in
dichloromethane (10 mL) was added trifluoroacetic acid (10 mL) and the mixture was stirred at
ambient temperature for 3 hours. The volatiles were removed in vacuo and residue was dissolved
dichloromethane (10 mL) and ethylenediamine (10 mL) was added. The reaction was stirred at
ambient temperature for 3 hours. The reaction mixture was quenched with water and extracted
with ethyl acetate. The organic layer was dried over anhydrous sodium sulfate and concentrated
in vacuo. The crude material was purified by using flash chromatography (ethyl acetate/hexane)
to provide propyl  4-(((3R,4R)-1-benzyl-4-methylpiperidin-3-yl)amino)-1H-pyrrolo[2,3-
b]pyridine-5-carboxylate as a pale yellow solid (0.45 g, 75% yield): MS (ES) m/z: 407.3 (M+H).

[0359] Step 6: Preparation of propyl 4-(((3R,4R)-4-methylpiperidin-3-yl)amino)-1/-
pyrrolo[2,3-b]pyridine-5-carboxylate
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To a solution of propyl 4-(((3R,4R)-1-benzyl-4-methylpiperidin-3-yl)amino)-1H-pyrrolo[2,3-
b]pyridine-5-carboxylate (0.45 g, 1.18 mmol) in tetrahydrofuran (50 mL) was added palladium
on carbon (0.5 g, 50% wet w/w) and the mixture was stirred under a hydrogen atmosphere at
ambient temperature for 10 hours. The reaction mixture was filtered through celite. The filtrate
was concentrated in vacuo to provide propyl 4-(((3R,4R)-4-methylpiperidin-3-yl)amino)-1H-
pyrrolo[2,3-b]pyridine-5-carboxylate as an off-white solid (0.3 g, crude): MS (ES) m/z: 317.4

(M+H).

[0360] Step 7: Preparation of propyl 4-(((3R,4R)-1-(2-cyanoacetyl)-4-methylpiperidin-3-
yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate

o HN“'O\H(\\N
\/\O |\ A\ (0]
~
N
N g

To a solution of propyl 4-(((3R,4R)-4-methylpiperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-
carboxylate (0.15 g, 0.47 mmol) in dichloromethane (5 mL) was added N-(3-
dimethylaminopropyl)-N'-ethylcarbodiimide HCI (0.108 g, 0.56 mmol), 1-hydroxybenzotriazole
(0.08 g, 0.56 mmol), N,N-diisopropylethylamine (0.2 mL, 1.18 mmol), cyanoacetic acid (0.06 g,
0.71 mmol) and the mixture was stirred at ambient temperature for 16 hours. The reaction was
quenched with water and extracted with dichloromethane. The organic layer was washed with
water, brine and dried over anhydrous sodium sulfate. The solution was filtered and concentrated
in vacuo. The crude material was purified using flash chromatography (ethyl acetate/hexane) to
provide propyl 4-(((3R,4R)-1-(2-cyanoacetyl)-4-methylpiperidin-3-yl)amino)-1H-pyrrolo[2,3-
b]pyridine-5-carboxylate as a pale yellow solid (0.07 g, 42% yield): 'H NMR (400 MHz,
DMSO-dg, at 90°C) 6 11.47 (brs, 1H), 8.81 (d, J = 6.8 Hz, 1H), 8.57 (s, 1H), 7.16 (s, 1H), 6.64
(brs, 1H), 4.38 (m, 1H), 4.20-4.21 (m, 3H), 3.70-3.84 (m, 2H), 3.38-3.40 (m, 1H), 3.16 (m, 1H),
2.15 (m, 1H), 1.68-1.77 (m, 3H), 1.52-1.64 (m, 1H), 1.07-1.24 (m, 1H), 0.95-0.99 (br s, 6H);
MS (ES) m/z: 384 (M+H).
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[0361] Synthesis of Example 126: Preparation of ethyl 4-(((3R,4R)-1-(1-
cyanocyclopropane-1-carbonyl)-4-methylpiperidin-3-yl)amino)- 1 H-pyrrolo[2,3-b]pyridine-5-
carboxylate

O HN™
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WX
N
o N
N

NN
H
Scheme 24. Preparation of ethyl 4-(((3R,4R)-1-(1-cyanocyclopropane-1-carbonyl)-4-

methylpiperidin-3-yl)amino)- 1 H-pyrrolo[2,3-b]pyridine-5-carboxylate.

RGN S
NN DIPEA, DOM NN

To a solution of ethyl 4-(((3R,4R)-4-methylpiperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-
carboxylate (0.15 g, 0.49 mmol) in dichloromethane (6 mL) was added N-(3-
dimethylaminopropyl)-N'-ethylcarbodiimide HCI1 (0.142 g, 0.74 mmol), 1-hydroxybenzotriazole
(0.1 g, 0.74 mmol), N,N-diisopropylethylamine (0.3 mL, 1.48 mmol), 1-cyanocyclopropane-1-
carboxylic acid (0.08 g, 0.74 mmol) and the mixture was stirred at room temperature for 10
hours. The reaction was quenched with water and extracted with dichloromethane. The organic
layer was washed with water, brine and dried over anhydrous sodium sulfate. The solution was
filtered and concentrated in vacuo. The crude material was purified by using flash
chromatography (10% methanol/dichloromethane) to provide ethyl 4-(((3R,4R)-1-(1-
cyanocyclopropane-1-carbonyl)-4-methyl piperidin-3-yl)amino)-1H-pyrrolo[2,3-b] pyridine-5-
carboxylate as an off-white solid (0.05 g, 26% yield): '"H NMR (400 MHz, DMSO-de) & 11.69
(br s, 1H), 8.87 (d, J = 8.4 Hz, 1H), 8.52 (s, 1H), 7.19 (s, 1H), 6.68 (br s, 1H), 4.41(m, 2H ),
4.20-4.28 (m, 3H), 3.28 (s, 3H), 2.16 (m, 1H), 1.68 (m,1H), 1.46 (m, 3H), 1.21-1.29 (m, 4H),
0.93 (d, J=5.6 Hz, 3H); MS (ES) m/z: 396 (M+H).

[0362] Synthesis of Example 127: Preparation of ethyl 4-(((3R,4R)-1-(2-cyanopropanoyl)-4-
methylpiperidin-3-yl)amino)- 1 /H-pyrrolo[2,3-b]pyridine-5-carboxylate
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Scheme 25. Preparation of ethyl 4-(((3R,4R)-1-(2-cyanopropanoyl)-4-methylpiperidin-3-
yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate.
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To a solution of ethyl 4-(((3R,4R)-4-methylpiperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-
carboxylate (0.15 g, 0.49 mmol) in dichloromethane (6 mL) was added N-(3-
dimethylaminopropyl)-N'-ethylcarbodiimide HCI1 (0.142 g, 0.74 mmol), 1-hydroxybenzotriazole
(0.1 g, 0.74 mmol), N, N-diisopropylethylamine (0.3 mL, 1.48 mmol) and 2-cyanopropanoic acid
(0.075 g, 0.74 mmol) and the mixture was stirred at room temperature for 10 hours. The reaction
mixture was quenched with water and extracted with dichloromethane. The organic layer was
washed with water, brine and dried over anhydrous sodium sulfate. The solution was filtered and
concentrated in vacuo. The crude material was purified by using flash chromatography (ethyl
acetate/hexane) to provide ethyl 4-(((3R,4R)-1-(2-cyanopropanoyl)-4-methylpiperidin-3-
yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate as an off-white solid (0.038 g, 20% yield):
'H NMR (400 MHz, DMSO-ds, at 90°C) & 11.47 (br s, 1H), 8.82 (d, J = 8.4 Hz, 1H), 8.55 (s,
1H), 7.15(s, 1H), 6.65 (br s, 1H), 4.40 (m, 2H), 4.27 (m, 3H), 3.89 (m, 1H), 3.0-3.31 (m, 2H),
2.15 (m, 1H), 1.67 (m, 1H), 1.49 (m, 1H), 1.24-1.32 (m, 6H), 0.94 (d, J = 6.0 Hz, 3H); MS (ES)
m/z: 384.4 (M+H).

[0363] Synthesis of Example 128: Preparation of ethyl (R)-4-((1-(1-cyanocyclopropane-1-
carbonyl)piperidin-3-yl)amino)-1 H-pyrrolo[2,3-b]pyridine-5-carboxylate
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Scheme 26. Preparation of ethyl (R)-4-((1-(1-cyanocyclopropane-1-carbonyl)piperidin-3-
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yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate.
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To a solution of ethyl (R)-4-(piperidin-3-ylamino)-1/-pyrrolo[2,3-b]pyridine-5-carboxylate HCI
(0.07 g, 0.24 mmol) in dichloromethane (5 mL) was added diisopropyethylamine (0.12 mL, 0.72
mmol), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide HCl (0.06 g, 0.36 mmol), 1-
hydroxybenzotriazole (0.04 g, 0.36 mmol) and 1-cyanocyclopropane-1-carboxylic acid (0.04 g,
0.36 mmol) and the mixture was stirred at ambient temperature for 12 hours. The reaction
mixture was quenched with water and extracted with dichloromethane. The combined organic
layers were washed with water, brine and dried over anhydrous sodium sulfate. The solution
was filtered and concentrated in vacuo. The crude material was purified using flash
chromatography (100 % ethyl acetate/hexane). The impure product was further purified by prep
HPLC to provide ethyl (R)-4-((1-(1-cyanocyclopropane-1-carbonyl)piperidin-3-yl)amino)-1H-
pyrrolo[2,3-b]pyridine-5-carboxylate as an off-white solid (0.022 g, 26 % yield ): '"H NMR (400
MHz, DMSO-ds) 0 11.69 (s, 1H), 8.86 (d, J = 6.8 Hz, 1H), 8.54 (s, 1H), 7.20 (s, 1H), 6.68 (s,
1H), 4.24 (d, /= 6.8 Hz, 3H), 3.96 (d, /= 11.2 Hz, 1H), 3.69 (br s, 3H), 2.06 (br s, 1H), 1.76 (br
s, 3H), 1.55 (br s, 3H), 1.22-1.31 (m, 4H); MS (ES) m/z 382.3 (M+H).

Retention time: 13.605 min.

Analytical Conditions:

Column: Inertsil ODS 3V(250mm X 4.6mm X 5mic);

Mobile phase(A): 0.1% Ammonia in water;

Mobile phase(B): ACN; Flow rate : 1.0 mL/min.

[0364] Synthesis  of  Example  129:  Preparation of  ethyl  4-(((3R)-1-(2-
cyanopropanoyl)piperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate
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Scheme 27. Preparation of ethyl 4-(((3R)-1-(2-cyanopropanoyl)piperidin-3-yl)amino)-1/-
pyrrolo[2,3-b]pyridine-5-carboxylate.
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To a solution of ethyl (R)-4-(piperidin-3-ylamino)-1/-pyrrolo[2,3-b]pyridine-5-carboxylate HCI
(0.06 g, 0.20 mmol) in dichloromethane (5 mL) was added diisopropyethylamine (0.10 mL, 0.62
mmol), I1-ethyl-3-(3-dimethylaminopropyl)carbodiimider HCl (0.059 g, 0.31 mmol), 1-
hydroxybenzotriazole (0.042 g, 0.31 mmol) and 2-cyanopropanoic acid (0.030 g, 0.31 mmol).
The mixture was stirred at ambient temperature for 12 hours. The reaction was quenched with
water and extracted with dichloromethane. The combined organic layers were washed with
water, brine and dried over anhydrous sodium sulfate. The solution was filtered and
concentrated in vacuo. The crude material was further purified by prep HPLC to provide ethyl
4-(((3R)-1-(2-cyanopropanoyl)piperidin-3-yl)amino)-1#-pyrrolo[2,3-b]pyridine-5-carboxylate as
an off-white solid (0.016 g, 23 % yield ): 'H NMR (400 MHz, DMSO-ds) § 11.68 (s, 1H), 8.83-
8.89 (m, 1H), 8.53 (s, 1H), 7.19 (s, 1H), 6.66 (s, 1H), 4.37-4.42 (m, 1H), 4.17-4.24 (m, 2H),
4.09-4.11 (m, 2H), 3.77-3.79 (m, 1H), 3.42-3.58 (m, 3H), 2.04 (br s, 1H), 1.51-1.71 (m, 3H),
1.38-1.40 (m, 2H), 1.27-1.33 (m, 3H); MS (ES) m/z 370.2 (M+H).

Retention time: 9.050 min

Analytical Conditions:

Column: Inertsil ODS 3V(250mm X 4.6mm X 5mic);

Mobile phase (A): 0.1% Ammonia in water

Mobile phase (B): ACN; Flow rate : 1.0 mL/min.

[0365] Synthesis of Example 130: Preparation of propyl (R)-4-((1-(2-cyanoacetyl)piperidin-
3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate

~"o | N\ o
NN
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Scheme 28. Preparation of propyl (R)-4-((1-(2-cyanoacetyl)piperidin-3-yl)amino)-1/-
pyrrolo[2,3-b]pyridine-5-carboxylate.
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[0366] Step 1: Preparation of propyl 4-chloro-1H-pyrrolo[2,3-b]pyridine-5-carboxylate
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To a solution of ethyl 4-chloro-1H-pyrrolo[2,3-b]pyridine-5-carboxylate (10.0 g, 44.51 mmol) in
propanol (100 mL), was added cesium carbonate (43.4 g, 133.5 mmol) and the mixture was
stirred at ambient temperature for 16 hours. The reaction mixture was concentrated in vacuo, the
residue was dissolved in water and extracted with ethyl acetate. The organic layer was washed
with water, brine and dried over anhydrous sodium sulfate. The solution was filtered and
concentrated in vacuo. The crude material was purified using flash chromatography (40% ethyl
acetate/hexane) to provide propyl 4-chloro-1H-pyrrolo[2,3-b]pyridine-5-carboxylate as a white
solid (10 g, 96% yield): MS (ES) m/z 239 (M+H).

[0367] Step 2: Preparation of propyl (R)-4-((1-(tert-butoxycarbonyl)piperidin-3-yl)amino)-
1 H-pyrrolo[2,3-b]pyridine-5-carboxylate
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A solution of propyl 4-chloro-1H-pyrrolo[2,3-b]pyridine-5-carboxylate (0.5 g, 2.09 mmol), fert-
butyl (R)-3-aminopiperidine-1-carboxylate (0.418 g, 2.09 mmol) and triethylamine (0.1 mL, 0.7
mmol) in N-methyl-2-pyrrolidone (10 mL) in sealed tube was heated to 140 °C for 5 hours. After
cooling to room temperature, the reaction was quenched with water and extracted with ethyl
acetate. The organic layer was washed with water, brine and dried over anhydrous sodium
sulfate. The solution was filtered and concentrated in vacuo. The crude material was purified
using flash chromatography (50% ethyl acetate/hexane) to provide propyl (R)-4-((1-(tert-
butoxycarbonyl)piperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate as a yellow
solid (0.2 g, 23% yield): MS (ES) m/z 403 (M+H)

[0368] Step 3: Preparation of propyl (R)-4-(piperidin-3-ylamino)-1/-pyrrolo[2,3-b]pyridine-
5-carboxylate hydrochloride salt

- NH.HCI
g

N/”

To a solution of propyl (R)-4-((1-(tert-butoxycarbonyl)piperidin-3-yl)amino)-1H-pyrrolo[2,3-
b]pyridine-5-carboxylate (0.2 g, 0.49 mmol) in dioxane (5 mL) was added 4M HCI in dioxane (5
mL) at 0 °C and the reaction was allowed to warm to ambient temperature and stir for 5 hours.
The solution was concentrated in vacuo and the residue was washed with diethyl ether to provide
propyl (R)-4-(piperidin-3-ylamino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate HCI as an off-white
solid (0.15 g, 90% yield): MS (ES) m/z 303 (M+H).

[0369] Step 4: Preparation of propyl (R)-4-((1-(2-cyanoacetyl)piperidin-3-yl)amino)-1/-
pyrrolo[2,3-b]pyridine-5-carboxylate
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To a solution of propyl (R)-4-(piperidin-3-ylamino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate
HCl (0.15 g, 044 mmol) in dichloromethane (10 mL), was added 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide HCI1 (0.13 g, 0.88 mmol), 1-hydroxybenzotriazole (0.12 g,
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0.88 mmol), N,N-diisopropylethylamine (0.23 mL, 1.32 mmol), cyanoacetic acid (0.07 g, 0.88
mmol) and the mixture stirred at ambient temperature for 16 hours. The reaction mixture was
partitioned between dichloromethane and water. The organic layer was washed with water, brine
and dried over anhydrous sodium sulfate. The solution was filtered and concentrated in
vacuo. The crude material was purified wusing flash chromatography (5%
methanol/dichloromethane) to provide propyl (R)-4-((1-(2-cyanoacetyl)piperidin-3-yl)amino)-
1 H-pyrrolo[2,3-b]pyridine-5-carboxylate ( 0.037 g, 23 % yield ). 'H NMR (400 MHz, DMSO-ds
at 80 °C) & 11.47 (s, 1H), 8.74 (s, 1H), 8.56 (s, 1H), 7.16 (s, 1H), 6.66 (s, 1H), 4.18-4.19 (m,
3H), 3.94 (m, 2H), 3.73 (m, 1H), 3.52 (m, 1H), 3.27 (m, 2H), 2.08 (m,1H), 1.67-1.88 (m, 5H),
0.97 (t, J=17.6 Hz, 3H); MS (ES) m/z 370 (M+H).

Retention time: 10.27 min

Analytical Conditions:

Column: Inertsil ODS 3V(250mm X 4.6mm X 5mic)

Mobile phase(A): 0.1% ammonia in water

Mobile phase(B): ACN

Flow rate: 1.0 mL/min

[0370] Synthesis of Example 131: Preparation of 2-methoxyethyl (R)-4-((1-(2-
cyanoacetyl)piperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate
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N N

Scheme 29. Preparation of 2-methoxyethyl (R)-4-((1-(2-cyanoacetyl)piperidin-3-yl)amino)-1/-
pyrrolo[2,3-b]pyridine-5-carboxylate.
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[0371] Stepl: Preparation of 2-methoxyethyl (R)-4-((1-(tert-butoxycarbonyl)piperidin-3-
yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate
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IN/ N
A solution of 2-methoxyethyl 4-chloro-1H-pyrrolo[2,3-b]pyridine-5-carboxylate (0.45 g, 1.76
mmol), tert-butyl (R)-3-aminopiperidine-1-carboxylate (0.35 g, 1.76 mmol) and tricthylamine
(0.1 mL) in N-methyl-2-pyrrolidone (10 mL) was heated to 120°C in a sealed tube for 12 hours.
After cooling to ambient temperature, the reaction mixture was quenched with water and
extracted with ethyl acetate. The organic layer was washed with water, brine and dried over
anhydrous sodium sulfate. The solution was filtered and concentrated in vacuo. The crude
material was purified using flash chromatography (70% ethyl acetate/hexane) to provide 2-
methoxyethyl (R)-4-((1-(fert-butoxycarbonyl)piperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-

5-carboxylate as an off-white solid (0.5 g, 68% yield): MS (ES) m/z 419 (M+H)

[0372] Step 2: Preparation of 2-methoxyethyl (R)-4-(piperidin-3-ylamino)-1H-pyrrolo[2,3-
b]pyridine-5-carboxylate HCI salt
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To a solution of 2-methoxyethyl (R)-4-((1-(fert-butoxycarbonyl)piperidin-3-yl)amino)-1H-
pyrrolo[2,3-b]pyridine-5-carboxylate (0.5 g, 1.19 mmol) in dioxane (5 mL) was added HCI in
dioxane (8 mL, 4M) at 0 °C. The reaction was allowed to warm to ambient temperature and the
mixture was stirred for 16 hours. The solution was concentrated in vacuo. The residue was
washed with diethyl ether to provide 2-methoxyethyl (R)-4-(piperidin-3-ylamino)-1H-
pyrrolo[2,3-b]pyridine-5-carboxylate HCI salt as an off-white solid (0.4 g, 94% yield): MS (ES)
m/z 319 (M+H)

[0373] Step 3: Preparation of 2-methoxyethyl (R)-4-((1-(2-cyanoacetyl)piperidin-3-
yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate
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To a solution 2-methoxyethyl (R)-4-(piperidin-3-ylamino)-1H-pyrrolo[2,3-b]pyridine-5-
carboxylate HCI salt (0.4 g, 1.12 mmol) in dichloromethane (10 mL) was added 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide HCI (0.35 g, 2.26 mmol), 1-hydroxybenzotriazole (0.305 g,
2.26 mmol), N,N-diisopropylethylamine (0.58 mL, 3.39 mmol) and cyanoacetic acid (0.19 g,
2.26 mmol) and the mixture stirred at ambient temperature for 16 hours. The reaction mixture
was partitioned between dichloromethane and water. The organic layer was washed with water,
brine and dried over anhydrous sodium sulfate. The solution was filtered and concentrated in
vacuo. The crude material was purified by wusing flash chromatography (5%
methanol/dichloromethane) to provide 2-methoxyethyl (R)-4-((1-(2-cyanoacetyl)piperidin-3-
yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate as an off-white solid ( 0.1 g, 23% yield ): 'H
NMR (400 MHz, DMSO-ds at 80°C) & 11.49 (s, 1H), 8.66 (br s, 1H), 8.56 (s, 1H), 7.17 (s, 1H),
6.66 (s, 1H), 4.35(t, J= 7.6 Hz, 2H), 4.16 (m, 2H), 3.94 (m, 2H), 3.66 (t, /= 7.6 Hz, 2H), 3.53
(m, 1H), 3.32 (s, 3H), 3.31 (m, 1H), 2.08 (m, 1H), 1.66-1.69 (m, 4H); MS (ES) m/z 386 (M+H).

[0374] Synthesis of Example 132: Preparation of ethyl 4-((3-(2-
cyanoethyl)cyclohexyl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate
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0 HN/O\/\CN

/\0 |\
>

N
NT R
Scheme 30. Preparation of ethyl 4-((3-(2-cyanoethyl)cyclohexyl)amino)-1H-pyrrolo[2,3-
b]pyridine-5-carboxylate.
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[0375] Step 1: Preparation of 3-((fert-butoxycarbonyl)amino)cyclohexane-1-carboxylic acid

HO -
j(O\N Boc
H

0]
To a stirred solution of 3-aminocyclohexane-1-carboxylic acid (5 g, 34.91 mmol) in 1,4-dioxane
(50 mL) was added 1N sodium hydroxide solution (2.1 g, 52.4 mmol) and the solution stirred at
ambient temperature for 10 minutes. At this time di-fert-butyldicarbonate (10.4 mL, 45.4 mmol)
was added and the mixture was stirred at ambient temperature for 15 hours. The solvent was
concentrated in vacuo and the residue diluted with water and the mixture acidified (pH 4.0) with
saturated potassium bisulfate solution. The aqueous solution was extracted with
dichloromethane. The combined organic layers were washed with water, brine and dried over
anhydrous sodium sulfate. The solution was filtered and concentrated in vacuo to provide 3-
((tert-butoxycarbonyl)amino)cyclohexane-1-carboxylic acid as an off-white solid (8 g, 94%

yield): MS (ES) m/z 242.1 (M-H).

[0376] Step 2: Preparation of tert-butyl (3-(hydroxymethyl)cyclohexyl)carbamate
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o} Noc

H

To a solution of 3-((fert-butoxycarbonyl)amino)cyclohexane-1-carboxylic acid (6 g, 24.6 mmol)
in dry tetrahydrofuran (60 mL) was added borane-dimethylsulfide (3.51 mL, 36.98 mmol, xM)
at -20 °C and the resulting mixture was stirred at ambient temperature for 15 hours. The reaction
was cooled to 0 °C and quenched by adding methanol dropwise and the mixture was stirred for
30 minutes. The solvent was concentrated in vacuo and the crude material purified by column
chromatography (methanol/dichloromethane) to provide tert-butyl (3-
(hydroxymethyl)cyclohexyl)carbamate as a colorless oil (4.3 g, 76% yield): MS (ES) m/z 130.2
(M+H).

[0377] Step-3: Preparation of tert-butyl (3-formylcyclohexyl)carbamate

O§/©\N .Boc

H
To a solution of fert-butyl (3-(hydroxymethyl)cyclohexyl)carbamate (3 g, 13.1 mmol) in dry
dichloromethane (30 mL) was added Dess-Martin periodinane (7.21 g, 17.0 mmol) at 0 °C and
the mixture stirred at ambient temperature for 2 hours. The reaction was cooled to 0 °C and
quenched with saturated aqueous sodium bicarbonate solution and a pinch of sodium
thiosulphate was added. The mixture was stirred at 0 °C for 30 minutes. The emulsion was
filtered through celite and washed with dichloromethane. The organic layer was separated,
washed with water, brine and dried over anhydrous sodium sulfate. The solution was filtered and
concentrated in vacuo to provide fert-butyl (3-formylcyclohexyl)carbamate and carried to next

step without further purification (3 g, crude).

[0378] Step 4: Preparation of tert-butyl (E)-(3-(2-cyanovinyl)cyclohexyl)carbamate

Nc/\/O\N’BOC

H
To a suspension of potassium tert-butoxide (2.32 g, 19.8 mmol) in dry tetrahydrofuran (30 mL)
was added diethyl (cyanomethyl)phosphonate (3 mL, 18.5 mmol) at 0 °C. The mixture was
stirred for 1 hour and then a solution of tert-butyl (3-formylcyclohexyl)carbamate (3 g, 13.2
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mmol) in dry tetrahydrofuran (10 mL) was added. The mixture was stirred at ambient
temperature for 12 hours. The reaction mixture was quenched with water and extracted with
ethyl acetate. The combined organic layers were washed with water, brine and dried over
anhydrous sodium sulfate. The solution was filtered and concentrated in vacuo. The crude
material was purified using flash chromatography (1% methanol/dichloromethane) to provide
tert-butyl (E)-(3-(2-cyanovinyl)cyclohexyl)carbamate as a colorless semisolid (1.2 g, 36%
yield): MS (ES) m/z 151.2 (M+H).

[0379] Step 5: Preparation of tert-butyl (3-(2-cyanoethyl)cyclohexyl)carbamate

NC/\/O\N,BOC

H
To a stirred solution of tert-butyl (E)-(3-(2-cyanovinyl)cyclohexyl)carbamate (1.1 g, 4.39 mmol)
in ethyl acetate (15 mL) was added palladium on carbon (0.1 g, 50% wet w/w) under an argon
atmosphere. The suspension was stirred at ambient temperature under a hydrogen atmosphere for
2 hours. The reaction was filtered through celite and washed with ethyl acetate. The filtrate was
concentrated in vacuo to provide tert-butyl (3-(2-cyanoethyl)cyclohexyl)carbamate (1.2 g,
crude): MS (ES) m/z 153.2 (M+H).

[0380] Step 6: Preparation of 3-(3-aminocyclohexyl)propanenitrile

NC/\Q\NH

To a solution of fert-butyl (3-(2-cyanoethyl)cyclohexyl)carbamate (1.2 g, 4.75 mmol) in dry

2

dichloromethane (20 mL) was added trifluoroacetic acid (1.1 mL, 14.3 mmol) at 0 °C and the
mixture was stirred at ambient temperature for 15 hours. The solvent was concentrated in vacuo,
the residue diluted with ethyl acetate and basified using triethylamine at 0 °C. The organic layer
was washed with water, brine and dried over anhydrous sodium sulfate. The solution was filtered
and concentrated in vacuo to provide 3-(3-aminocyclohexyl)propanenitrile as a colorless oil (0.6

g, 48% vyield): MS (ES) m/z 153.2 (M+H).

[0381] Step 7: Preparation of ethyl 4-((3-(2-cyanoethyl)cyclohexyl)amino)-1H-pyrrolo[2,3-

b]pyridine-5-carboxylate as a mixture of stereoisomers
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o HN/O\/\CN

o R
NN
To a solution of 3-(3-aminocyclohexyl)propanenitrile (0.25 g, 1.64 mmol) in N-methyl-2-
pyrrolidone (10 mL) was added ethyl 4-chloro-1H-pyrrolo[2,3-b]pyridine-5-carboxylate (0.44 g,
1.97 mmol) and triethylamine (0.7 mL, 4.93 mmol) at room temperature. The mixture was
subjected to microwave irradiation at 170 °C for 1 hour. The reaction mixture was cooled to
room temperature, quenched with water and extracted with ethyl acetate. The organic layer was
washed with water, brine and dried over sodium sulfate. The solution was filtered and
concentrated in vacuo. The crude material was purified using flash chromatography (ethyl
acetate/n-hexane) to provide ethyl 4-((3-(2-cyanoethyl)cyclohexyl)amino)-1H-pyrrolo[2,3-
b]pyridine-5-carboxylate as an off-white solid (0.22 g): MS (ES) m/z 341.2 (M+H).

Scheme 31. Separation of stereoisomers of Example 132.

O HN” : ~"cN o) HNO\/\CN o) HN/O\/\CN

Prep HPLC Chiral HPLC
/\0% = . /\O% T T . /\O)Kfm
“ N “~N “~N

N N N

H H H
Diastereomeric mixture Cis (racemic) & Trans (racemic) Cis (enantiomer 1 and 2) &
Trans {enantiomer 1 and 2)
Ethyl 4-((3-(2-cyanoethyl)cyclohexyl)amino)-1#-pyrrolo[2,3-b]pyridine-5-carboxylate

(Example 132) was subjected to prep.HPLC and two diastercomers were separated by the
following method.

Analytical Conditions:

Column: Inertsil ODS 3V(250mm X 4.6mm X 5mic)

Mobile phase(A): 0.1% Ammonia in water

Mobile phase(B): ACN

Flow rate: 1.0 mL/min(50:50)

[0382] Synthesis of Example 133: (rac)-(cis)-ethyl 4-((3-(2-cyanoethyl)cyclohexyl)amino)-
1 H-pyrrolo[2,3-b]pyridine-5-carboxylate
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z
Iz .

'H NMR (400 MHz, DMSO-de) § 11.62 (s, 1H), 9.08 (d, J = 8.4 Hz, 1H), 8.53 (s, 1H), 7.15 (t, J
=2.8 Hz, 1H), 6.57 (s, 1H), 4.43 (d, J=3.6 Hz, 1H), 4.25 (q, /= 7.2 Hz, 2H), 2.48 (s, 1H), 1.98
(d, J=8.0 Hz, 1H), 1.60-1.85 (m, 5H), 1.42-1.55 (m, 4H), 1.30 (t, /= 7.2 Hz, 3H), 1.21 (s, 1H),
1.0-1.08 (m, 1H); MS (ES) m/z 341.0 (M+H). Retention time: 4.93 min.

Analytical conditions:

Column : CHIRALPAK IC ( 100 mm X 4.6mm X 3mic)

Mobile phase : nHexane :Ethanol with (70:30)

Flow rate ;: 1.0 mL/min

[0383] Synthesis of Example 134: (rac)-(trans)-Ethyl 4-((3-(2-
cyanoethyl)cyclohexyl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate

O HN" : “u”SeN
N

/\0 R

'H NMR (400 MHz, DMSO-de) & 11.63 (s, 1H), 8.74 (d, J = 8.0 Hz, 1H), 8.52 (s, 1H), 7.15 (s,
1H), 6.53 (s, 1H), 4.23 (q, J = 7.2 Hz, 2H), 3.93 (d, J = 8.0 Hz, 1H), 2.48 (s, 1H), 2.12 (m, 2H),
1.75 (m, 2H), 1.41-1.60 (m, 4H), 1.29 (t, /= 6.8 Hz, 3H), 1.12-1.21 (m, 2H), 0.88-1.00 (m, 2H);
MS (ES) m/z 341.0 (M+H). Retention time: 6.953 min.

Analytical conditions:

Column: CHIRALPAK IC ( 100 mm X 4.6mm X 3mic)

Mobile phase: n-Hexane :Ethanol with (70:30)

Flow rate: 1.0 mL/min

[0384] Synthesis of Example 135: (cis) ethyl 4-((3-(2-cyanoethyl)cyclohexyl)amino)-1H-

pyrrolo[2,3-b]pyridine-5-carboxylate, enantiomer 1
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O HN : > CN
B
NN

/\o

H
Cis isomer, single enantiomer

'"H NMR (400 MHz, DMSO-de) & 11.62 (s, 1H), 9.08 (d, J = 8.4 Hz, 1H), 8.53 (s, 1H), 7.15 (s,
1H), 6.57 (s, 1H), 4.42 (br s, 1H), 4.25 (q, J = 6.8 Hz, 2H), 2.48 (s, 1H), 1.97-2.00 (m, 1H), 1.83
(m, 1H), 1.60-1.75 (m, 5H), 1.42-1.55 (m, 4H), 1.30 (t, J = 7.2 Hz, 3H), 1.0-1.08 (m, 1H); MS
(ES) m/z 341.4 (M+H). Retention time 3.43 min.

Analytical conditions:

Column: CHIRALPAK IC ( 100 mm X 4.6mm X 3mic)

Mobile phase: n-hexane :Ethanol with (50:50)

Flow rate: 1.0 mL/min

[0385] Synthesis of Example 136: (cis) ethyl 4-((3-(2-cyanoethyl)cyclohexyl)amino)-1H-

pyrrolo[2,3-b]pyridine-5-carboxylate, enantiomer 2

o HNY : “n”SeN
A

pZ
N
N H

Cis isomer, single enantiomer
absolute configuration not known

'"H NMR (400 MHz, DMSO-de) & 11.62 (s, 1H), 9.08 (d, J = 7.6 Hz, 1H), 8.53 (s, 1H), 7.15 (s,
1H), 6.57 (s, 1H), 4.42 (br s, 1H), 4.25 (q, J = 6.8 Hz, 2H), 2.48 (s, 1H), 1.97-2.01 (m, 1H), 1.83
(m, 1H), 1.64-1.70 (m, 5H), 1.45-1.55 (m, 4H), 1.30 (t, /= 7.2 Hz, 3H), 1.02-1.05 (m, 1H); MS
(ES) m/z 341.4 (M+H). Retention time 6.24 min.

/\o

Analytical conditions:
Column: CHIRALPAK IC ( 100 mm X 4.6mm X 3mic)
Mobile phase: n-hexane:ethanol with (50:50)

Flow rate: 1.0 mL/min

[0386] Synthesis of Example 137: (¢rans) ethyl 4-((3-(2-cyanoethyl)cyclohexyl)amino)-1H-

pyrrolo[2,3-b]pyridine-5-carboxylate enantiomer 1
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B
NZ N

~ o

H
Trans isomer, single enantiomer

'H NMR (400 MHz, DMSO-de) 8 11.65 (s, 1H), 8.74 (d, J= 8.0 Hz, 1H), 8.52 (s, 1H), 7.16 (s,
1H), 6.52 (s, 1H), 4.23 (q, J = 6.8 Hz, 2H), 3.92 (br s, 1H), 2.12 (m, 2H), 1.98 (t, /= 7.6 Hz,

1H), 1.74 (m, 3H), 1.36-1.58 (m, 4H), 1.29 (t, /= 6.8 Hz, 3H), 1.21 (s, 2H), 0.67-1.00 (m, 1H);
MS (ES) m/z 341.4 (M+H). Retention time: 3.489 min.

Analytical conditions:

Column: CHIRALPAK IC ( 100 mm X 4.6mm X 3mic)

Mobile phase: n-hexane:ethanol with (50:50)

Flow rate: 1.0 mL/min

[0387] Synthesis of Example 138: (trans)-ethyl 4-((3-(2-cyanoethyl)cyclohexyl)amino)-1H-

pyrrolo[2,3-b]pyridine-5-carboxylate, enantiomer 2

O HN" : “”"SCN

P
(0] | N
o
N
N H
Trans isomer, single enantiomer

'H NMR (400 MHz, DMSO-de): 8 11.63 (s, 1H), 8.74 (d, J= 8.0 Hz, 1H), 8.52 (s, 1H), 7.15 (s,
1H), 6.60 (s, 1H), 4.23 (q, J = 7.2 Hz, 2H), 4.92-4.94 (m, 1H), 2.12 (m, 2H), 1.97-2.00 (m, 1H),
1.75 (m, 2H), 1.37-1.60 (m, 4H), 1.29 (t, /= 6.8 Hz, 3H), 1.21 (s, 2H), 0.68-1.00 (m, 2H); MS
(ES) m/z 341.4 (M+H). Retention time: 6.472 min.

Analytical conditions:

Column: CHIRALPAK IC ( 100 mm X 4.6mm X 3mic)

Mobile phase: n-hexane:ethanol with (50:50)

Flow rate: 1.0 mL/min

[0388] Synthesis of Examples 139 and 140: Preparation of cis and trans (rac)-propyl 4-((3-
(2-cyanoethyl)cyclohexylyamino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate Example 139 and
140
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0 HNQ\/\CN
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Cis (racemic) & Trans (racemic)
Scheme 32. Preparation of cis- and trans- (rac)-propyl 4-((3-(2-cyanoethyl)cyclohexyl)amino)-
1 H-pyrrolo[2,3-b]pyridine-5-carboxylate.

o <l
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N
1h H H

Cis (racemic) & Trans (racemic)

[0389] Step 1: Preparation of propyl 4-((3-(2-cyanoethyl)cyclohexyl)amino)-1H-pyrrolo[2,3-
b]pyridine-5-carboxylate

O HN : ~" "CN

\/\O |\
~

IZ -

N

To a solution of 3-(3-aminocyclohexyl)propanenitrile (0.3 g, 1.97 mmol) in N-methyl-2-
pyrrolidone (13 mL) was added propyl 4-chloro-1H-pyrrolo[2,3-b]pyridine-5-carboxylate (0.56
g, 2.36 mmol) and triethylamine (0.9 mL, 5.91 mmol) at ambient temperature. The mixture was
subjected to microwave irradiation at 170 °C for 1 hour. After cooling to ambient temperature,
the reaction mixture was quenched with water and extracted with ethyl acetate. The organic layer
was washed with water, brine and dried over anhydrous sodium sulfate. The solution was filtered
and concentrated in vacuo. The crude material was purified using flash chromatography (10%
methanol/dichloromethane) to provide propyl 4-((3-(2-cyanoethyl)cyclohexyl)amino)-1H-
pyrrolo[2,3-b]pyridine-5-carboxylate as a brown oil (0.65 g crude): MS (ES) m/z 130.2 (M+H).
The cis and trans isomers were separated using the following chromatographic conditions:
Analytical Conditions:

Column: Inertsil ODS 3V(250mm X 4.6mm X 5mic)

Mobile phase(A): 0.1% ammonia in water

Mobile phase(B): ACN
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Flow rate: 1.0 mL/min(50:50)

[0390] Synthesis of Example 139: (rac) (cis) propyl 4-((3-(2-cyanoethyl)cyclohexyl)amino)-
1 H-pyrrolo[2,3-b]pyridine-5-carboxylate

o} HNQ\ACN

~"o |\\

7

N N
H
'H NMR (400 MHz, DMSO-de) 8 11.63 (s, 1H), 9.08 (d, J = 8.0 Hz, 1H), 8.54 (s, 1H), 7.15 (s,
1H), 6.57 (s, 1H), 4.42 (br s, 1H), 4.17 (t, J = 6.0 Hz, 2H), 2.48 (br s, 3H), 1.97-2.17 (m, 1H),
1.61-1.85 (m, 7H), 1.42-1.55 (m, 3H), 1.03-1.14 (m, 1H), 0.96 (1, J = 7.6 Hz, 3H); MS (ES) m/z

355.1 (M+H). Retention time 26.226 min

[0391] Synthesis of Example 140: (rac)-(trans)-propyl 4-((3-(2-
cyanoethyl)cyclohexyl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate

O HN”" i “SCN
AN

~"o X

NZ N

H
' NMR (400 MHz, DMSO-de) 8 11.64 (s, 1H), 8.73 (d, J = 8.0 Hz, 1H), 8.53 (s, 1H), 7.16 (t, J
= 2.8 Hz, 1H), 6.53 (s, 1H), 4.15 (t, J = 6.8 Hz, 2H), 3.92-3.94 (m, 1H), 2.48 (s, 3H), 2.12 (1, J =
12.4 Hz, 2H), 1.67-1.79 (m, 4H), 1.42-1.56 (m, 4H), 1.07-1.30 (m, 2H), 0.96 (1, J = 7.6 Hz, 3H):

MS (ES) m/z 355.4 (M+H). Retention time 30.787 min.

[0392] Synthesis of Example 141: Preparation of ethyl 4-((3-hydroxycyclohexyl)amino)-1/-
pyrrolo[2,3-b]pyridine-5-carboxylate

O HN : OH

o | N
N"N
Scheme 33: Preparation of ethyl 4-((3-hydroxycyclohexyl)amino)-1/H-pyrrolo[2,3-b]pyridine-5-

carboxylate.
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[0393] Step 1: Preparation of tert-butyl (3-hydroxycyclohexyl)carbamate

OH

i NHBoc

To a solution fert-butyl (3-oxocyclohexyl)carbamate (1 g, 4.69 mmol) in methanol (20 mL) was
added sodium borohydride (0.26 g, 7.04 mmol) and the mixture was stirred at ambient
temperature for 1 hour. The reaction was quenched with water and methanol was removed in
vacuo. The residue was extracted with ethyl acetate. The organic layer was washed with water,
brine and dried over sodium sulfate and concentrated in vacuo to provide tert-butyl (3-
hydroxycyclohexyl)carbamate as a colorless liquid (1 g, 100 % yield): MS (ES) m/z 160.1 (M-
56).

[0394] Step 2: Preparation of 3-aminocyclohexan-1-ol, HCI salt

OH

NH, HCI
To a solution of tert-butyl (3-hydroxycyclohexyl)carbamate (1 g, 4.65 mmol) in dichloromethane
(20mL) and was added dioxane'HCI (1M, 20 mL) and the mixture stirred at ambient temperature
for 12 hours. The mixture was concentrated in vacuo to provide 3-aminocyclohexan-1-ol HCI

salt (0.65 g, crude): MS (ES) m/z 116 (M+H)

[0395] Step-3:  Preparation of ethyl 4-((3-hydroxycyclohexyl)amino)-1H-pyrrolo[2,3-
b]pyridine-5-carboxylate
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0 HN/O\OH

o N
NN

To a stirred solution of ethyl 4-chloro-1H-pyrrolo[2,3-b]pyridine-5-carboxylate (0.96 g, 4.30
mmol) in N-methyl-2-pyrrolidone (2 mL) was added 3-aminocyclohexan-1-ol HCI salt (0.65 g,
4.30 mmol) and triethylamine (0.3 mL). The solution was heated in a sealed tube at 170 °C for
16 hours. After cooling to ambient temperature, the reaction was quenched with water and
extracted with dichloromethane. The organic layer was washed with water, brine and dried over
anhydrous sodium sulfate. The solution was filtered and concentrated in vacuo. The crude
material was purified by chiral HPLC purification to provide ethyl 4-((3-
hydroxycyclohexyl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate as an off-white solid as a
mixture of stereoisomers. (0.01 g): 'H NMR (400 MHz, DMSO-de) & 11.62 (br's, 1H), 8.77 (d, J
=8.0 Hz, 1H), 8.51(s, 1H), 7.16 (s, 1H), 6.51 (s, 1H) 4.65 (d, J = 4.4 Hz, 1H), 4.21-4.26 (m, 2H),
3.92- 3.99 (m, 1H), 3.56- 3.62 (m, 1H) 2. 25 (m, 1H), 1.98 (m, 1H), 1.82 (m, 1H), 1.69-1.73(m,
1H), 1.29 (t,J = 7.2 Hz, 3H), 1.12-1.20 (m, 4H); MS (ES) m/z 304.2 (M+H).
Retention time: 6.959 min.
Column: CHIRALPAK IC (100 mm X 4.6 mm X 3mic)
mobile phase: MTBE : IPA with 0.1% DEA (90:10)

Flow rate: 1.0 mL/minute

[0396] Synthesis of Example 142: Preparation of ethyl 4-((3-(cyanomethyl)-4-
hydroxycyclohexyl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate

OH
/KI///N
O HN

/\O |\
o

N

Iz .

Scheme 34:  Preparation of ethyl 4-((3-(cyanomethyl)-4-hydroxycyclohexyl)amino)-1/-
pyrrolo[2,3-b]pyridine-5-carboxylate.
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[0397] Step 1: Preparation of 1-(1,4-dioxaspiro[4.5]dec-7-en-8-yl)pyrrolidine

P
o

To a stirred solution of 1,4-dioxaspiro[4.5]decan-8-one (10 g, 64.1 mmol) in cyclohexane (200
mL) was added pyrrolidine (5.8 mL, 70.25 mmol) and p-toluenesulfonic acid (0.24 g, 1.28
mmol). The solution was heated to reflux in a Dean-Stark apparatus for 3 hours. After cooling
the solution to ambient temperature, the reaction was concentrated in vacuo to remove
cyclohexane and traces of pyrrolidine. The crude product was used for the next step without

further purification (13.4 g).

[0398] Step 2: Preparation of 2-(8-oxo0-1,4-dioxaspiro[4.5]decan-7-yl)acetonitrile

A stirred solution of 1-(1,4-dioxaspiro[4.5]dec-7-en-8-yl)pyrrolidine (13.4 g, 64.11 mmol) and 2-
chloroacetonitrile (4.8 mL, 76.48) in 1,4-dioxane (250 mL) was heated to reflux for 5 hours. The
reaction mixture was cooled to ambient temperature and concentrated in vacuo. The crude
material was purified by using flash chromatography (30% ethyl acetate/hexane) to provide 2-(8-
oxo-1,4-dioxaspiro[4.5]decan-7-yl)acetonitrile as a yellow oil (4.72 g, 37% yield): MS (ES) m/z
196.1 (M+H).
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[0399] Step 3: Preparation of 2-(8-hydroxy-1,4-dioxaspiro[4.5]decan-7-yl)acetonitrile

OH
@CQCN
o

To a stirred solution of 2-(8-oxo0-1,4-dioxaspiro[4.5]decan-7-yl)acetonitrile (4.7 g, 24.1 mmol) in
methanol (50 mL) was added sodium borohydride (91.37 g, 36.5 mmol) in portions at 0 °C, and
the solution was stirred at ambient temperature for 2 hours. The reaction mixture was
concentrated in vacuo and the residue was dissolved in ethyl acetate, washed with water, brine
and dried over anhydrous sodium sulfate. The solution was filtered and concentrated in vacuo to
provide 2-(8-hydroxy-1,4-dioxaspiro[4.5]decan-7-yl)acetonitrile as a colourless oil (4.57 g, 76%
yield): MS (ES) m/z 198.1 (M+H).

[0400] Step 4: Preparation of 2-(2-hydroxy-5-oxocyclohexyl)acetonitrile

OH
/l/ij/\/CN
o

A solution of hydroxy-1,4-dioxaspiro[4.5]decan-7-yl)acetonitrile (3.5 g, 17.94 mmol) and p-
toluenesulfonic acid monohydrate (1.0 g, 5.38 mmol) in acetone : water (30 : 10 mL) was heated
to 100 °C for 2 hours. After cooling to ambient temperature, the reaction mixture was
concentrated in vacuo and the residue was dissolved in ethyl acetate which was washed with
water, brine and dried over anhydrous sodium sulfate. The solution was filtered and concentrated
in vacuo to provide 2-(2-hydroxy-5-oxocyclohexyl)acetonitrile as a brown coloured oil (2.25 g,

83% yield): MS (ES) m/z 154.1 (M+H).

[0401] Step 5: Preparation of 2-(5-amino-2-hydroxycyclohexyl)acetonitrile

OH
/(I/CN
H,N

To a stirred solution of 2-(2-hydroxy-5-oxocyclohexyl)acetonitrile (2.24 g, 14.64 mmol) in
methanol (50 mL) was added ammonium acetate (2.25 g, 29.28 mmol) and sodium borohydride
(1.38 g, 21.96 mmol) and the mixture was stirred at ambient temperature for 15 hours. The

reaction  mixture  was  concentrated in  vacuo to  provide  2-(5-amino-2-
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hydroxycyclohexyl)acetonitrile as a colourless gummy solid (10 g, crude): MS (ES) m/z 155.1
(M+H).

[0402] Step 6: Preparation of ethyl 4-((3-(cyanomethyl)-4-hydroxycyclohexyl)amino)-1/-

OH
/Oi///N
O HN

/\O N \

P
N

pyrrolo[2,3-b]pyridine-5-carboxylate

N
A solution of ethyl 4-chloro-1H-pyrrolo[2,3-b]pyridine-5-carboxylate (2.0 g, 8.93 mmol), 2-(5-
amino-2-hydroxycyclohexyl)acetonitrile (2.0 g, 13.4 mmol), and a catalytic amount of
triethylamine in N-methylpyrrolidine (40 mL) was subjected to microwave irradiation at 180 °C
for 2 hours. After cooling the reaction mixture was quenched with water and extracted with ethyl
acetate. The organic layer was washed with water, brine, dried over anhydrous sodium sulphate,
filtered and concentrated in vacuo. The crude material was purified using flash chromatography
(5% methanol/dichloromethane) to provide ethyl 4-((3-(cyanomethyl)-4-
hydroxycyclohexyl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate as an off-white solid (0.06
g, 2% yield): "THNMR (400 MHz, DMSO-dg, at 90°C) § 11.61 (br s, 1H), 8.93 (d, J = 8 Hz, 1H),
8.52 (s, 1H), 7.14 (s, 1H), 6.55 (s, 1H), 4.50 (br s, 1H), 4.25 (q, J = 6.8 Hz, 2H), 4.09 (br s, 1H),
3.65 (brs, 1H), 2.1-2.2 (m, 2H), 1.64-1.74 (m, 3H), 1.51-1.59 (m, 3H), 1.27-1.31 (m, 4H); MS
(ES) m/z304.1 (M+H).

[0403] Synthesis of Example 143: Preparation of ethyl (S)-4-((1-(2-cyanoacetyl)piperidin-3-
yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate

O

O HN
/\O | N 0]
P

A\
N
N"H

Scheme 35: Preparation of ethyl (S)-4-((1-(2-cyanoacetyl)piperidin-3-yl)amino)-1H-pyrrolo[2,3-
b]pyridine-5-carboxylate.
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[0404] Step 1: Preparation of ethyl (S)-4-((1-benzylpiperidin-3-yl)amino)-1/-pyrrolo[2,3-
b]pyridine-5-carboxylate

N.
(0} HND Boc

A

~

o |

NN

To a stirred solution of ethyl 4-chloro-1H-pyrrolo[2,3-b]pyridine-5-carboxylate (7 g, 31.2 mmol)
in N-methyl-2-pyrrolidone (40 mL) was added fert-butyl (S)-3-aminopiperidine-1-carboxylate
(12.5 g, 62.5 mmol) and triethylamine (0.4 mL) in a sealed tube. The mixture was heated to 170
°C for 5 hours. After cooling to ambient temperature, the reaction mixture was quenched with
water and extracted with ethyl acetate. The organic layer was washed with water, brine and dried
over anhydrous sodium sulfate. The solution was filtered and concentrated in vacuo. The crude
material was purified by flash chromatography (50% ethyl acetate/hexane) to provide ethyl (S)-
4-((1-(tert-butoxycarbonyl)piperidin-3-yl)amino)-1 H-pyrrolo[2,3-b]pyridine-5-carboxylate as a
colourless oil (7 g, 57% yield): MS (ES) m/z 389.2 (M+H).

[0405] Step 2: Preparation of ethyl (S)-4-(piperidin-3-ylamino)-1H-pyrrolo[2,3-b]pyridine-5-
carboxylate hydrochloride
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To a stirred solution of ethyl (S)-4-((1-(tert-butoxycarbonyl)piperidin-3-yl)amino)-1H-
pyrrolo[2,3-b]pyridine-5-carboxylate (7 g, 18.0 mmol) in 1,4-dioxane (10 mL) was added (4M)
hydrochloride in 1,4-dioxane (15 mL) and the mixture was stirred under a nitrogen atmosphere at
ambient temperature for 12 hours. The reaction mixture was concentrated in vacuo to provide
ethyl (S)-4-(piperidin-3-ylamino)-1#-pyrrolo[2,3-b]pyridine-5-carboxylate hydrochloride as an
off-white solid (4 g, crude): MS (ES) m/z 289.3 (M+H).

[0406] Step 3- Preparation of ethyl (S)-4-((1-(2-cyanoacetyl)piperidin-3-yl)amino)-1/-
pyrrolo[2,3-b]pyridine-5-carboxylate

To a stirred solution of ethyl (S)-4-(piperidin-3-ylamino)-1H-pyrrolo[2,3-b]pyridine-5-
carboxylate hydrochloride (2.5 g, 8.68 mmol) in N,N-dimethylformamide (25 mL) were added
N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride (2.6 g, 17.3 mmol), 1-
hydroxybenzotriazole (2.3 g, 17.3 mmol), N,N-diisopropylethylamine (2.2 g, 17.3 mmol) and
cyanoacetic acid (1.4 g, 17.3 mmol). The mixture was then stirred at ambient temperature for 18
hours. The reaction mixture was quenched with water and extracted with dichloromethane. The
organic layer was washed with water, brine and dried over anhydrous sodium sulfate. The
solution was filtered and concentrated in vacuo. The crude material was purified by flash
chromatography (5%  methanol/dichloromethane) to  provide ethyl  (S)-4-((1-(2-
cyanoacetyl)piperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate as a yellow solid
(1.2 g, 40% yield): 'H NMR (400 MHz, DMSO-ds) & 11.7 (br s, 1H), 8.86-8.80 (m, 1H), 8.54 (s,
1H), 7.20 (s, 1H), 6.67 (s, 1H), 4.06-4.27 (m, 3H), 3.63-4.00 (m, 4H), 3.40-3.45 (m, 1H), 3.10-
3.15 (m, 1H), 2.05 (br s, 1H), 1.64-1.71 (m, 3H), 1.28-1.31 (t, J = 12 Hz, 3H); MS (ES) m/z
356.2 (M+H).
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[0407] Synthesis of Example 144: Preparation of ethyl (R)-4-((1-(2-cyano-2-
methylpropanoyl)piperidin-3-yl)amino)-1/-pyrrolo[2,3-b]pyridine-5-carboxylate

o} HN“'OH&N
o
A

/\o 2

P
N
N H

Scheme 36: Preparation of ethyl (R)-4-((1-(2-cyano-2-methylpropanoyl)piperidin-3-yl)amino)-
1 H-pyrrolo[2,3-b]pyridine-5-carboxylate.

i @
WS _NH Z .
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_ EDC.HCI,HOBY, |
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To a stirred solution of ethyl (R)-4-(piperidin-3-ylamino)-1H-pyrrolo[2,3-b]pyridine-5-
carboxylate (0.1 g, 8.68 mmol) in dichloromethane (5 mL) was added N-(3-
dimethylaminopropyl)-N'-ethylcarbodiimide HCI (0.1 g, 0.69 mmol), 1-hydroxybenzotriazole
(0.09 g, 0.69 mmol), N,N-diisopropylethylamine (0.09 g, 0.69 mmol) and cyanoacetic acid (0.08
g, 0.69 mmol). The mixture was stirred at ambient temperature for 18 hours. The reaction
mixture was quenched with water and extracted with dichloromethane. The organic layer was
washed with water, brine and dried over anhydrous sodium sulfate. The solution was filtered and
concentrated in vacuo. The crude material was purified by flash chromatography (5%
methanol/dichloromethane) to provide ethyl (R)-4-((1-(2-cyano-2-methyl- propanoyl)piperidin-
3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate as a yellow solid (0.015 g, 40% yield): 'H
NMR (400 MHz, DMSO-d¢) & 11.67 (br s, 1H), 8.89-8.91 (m, 1H), 8.53(s, 1H), 7.19 (s, 1H),
6.66 (s, 1H), 4.21-4.27 (m, 3H), 3.9-3.95 (m, 1H), 3.71 (m, 3H), 2.1-2.2 (br s, 1H), 1.85-1.6 (m,
3H), 1.50-1.54 (m, 6H), 1.28-1.31 (t, J = 12 Hz, 3H); MS (ES) m/z 384.1 (M+H).

[0408] Synthesis of Example 145: Preparation of cyclopropylmethyl (R)-4-((1-(2-
cyanoacetyl)piperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate
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Scheme 37: Preparation of cyclopropylmethyl (R)-4-((1-(2-cyanoacetyl)piperidin-3-yl)amino)-
1 H-pyrrolo[2,3-b]pyridine-5-carboxylate.
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To a stirred solution of ethyl (R)-4-((1-(2-cyanoacetyl)piperidin-3-yl)amino)-1H-pyrrolo[2,3-
b]pyridine-5-carboxylate (0.12 g, 0.33 mmol) in cyclopropylmethanol (5 mL) was added cesium
carbonate (0.53 g, 1.65 mmol). The mixture was stirred at ambient temperature for 12 hours. The
reaction mixture was concentrated in vacuo and the crude material was purified by flash
chromatography (4% methanol/dichloromethane) to provide cyclopropylmethyl (R)-4-((1-(2-
cyanoacetyl)piperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate as a brown solid
(0.013 g, 10% yield): 'H NMR (400 MHz, DMSO-ds) & 11.70 (br s, 1H), 8.77-8.84 (m, 1H), 8.56
(s, 1H), 7.20 (s, 1H), 6.67 (s, 1H), 4.16-4.29 (m, 2H), 4.05-4.06 (m, 3H), 3.77-3.99 (m, 2H),
3.62-3.70 (m, 1H), 3.44 (m, 1H), 3.13-3.15 (m, 1H), 2.05 (m, 1H), 1.64 (m, 3H), 1.21-1.29 (m,
2H), 0.53-0.55 (m, 1H), 0.32-0.33 (m, 1H); MS (ES) m/z 382.1 (M+H).

[0409] Synthesis of Example 146: Preparation of ethyl 4-(((3R,6S5)-1-(2-cyanoacetyl)-6-
methylpiperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate

Scheme 38: Preparation of ethyl 4-(((3R,65)-1-(2-cyanoacetyl)-6-methylpiperidin-3-yl)amino)-
1 H-pyrrolo[2,3-b]pyridine-5-carboxylate.
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[0410] Step 1: Preparation of ethyl 4-(((3R,65)-1-((benzyloxy)carbonyl)-6-methylpiperidin-
3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate

0 HN“'O\"Cbz

/\o \\

|
NN

To a solution of ethyl 4-chloro-1H-pyrrolo[2,3-b]pyridine-5-carboxylate (0.35 g, 1.56 mmol) in
N-methyl-2-pyrrolidone (5 mL) was added benzyl (2S,5R)-5-amino-2-methylpiperidine-1-
carboxylate (0.65 g, 2.65 mmol) and triethylamine (0.5 mL). The mixture was heated to 180 °C
under microwave irradiation for 1 hour. The reaction mixture was cooled to ambient
temperature, quenched with water and extracted with ethyl acetate. The organic layer was
washed with water, brine and dried over anhydrous sodium sulfate. The reaction mixture was
filtered and concentrated in vacuo. The crude material was purified by flash chromatography
(40% ethyl acetate/hexane) to provide ethyl 4-(((3R,65)-1-((benzyloxy)-carbonyl)-6-
methylpiperidin-3-yl)amino)- 1 H-pyrrolo[2,3-b]pyridine-5-carboxylate as a yellow solid (0.3g,
44% yield).

[0411] Step 2: Preparation of ethyl 4-(((3R, 6S5)-6-methylpiperidin-3-yl) amino)-1/H-
pyrrolo[2, 3-b]pyridine-5-carboxylate
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To a solution of ethyl 4-(((3R,695)-1-((benzyloxy)carbonyl)-6-methylpiperidin-3-yl)amino)-1H-
pyrrolo[2,3-b]pyridine-5-carboxylate (0.3 g, 0.68 mmol) in tetrahydrofuran (5 mL ) was added
palladium on carbon (0.3 g, 50% wet w/w). The reaction mixture was placed under a hydrogen
atmosphere and stirred at room temperature for 12 hours. The reaction mixture was filtered
through celite and washed with 50% methanol/ethyl acetate (100 mL). The filtrate was
concentrated in vacuo to provide ethyl 4-(((3R, 6S)-6-methylpiperidin-3-yl) amino)-1H-
pyrrolo[2,3-b]pyridine-5-carboxylate as an off-white solid (0.2g, crude): MS (ES) m/z 303.2
(M+H).

[0412] Step 3: Preparation of ethyl 4-(((3R,65)-1-(2-cyanoacetyl)-6-methylpiperidin-3-
yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate

To a solution of ethyl 4-(((3R, 65)-6-methylpiperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-
carboxylate (0.2 g, 0.66 mmol) in N,N-dimethylformamide (2 mL) was added N-(3-
dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride (0.11 g, 132 mmol), 1-
hydroxybenzotriazole (0.17 g, 1.32 mmol), N,N-diisopropylethylamine (0.18 g, 1.32 mmol) and
cyanoacetic acid (0.11 g, 1.32 mmol) and the mixture stirred at ambient temperature for 18
hours. The reaction mixture was quenched with water and extracted with dichloromethane. The
organic layer was washed with water, brine and dried over anhydrous sodium sulfate. The
solution was filtered and concentrated in vacuo. The crude material was purified by flash
chromatography (5% methanol/dichloromethane) to provide ethyl (R)-4-((1-(2-cyano-2-
methylpropanoyl)piperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate as a brown
solid (0.07 g, 28% yield): '"H NMR (400 MHz, DMSO-ds) & 11.718 (br s, 1H), 8.75 (m, 1H),
8.54 (s, 1H), 7.20 (s, 1H), 6.63-6.66 (m, 1H), 4.67(m, 1H), 3.84-4.28 (m, 6H), 1.62-1.97 (m, 5H),
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1.11-1.32 (m, 6H); MS (ES) m/z 370.2 (M+H).

[0413] Synthesis of Example 147: Preparation of 4-(((1S,3R)-3-(2-
cyanoethyl)cyclohexyl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylic acid

o) HN’O"“/\CN
(o) ~

| N

H
Scheme 39: Preparation of 4-(((1S,3R)-3-(2-cyanoethyl)cyclohexyl)amino)-1H-pyrrolo[2,3-

H

b]pyridine-5-carboxylic acid.
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To a stirred solution of propyl 4-(((1S,3R)-3-(2-cyanoethyl)cyclohexyl)amino)-1H-pyrrolo[2,3-
b]pyridine-5-carboxylate (0.04 g, 0.112 mmol) in n-propanol (6 mL) was added lithium
hydroxide monohydrate (0.04 g, 1.12 mmol) at 0 °C and the mixture was heated at 50 °C for 32
hours. After cooling the reaction mixture was concentrated in vacuo and the residue was
dissolved in water which was washed with diethyl ether. The aqueous layer was acidified to pH
2.0 with saturated potassium bisulphate solution at 0 °C and then extracted with 5%
methanol/dichloromethane. The organic layer was dried over anhydrous sodium sulphate,
filtered and concentrated in vacuo. The obtained crude product was triturated with n-pentane to
provide 4-(((1S,3R)-3-(2-cyanoethyl)cyclohexyl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylic
acid as an off-white solid (0.02 g, 50% yield): 'H NMR (400 MHz, DMSO-ds): § 12.20 (br s,
1H), 11.52 (s, 1H), 9.15 (br s, 1H), 8.49 (s, 1H), 7.12 (s, 1H), 6.50 (s, 1H), 3.91 (d, J = 8.0 Hz,
1H), 2.52 (s, 1H), 2.11 (t, J= 12.0 Hz, 2H), 1.74 (t, J = 16.0 Hz, 2H), 1.41-1.57 (m, 4H), 1.11-
1.21 (m, 2H), 0.79-0.98 (m, 2H); MS (ES) m/z 313.0 (M+H).

[0414] Synthesis of Examples 148-150. Preparation and separation of stereoisomers of 2-

methoxyethyl 4-((3-(2-cyanoethyl)cyclohexyl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate

Scheme 40: Preparation and separation of stereoisomers of 2-methoxyethyl 4-((3-(2-
cyanoethyl)cyclohexyl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate.
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Preparation  of  2-methoxyethyl  4-((3-(2-cyanoethyl)cyclohexyl)amino)-1H-pyrrolo[2,3-
b]pyridine-5-carboxylate

O HN : ~ CN
/0\/\0 Z
o |

N

IZ

Racemic

To a stirred solution of 3-(3-aminocyclohexyl)propanenitrile (0.27 g, 1.77 mmol) in N-methyl-2-
pyrrolidone (15 mL) was added 2-methoxyethyl 4-chloro-1H-pyrrolo[2,3-b]pyridine-5-
carboxylate (0.54 g, 2.128 mmol) and triethylamine (0.74 mL, 5.31 mmol). The mixture was
then subjected to a microwave irradiation at 170 °C for 1 hour. After cooling to ambient
temperature, the reaction mixture was diluted with ethyl acetate and washed with water, brine,
dried over sodium sulphate, filtered and concentrated in vacuo. The crude material was purified
by flash chromatography (50% ethyl acetate/hexane) to provide crude racemic 2-methoxyethyl
4-((3-(2-cyanoethyl)cyclohexyl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate an off-white
solid (0.42 g, crude). Racemic 2-methoxyethyl 4-((3-(2-cyanoethyl)cyclohexyl)amino)-1H-
pyrrolo[2,3-b]pyridine-5-carboxylate (0.42 g) was purified by prep HPLC using the following
method to give 0.115 g of pure racemic compound as an off white solid.

Analytical Conditions:

Column: Inertsil ODS 3V(250mm X 4.6mm X 5mic)

Mobile phase(A): 0.1% ammonia in water

Mobile phase(B): ACN

Flow rate: 1.0 mL/min
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T/%B: 0/20,10/70, 25/90,27/20,30/20
RT=12.927 min

[0415] The stereoisomers of 2-methoxyethyl 4-((3-(2-cyanoethyl)cyclohexyl)amino)-1H-
pyrrolo[2,3-b]pyridine-5-carboxylate  were separated using the following chromatographic
conditions.

Column: CHIRALPAK TA ( 100 mm X 4.6mm X 3mic)

Mobile phase : n-hexane:ethanol with 0.1% DEA (90:10)

Flow rate: 1.0 mL/min

[0416] Synthesis of Example 148: Isolation of racemic, trans-2-methoxyethyl 4-((3-(2-
cyanoethyl)cyclohexyl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate

O HN” i SN

/o\/\o a ‘ A

SyAN
Isolated as an off-white solid (0.02 g, 17% yield): HlH NMR (400 MHz, DMSO-ds) & 11.66 (s,
1H), 9.03 (d, /= 8.0 Hz, 1H), 8.53 (s, 1H), 7.15 (s, 1H), 6.57 (d, J=2.8 Hz, 1H), 4.42 (t, /= 4.0
Hz, 1H), 4.32 (t, J = 4.4 Hz, 2H), 3.64 (t, J = 4.8 Hz, 2H), 3.29 (d, J = 5.6 Hz, 3H), 2.44 (s, 2H),
1.81-1.84 (m, 1H), 1.70-1.74 (m, 3H), 1.60-1.67 (m, 2H); 1.41-1.55 (m, 4H); 1.00-1.08 (m,

1H); MS (ES) m/z 371.1 (M+H). Retention time 8.652 min.

[0417] Synthesis of Example 149: Isolation of one enantiomer of cis-2-methoxyethyl 4-((3-
(2-cyanoethyl)cyclohexyl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate, enantiomer 1

Cis-enantiomer 1

Isolated as an off-white solid (0.03 g, 29% yield): 'H NMR (400 MHz, DMSO-de) § 11.67 (s,
1H), 8.66 (d, J = 8.0 Hz, 1H), 8.52 (s, 1H), 7.16 (s, 1H), 6.57 (s, 1H), 4.31 (t, J = 4.4 Hz, 2H),
3.94 (t,J=3.6 Hz, 1H), 3.63 (t, J = 4.4 Hz, 2H), 3.29 (d, J = 4.8 Hz, 3H), 2.50-2.52 (m, 2H),
2.12 (t,J=12.0 Hz, 2H), 1.74 (t, J= 16.0 Hz, 2H), 1.41-1.51 (m, 3H); 1.05-1.31 (m, 2H), 0.83—
1.00 (m, 2H); MS (ES) m/z 371.1 (M+H). Retention time 10.04 min.
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[0418] Synthesis of Example 150: Isolation of the opposite enantiomer of cis 2-methoxyethyl
4-((3-(2-cyanoethyl)cyclohexyl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate, enantiomer 2

O HN™ i 4N
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Cis - enantiomer 2

Isolated as an off-white solid (0.03 g, 28% yield); 'H NMR (400 MHz, DMSO-de) & 11.67 (s,
1H), 8.66 (d, J = 8.0 Hz, 1H), 8.52 (s, 1H), 7.16 (d, J = 2.8 Hz 1H), 6.53 (d, J = 3.2 Hz, 1H),
4.31-4.46 (m, 2H), 3.90-3.97 (m, 1H), 3.66 (d, J = 20.0 Hz, 2H), 3.29 (s, 3H), 2.50 (s, 2H), 2.12
(t, J=12.0 Hz, 2H), 1.74 (t, J = 15.6 Hz, 2H), 1.41-1.60 (m, 3H), 1.08-1.31 (m, 2H), 0.68—1.0
(m, 2H); MS (ES) m/z 371.1 (M+H). Retention time 13.39 min.

[0419] Synthesis of Example 151-152: Preparation of cis- and trans-racemic methyl 4-((3-
(2-cyanoethyl)cyclohexyl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate

Scheme  41: Preparation of «cis- and  trans-racemic  methyl  4-((3-(2-
cyanoethyl)cyclohexyl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate.
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Step 1: Preparation of ethyl 4-((3-(2-cyanoethyl)cyclohexyl)amino)-1/-pyrrolo[2,3-b]pyridine-

5-carboxylate
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0 HNO\/\CN

/\o = | AN
>
N
N" H
Racemic

To a stirred solution of 3-(3-aminocyclohexyl)propanenitrile (0.07 g, 0.459 mmol) in N-methyl-
2-pyrrolidone (3 mL) was added ethyl 4-chloro-1H-pyrrolo[2,3-b]pyridine-5-carboxylate (0.123
g, 0.551 mmol) and triethylamine (0.2 mL, 1.337 mmol). The mixture was subjected to a
microwave irradiation at 170 °C for 1 hour. After cooling to ambient temperature, the reaction
mixture was diluted with ethyl acetate and washed with water, brine, dried over anhydrous
sodium sulphate, filtered and concentrated in vacuo. The crude material was purified by flash
chromatography (50% ethyl acetate/hexane) to provide ethyl 4-((3-(2-
cyanoethyl)cyclohexyl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate as a yellow semisolid
(0.38 g, 36% yield): MS (ES) m/z 341.1 (M+H).

[0420] Step 2: Preparation of methyl 4-((3-(2-cyanoethyl)cyclohexyl)amino)-1H-
pyrrolo[2,3-b]pyridine-5-carboxylate

~
O/‘\
Y

Racemic
To a stirred solution of ethyl 4-((3-(2-cyanoethyl)cyclohexyl)amino)-1H-pyrrolo[2,3-b]pyridine-
5-carboxylate (0.2 g, 0.587 mmol) in dry methanol (8 mL) was added cesium carbonate (0.957 g,
2.937 mmol) at 0 °C and the resulting mixture was stirred at room temperature for 72 hours. The
reaction mixture was concentrated in vacuo. The residue was diluted with water and extracted
with dichloromethane. The organic layer was dried over anhydrous sodium sulphate, filtered and
concentrated in vacuo. The crude product was purified by column chromatography (50% ethyl

acetate/hexane) to provide methyl 4-((3-(2-cyanoethyl)cyclohexyl)amino)-1H-pyrrolo[2,3-
b]pyridine-5-carboxylate as a colourless oil (0.08 g, 42% yield): MS (ES) m/z 327.1 (M+H).

[0421] The cis- and trans-diastereomers of methyl 4-((3-(2-cyanoethyl)cyclohexyl)amino)-
1 H-pyrrolo[2,3-b]pyridine-5-carboxylate were separated using the following chromatographic

conditions;
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Analytical Conditions:

Column: Inertsil ODS 3V(250mm X 4.6mm X 5mic)
Mobile phase(A): 0.1% ammonia in water

Mobile phase(B): ACN

Flow rate: 1.0 mL/min (50:50)

[0422] Synthesis of Example 151: trans-racemic-methyl 4-((3-(2-
cyanoethyl)cyclohexyl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate

O HN” : “"SeN
~,
O = | A
N

N
N H

Trans

Isolated as an off-white solid (0.01 g, 13% yield): 'H NMR (400 MHz, DMSO-de) & 11.61 (s,
1H), 9.07 (d, J = 8.4 Hz, 1H), 8.51 (s, 1H), 7.15 (t, J = 2.8 Hz, 1H), 6.57 (d, J = 1.2 Hz, 1H),
443 (t,J = 3.6 Hz, 1H), 3.78 (s, 3H), 2.47 (s, 2H), 1.82-1.85 (m, 1H), 1.61-1.75 (m, 5H), 1.41-
1.55 (m, 4H), 1.0-1.08 (m, 1H); MS (ES) m/z 327.2 (M+H). Retention time 12.729 min.

[0423] Synthesis of Example 152: cis-racemic-methyl 4-((3-(2-
cyanoethyl)cyclohexyl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate

O HN™ : “u"SCN

NS

o

N
N" R

Isolated as an off-white solid (0.04 g, 50‘%<):I§/ield): '"H NMR (400 MHz, DMSO-d¢) & 11.63 (s,
1H), 8.72 (d, J = 8.0 Hz, 1H), 8.50 (s, 1H), 7.15 (d, J = 2.0 Hz, 1H), 6.53 (d, J 1.2 Hz, 1H),
3.90-3.98 (m, 1H), 3.77 (s, 3H), 2.50 (s, 2H), 2.12 (t, J = 12.8 Hz, 2H), 1.75 (t, d, J = 16.4 Hz,
2H), 1.41-1.60 (m, 4H), 1.13-1.21 (m, 1H), 0.85-1.0 (m, 2H); MS (ES) m/z 327.1 (M+H).

Retention time:; 14.252 min.

[0424] Synthesis of Examples 153-155: Preparation of stereoisomers ethyl 4-((3-(2-
cyanoethyl)cyclopentyl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate
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Scheme 42: Preparation of stereoisomers ethyl 4-((3-(2-cyanoethyl)cyclopentyl)amino)-1H-
pyrrolo[2,3-b]pyridine-5-carboxylate.

AN

N
/\O/P\ CN
Dess-Martin O—\ B
Boc, oH BHsDMS  Boc_ /O\/OH periodinane BOC\N/OVO oey \
N THF N DCM H KO'Bu, THF H
H o,
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Step-1
o cl
o = | A D_I CN
\N N O HN
Boc. _TFA H -0 Z A
Pd/C, H, N DcM  TFAHN Et;N, NMP o
EtOAc CN ) CN MW, N~ N
Step-5 180°C. 1h H
Step-4 Bgt o
ep-

O HN
- o = | A

[0425] Step 1: Preparation of tert-butyl (3-(hydroxymethyl)cyclopentyl)carbamate

BocHN

To a stirred solution of 3-((fert-butoxycarbonyl)amino)cyclopentane-1-carboxylic acid (2 g, 8.73
mmol) in dry tetrahydrofuran (30 mL) was added borane-dimethylsulfide (1.07 mL, 11.35 mmol)
at 0 °C and the mixture was stirred at ambient temperature for 15 hours. The reaction mixture
was cooled to 0 °C, quenched with methanol and then stirred for 30 minutes. The reaction
mixture was concentrated to provide tert-butyl (3-(hydroxymethyl)cyclopentyl)carbamate as a

colourless liquid (2.5 g, crude): MS (ES) m/z 160.2 (M-56).

[0426] Step 2: Preparation of fert-butyl (3-formylcyclopentyl)carbamate

BOC\N /O\éo

H
To a stirred solution of fert-butyl (3-(hydroxymethyl)cyclopentyl)carbamate (1 g, 4.65 mmol) in

-204-



2018360059 05 May 2020

dry dichloromethane (30 mL) was added Dess-Martin periodinane (2.95 g, 6.97 mmol) at 0 °C.
The mixture was warmed to ambient temperature and stirred for 2 hours. The reaction mixture
was cooled to 0 °C and quenched with saturated sodium bicarbonate. The organic layer was
separated, washed with brine, dried over anhydrous sodium sulphate, filtered and concentrated in

vacuo to provide tert-butyl (3-formylcyclopentyl)carbamate as a colourless liquid (1.1 g, crude).

[0427] Step 3: Preparation of tert-butyl (E)-(3-(2-cyanovinyl)cyclopentyl)carbamate

Boc\N /O\\\\
H CN

To a suspension of potassium tert-butoxide (0.86 g, 5.16 mmol) in dry tetrahydrofuran (30 mL)
was added diethyl (cyanomethyl)phosphonate (1.16 mL, 7.23 mmol) at 0 °C and the mixture
stirred for 1 hour. A solution of tert-butyl (3-formylcyclopentyl)carbamate (1.1g crude, 5.16
mmol) in dry tetrahydrofuran (10 mL) was then added. The resulting mixture was stirred at
ambient temperature for 12 hours. The reaction mixture was diluted with ethyl acetate and
washed with water and brine. The organic layer was dried over anhydrous sodium sulphate,
filtered and concentrated in vacuo. The crude material was purified by flash chromatography
(20% ethyl acetate/hexane) provide tert-butyl (E)-(3-(2-cyanovinyl)cyclopentyl)carbamate as a
colourless liquid (0.25 g, 21 % yield): MS (ES) m/z 181.2 (M-56).

[0428] Step 4: Preparation of tert-butyl (3-(2-cyanoethyl)cyclopentyl)carbamate

Boc,
N
CN

To a solution of fert-butyl (E)-(3-(2-cyanovinyl)cyclopentyl)carbamate (0.25 g, 1.05 mmol) in
ethyl acetate (15 mL) was added palladium on carbon (0.2 g, 50% wet w/w) at room temperature
under an argon atmosphere. The suspension was stirred at ambient temperature under a hydrogen
atmosphere for 12 hours. The reaction mixture was filtered through celite, washed with ethyl
acetate and the filtrate was concentrated in vacuo. The crude material was purified by flash
chromatography ~ (20%  ethyl  acetate/hexane) to  provide  fert-butyl  (3-(2-
cyanoethyl)cyclopentyl)carbamate as a colourless liquid (0.12 g, 48% yield): MS (ES) m/z 183.1
(M-56).
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[0429] Step 5: Preparation of 3-(3-aminocyclopentyll)propanenitrile.trifluoroactic acid

TFA_HZN/O\\\
CN

To a solution of tert-butyl (3-(2-cyanoethyl)cyclopentyl)carbamate (0.12 g, 0.54 mmol) in
dichloromethane (20 mL) was added trifluoroacetic acid (0.5 mL) at 0 °C and the solution was
stirred at ambient temperature for 3 hours. The reaction mixture was concentrated in vacuo to
provide 3-(3-aminocyclopentyll)propanenitrile trifluoroactic acid as a colourless semi solid (0.1

g, crude): MS (ES) m/z 139.2 (M+H).

[0430] Step 6: Preparation of ethyl 4-((3-(2-cyanoethyl)cyclopentyl)amino)-1H-pyrrolo[2,3-
b]pyridine-5-carboxylate

O HN
/\O a | A
\N H

To a stirred solution of 3-(3-aminocyclopentyll)propanenitrile trifluoroactic acid (0.1 g, 0.42
mmol) in N-methyl-2-pyrrolidone (1 mL) was added ethyl 4-chloro-1H-pyrrolo[2,3-b]pyridine-
5-carboxylate (0.09 g, 0.42 mmol) and triethylamine (0.1 mL). The reaction mixture was then
heated to 170 °C for 16 hours. The reaction mixture was diluted with ethyl acetate, washed with
water and brine. The organic layer was dried over anhydrous sodium sulphate, filtered and
concentrated in vacuo. The crude material was purified by flash chromatography (6%
methanol/dichloromethane) to give ethyl  4-((3-(2-cyanoethyl)cyclopentyl)amino)-1H-
pyrrolo[2,3-b]pyridine-5-carboxylate as an off white solid (0.08 g, 57% yield): MS (ES) m/z
327.1 (M+H).

[0431] Two of the stereoisomers of this compound could be isolated by chiral
chromatography and the other 2 were isolated as a mixture using the following conditions.
Analytical Conditions:

Column: CHIRALPAK IC ( 100 mm X 4.6mm X 3mic)

Mobile phase: n-hexane:ethanol with 0.1% DEA (80:20)
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Flow rate: 1.0 mL/min

[0432] Synthesis of Example 153: Ethyl 4-((3-(2-cyanoethyl)cyclopentyl)amino)-1/-

pyrrolo[2,3-b]pyridine-5-carboxylate as a mixture of 2 stereoisomers

O HN
NS
NT N

Isolated as an off-white solid (0.022 g, 27% yield): 'H NMR (400 MHz, DMSO-de) & 11.63 (s,
1H), 8.81 (d, J = 6.8 Hz, 1H), 8.51 (s, 1H), 7.15 (s, 1H), 6.65 (s, 1H), 4.54-4.48 (m, 1H), 4.23 (q,
J = 6.8 Hz, 2H), 2.48-2.30 (m, 1H), 2.22-2.08 (m, 2H), 1.92-1.81 (m, 2H), 1.66-1.31(m, 4H),
1.29 (t, J = 7.2 Hz, 3H),1.23-1.17 (m, 2H); MS (ES) m/z 327.1 (M+H). Mixture of 2

stereoisomers with retention times 6.96 and 7.68 min.

[0433] Synthesis of Example 154: Ethyl 4-((3-(2-cyanoethyl)cyclopentyl)amino)-1/-

pyrrolo[2,3-b]pyridine-5-carboxylate, single stereoisomer 1

O HN
/\O =z | A
\N N

Isolated as an off-white solid (0.0056, 7% yield): 'H NMR (400 MHz, DMSO-d): § 11.63 (br s,
1H), 8.82 (d, J= 6.8 Hz, 1H), 8.51 (s, 1H), 7.15 (s, 1H), 6.65 (s, 1H), 4.49-4.47 (m, 1H), 4.23 (q,
J = 6.8 Hz, 2H), 2.41-2.37 (m, 1H), 2.17-2.03 (m, 3H), 1.95-1.89 (m, 2H), 1.67-1.62 (m, 3H),
1.29 (t, J = 6.8 Hz, 3H), 1.27-1.12 (m, 2H); MS (ES) m/z 327.1 (M+H). Retention time 12.16

min.

[0434] Synthesis of Example 155:  Ethyl 4-((3-(2-cyanoethyl)cyclopentyl)amino)-1/-

pyrrolo[2,3-b]pyridine-5-carboxylate, single stereoisomer 2
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Isolated as an off-white solid (0.0138 g, 17% yield): 'H NMR (400 MHz, DMSO-de) & 11.63 (s,
1H), 8.81 (d, J= 6.4 Hz, 1H), 8.51 (s, 1H), 7.15 (s, 1H), 6.64 (s, 1H), 4.54 (br s, 1H), 4.24 (q, J =
7.2 Hz, 2H), 2.22-2.09 (m, 3H),1.94-14.81 (m, 3H), 1.64-1.55 (m, 3H), 1.31 (t, J = 6.8 Hz, 3H),
1.27-1.21 (m, 2H); MS (ES) m/z 327.1 (M+H). Retention time 14.02.

[0435] Synthesis of Example 156: Preparation of ethyl 4-(((R)-1-((S)-2,2-
difluorocyclopropane-1-carbonyl)piperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-

R F
0]

~
N
N"H

carboxylate

Scheme 43: Preparation of ethyl 4-(((R)-1-((S)-2,2-difluorocyclopropane-1-carbonyl)piperidin-3-
yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate

OH R P
\"G\l\ ‘O‘IH F 7 O\l
O HN Cbz Pd/C O HN' F o O HNY
(o]
DA

TN T E—— N >
T Y Hy, THF LA EDC HCI, HOBt ~ O
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Step-2

[0436] Step 1:Preparation of ethyl (R)-4-(piperidin-3-ylamino)-1H-pyrrolo[2,3-b]pyridine-5-

- NH
e

N

carboxylate

/\o

~
N
N"H

To a stirred solution of ethyl (R)-4-((1-((benzyloxy)carbonyl)piperidin-3-yl)amino)-1H-
pyrrolo[2,3-b]pyridine-5-carboxylate (0.5 g, 1.18 mmol) in tetrahydrofuran (10 mL) was added
Pd/C (0.05 g, 50% w/w wet) under argon atmosphere and the resulting mixture was stirred at

ambient temperature under hydrogen atmosphere (balloon pressure) for 18 hours. The reaction
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mixture was filtered through celite and washed with methanol. The filtrate was concentrated in
vacuo and the crude was triturated with diethyl ether to provide ethyl (R)-4-(piperidin-3-
ylamino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate as a pale brown solid (0.21 g, 61% yield):
MS (ES) m/z 289.2 (M+H).

[0437] Step 2: Preparation of ethyl 4-(((R)-1-((5)-2,2-difluorocyclopropane-1-
carbonyl)piperidin-3-yl)amino)-1 H-pyrrolo[2,3-b]pyridine-5-carboxylate

R F
A"khﬁ ]

~
N
N© R

To a solution of ethyl (R)-4-(piperidin-3-ylamino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate (0.1
g, 0.35 mmol) in dry N,N-dimethyl formamide (7 mL) was added (S)-2,2-difluorocyclopropane-
I-carboxylic acid (0.06 g, 0.52 mmol), N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide
hydrochloride (0.13 g, 0.69 mmol), hydroxybenzotriazole (0.09 g, 0.69 mmol) and N,N-
diisopropylethylamine (0.18 mL, 1.038 mmol) at 0 °C. The reaction mixture was stirred at
ambient temperature for 18 hours. The reaction mixture was quenched with ice water and
extracted with ethyl acetate. The organic layer was washed with brine, dried over sodium sulfate,
filtered and concentrated in vacuo. The crude material was purified using flash chromatography
(60% ethyl acetate/hexane) to provide ethyl 4-(((R)-1-((S)-2,2-difluorocyclopropane-1-
carbonyl)piperidin-3-yl)amino)-1 H-pyrrolo[2,3-b]pyridine-5-carboxylate as an off-white solid
(0.04 g, 29% yield): 'H NMR (400 MHz, DMSO-ds, at 60°): § 11.54 (s, 1H), 8.79 (s, 1H), 8.54
(s, 1H), 7.16 (s, 1H), 6.65 (s, 1H), 4.25 (s, 3H), 3.70-4.12 (m, 2H), 3.49 (s, 2H), 2.10 (s, 1H),
1.57-1.82 (m, 6H), 1.30 (s, 3H).MS (ES) m/z 393.1 (M+H)

[0438] Synthesis  of  Example 157:  Preparation of  ethyl-4-(((R)-1-((R)-2,2-
difluorocyclopropane-1-carbonyl)piperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-

carboxylate
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Scheme 44: Preparation of ethyl-4-(((R)-1-((R)-2,2-difluorocyclopropane-1-carbonyl)piperidin-
3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate

@ g X
> A
W NH o N. .

P > o
NN EDC.HCI, HOBt ~ O TN
P DIPEA P
N
N H DMF, 18 h N" N

To a solution of ethyl (R)-4-(piperidin-3-ylamino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate (0.1
g, 0.35 mmol) in dry N,N-dimethyl formamide (7 mL) was added (S)-2,2-difluorocyclopropane-
I-carboxylic acid (0.06 g, 0.52 mmol), N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide
hydrochloride (0.13 g, 0.69 mmol), hydroxybenzotriazole (0.09 g, 0.69 mmol) and N,N-
diisopropylethylamine (0.18 mL, 1.038 mmol) at 0 °C. The reaction mixture was stirred at
ambient temperature for 18 hours. The reaction mixture was quenched with ice water and
extracted with ethyl acetate. The organic layer was washed with brine, dried over sodium sulfate,
filtered and concentrated in vacuo. The crude material was purified using flash chromatography
(60% ethyl acetate/hexane) to provide -ethyl-4-(((R)-1-((R)-2,2-difluorocyclopropane-1-
carbonyl)piperidin-3-yl)amino)-1 H-pyrrolo[2,3-b]pyridine-5-carboxylate as an off-white solid
(0.05 g, 40% yield): 'THNMR at 70 °C (400 MHz, DMSO-de at 70°): § 11.49 (s, 1H), 8.78 (s,
1H), 8.55 (s, 1H), 7.14 (s, 1H), 6.61 (s, 1H), 4.26-4.27 (m, 3H), 3.79- 3.93 (m, 2H), 3.40- 3.54
(m, 2H), 2.11 (brs, 1H), 1.73-1.96 (m, 6H), 1.31 (s, 3H); MS (ES) m/z 393.1 (M+H).

Biological Activity Assay

JAKI1 and JAK3 Enzyme Activity Assays

[0439] The activity of JAK3 (a.a. 781-1124, ThermoFisher) was quantified by measuring the
phosphorylation of SRCtide (FAM-GEEPLY WSFPAKKK-NH>). Kinase reactions were run in a
384-well Greiner plate with 2% final DMSO concentration under the buffer conditions of 20 mM
HEPES, pH 7.5, 10 mM MgCl,, 0.01% BSA, and 0.0005% Tween-20. The kinase reaction
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components were 2.5 nM JAK3, 1 uM SRCtide peptide and 1 uM ATP. Examples were tested in
dose-response starting at 2 pM (11 concentrations, 3-fold serial dilution, duplicate reactions).
The reactions were incubated at room temperature for 40 minutes, then stopped by adding a 1:1
volume of 30mM EDTA in 20 mM HEPES, pH 7.5 (15 mM EDTA final). After the reaction was
stopped, the phosphorylated and unphosphorylated peptides were separated and quantified using
a Caliper LC3000/EZ-Reader system and HTS Well Analyzer Software (Caliper, A PerkinElmer
Company, Hopkinton, MA). GraFit (Erithacus Software Ltd., Horley, U.K.) was used to
calculate inhibitor potency by fitting dose-response data to the 4-parameter logistical 1Cso

equation.

[0440] The inhibitory potency of candidate compounds of JAK1 done at Thermo Fisher
Scientific in their Selectscreen using a Z-lyte assay. The 2X JAKI1 / Tyr 06 mixture is prepared
in 50 mM HEPES pH 6.5, 0.01% BR1J-35, 10 mM MgCl12, I mM EGTA, 0.02% NaN3. The final
10 pL of the Kinase Reaction consists of 21.2 - 91.5 ng JAK1 and 2 uM Tyr 06 in 50 mM
HEPES pH 7.0, 0.01% BRIJ-35, 10 mM MgCL, 1 mM EGTA, 0.01% NaNj. After the 1 hour

Kinase Reaction incubation, 5 pL. of a 1:128 dilution of Development Reagent is added.

[0441] Background signal is defined in the absence of enzyme and uninhibited signal is
defined in the presence of vehicle (2% DMSO) alone. Compounds were evaluated in an 11 point
dose-response ranging from 20 mM to 0.34 nM. ICso values of compounds are determined using
a 4 parameter logistical fit of emission ratio as a function of the concentration of compound. The

results are shown in Table 2.

Table 2
JAK1 Inhibition ICso JAK3 Inhibition ICso
Example | +++ indicates < 0.01 pM | +++ indicates < 0.01 pM
No ++ indicates 0.01-0.1 pM | ++ indicates 0.01-0.1 pM
+ indicates 0.1-1 pM + indicates 0.1-1 pM
- indicates > 1 pM - indicates > 1 pM
1 + ++
3 e ot
21 ++ -+
24 -+ -+
34 + +
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137 +++ +++
138 ++ +++
139 +++ +++
140 +++ +++
141 ++ ++
142 +++ ++
143 + ++
144 ++ ++
145 +++ ++
146 +++ +++
147 + +
148 ++ +++
149 + ++
150 +++ +++
151 +++ +++
152 +++ +++
153 +++ +++
154 + ++
155 + ++
156 Not Determined ++

JAK Cellular Target Modulation Assays

[0442] Target modulation was based upon the ability of a compound to inhibit JAK isoform
specific phosphorylation of selected substrates. IL-2 stimulated STATS phosphorylation on
Tyr694 was used to assess JAKI1/3 compound selectivity,. GM-CSF stimulated STATS
phosphorylation on Tyr694 was used to assess JAK2 compound selectivity. IFNy stimulated
STAT]1 phosphorylation on Tyr701 was used to assess JAK1/2 compound selectivity. For all
three assays, human PBMC from frozen stocks were thawed, pelleted, resuspended in complete
media (90% RPMI, 10% heat inactivated FBS, 10 mM HEPES, 47 uM 2-ME, pen/strep) and

placed in wells of a 96 well V-bottom plate at 200,000 per well in 120 ul complete media.
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Compounds were added as 15 ul per well of 10X working stock solutions in complete media
with 1% DMSO (or medium with 1% DMSO for controls) and placed on a plate shaker in a
370C incubator with 5% CO: for 1 hour with gentle shaking (setting of 3). Stimulation used the
addition of soluble cytokines. For the JAK1/3 phospho-STATS assay, 15 ul of 10x working
stock recombinant human IL-2 was added to a final concentration of 25 ng/ml. For the JAK2
phospho-STATS assay, 15 pl of 10x working stock recombinant human GM-CSF was added to a
final concentration of 5 ng/ml. For the JAK1/2 phospho-STAT]I assay, 15 pl of 10x working
stock of recombinant human IFNy was added to a final concentration of 10 ng/ml. Plates were
then placed back on the plate shaker in the incubator for an additional 5, 5 and 10 minutes
respectively upon which the plates were removed from the incubator, sealed with a plate sealer
and the cells pelleted at 400 x g for 5 minutes. After pelleting, the media was removed by
aspiration and the cells were lysed in ELISA specific cell lysis buffer. The levels of phospho-
STATS were determined using a Phospho (Tyr694)/ Total STAT5a,b Whole Cell Lysate kit from
Meso Scale Discovery. Levels of phospho-STAT1 were determined using a CST-PathScan
Phospho-STAT1 (Tyr701) Sandwich ELISA kit. The results are shown in Table 3.

Table 3
IL2-STATS Inhibition ICsp Infy-STATI ICso
Example No | ++ indicates < 0.1 pM | ++ indicates < 0.1 pM
+ indicates 0.1-1 pM + indicates 0.1-1 pM
- indicates > 1 uM - indicates > 1 pM
1 + -
3 + +
21 + -
24 ++ +
34 + -
68A - Not Determined
68B - Not Determined
69 - Not Determined
70 + -
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72 T -

73 ++ ++

74 + -

75 N _

92 ++ +

113 + -

117 ++ ++

118 ++ +

119 - Not Determined
120 - Not Determined
121 - Not Determined
123 4t +

124 + -

125 o +

126 + -

127 ++ +

128 ++ -

129 ++ +

130 + +

131 + +

132 ++ +

133 ++ +

134 I +

135 ++ ++

136 + -

137 ++ -
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138 + n

139 + -

140 + n

141 + -

142 ++ +

143 - Not Determined
144 +

145 ++

146 ++ ++

147 + -

148 + +

149 + -

150 ++ +

151 ++ +

152 ++ +

153 ++ +

154 + -

155 + -

156 + Not Determined

[0443] All references, patents or applications, U.S. or foreign, cited in the application are

hereby incorporated by reference as if written herein in their entireties.

inconsistencies arise, material literally disclosed herein controls.

[0444] From the foregoing description, one skilled in the art can easily ascertain the essential
characteristics of this invention, and without departing from the spirit and scope thereof, can

make various changes and modifications of the invention to adapt it to various usages and

conditions.
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CLAIMS

What is claimed is:

1.

A compound, or a pharmaceutically acceptable salt, hydrate or solvate thereof, of Formula (I):

R n
3T A N-R
RZ\N)\/ 4

R1 X
Wf:[%
N
H

N o

wherein:

R1 is selected from -CO2Rs, -C1-Csalkyl-CO2Rs, -Cs-Cs-cycloalkyl-CO2Rs5, -NHCO2Rs, -N(C1-Cs
alkyl)-COzRs, -O-CO2Rs, or -C1-Csalkyl-O-CO2Rs;

Rz is selected from H, -C1-Caalkyl, -Cs-Cscycloalkyl, or -C1-C2alkyl-Ca-Cscycloalkyl, wherein the
alkyl or cycloalkyl groups are optionally substituted with one or more groups selected from
halogen, -OH, or -O-C1-Csalkyl;

nis0,1or2;

Ring A is substituted at one or more carbons with one, two, or three Rs substituents wherein
each Rs group is independently selected from H, halogen, -C1-Caalkyl, -Cs-Cscycloalkyl, -
OH, or -O-C1-Csalkyl wherein each alkyl or cycloalkyl group is optionally substituted with
one or more groups selected from: halogen, -OH, -C1-Csalkylalkoxy, or -O-C1-Csalkyl;

Two Ra groups on the same or different carbon atoms of the ring A may be optionally joined to
form a spirocyclic or bicyclic ring system with ring A,

R4 is selected from -C(O)-Rs, -CHzRs, -C(O)-CH=CHz, -C(O)-C(CH20CH3)=CHz, -C(O)-
CH=CHCHs, -C(O)-CH=CHCH:NR7Rs, -C(0)-C+-Csalkyl, or -C(O)-Cs-Cecycloalkyl,
wherein the alkyl or cycloalkyl groups may be optionally substituted with one or more
groups selected from -OH, halogen, alkyne, or -CN;

Rs is selected from -C1-Csalkyl, or -Cs-Cecycloalkyl wherein the alkyl or cycloalkyl groups may
be optionally substituted by one or more groups selected from halogen, -OH, or -O-C+-
Csalkyl;

Rs is selected from -C1-Csalkyl, -Cs-Cscycloalkyl, -C1-Csalkyl-C3-Cscycloalkyl, -NR7Rs, -O-aryl,
-O-heteroaryl, or heteroaryl wherein the alkyl, cycloalkyl, aryl or heteroaryl groups can be
optionally substituted by one or more groups selected from halogen, -CN, alkyne, -OH,
trifluoromethyl, -O-C1-Csalkyl, or -O-Cs-Cscycloalkyl;

Rz and Rs are independently selected from H, -C+-Cs alkyl, -C1-Cs alkoxy, or -C3-Cs cycloalkyl
wherein the alkyl groups may be optionally substituted by one or more groups selected

from halogen, -OH, or -CN; and
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R7 and Rs may be optionally joined to form a ring to form a heterocycle such as piperidine,

pyrrolidine, or with another heteroatom to form a ring such as morpholine.

A compound, or a pharmaceutically acceptable salt, hydrate or solvate thereof, of Formula (ll):

R

Rao)\ﬁ/ 40
RZO\N

Rio X N

| .

NYR @
wherein:

R1o is selected from -CO2zRs0, -C1-Cs-alkyl-CO2Rs0, -Cs-Ce-cycloalkyl-CO2Rs0, -NHCO2Rs0, -
N(C+-Cs alkyl)-CO2Rs0, -O-CO2Rs0, or -C1-Csalkyl-O-CO2Rso;

Rzo is selected from H, -C1-Caalkyl, -Cs-Cscycloalkyl, or -C1-C2alkyl-Ca-Cecycloalkyl wherein the
alkyl or cycloalkyl groups are optionally substituted with one or more groups selected from
halogen, -OH, or -O-C1-Csalkyl;

nisOor1;

Ring | is substituted at one or more carbons with one, two, or three Rso substituents wherein
each Rso group is independently selected from H, halogen, -C+-Caalkyl, -C3-Cscycloalkyl, -
OH, -0-C+-Csalkyl, -NR70C(O)-CH=CH2z, -NR70C(O)-C(CH20CH3)=CHz, -NR7cC(O)-
CH=CHCHs, or -NR7C(O)-CH=CHCH2NRsoRg wherein each alkyl or cycloalkyl group is
optionally substituted with one or more groups selected from: halogen, -C+-Csalkylalkoxy,
or -O-C+-Csalkyl;

R0 is selected from -C(O)-Reo, -ORso, -O-C(0O)-Reo, -NR70-C(O)-Rso, -C1-Caalkyl-C(O)-Reo, -
S02-Reo, -SO2-NRsoRgo, -C1-Caalkyl-SO2-Reo, or -C1-Caalkyl-SO2NRsoRep;

Rso is selected from -C+-Csalkyl, or -Cs-Cscycloalkyl wherein the alkyl or cycloalkyl groups may
be optionally substituted by one or more groups selected from halogen, -OH, or -O-C+-
Csalkyl;

Reo is selected from -C+-Csalkyl, -Cs-Cscycloalkyl or -C1-Csalkyl-Cs-Cscycloalkyl wherein the
alkyl or cycloalkyl groups can be optionally substituted by one or more groups selected
from halogen, -CN, alkyne, -OH, or -O-C+-Csalkyl;

R7o is selected from H, -C+-Csalkyl or -Cs-Cscycloalkyl;

Rso and Reo are independently selected from H, -C+-Csalkyl, -C1-Csalkoxy, -Cs-Cecycloalkyl
wherein the alkyl groups may be optionally substituted by one or more groups selected
from halogen, -OH, or -CN; and

Rso and Reo may be optionally joined to form a ring to form a heterocycle such as piperidine,

pyrrolidine, or with another heteroatom to form a ring such as morpholine.
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A compound, or a pharmaceutically acceptable salt, hydrate or solvate thereof, of Formula (lll):

n
Raooo~ q N—
R2000~N/\Q/ Raooo

R1000 <X A\
P
N H (1ID)

wherein:
R0 is selected from -CO2zRs000, -C1-Csalkyl-CO2Rs000, -Cs-Ce-cycloalkyl-CO2Rsa00,
NHCO2Rs000, -N(C1-Cs alkyl)-CO2Rs000, -O-CO2Rs000, or -C1-Csalkyl-O-CO2Rs000;

Rzo00 is selected from H, -C1-Caalkyl, -Cs-Cscycloalkyl, or -C1-Czalkyl-Cs-Cecycloalkyl, wherein

the alkyl or cycloalkyl groups are optionally substituted with one or more groups selected

from halogen, -OH, or -O-C1-Csalkyl;

nis0,1or2;

Ring Q is substituted at one or more carbons with one, two, or three Rs substituents wherein
each Rsoo0 group is independently selected from H, halogen, -C1-Caalkyl, -C3-Cescycloalkyl,

-OH, or -O-C+-Csalkyl wherein each alkyl or cycloalkyl group is optionally substituted with

one or more groups selected from: halogen, -OH, -C1-Csalkylalkoxy, or -O-C1-Csalkyl;

Two Rse00 groups on the same or different carbon atoms of the ring Q may be optionally joined

to form a spirocyclic or bicyclic ring system with ring Q;

Rao00 is selected from -C(O)-Reooo, -CH2R6000, -C(O)-CH=CHz, -C(O)-C(CH20CH3)=CHz, -C(O)-
CH=CHCHs, -C(O)-CH=CHCH:NR7Rs, -C(0)-C+-Csalkyl, or -C(O)-Cs-Cecycloalkyl,

wherein the alkyl or cycloalkyl groups may be optionally substituted with one or more

groups selected from -OH, halogen, alkyne, or -CN;

Rsoo0o is selected from -C+-Csalkyl, and -Cs-Cscycloalkyl wherein the alkyl or cycloalkyl groups

may be optionally substituted by one or more groups selected from halogen, -OH, -C3-Cs

cycloalkyl, or -O-C+-Csalkyl;

Reooo is selected from -C1-Csalkyl, -C3-Cscycloalkyl, -C1-Csalkyl-Cs-Cscycloalkyl, -NR7o00Rs000, -
O-aryl, -O-heteroaryl, or heteroaryl wherein the alkyl, cycloalkyl, aryl or heteroaryl groups

can be optionally substituted by one or more groups selected from halogen, -CN, alkyne, -

OH, trifluoromethyl, -O-C1-Csalkyl, or -O-C3-Cscycloalkyl;

R7oo0 and Rsooo are independently selected from H, -C+-Cs alkyl, -C1-Cs alkoxy, or -Cs-Cs

cycloalkyl where the alkyl groups may be optionally substituted by one or more groups

selected from halogen, -OH, -CN, or -Cs-Cs cycloalkyl;

Rz7o00 and Rsooo may be optionally joined to form a ring to form a heterocycle such as piperidine,

pyrrolidine, or with another heteroatom to form a ring such as morpholine.
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A compound, or a pharmaceutically acceptable salt, hydrate or solvate thereof, of Formula (IV):

R R40000
30000~5" _f
R S

20000~

R10000 <X A
~
NN aw

wherein:

R1oo00 is selected from -CO2Rso000, -C1-Cs-alkyl-CO2Rs0000, -Cs-Cs-cycloalkyl-CO2Rs0000, -

NHCO2zRs0000, -N(C1-Cs alkyl)-CO2Rs0000, -O-CO2Rs0000, 0r -C1-Csalkyl-O-CO2Rs0000;
Rzo000 is selected from H, -C1-Caalkyl, -Cs-Cscycloalkyl, or -C1-Czalkyl-Cs-Cscycloalkyl wherein
the alkyl or cycloalkyl groups are optionally substituted with one or more groups selected
from halogen, -OH, or -O-C1-Csalkyl;
nisOor1;
Ring S is substituted at one or more carbons with one, two, or three Rao substituents wherein
each Raoooo group is independently selected from H, halogen, -C+-Caalkyl, -Cs-Cescycloalkyl,
-OH, -0-Ci-Csalkyl, -NR70000C(O)-CH=CH2, -NR70000C{O)-C{CH20CHz3)=CHz,

NR70000C(O)-CH=CHCHS3, or -NR70000C(O)-CH=CHCH2NRso000R90000 wherein each alkyl or

cycloalkyl group is optionally substituted with one or more groups selected from: halogen,
-CN, -C1-Csalkylalkoxy, or -O-C+-Csalkyl;

Raoo00 is selected from -C(O)-Reoooo, -ORso000, -O-C(O)-Rso000, -NR70000-C(O)-Reoooo, -C1-Caalkyl-
C(O)-Reoo00, -SO2-Reoo00, -SO2-NRsooooRsoooo, -C1-Caalkyl-SO2-Reooo, or -C+-Caalkyl-

S0O2NRso000Rg0000;

Rsoo000 is selected from -C1-Csalkyl, and -Cs-Cscycloalkyl wherein the alkyl or cycloalkyl groups

may be optionally substituted by one or more groups selected from halogen, -OH, -C3-Cs

cycloalkyl, or -O-C+-Csalkyl;

Reoooo is selected from -C+-Csalkyl, -Cs-Cscycloalkyl or -C1-Csalkyl-Ca-Cecycloalkyl wherein the

alkyl or cycloalkyl groups can be optionally substituted by one or more groups selected
from halogen, -CN, alkyne, -OH, or -O-C+-Csalkyl;
R7oo00 is selected from H, -C1-Csalkyl or -Cs-Cecycloalkyl;

Rsoooo and Rooooo are independently selected from H, -C+-Csalkyl, -Ci-Csalkoxy, or -Cs-

Cscycloalkyl wherein the alkyl groups may be optionally substituted by one or more groups

selected from halogen, -OH, or -CN; and
Rsoooo and Rsoooo may be optionally joined to form a ring to form a heterocycle such as

piperidine, pyrrolidine, or with another heteroatom to form a ring such as morpholine.
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The compound of Claim 1, wherein the compound is selected from the group consisting of:

0]
0 HN' Nj]/\\\N
/\o /| \ 0]
o) HN“'OHK\\\N
\O/\O yZ | (0]
N

BN "
L
o >N \/\\N

ethyl 4-(((3R,4R)-1-(2-cyanoacetyl)-4-methylpiperidin-3-
yh)(methyl)amino)-1H-pyrrolo[2,3-b]pyridine-5-
carboxylate,

methyl 4-(((3R,4R)-1-(2-cyanoacetyl)-4-methylpiperidin-
3-yl)(methyl)amino)-1H-pyrrolo[2,3-b]pyridine-5-
carboxylate,

ethyl 4-(((3R,4R)-1-(2-cyanoacetyl)-4-methylpiperidin-3-
yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate,

methoxymethyl 4-(((3R,4R)-1-(2-cyanoacetyl)-4-
methylpiperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-
carboxylate,

isopropy! 4-(((3S,4S)-1-(2-cyanoacetyl)-4-
methylpiperidin-3-yl)(methyl)amino)-1H-pyrrolo[2,3-
b]pyridine-5-carboxylate,

ethyl 4-(((3S,4 S)-1-(2-cyanoethyl)-4-methylpiperidin-3-
yh)(methyl)amino)-1H-pyrrolo[2,3-b]pyridine-5-
carboxylate,

isopropy! 4-(((3R,4R)-1-(2-cyanoethyl)-4-methylpiperidin-
3-yl)(methyl)amino)-1H-pyrrolo[2,3-b]pyridine-5-
carboxylate,
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(0] /I AN
N
N
NTOH
o) \N\‘Q\H/D
0]
N
N
N©H
o \N\" N\H/NO
(0]
)\o /| N\
NS
N

J\m
NS
N
N" R
LN
o N
RE8
N
N
N"H

ethyl 4-(((3R,4R)-1-(cyclopentanecarbonyl)-4-
methylpiperidin-3-yl)(methyl)amino)-1H-pyrrolo[2,3-
b]pyridine-5-carboxylate,

methyl 4-(((3R,4R)-1-(cyclopentanecarbonyl)-4-
methylpiperidin-3-yl)(methyl)amino)-1H-pyrrolo[2,3-
b]pyridine-5-carboxylate,

methyl 4-(methyl((3R,4R)-4-methyl-1-(pyrrolidine-1-
carbonyl)piperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-
5-carboxylate,

ethyl 4-(methyl((3R,4R)-4-methyl-1-(pyrrolidine-1-
carbonyl)piperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-
5-carboxylate,

isopropy! 4-(methyl((3R,4R)-4-methyl-1-(pyrrolidine-1-
carbonyl)piperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-
5-carboxylate,

isopropy! 4-(((3R,4R)-1-((S)-3-fluoropyrrolidine-1-
carbonyl)-4-methylpiperidin-3-yl)(methyl)amino)-1H-
pyrrolo[2,3-b]pyridine-5-carboxylate,

ethyl 4-(((3R,4R)-1-((S)-3-flucropyrrolidine-1-carbonyl)-4-
methylpiperidin-3-yl)(methyl)amino)-1H-pyrrolo[2,3-
b]pyridine-5-carboxylate,
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ethyl 4-(((3R,4R)-1-((R)-3-fluoropyrrolidine-1-carbonyl)-4-
methylpiperidin-3-yl)(methyl)amino)-1H-pyrrolo[2,3-
b]pyridine-5-carboxylate,

isopropy! 4-(((3R,4R)-1-((R)-3-fluoropyrrolidine-1-
carbonyl)-4-methylpiperidin-3-yl)(methyl)amino)-1H-
pyrrolo[2,3-b]pyridine-5-carboxylate,

2-methoxyethyl 4-(((3R,4R)-1-((R)-3-fluoropyrrolidine-1-
carbonyl)-4-methylpiperidin-3-yl)(methyl)amino)-1H-
pyrrolo[2,3-b]pyridine-5-carboxylate,

2-methoxyethyl 4-(((3R,4R)-1-((S)-3-fluoropyrrolidine-1-
carbonyl)-4-methylpiperidin-3-yl)(methyl)amino)-1H-
pyrrolo[2,3-b]pyridine-5-carboxylate,

2-methoxyethyl 4-(methyl((3R,4R)-4-methyl-1-
(pyrrolidine-1-carbonyl)piperidin-3-yl)amino)-1H-
pyrrolo[2,3-b]pyridine-5-carboxylate,

2-methoxyethyl 4-(((3R,4R)-1-(2-cyanoacetyl)-4-
methylpiperidin-3-yl)(methyl)amino)-1H-pyrrolo[2,3-
b]pyridine-5-carboxylate,

2-methoxyethyl 4-(((3R,4R)-1-(2-cyanoacetyl)-4-
methylpiperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-
carboxylate,
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\\N
O\/\
NS
N
N H
\'G
0 N \/\\\N
O\/\
N
N
N H
0 HN“'G"\/\\\N
P
(0] /I A\
N
N
N R
|
0
0 HN N\ﬂ/\
(0]
o) /I N\
NS
N
NTOR

2-methoxyethyl 4-(((3R,4R)-1-(2-cyanoethyl)-4-
methylpiperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-
carboxylate,

2-methoxyethyl 4-(((3R,4R)-1-(2-cyanoethyl)-4-
methylpiperidin-3-yl)(methyl)amino)-1H-pyrrolo[2,3-
b]pyridine-5-carboxylate,

ethyl 4-(((3R,4R)-1-(2-cyanoethyl)-4-methylpiperidin-3-
ylyamino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate,

2-methoxyethyl 4-(((3S,4 S)-4-methyl-1-
propionylpiperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-
5-carboxylate,

2-methoxyethyl 4-(((3S,4S)-1-butyryl-4-methylpiperidin-3-
yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate,

2-methoxyethyl 4-(((3R,4R)-4-methyl-1-(3-
methylbutanoyl)piperidin-3-yl)amino)-1H-pyrrolo[2,3-
b]pyridine-5-carboxylate,
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O/l\
NS
N
N H

l

T 0
O HN N~

o /l\
NS

2-methoxyethyl 4-(((3S,4 S)-4-methyl-1-propylpiperidin-3-
yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate,

2-methoxyethyl 4-(((3S,4 S)-1-ethyl-4-methylpiperidin-3-
yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate,

methyl 4-(((3R,6S)-1-acryloyl-6-methylpiperidin-3-
yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate,

ethyl 4-(((3R,6S)-1-acryloyl-6-methylpiperidin-3-
yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate,

isopropy! 4-(((3R,6S)-1-acryloyl-6-methylpiperidin-3-
yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate,

methyl (R)-4-((1-acryloylpiperidin-3-yl)amino)-1H-
pyrrolo[2,3-b]pyridine-5-carboxylate,

ethyl (R)-4-((1-acryloylpiperidin-3-yl)amino)-1H-
pyrrolo[2,3-b]pyridine-5-carboxylate,
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/O\/\O N

o) HN“'G‘I\/[O
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N
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o) HN“'O“\/(O
\O/\O = | A ™
o) HN“‘G“\EO
/\O/\O = | \ ™
NS
NN
)\ O HN" N\./(O
O/\O % | A AN

isopropy! (R)-4-((1-acryloylpiperidin-3-yl)amino)-1H-
pyrrolo[2,3-b]pyridine-5-carboxylate,

2-methoxyethyl (R)-4-((1-acryloylpiperidin-3-yl)amino)-
1H-pyrrolo[2,3-b]pyridine-5-carboxylate,

2-hydroxyethyl (R)-4-((1-acryloylpiperidin-3-yl)amino)-
1H-pyrrolo[2,3-b]pyridine-5-carboxylate,

methoxymethyl (R)-4-((1-acryloylpiperidin-3-yl)amino)-
1H-pyrrolo[2,3-b]pyridine-5-carboxylate,

ethoxymethyl (R)-4-((1-acryloylpiperidin-3-yl)amino)-1H-
pyrrolo[2,3-b]pyridine-5-carboxylate,

isopropoxymethyl (R)-4-((1-acryloylpiperidin-3-yl)amino)-
1H-pyrrolo[2,3-b]pyridine-5-carboxylate,

isopropoxymethyl (S)-4-((1-acryloylpiperidin-3-yl)amino)-
1H-pyrrolo[2,3-b]pyridine-5-carboxylate,
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isopropoxymethyl (R)-4-((1-acryloylpyrrolidin-3-yl)amino)-
1H-pyrrolo[2,3-b]pyridine-5-carboxylate,

isopropoxymethyl (S)-4-((1-acryloylpyrrolidin-3-yl)amino)-
1H-pyrrolo[2,3-b]pyridine-5-carboxylate,

isopropoxymethyl 4-((1-acryloylazetidin-3-yl)amino)-1H-
pyrrolo[2,3-b]pyridine-5-carboxylate,

methoxymethyl 4-(((3R,6S)-1-acryloyl-6-methylpiperidin-
3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate,

ethyl 2-(4-(((3R,4R)-1-(2-cyanoacetyl)-4-methylpiperidin-
3-yl)(methyl)amino)-1H-pyrrolo[2,3-b]pyridin-5-yl)acetate,

ethyl 3-(4-(((3R,4R)-1-(2-cyanoacetyl)-4-methylpiperidin-
3-yl)(methyl)amino)-1H-pyrrolo[2,3-b]pyridin-5-
yl)propanoate

ethyl 4-((1-(2-cyanoacetyl)-4-methylpiperidin-3-yl)amino)-
1H-pyrrolo[2,3-b]pyridine-5-carboxylate,
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ethyl 4-((1-(2-cyanoacetyl)-4-methylpiperidin-3-
yh)(methyl)amino)-1H-pyrrolo[2,3-b]pyridine-5-
carboxylate,

methyl 4-((1-(2-cyanoacetyl)-4-methylpiperidin-3-
yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate,

methyl 4-((1-(2-cyanoacetyl)-4-methylpiperidin-3-
yh)(methyl)amino)-1H-pyrrolo[2,3-b]pyridine-5-
carboxylate,

isopropy! 4-((1-(2-cyanoacetyl)-4-methylpiperidin-3-
yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate,

isopropy! 4-((1-(2-cyanoacetyl)-4-methylpiperidin-3-
yh)(methyl)amino)-1H-pyrrolo[2,3-b]pyridine-5-
carboxylate,

ethyl 4-((1-(2-cyanoethyl)-4-methylpiperidin-3-yl)amino)-
1H-pyrrolo[2,3-b]pyridine-5-carboxylate,

ethyl 4-((1-(2-cyanoethyl)-4-methylpiperidin-3-
yh)(methyl)amino)-1H-pyrrolo[2,3-b]pyridine-5-
carboxylate,
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2-methoxyethyl 4-((1-(2-cyanoethyl)-4-methylpiperidin-3-

yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate,

2-methoxyethyl 4-((1-(2-cyanoethyl)-4-methylpiperidin-3-

yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate,

ethyl 4-((1-acryloyl-6-methylpiperidin-3-yl)amino)-1H-
pyrrolo[2,3-b]pyridine-5-carboxylate,

ethyl 4-((1-acryloyl-6-methylpiperidin-3-
yh)(methyl)amino)-1H-pyrrolo[2,3-b]pyridine-5-
carboxylate,

ethyl 4-((1-acryloylpiperidin-3-yl)amino)-1H-pyrrolo[2,3-
b]pyridine-5-carboxylate,

methy! 4-((1-acryloyl-6-methylpiperidin-3-yl)amino)-1H-
pyrrolo[2,3-b]pyridine-5-carboxylate,

methy! 4-((1-acryloyl-6-methylpiperidin-3-
yh)(methyl)amino)-1H-pyrrolo[2,3-b]pyridine-5-
carboxylate,
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isopropy! 4-((1-acryloyl-6-methylpiperidin-3-yl)amino)-1H-
pyrrolo[2,3-b]pyridine-5-carboxylate,

isopropy! 4-((1-acryloyl-6-methylpiperidin-3-
yh)(methyl)amino)-1H-pyrrolo[2,3-b]pyridine-5-
carboxylate,

2-methoxyethyl 4-((1-acryloyl-6-methylpiperidin-3-
yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate,

2-methoxyethyl 4-((1-acryloyl-6-methylpiperidin-3-
yh)(methyl)amino)-1H-pyrrolo[2,3-b]pyridine-5-
carboxylate,

ethyl (R)-4-((1-(2-cyanoacetyl)piperidin-3-yl)amino)-1H-
pyrrolo[2,3-b]pyridine-5-carboxylate,

methyl 4-(((3R,4R)-1-(2-cyanoacetyl)-4-methylpiperidin-
3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate,

tert-butyl 4-(((3R,4R)-1-(2-cyanoacetyl)-4-
methylpiperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-
carboxylate,

ethyl (R)-4-((1-(2-cyanoethyl)piperidin-3-yl)amino)-1H-
pyrrolo[2,3-b]pyridine-5-carboxylate,
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isopropy! 4-(((3R,4R)-1-(2-cyanoacetyl)-4-
methylpiperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-
carboxylate,

propyl 4-(((3R,4R)-1-(2-cyanoacetyl)-4-methylpiperidin-3-
yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate,

ethyl 4-(((3R,4R)-1-(1-cyanocyclopropane-1-carbonyl)-4-
methylpiperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-
carboxylate,

ethyl 4-(((3R,4R)-1-(2-cyanopropanoyl)-4-
methylpiperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-
carboxylate,

ethyl (R)-4-((1-(1-cyanocyclopropane-1-
carbonyl)piperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-
5-carboxylate,

ethyl 4-(((3R)-1-(2-cyanopropanoyl)piperidin-3-yl)amino)-
1H-pyrrolo[2,3-b]pyridine-5-carboxylate,

propyl (R)-4-((1-(2-cyanoacetyl)piperidin-3-yl)amino)-1H-
pyrrolo[2,3-b]pyridine-5-carboxylate,

2-methoxyethyl (R)-4-((1-(2-cyanoacetyl)piperidin-3-
yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate,

ethyl (S)-4-((1-(2-cyanoacetyl)piperidin-3-yl)amino)-1H-
pyrrolo[2,3-b]pyridine-5-carboxylate,
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(o]
NN

ethyl (R)-4-((1-(2-cyano-2-methylpropanoyl)piperidin-3-
yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate,

ethyl 4-(((3R,6S)-1-(2-cyanoacetyl)-6-methylpiperidin-3-
yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate,

ethyl 4-(((R)-1-((S)-2,2-difluorocyclopropane-1-
carbonyl)piperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-
5-carboxylate,

ethyl-4-(((R)-1-((R)-2,2-difluorocyclopropane-1-
carbonyl)piperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-
5-carboxylate,

propyl 4-(((R)-1-((R)-2,2-difluorocyclopropane-1-
carbonyl)piperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-
5-carboxylate,

isopropyl 4-(((R)-1-((R)-2,2-difluorocyclopropane-1-
carbonyl)piperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-
5-carboxylate,

methyl 4-(((R)-1-((R)-2,2-difluorocyclopropane-1-
carbonyl)piperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-
5-carboxylate,
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methyl 4-(((3R,6 S)-1-(2-cyanoacetyl)-6-methylpiperidin-
3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate,

isopropy! 4-(((3R,6S)-1-(2-cyanoacetyl)-6-
methylpiperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-
carboxylate,

propyl 4-(((3R,6S)-1-(2-cyanoacetyl)-6-methylpiperidin-3-
yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate,

ethyl 4-(((3R,6S)-1-(2-cyano-2-methylpropanoyl)-6-
methylpiperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-
carboxylate,

ethyl 4-(((3R,6S)-1-(2-cyanoethyl)-6-methylpiperidin-3-
yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate,

cyclopropyl 4-(((3R,6S)-1-(2-cyanoacetyl)-6-
methylpiperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-
carboxylate,

ethyl 4-(((3R,6S)-1-((S)-2,2-difluorocyclopropane-1-
carbonyl)-6-methylpiperidin-3-yl)amino)-1H-pyrrolo[2,3-
b]pyridine-5-carboxylate,
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ethyl 4-(((3R,6S)-1-((R)-2,2-difluorocyclopropane-1-
carbonyl)-6-methylpiperidin-3-yl)amino)-1H-pyrrolo[2,3-
b]pyridine-5-carboxylate,

methyl (R)-4-((1-(2-cyanoacetyl)piperidin-3-yl)Jamino)-1H-
pyrrolo[2,3-b]pyridine-5-carboxylate,

isopropy! (R)-4-((1-(2-cyanoacetyl)piperidin-3-yl)amino)-
1H-pyrrolo[2,3-b]pyridine-5-carboxylate,

cyclopropyl (R)-4-((1-(2-cyanoacetyl)piperidin-3-
yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate,

cyclopropyl 4-(((3R,4R)-1-(2-cyanoacetyl)-4-
methylpiperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-
carboxylate,

ethyl 4-(((3R,4R)-1-((S)-2,2-difluorocyclopropane-1-
carbonyl)-4-methylpiperidin-3-yl)amino)-1H-pyrrolo[2,3-
b]pyridine-5-carboxylate,

ethyl 4-(((3R,4R)-1-((R)-2,2-difluorocyclopropane-1-
carbonyl)-4-methylpiperidin-3-yl)amino)-1H-pyrrolo[2,3-
b]pyridine-5-carboxylate,
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carbonyl)piperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-
5-carboxylate,

R F
o HN“‘G% propyl 4-(((R)-1-({S)-2,2-difluorocyclopropane-1-
D

Z

N N

5-carboxylate, or

H
F F
0 HN“.GW(A ispropy! 4-(((R)-1-((S)-2,2-difluorocyclopropane-1-
)\ 0 carbonyl)piperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-
(o) | NN

Z

N N

H
F F
o HNWG“\(K methyl 4-(((R)-1-((S)-2,2-difluorocyclopropane-1-
ol

carbonyl)piperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-

~ 5-carboxylate.

(0]

~

N
N" H

The compound of Claim 2, wherein the compound is selected from the group consisting of:

X
o >N 0 methyl 4-((4-(2-cyanoacetoxy)-2-

- methylcyclohexyl)(methyl)amino)-1H-pyrrolo[2,3-b]pyridine-
(0] | X 5-carboxylate,
o

N

Iz

o)

O~
o N \

ethyl 4-((1R,3R)-3-(2-

-

N cyanoacetoxy)cyclopentyl)(methyl)amino)-1H-pyrrolo[2,3-
o% b]pyridine-5-carboxylate,

H
o \ND v »\\ ethyl 4-(((1S,3S)-3-(2-

cyanoacetoxy)cyclopentyl)(methyl)amino)-1H-pyrrolo[2,3-
O% b]pyridine-5-carboxylate,
SN N
H

O

zZ=

N
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ethyl 4-(((1R,3R)-3-(2-cyanoacetoxy)cyclopentyl)amino)-
1H-pyrrolo[2,3-b]pyridine-5-carboxylate,

ethyl 4-(((1S8,3S)-3-(2-cyanoacetoxy)cyclopentyl)amino)-1H-
pyrrolo[2,3-b]pyridine-5-carboxylate,

2-fluoroethyl 4-(methyl((1R,4R)-4-((N-
methylsulfamoyl)methyl)cyclohexyl)amino)-1H-pyrrolo[2,3-
b]pyridine-5-carboxylate,

ethyl 4-(((1R,4R)-4-((N-
methylsulfamoyl)methyl)cyclohexyl)amino)-1H-pyrrolo[2,3-
b]pyridine-5-carboxylate,

methyl 4-(methyl((1R,4R)-4-((N-
methylsulfamoyl)methyl)cyclohexyl)amino)-1H-pyrrolo[2,3-
b]pyridine-5-carboxylate,

ethyl 4-(methyl((1R,4R)-4-((N-
methylsulfamoyl)methyl)cyclohexyl)amino)-1H-pyrrolo[2,3-
b]pyridine-5-carboxylate,
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ethyl 4-(((1R,4R)-4-((N-
ethylsulfamoyl)methyl)cyclohexyl)(methyl)amino)-1H-
pyrrolo[2,3-b]pyridine-5-carboxylate,

methyl 4-(((1R,4R)-4-((N-
ethylsulfamoyl)methyl)cyclohexyl)(methyl)amino)-1H-
pyrrolo[2,3-b]pyridine-5-carboxylate,

2-Fluoroethyl 4-(((1R,4R)-4-((N-
methylsulfamoyl)methyl)cyclohexyl)amino)-1H-pyrrolo[2,3-
b]pyridine-5-carboxylate,

methyl 4-(((1R,4R)-4-((N-
methylsulfamoyl)methyl)cyclohexyl)amino)-1H-pyrrolo[2,3-
b]pyridine-5-carboxylate,

ethyl 4-(((1R,4R)-4-((N-
ethylsulfamoyl)methyl)cyclohexyl)amino)-1H-pyrrolo[2,3-
b]pyridine-5-carboxylate,

methyl 4-(((1R,4R)-4-((N-
ethylsulfamoyl)methyl)cyclohexyl)amino)-1H-pyrrolo[2,3-
b]pyridine-5-carboxylate,
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N N

ethyl 4-((3-(2-cyanoethoxy)cyclopentyl)amino)-1H-
pyrrolo[2,3-b]pyridine-5-carboxylate,

isopropy! 4-((3-(2-cyanoethoxy)cyclopentyl)amino)-1H-
pyrrolo[2,3-b]pyridine-5-carboxylate,

propyl 4-((3-(2-cyanoethoxy)cyclopentyl)amino)-1H-
pyrrolo[2,3-b]pyridine-5-carboxylate,

2-methoxyethyl 4-((3-(2-cyanoethoxy)cyclopentyl)amino)-
1H-pyrrolo[2,3-b]pyridine-5-carboxylate,

isopropyl 4-(methyl((1R,4R)-4-((N-
methylsulfamoyl)methyl)cyclohexyl)amino)-1H-pyrrolo[2,3-
b]pyridine-5-carboxylate,

propyl 4-(methyl((1R,4R)-4-((N-
methylsulfamoyl)methyl)cyclohexyl)amino)-1H-pyrrolo[2,3-
b]pyridine-5-carboxylate,

propyl 4-(((1R,4R)-4-((N-
methylsulfamoyl)methyl)cyclohexyl)amino)-1H-pyrrolo[2,3-
b]pyridine-5-carboxylate,
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isopropy! 4-(((1R,4R)-4-((N-
methylsulfamoyl)methyl)cyclohexyl)amino)-1H-pyrrolo[2,3-
b]pyridine-5-carboxylate,

methyl 4-(methyl((1R,4R)-4-((N-
methylsulfamoyl)methyl)cyclohexyl)amino)-1H-pyrrolo[2,3-
b]pyridine-5-carboxylate,

methyl 4-(((1R,4R)-4-((N-
methylsulfamoyl)methyl)cyclohexyl)amino)-1H-pyrrolo[2,3-
b]pyridine-5-carboxylate.

The compound of Claim 3, wherein the compound is selected from the group consisting of:

o) HN“'O‘l

7(\\N
O

D

N
o

N
N H

o)
V/\O%
=

N
| A\
N
NT R

HN C \n/\CN

o)

cyclopropylmethyl (R)-4-((1-(2-cyanoacetyl)piperidin-3-
ylyamino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate,

cyclopropylmethyl 4-((1-(2,2-difluorocyclopropane-1-
carbonyl)piperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-
carboxylate,

cyclopropylmethyl 4-(((3R,6S)-1-(2-cyanoacetyl)-6-
methylpiperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-
carboxylate, or
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carboxylate.
~

N

% o) methylpiperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-
(@] AN
V/\ |

o) HN“'G\I\H/\CN cyclopropylmethyl 4-(((3R,4 R)-1-(2-cyanoacetyl)-4-
A\
N
H

The compound of Claim 4, wherein the compound is selected from the group consisting of:

ethyl 4-((3-(2-cyanoethyl)cyclohexyl)amino)-1H-pyrrolo[2,3-
/\O)Km b]pyridine-5-carboxylate,
Nig h
O HN >~ CN (rac)-(cis)-Ethyl 4-((3-(2-cyanoethyl)cyclohexyl)amino)-1H-
/\O% pyrrolo[2,3-b]pyridine-5-carboxylate,

(rac)-(trans)-Ethyl 4-((3-(2-cyanoethyl)cyclohexylyamino)-

-0 | A 1H-pyrrolo[2,3-b]pyridine-5-carboxylate,
NN
o HNQV\CN
o N (cis) Ethyl 4-((3-(2-cyanoethyl)cyclohexyl)amino)-1H-
| ) pyrrolo[2,3-b]pyridine-5-carboxylate, enantiomer 1,

Cis isomer, single enantiomer

O HNY : “eN
N

/\o NS

o
N
N H

Cis isomer, single enantiomer

o HN“’O\/\CN

(cis) Ethyl 4-((3-(2-cyanoethyl)cyclohexyl)amino)-1H-
pyrrolo[2,3-b]pyridine-5-carboxylate, enantiomer 2,

(trans) Ethyl 4-((3-(2-cyanoethyl)cyclohexyl)amino)-1H-

» pyrrolo[2,3-b]pyridine-5-carboxylate enantiomer 1,
N N
H

Trans isomer, single enantiomer

O
A\

/\o A

s
N
N" H

Trans isomer, single enantiomer

(trans)-Ethyl 4-((3-(2-cyanoethyl)cyclohexyl)amino)-1H-
pyrrolo[2,3-b]pyridine-5-carboxylate, enantiomer 2,
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o HN“'O""/\CN

Y
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Cis - enantiomer 2

O HN” : SN
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~o Z | A
Cis
o
O HN
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NN

(rac) (cis) Propyl 4-((3-(2-cyanoethyl)cyclohexyl)amino)-1H-
pyrrolo[2,3-b]pyridine-5-carboxylate,

(rac)-(trans)-Propyl 4-((3-(2-cyanoethyl)cyclohexyl)amino)-
1H-pyrrolo[2,3-b]pyridine-5-carboxylate,

racemic, trans -2-methoxyethyl 4-((3-(2-
cyanoethyl)cyclohexyl)amino)-1H-pyrrolo[2,3-b]pyridine-5-
carboxylate,

cis-2-methoxyethyl 4-((3-(2-cyanoethyl)cyclohexyl)amino)-
1H-pyrrolo[2,3-b]pyridine-5-carboxylate, enantiomer 1,

c¢is 2-methoxyethyl 4-((3-(2-cyanoethyl)cyclohexyl)amino)-
1H-pyrrolo[2,3-b]pyridine-5-carboxylate, enantiomer 2,

trans-racemic-Methyl 4-((3-(2-
cyanoethyl)cyclohexyl)amino)-1H-pyrrolo[2,3-b]pyridine-5-
carboxylate,

cis-racemic-Methyl 4-((3-(2-cyanoethyl)cyclohexyl)amino)-
1H-pyrrolo[2,3-b]pyridine-5-carboxylate,

ethyl 4-((3-(2-cyanoethyl)cyclopentyl)amino)-1H-pyrrolo[2,3-
b]pyridine-5-carboxylate,
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cyclopropylmethyl 4-(((1R,4 R)-4-((N-
methylsulfamoyl)methyl)cyclohexyl)amino)-1H-pyrrolo[2,3-
b]pyridine-5-carboxylate,

cyclopropylmethyl 4-(methyl((1R,4R)-4-((N-
methylsulfamoyl)methyl)cyclohexyl)amino)-1H-pyrrolo[2,3-
b]pyridine-5-carboxylate,

isopropy! 4-(((1S,3S5)-3-(2-cyanoethyl)cyclohexyl)amino)-
1H-pyrrolo[2,3-b]pyridine-5-carboxylate,

isopropy! 4-(((1R,3R)-3-(2-cyanoethyl)cyclohexylyamino)-
1H-pyrrolo[2,3-b]pyridine-5-carboxylate,

cyclopropyl 4-(((1S,3S)-3-(2-cyanoethyl)cyclohexylyamino)-
1H-pyrrolo[2,3-b]pyridine-5-carboxylate,

cyclopropyl 4-(((1R,3R)-3-(2-cyanoethyl)cyclohexylyamino)-
1H-pyrrolo[2,3-b]pyridine-5-carboxylate,

cyclopropylmethyl 4-(((1S,3S5)-3-(2-
cyanoethyl)cyclohexyl)amino)-1H-pyrrolo[2,3-b]pyridine-5-
carboxylate,
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10.

11.

12.

O HN" : "~">CN cyclopropylmethyl 4-(((1R,3R)-3-(2-
cyanoethyl)cyclohexyl)amino)-1H-pyrrolo[2,3-b]pyridine-5-

~

N

v/\ Okm carboxylate.

I=z

A pharmaceutical composition comprising a therapeutically effective amount of a compound
according to any one of Claim 1, a pharmaceutically acceptable salt thereof, a derivative thereof,

or a combination thereof wherein the pharmaceutical composition is for topical administration.

A method of treating a JAK1- and/or JAK3-mediated disease in a subject in need thereof comprising
administering to the subject a therapeutically effective amount of a compound of Claim 1, a

derivative thereof, or a combination thereof.
The method of Claim 10, further comprising administering another therapeutic agent.

The method according to Claim 10 or 11, wherein said JAK1- and/or JAK3-mediated disease is
selected from the group consisting of an autoimmune disorders or responses, broad activation of
the immune responses, a chronic and/or acute inflammatory disorder or condition, and/or auto-
inflammatory disorder, fibrotic disorders, a skin disorder, pruritus, a hair loss disorder, a cancer or
malignancy, autoimmune connective tissue disease, an autoimmune condition; Th17-associated
inflammation, myositis, polymyositis, autoimmune myositis, dermatomyositis, juvenile
dermatomyositis; psoriatic arthritis, scleroderma (systemic scleroderma, juvenile scleroderma),
cutaneous lupus (subacute cutaneous lupus, chronic cutaneous lupus/discoid lupus, chilblain lupus
erythematosus), pruritus/itch (atopic pruritus, xerotic pruritus, pruritus associated with
psoriasis/psoriatic itch/psoriasis-associated itch), acute pruritus, chronic pruritus, idiopathic
pruritus, chronic idiopathic itch, biliary itch, hepatobiliary-associated itch, renal associated itch/renal
itch, uremic itch, lichen simplex chronicus associated pruritus, lymphoma-associated itch,
leukemia-associated itch, prurigo nodularis, atopic dermatitis-associated itch, atopic itch/atopic
puritis, bullous itch, brachioradial pruritus) neurogenic itch, neuropathic itch, notalgia paresthetica,
pruritic popular eruption of HIV, psychogenic itch, swimmer's itch, pruritus or uremic itch, urticarial
itch; dermatologic disorders (e.g.), dermatologic drug reactions/drug eruptions, xerosis/dry skin,
skin rash, skin sensitization, skin irritation, sunburn, shaving, body louse, head lice/pediculosis,
pubic lice, cutaneous larva migrans, scabies, parasitic infection, insect infestation, urticarial/hives,
popular uritcaria, insect bites, insect stings, dandruff, foreign objects or devices on skin, fungal
infection, herpes, varicella/chicken pox, eosinophilic folliculitis, dermatosis of pregnancy/pruritic
urticarial papules and plaques of pregnancy (PUPP), inflammatory dermatoses, neutrophilic

dermatoses, histiocytoid neutrophilic dermatosis, bowel-bypass syndrome dermatosis,
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13.

14.

psoriasis/psoriasis vulgaris, lichen planus, lichen sclerosus, acne (acne vulgaris, comedonal acne,
inflammatory acne, nodulo-cystic acne, scarring acne, acne keloidalis nuchae), atopies (allergic
contact sensitization, allergic dermatitis) dermatitis (atopic dermatitis/eczema, contact dermatitis,
photodermatitis, seborrheic dermatitis, stasis dermatitis, acute febrile neutrophilic dermatosis
(Sweet’s syndrome), chronic atypical neutrophilic dermatosis with lipodystrophy and elevated
temperature syndrome (CANDLE Syndrome), hidradenitis suppurativa, hives, pyoderma
gangrenosum, alopecia (eyebrow alopecia, intranasal hair alopecia, scarring alopecia (central
centrifugal cicatricial alopecia), nonscarring alopecia (alopecia areata (AA) (patchy AA, alopecia
totalis (AT), alopecia universalis (AU), ophiasis pattern alopecia areata, sisaihpo pattern alopecia
areata)), androgenetic/androgenic alopecia (AGA)/male and female pattern AGA), telogen
effluvium, tinea capitis, hypotrichosis (hereditary hypotrichosis simplex), lichen planopilaris (frontal
fibrosing alopecia), punctate palmoplantar keratoderma, erythema elevatinum diutinum (EED),
neutrophilic eccrine hidradenitis, palisading neutrophilic granulomatous dermatitis, neutrophilic
urticarial dermatosis, vitiligo including segmental vitiligo (unisegmental vitiligo, bisegmental vitiligo,
multisegmental vitiligo) non-segmental vitiligo (acral, facial, or acrofacial vitiligo, centrofacial vitiligo,
mucosal vitiligo, confetti vitiligo, trichrome vitiligo, marginal inflammatory vitiligo, quadrichrome
vitiligo, blue vitiligo, Koebner phenomenon, vulgaris vitiligo, generalized vitiligo, universal vitiligo),
mixed vitiligo/nonsegmental associated with segmental vitiligo, focal vitiligo, solitary mucosal vitiligo
or vitiligo with or without leukotricia (involvement of body hair); bullous diseases, immunobullous
diseases (bullous pemphigoid, cicatricial pemphigoid, pemphigus vulgaris, linear IgA disease),
gestational pemphigoid, xeroderma pigmentosum; disorders of fibrosis and scarring such as,
scleroderma, increased fibrosis, keloids, post-surgical scars; wound healing, surgical scarring,
radiation induced fibrosis (for example, head and neck, gastrointestinal or pulmaonary), ophthalmic
scarring, fibrosclerosis, scar growth, wound or scab healing, keloid, Sjogren’s syndrome,
sarcoidosis, allergy and allergic reactions including hypersensitivity reactions such as Type |
hypersensitivity reactions, (e.g. including anaphylaxis), Type Il hypersensitivity reactions (e.g.
Goodpasture’'s Disease, autoimmune hemolytic anemia), Type Il hypersensitivity reaction
diseases (e.g. the Arthus reaction, serum sickness), and Type IV hypersensitivity reactions (e.g.

contact dermatitis, allograft rejection); and a combination thereof.

The method of any one of Claims 10-12, wherein the other therapeutic agent is selected from a
chemotherapeutic agent, an anti-proliferative agent, an anti-inflammatory agent, an
immunomodulatory agent, immunosuppressive agent, a neurotrophic factor, an agent for treating
cardiovascular disease, an agent for treating diabetes, an agent for treating immunodeficiency

disorders, and a combination thereof.

A pharmaceutical composition comprising a therapeutically effective amount of a compound

according to any one of Claim 2, a pharmaceutically acceptable salt thereof, a derivative thereof,
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15.

16.

17.

or a combination thereof wherein the pharmaceutical composition is for topical administration.

A method of treating a JAK1- and/or JAK3-mediated disease in a subject in need thereof comprising
administering to the subject a therapeutically effective amount of a compound of Claim 2, a

derivative thereof, or a combination thereof.

The method of Claim 15, further comprising administering another therapeutic agent.

The method according to Claim 15 or 16, wherein said JAK1- and/or JAK3-mediated disease is
selected from the group consisting of an autoimmune disorders or responses, broad activation of
the immune responses, a chronic and/or acute inflammatory disorder or condition, and/or auto-
inflammatory disorder, fibrotic disorders, a skin disorder, pruritus, a hair loss disorder, a cancer or
malignancy, autoimmune connective tissue disease, an autoimmune condition; Th17-associated
inflammation, myositis, polymyositis, autoimmune myositis, dermatomyositis, juvenile
dermatomyositis; psoriatic arthritis, scleroderma (systemic scleroderma, juvenile scleroderma),
cutaneous lupus (subacute cutaneous lupus, chronic cutaneous lupus/discoid lupus, chilblain lupus
erythematosus), pruritus/itch (atopic pruritus, xerotic pruritus, pruritus associated with
psoriasis/psoriatic itch/psoriasis-associated itch), acute pruritus, chronic pruritus, idiopathic
pruritus, chronic idiopathic itch, biliary itch, hepatobiliary-associated itch, renal associated itch/renal
itch, uremic itch, lichen simplex chronicus associated pruritus, lymphoma-associated itch,
leukemia-associated itch, prurigo nodularis, atopic dermatitis-associated itch, atopic itch/atopic
puritis, bullous itch, brachioradial pruritus) neurogenic itch, neuropathic itch, notalgia paresthetica,
pruritic popular eruption of HIV, psychogenic itch, swimmer's itch, pruritus or uremic itch, urticarial
itch; dermatologic disorders (e.g.), dermatologic drug reactions/drug eruptions, xerosis/dry skin,
skin rash, skin sensitization, skin irritation, sunburn, shaving, body louse, head lice/pediculosis,
pubic lice, cutaneous larva migrans, scabies, parasitic infection, insect infestation, urticarial/hives,
popular uritcaria, insect bites, insect stings, dandruff, foreign objects or devices on skin, fungal
infection, herpes, varicella/chicken pox, eosinophilic folliculitis, dermatosis of pregnancy/pruritic
urticarial papules and plaques of pregnancy (PUPP), inflammatory dermatoses, neutrophilic
dermatoses, histiocytoid neutrophilic dermatosis, bowel-bypass syndrome dermatosis,
psoriasis/psoriasis vulgaris, lichen planus, lichen sclerosus, ache (acne vulgaris, comedonal acne,
inflammatory acne, nodulo-cystic acne, scarring acne, acne keloidalis nuchae), atopies (allergic
contact sensitization, allergic dermatitis) dermatitis (atopic dermatitis/eczema, contact dermatitis,
photodermatitis, seborrheic dermatitis, stasis dermatitis, acute febrile neutrophilic dermatosis
(Sweet’s syndrome), chronic atypical neutrophilic dermatosis with lipodystrophy and elevated
temperature syndrome (CANDLE Syndrome), hidradenitis suppurativa, hives, pyoderma
gangrenosum, alopecia (eyebrow alopecia, intranasal hair alopecia, scarring alopecia (central

centrifugal cicatricial alopecia), nonscarring alopecia (alopecia areata (AA) (patchy AA, alopecia
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18.

19.

20.

21.

22.

totalis (AT), alopecia universalis (AU), ophiasis pattern alopecia areata, sisaihpo pattern alopecia
areata)), androgenetic/androgenic alopecia (AGA)/male and female pattern AGA), telogen
effluvium, tinea capitis, hypotrichosis (hereditary hypotrichosis simplex), lichen planopilaris (frontal
fibrosing alopecia), punctate palmoplantar keratoderma, erythema elevatinum diutinum (EED),
neutrophilic eccrine hidradenitis, palisading neutrophilic granulomatous dermatitis, neutrophilic
urticarial dermatosis, vitiligo including segmental vitiligo (unisegmental vitiligo, bisegmental vitiligo,
multisegmental vitiligo) non-segmental vitiligo (acral, facial, or acrofacial vitiligo, centrofacial vitiligo,
mucosal vitiligo, confetti vitiligo, trichrome vitiligo, marginal inflammatory vitiligo, quadrichrome
vitiligo, blue vitiligo, Koebner phenomenon, vulgaris vitiligo, generalized vitiligo, universal vitiligo),
mixed vitiligo/nonsegmental associated with segmental vitiligo, focal vitiligo, solitary mucosal vitiligo
or vitiligo with or without leukotricia (involvement of body hair); bullous diseases, immunobullous
diseases (bullous pemphigoid, cicatricial pemphigoid, pemphigus vulgaris, linear IgA disease),
gestational pemphigoid, xeroderma pigmentosum; disorders of fibrosis and scarring such as,
scleroderma, increased fibrosis, keloids, post-surgical scars; wound healing, surgical scarring,
radiation induced fibrosis (for example, head and neck, gastrointestinal or pulmonary), ophthalmic
scarring, fibrosclerosis, scar growth, wound or scab healing, keloid, sarcoidosis, Sjogren’'s
syndrome, allergy and allergic reactions including hypersensitivity reactions such as Type |
hypersensitivity reactions, (e.g. including anaphylaxis), Type Il hypersensitivity reactions (e.g.
Goodpasture’'s Disease, autoimmune hemolytic anemia), Type Il hypersensitivity reaction
diseases (e.g. the Arthus reaction, serum sickness), and Type IV hypersensitivity reactions (e.g.

contact dermatitis, allograft rejection); and a combination thereof.

The method of any one of Claims 15-17, wherein the other therapeutic agent is selected from a
chemotherapeutic agent, an anti-proliferative agent, an anti-inflammatory agent, an
immunomodulatory agent, immunosuppressive agent, a neurotrophic factor, an agent for treating
cardiovascular disease, an agent for treating diabetes, an agent for treating immunodeficiency

disorders, and a combination thereof.

A pharmaceutical composition comprising a therapeutically effective amount of a compound
according to any one of Claim 3, a pharmaceutically acceptable salt thereof, a derivative thereof,

or a combination thereof wherein the pharmaceutical composition is for topical administration.

A method of treating a JAK1- and/or JAK3-mediated disease in a subject in need thereof comprising
administering to the subject a therapeutically effective amount of a compound of Claim 3, a

derivative thereof, or a combination thereof.

The method of Claim 20, further comprising administering another therapeutic agent.

The method according to Claim 20 or 21, wherein said JAK1- and/or JAK3-mediated disease is
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selected from the group consisting of an autoimmune disorders or responses, broad activation of
the immune responses, a chronic and/or acute inflammatory disorder or condition, and/or auto-
inflammatory disorder, fibrotic disorders, a skin disorder, pruritus, a hair loss disorder, a cancer or
malignancy, autoimmune connective tissue disease, an autoimmune condition; Th17-associated
inflammation, myositis, polymyositis, autoimmune myositis, dermatomyositis, juvenile
dermatomyositis; psoriatic arthritis, scleroderma (systemic scleroderma, juvenile scleroderma),
cutaneous lupus (subacute cutaneous lupus, chronic cutaneous lupus/discoid lupus, chilblain lupus
erythematosus), pruritus/itch (atopic pruritus, xerotic pruritus, pruritus associated with
psoriasis/psoriatic itch/psoriasis-associated itch), acute pruritus, chronic pruritus, idiopathic
pruritus, chronic idiopathic itch, biliary itch, hepatobiliary-associated itch, renal associated itch/renal
itch, uremic itch, lichen simplex chronicus associated pruritus, lymphoma-associated itch,
leukemia-associated itch, prurigo nodularis, atopic dermatitis-associated itch, atopic itch/atopic
puritis, bullous itch, brachioradial pruritus) neurogenic itch, neuropathic itch, notalgia paresthetica,
pruritic popular eruption of HIV, psychogenic itch, swimmer’s itch, pruritus or uremic itch, urticarial
itch; dermatologic disorders (e.g.), dermatologic drug reactions/drug eruptions, xerosis/dry skin,
skin rash, skin sensitization, skin irritation, sunburn, shaving, body louse, head lice/pediculosis,
pubic lice, cutaneous larva migrans, scabies, parasitic infection, insect infestation, urticarial/hives,
popular uritcaria, insect bites, insect stings, dandruff, foreign objects or devices on skin, fungal
infection, herpes, varicella/chicken pox, eosinophilic folliculitis, dermatosis of pregnancy/pruritic
urticarial papules and plaques of pregnancy (PUPP), inflammatory dermatoses, neutrophilic
dermatoses, histiocytoid neutrophilic dermatosis, bowel-bypass syndrome dermatosis,
psoriasis/psoriasis vulgaris, lichen planus, lichen sclerosus, ache (acne vulgaris, comedonal acne,
inflammatory acne, nodulo-cystic acne, scarring acne, acne keloidalis nuchae), atopies (allergic
contact sensitization, allergic dermatitis) dermatitis (atopic dermatitis/eczema, contact dermatitis,
photodermatitis, seborrheic dermatitis, stasis dermatitis, acute febrile neutrophilic dermatosis
(Sweet’s syndrome), chronic atypical neutrophilic dermatosis with lipodystrophy and elevated
temperature syndrome (CANDLE Syndrome), hidradenitis suppurativa, hives, pyoderma
gangrenosum, alopecia (eyebrow alopecia, intranasal hair alopecia, scarring alopecia (central
centrifugal cicatricial alopecia), nonscarring alopecia (alopecia areata (AA) (patchy AA, alopecia
totalis (AT), alopecia universalis (AU), ophiasis pattern alopecia areata, sisaihpo pattern alopecia
areata)), androgenetic/androgenic alopecia (AGA)/male and female pattern AGA), telogen
effluvium, tinea capitis, hypotrichosis (hereditary hypotrichosis simplex), lichen planopilaris (frontal
fibrosing alopecia), punctate palmoplantar keratoderma, erythema elevatinum diutinum (EED),
neutrophilic eccrine hidradenitis, palisading neutrophilic granulomatous dermatitis, neutrophilic
urticarial dermatosis, vitiligo including segmental vitiligo (unisegmental vitiligo, bisegmental vitiligo,
multisegmental vitiligo) non-segmental vitiligo (acral, facial, or acrofacial vitiligo, centrofacial vitiligo,

mucosal vitiligo, confetti vitiligo, trichrome vitiligo, marginal inflammatory vitiligo, quadrichrome
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23.

24.

25.

26.

27.

vitiligo, blue vitiligo, Koebner phenomenon, vulgaris vitiligo, generalized vitiligo, universal vitiligo),
mixed vitiligo/nonsegmental associated with segmental vitiligo, focal vitiligo, solitary mucosal vitiligo
or vitiligo with or without leukotricia (involvement of body hair); bullous diseases, immunobullous
diseases (bullous pemphigoid, cicatricial pemphigoid, pemphigus vulgaris, linear IgA disease),
gestational pemphigoid, xeroderma pigmentosum; disorders of fibrosis and scarring such as,
scleroderma, increased fibrosis, keloids, post-surgical scars; wound healing, surgical scarring,
radiation induced fibrosis (for example, head and neck, gastrointestinal or pulmaonary), ophthalmic
scarring, fibrosclerosis, scar growth, wound or scab healing, keloid, Sjogren’s syndrome,
sarcoidosis, allergy and allergic reactions including hypersensitivity reactions such as Type |
hypersensitivity reactions, (e.g. including anaphylaxis), Type Il hypersensitivity reactions (e.g.
Goodpasture’'s Disease, autoimmune hemolytic anemia), Type Il hypersensitivity reaction
diseases (e.g. the Arthus reaction, serum sickness), and Type IV hypersensitivity reactions (e.g.

contact dermatitis, allograft rejection); and a combination thereof.

The method of any one of Claims 20-22, wherein the other therapeutic agent is selected from a
chemotherapeutic agent, an anti-proliferative agent, an anti-inflammatory agent, an
immunomodulatory agent, immunosuppressive agent, a neurotrophic factor, an agent for treating
cardiovascular disease, an agent for treating diabetes, an agent for treating immunodeficiency

disorders, and a combination thereof.

A pharmaceutical composition comprising a therapeutically effective amount of a compound
according to any one of Claim 4, a pharmaceutically acceptable salt thereof, a derivative thereof,

or a combination thereof wherein the pharmaceutical composition is for topical administration.

A method of treating a JAK1- and/or JAK3-mediated disease in a subject in need thereof comprising
administering to the subject a therapeutically effective amount of a compound of Claim 4, a

derivative thereof, or a combination thereof.

The method of Claim 25, further comprising administering another therapeutic agent.

The method according to Claim 25 or 26, wherein said JAK1- and/or JAK3-mediated disease is
selected from the group consisting of an autoimmune disorders or responses, broad activation of
the immune responses, a chronic and/or acute inflammatory disorder or condition, and/or auto-
inflammatory disorder, fibrotic disorders, a skin disorder, pruritus, a hair loss disorder, a cancer or
malignancy, autoimmune connective tissue disease, an autoimmune condition; Th17-associated
inflammation, myositis, polymyositis, autoimmune myositis, dermatomyositis, juvenile
dermatomyositis; psoriatic arthritis, scleroderma (systemic scleroderma, juvenile scleroderma),
cutaneous lupus (subacute cutaneous lupus, chronic cutaneous lupus/discoid lupus, chilblain lupus

erythematosus), pruritus/itch (atopic pruritus, xerotic pruritus, pruritus associated with
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psoriasis/psoriatic itch/psoriasis-associated itch), acute pruritus, chronic pruritus, idiopathic
pruritus, chronic idiopathic itch, biliary itch, hepatobiliary-associated itch, renal associated itch/renal
itch, uremic itch, lichen simplex chronicus associated pruritus, lymphoma-associated itch,
leukemia-associated itch, prurigo nodularis, atopic dermatitis-associated itch, atopic itch/atopic
puritis, bullous itch, brachioradial pruritus) neurogenic itch, neuropathic itch, notalgia paresthetica,
pruritic popular eruption of HIV, psychogenic itch, swimmer’s itch, pruritus or uremic itch, urticarial
itch; dermatologic disorders (e.g.), dermatologic drug reactions/drug eruptions, xerosis/dry skin,
skin rash, skin sensitization, skin irritation, sunburn, shaving, body louse, head lice/pediculosis,
pubic lice, cutaneous larva migrans, scabies, parasitic infection, insect infestation, urticarial/hives,
popular uritcaria, insect bites, insect stings, dandruff, foreign objects or devices on skin, fungal
infection, herpes, varicella/chicken pox, eosinophilic folliculitis, dermatosis of pregnancy/pruritic
urticarial papules and plaques of pregnancy (PUPP), inflammatory dermatoses, neutrophilic
dermatoses, histiocytoid neutrophilic dermatosis, bowel-bypass syndrome dermatosis,
psoriasis/psoriasis vulgaris, lichen planus, lichen sclerosus, ache (acne vulgaris, comedonal acne,
inflammatory acne, nodulo-cystic acne, scarring acne, acne keloidalis nuchae), atopies (allergic
contact sensitization, allergic dermatitis) dermatitis (atopic dermatitis/eczema, contact dermatitis,
photodermatitis, seborrheic dermatitis, stasis dermatitis, acute febrile neutrophilic dermatosis
(Sweet’s syndrome), chronic atypical neutrophilic dermatosis with lipodystrophy and elevated
temperature syndrome (CANDLE Syndrome), hidradenitis suppurativa, hives, pyoderma
gangrenosum, alopecia (eyebrow alopecia, intranasal hair alopecia, scarring alopecia (central
centrifugal cicatricial alopecia), nonscarring alopecia (alopecia areata (AA) (patchy AA, alopecia
totalis (AT), alopecia universalis (AU), ophiasis pattern alopecia areata, sisaihpo pattern alopecia
areata)), androgenetic/androgenic alopecia (AGA)/male and female pattern AGA), telogen
effluvium, tinea capitis, hypotrichosis (hereditary hypotrichosis simplex), lichen planopilaris (frontal
fibrosing alopecia), punctate palmoplantar keratoderma, erythema elevatinum diutinum (EED),
neutrophilic eccrine hidradenitis, palisading neutrophilic granulomatous dermatitis, neutrophilic
urticarial dermatosis, vitiligo including segmental vitiligo (unisegmental vitiligo, bisegmental vitiligo,
multisegmental vitiligo) non-segmental vitiligo (acral, facial, or acrofacial vitiligo, centrofacial vitiligo,
mucosal vitiligo, confetti vitiligo, trichrome vitiligo, marginal inflammatory vitiligo, quadrichrome
vitiligo, blue vitiligo, Koebner phenomenon, vulgaris vitiligo, generalized vitiligo, universal vitiligo),
mixed vitiligo/nonsegmental associated with segmental vitiligo, focal vitiligo, solitary mucosal vitiligo
or vitiligo with or without leukotricia (involvement of body hair); bullous diseases, immunobullous
diseases (bullous pemphigoid, cicatricial pemphigoid, pemphigus vulgaris, linear IgA disease),
gestational pemphigoid, xeroderma pigmentosum; disorders of fibrosis and scarring such as,
scleroderma, increased fibrosis, keloids, post-surgical scars; wound healing, surgical scarring,
radiation induced fibrosis (for example, head and neck, gastrointestinal or pulmaonary), ophthalmic

scarring, fibrosclerosis, scar growth, wound or scab healing, keloid, sarcoidosis, Sjogren’s
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28.

syndrome, allergy and allergic reactions including hypersensitivity reactions such as Type |
hypersensitivity reactions, (e.g. including anaphylaxis), Type Il hypersensitivity reactions (e.g.
Goodpasture’'s Disease, autoimmune hemolytic anemia), Type Il hypersensitivity reaction
diseases (e.g. the Arthus reaction, serum sickness), and Type IV hypersensitivity reactions (e.g.

contact dermatitis, allograft rejection); and a combination thereof.

The method of any one of Claims 25-27, wherein the other therapeutic agent is selected from a
chemotherapeutic agent, an anti-proliferative agent, an anti-inflammatory agent, an
immunomodulatory agent, immunosuppressive agent, a neurotrophic factor, an agent for treating
cardiovascular disease, an agent for treating diabetes, an agent for treating immunodeficiency

disorders, and a combination thereof.
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