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SUBSTITUTED PYRROLOPYRIMIDINEJAK INHIBITORS AND METHODS OF 
MAKING AND USING THE SAME 

Cross-Reference to Related Applications 

[0001] This application claims the benefit of U.S. Provisional Application No. 62/581,428 

filed November 3, 2017 and .S. Provisional Application No. 62/670,448 filed May 11, 2018.  

The disclosures of both of these applications are incorporated hereinby reference.The disclosure 

of the application is incorporated herein by reference.  

Summary 

[0002] Embodiments herein are directed to having the structures ofFormulas (I)-(IV), or a 

derivative thereof, where the R groups, ring labels, and n values are defined herein: 

Ri< R0 300 R;AN-P 4  R20 'o~ 4 Rcco~x~v N-P R. 4 0 4 

R4R20 R2 0 >.  
R2 N R20 2oN 'N Rcoco N 

Rj, R1, R 1.3.3 RIOo 

N 'N N' 
N H gi N H n) H Uy) 

[00031 Disclosed herein are new pyrrolopyridine compounds and compositions and their 

application as pharmaceuticals for the treatment of disease. Methods of inhibition of JAK Iand 

JAK3 kinase activity in a human or animal subject are also provided for the treatment of JAKI 

and/or JAK3-mediated conditions.  

10004] The Janus Kinases (JAKs) are a subgroup of non-receptor tyrosine kinases that are 

essential to transducing signals originating from type I and type I cytokine receptors and whose 

enzymatic activity is essential for the biological activity of the cytokines. The JAK kinase family 

consists of four family members: JAKM, JAK2, JAK3 and Tyk2, and these kinases are central to 

the regulation of cytokine signaling in the inmmune system, as well as more broadly in other 

tissues. The kinase activity of JAKs is directed towards the JAKs themselves, the intracellular 

portion of the cytokine receptor, and several other substrates including the members of the STAT 

family of transcription factors. The STATs (STATI through STAT6) have specific and distinct 

effects on gene transcription in numerous cell types,including 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 inflammation, numerous small molecule drugs have been developed to 

intervene in diseases where JAK kinase signaling contributes to disease. Initially, these drugs 

were developed fir systemic administration for the prevention of organ transplant rejection 

Subsequently they have been developed as potential therapies for hematologic malignancies, and 

autoimmune and inflammatory diseases including rheumatoid arthritis, ulcerative colitis, 

inflammatory bowel disease, ankylosing spondylitis, psoriasis, atopic dermatitis, alopecia 

disorders, and vitiligo, 1o name a few. More recently, due to the hematologic, 

immunosuppressive and. metabolic toxicities associated with systemic inhibition of the JAK 

kinases, local delivery of these inhibitors as topical agents has been described. These include 

alopecia areata, atopic dermatitis, vitiligo, psoriasis, inflammatory bowel diseases, and dry eye, 

among others. This document describes compounds that are expected to have excellent oral and 

topical bioavailability and would be useful for systemic autoimnnne disease, as well as 

compounds designed to have limited stability and hence limited systemic exposure, therefore, be 

best suitedfor local (eg., topical) drug delivery.  

[0005] Signal transduction of cytokine receptors activated by cytokines has been shown to 

occur through JAK kinases associated with receptor cytoplasmic domains. Receptor stimulation 

results in the activation of the JAKs and subsequent phosphorylation of the cytoplasmic domain 

of the associated receptor chains, This creates an SH2-binding domain, which serves to recruit 

the latent cytoplasmic transcription factors known as STATs (Signal Transducer and Activator of 

Transcription). While bound to the phosphorylated cytokine receptors, the STATs themselves 

become phosphorylated on tyrosine residues - which leads to SH2-domain mediated homo- and 

hetero-dimer formation and translocation to the nucleus. Once there, these proteins induce the 

transcription of genes associated with activation of the original cytokine receptor This sequence 

of events (STAT protein phosphorylation in minutes, and STAT-induced gene transcription in 

hours) are both amenable to characterizing the cellular potency of compounds and informing 

structure-activity relationships.  

Detailed Description 

[0006] Before the present compositions and methods are described, it is to be understood 

that this invention is not limited to the particular processes, formulations, compositions, or 

methodologies described, as these may vary. It is also to be understood thai the tenrinology
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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 materials similar or equivalent to those described herein can be used in the 

practice or testing of embodiments of embodiments herein, the preferred methods, devices, and 

materials are now described, All publications mentioned herein are incorporated by reference in 

their entirety. Nothing herein is to be construed as an admission that embodiments herein are not 

entitled to antedate such disclosure by virtue of prior invention.  

Definitions 

[00071 It must also 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 to one or more JAK inhibitors 

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

[00081 The term "about," as used herein, is intended to qualify the numerical values which it 

modifies, denoting such a value as variable within a margin of error. When no particular margin 

of error, such as a standard deviation to a mean value given in a chart or table of data, is recited, 

the term "about" should be understood to mean plus or minus 10% of the numerical value of the 

number with which it is being used. Thereorc, about,50% means in the range of45%-55%.  

[0009! In embodiments or claims where the tenn comprising is used as the transition phrase, 

such embodiments can also be envisioned with replacement of the term "comprising" with the 

terms "consisting of' or "consisting essentially of." 

[00101 As used herein, the term "consists of" or "consisting of" means that the composition, 

formulation or the method includes only the elements, steps, or ingredients specifically recited in 

the particular claimed embodiment or claim.  

[00111 As used herein, the term "consisting essentially of" or "consists essentially of' means 

that the composition, formulation or the method includes only the elements, steps or ingredients 

specifically recited in the particular claimed embodiment or claim and may optionally include
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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 only active ingredient(s) 

in the formulation or method that treats the specified condition (e.g., nutrient depletion) isthe 

specifically recited therapeutic(s) in the particular embodiment or clan.  

100121 As used herein, two embodiments are mutuallyy exclusive" when one is defined to be 

something which is different from the other, For example, an embodiment wherein two groups 

combine to form a cycloalkyl is mutually exclusive with an embodiment in which one group is 

ethyl the other group is hydrogen, Similarly, an embodiment wherein one group is C-I is 

mutually exclusive with an embodiment wherein the same group is NH.  

10013] As used herein, the term "a derivative thereof refers to a salt thereof, a 

pharmaceutically acceptable salt thereof, a free acid form thereof, a free base form thereof, a 

solvale thereof, a deuterated derivative thereof, a hydrate thereof an N-oxide thereof, a clathrate 

thereof, a prodrug thereof, a polymorph thereof, a stereoisomer thereof, a geometric isomer 

thereof, a tautorner thereof, a mixture of tautomers thereof, an enantiomer thereof, a diastereomer 

thereof, a racemate thereof, a mixture of stereoisomers thereof, an isotope thereof (e.g, tritium, 

deuteriun), or a combination thereof.  

[00141 As used herein, the term pharmaceuticaly acceptable salt" refers to a salt prepared 

from a base or acid which is acceptable for administration to a patient. The term 

"pharmaceutically acceptable salts"embraces salts conmonly used to form alkali metal salts and 

to form addition salts of free acids or free bases. Such salts can be derived from 

pharmaceutically-acceptable inorganic or organic bases and from pharmaceutically-acceptable 

inorganic or organic acids.  

[00151 When ranges of values are disclosed, and the notation "from n ... to n2" or"between 

nI ... and n2" is used, where n] and n2 are the numbers, then unless otherwise specified, this 

notation is intended to include the numbers themselves and the range between them. This range 

may be integral or continuous between and including the end values. By way of example, the 

range "from 2 to 6 carbons" is intended to include two, three, four, five, and six carbons, since 

carbons come in integer units, Compare, byway of example, the range "from I to 3 piM 

'-4..



WO 2019/090158 PCT/US2018/059071 

(micromolar)," which is intended to include I pM,3 M, and everything in between to any 

numberofsinificantfigures (eg. 1.255 pM, 2.1 pM, 2.9999 pM, etc.) 

[0016] The terry "acyl," as usedherein, alone or in combination, refers to a carbonyl attached 

to an alkenyl, alkyl, aryL cycloalkyl, heteroaryl, heterocycle, or any other moiety were the atom 

attached to the carbonyl is carbon. An "acetyl" group refers to a -C(O)CH3 group. An 

"alkylcarbon.y" or "alkanoyl" group refers to an alkyl group attached to the parent molecular 

moiety through a carbonyl group. Examples of such groups include methylcarbonyl and 

ethylcarbonyi Examples of acyl groups include formal, alkanovi and aroyl.  

[0017] The term "alkenyl," as used herein, alone or in combination, refers to astraight-chain 

or branched-chain hydrocarbon radical having one or more double bonds and containing from 2 

to 20 carbon atoms. In certain embodiments, said alkenyl will comprise from 2 to 6 carbon 

atoms. The term "alkenvlene" refers to a carbon-carbon double bond system attached at two or 

more positions such as ethenylene (~CH=CH-).Examples of suitable alkenyl radicals include 

ethenyl, propenyl, 2-nethylpropenyl 1,4-butadienyl and the like. Unless otherwise specified, the 

term "alkenyl" may include "alkenylene" groups, 

[0018] The term "alkoxy," as used herein, alone or in combination, refers to an alkyl ether 

radical, wherein the term alkyl is as defined below, Examples of suitable alkyl ether radicals 

include methoxy, ethoxy, npropoxy. isopropoxy, n-butoxy, iso-butoxy, sec-butoxy, tertbutoxy, 

and the like, 

[0019] The term alkyll." as used herein, alone or in combination, refers to a straight-chain or 

branched-chain alkyl radical containing from I to 20 carbon atoms. In certain embodiments, said 

alkyl will comprise from I to 10 carbon atoms. In farther embodiments, said alkyl will comprise 

from I to 8 carbon atoms Alkyl groups may be optionallysubstituted as defined herein.  

[00201 Examples of alkyl radicals include methyl, ethyl, n-propyl, isopropyl, n-butyl, 

isobutyl, see- butyl, tert-butyl, pentyl, iso-amyl, hexyl, octyl, noyl and the like. The term 

"alkylene," as used herein, alone or in combination, refers to a saturated aliphatic group derived 

from a straight or branched chain saturated hydrocarbon attached at two or more positions, such 

-5-
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as methylene(- CI-), Unless otherwise specified, the term "alkvl" may include "alkylene" 

groups.  

10021] The tenr "alkylamino," as used herein, alone or in combination, refers to an alkyl 

group attached to the parent molecular moiety through an amino group. Suitable alkyamino 

groups may be mono- or dialkylated, forming groups such as, fOr example, N-methvlamino, N

ethylamino, N,N-dimethylamino, N.N-ethylmethylamino and the like 

[0022] The term "alkylidene," as used herein, alone or in combination, refers to an alkeny 

group in which one carbon atom of the carbon-carbon double bond belongs to the moiety to 

which the alkenyl group is attached.  

100231 The term "alkylthio," as used herein, alone or in combination, refers to an alkyl 

thioether (R-S-) radical wherein the term alkyl is as defined above and wherein the sulfur may be 

singly or doubly oxidized. Examples of suitable alkyl thioether radicals include methylthio, 

ethylthio, n-propylthio, isopropylthio, n-butylthioiso-buthio.io sec-butylthio, tert-butylthio, 

methanesulfonyl, ethanesulfinyl, and the like.  

[00241 The term "alkynyl," as used herein, alone or in combination, refers to astraigh-chain 

or branched chain hydrocarbon radical having one or more triple bonds and containing from 2 to 

20 carbon atoms. In certain embodiments, said alkynyl comprises from 2 to 6 carbon atoms. In 

further embodiments, said alkynyl comprises from 2 to 4 carbon atoms. The term "alkynylene" 

refers to a carbon-carbon triple bond attached at two positions such as ethynylene (-C=C-).  

[0025] Examples of alkynyl radicals include ethynyl, propynyl, hydroxypropynyl, butyn-1

yl, butyn~ 2-yl, pentyn-1-yl, 3-methylbutyn-1-l, hexyn-2-yi, and the like. Unless otherwise 

specified, the term "alkynyl" may include"alkynylene"groups.  

[00261 The terms "amido" and "carbamoyl," as used herein, alone or in combination, refer to 

an amino group as described below attached to the parent molecular moiety through a carbonyl 

group, or vice versa, The term "C-arnido" as used herein, alone or in combination, refers to a

C(O)N(RR') group with Rand R' as defined herein or as defined by the specifically enumerated 

"R" groups designated. The term"N-amido" as used herein, alone or in combination, refers to a 

RC(O)NH(I')- group, with R and R' as defined herein or as defined by the specifically 

-6-
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enumerated "R" groups designated. The term "acylamino" as used herein, alone or in 

combination, embraces an acyl group attached to the parent moiety through an amino group. An 

example of an "acylamino" group is acetylamino (CH-3C(O)NH-).  

[00271 The term "amino."as used-herein, alone or in combination, refers to -NRR', wherein 

R and R' are independently chosen from hydrogen, alkyl, acyl, heteroalkyl, aryl, cycloalkyl, 

heteroaryl, and heterocycloalkyl, any of which may themselves be optionally substituted.  

Additionally, R and R' may combine to form heterocycloalkyl, either ofwhich may be optionally 

substituted.  

[00281 The term "aryl," as used herein, alone or in combination, means a carbocyclic 

aromatic system containing one, two or three rings wherein such polycyclic ring systems are 

fused together, The tenn "aryl" embraces aromatic groupssuch as phenyl, naphthyl, anthracenyl, 

and phenanthryl., 

[0029] The term "arylalkenyl" or"aralkenyl."as used herein, alone or in combination, refers 

to an aryl group attached to the parent molecular moiety through an alkenyl group.  

[00301 The term "arylalkoxy" or "aralkoxy," as used herein, alone or in combination, refers 

to an aryl group attached to the parent molecular moiety through an alkoxy group.  

[0031] The term "arylalkyl" or "aralkyl," as used herein, alone or in combination, refers to 

an aryl group attached to the parent molecular moiety through an alkyl group.  

[00321 The term "arylalkynyl" or"aralkynyl,"as used herein, alone or in combination, refers 

to anaryl group attached to the parent molecular moiety through an alkynyl group 

[00331 The term "arylalkanoyl" or "aralkanoyl" or "aroyl,"as used herein, alone or in 

combination, refers to an acyl radical derived from an aryl-substituted alkanecarboxylic acid 

such as benzoyl, napthoyl, phenylacetyl, 3-phenylpropionyl (hydrocinnamoyl), 4-phenylbutyryl, 

(2-naphthyl)acetyl, 4-chlorohydrocinnamoyl, and the like 

100341 The term aryloxy as used herein, alone or in combination, refers to an aryl.group 

attached to the parent molecular moiety through an oxy.  

-7-
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[00351 The terms "benzo" and "benz," as used herein, alone or in combination, refer to the 

divalent radical CH: derived from benzene. Examples include benzothiophene and 

benzinidazole.  

[0036] The term carbamatee," as used herein, alone or in combination, refers to an ester of 

carbamic acid (-NHCOO-) which may be attached to the parent molecularmoietyfrom either the 

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

[00371 The term "O-carbamyl" as used herein, alone or in combination, refers to a

OC(O)NRR', group-with Rand R' as defined herein.  

[0038] The term "N-carbamyl" as used herein, alone or in combination, refers to a 

ROC(O)NR- group, with R and R' as defined herein 

[0039] The term carbonyll," as used herein, when alone includes formyl [-C(0)-] and in 

combination is a -C(O)- group.  

[0040] The term "carboxyl" or "carboxy," as used herein, refers to -C(O)OH or the 

corresponding "carboxylate" anion, such as is in a carboxylic acid salt. An "O-carboxy" group 

refers to a RC(O)O- group, where R is as defined herein. A "C-carboxy" group refers to a 

C(O)OR groups where R is as defined herein, 

10041 The term, "compound," as used herein is meant to include all stereoisomers, 

geometric isomers, and tautomers, of the structures depicted. The term "compound" also 

includes the incorporation of all isotope in any enrichment (e.g. tritium, deuterium) at any 

position in the structures depicted, 

100421 The term "cyano," as used herein, alone or in combination, refers to -CN.  

[0043] The term "cycloalkyl" or, alternatively, "carbocyce," as used herein, alone or in 

combination, refers to a saturated or partially saturated monocyclic, bicyclic or tricyclic alkyl 

group wherein each cyclic moiety contains from 3 to 12 carbon atom ringmembersandwhich 

may optionally be a benzo fused ring system which is optionally substituted as defined herein.  

In certain embodiments, said cycloalkyl will comprise from 5 to 7 carbon atoms. Examples of 

such cycloalkyl groups include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, 
g.-
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tetrahydronapthyl, indanyl, octahydronaphthyl, 23-dihydro-1H-indenyladamantyl and the like.  

"Bicyclic" and "tricyclic"as used herein are intended to include both fused ring systens.such as 

decahydronaphthalene, octahydronaphihalene as well as the muiticyclic (multicentered)saturated 

or partially unsaturated type. The latter type of isomer is exemplified in general by, 

bicyclo[1,1,1]pentane, camphor, adamantane, and bicyclo[3,2,I]octane.  

100441 The term "ester," as used herein, alone or in combination, refers to a carboxy group 

bridging two moieties linked at carbon atoms.  

100451 The term "ether," as used herein, alone or in combination, refers to an oxy group 

bridging two moieties linked at carbon atoms.  

[0046] The term "halo," or "halogen," as used herein, alone or in combination, refers to 

fluorine, chlorine, bromine, or iodine.  

[00471 The tern "haloalkoxy," as used herein, alone or in combination, refers to a haloalkyl 

group attached to the parent molecular moiety throughan oxygen atom 

[0048] The term "haloalkyl," as used herein, alone or in combination, refers to an alkyl 

radical having the meaning as defined above wherein one or more hydrogens are replaced with a 

halogen, Specifically embraced are monohaloalkyl, dihaloalkyl and polyhaloalkyl radicals. A 

monohaloalkyv radical, for one example, may have an iodo, bromo, chloro or fluoro atom within 

the radical. Dihalo and polyhaloalkyl radicals may have two or more of the same halo atoms or a 

combination of different halo radicals. Examples of haloalkyl radicals include fluoromethyl, 

difluoromethyl, trifluoromethyl., chloromethyl, dichloromethyl, trichloromethyl, 

pentafluoroethylheptafluoropropyl,difluorochloromethyl,dichlorofluoromethyl.difluoroethyl, 

difluoropropyl, dichloroetyl and dichloropropyl. "Haloalkylene" refers to a haloalkyl group 

attached at two or more positions. Examples include fluoromethylene (-CFH-), 
difluoromethylene (-CF 2), chloromethylene -CCl-)and the like.  

[00491 The term "halocycloalkyl" as used herein, 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 monohalocycloalkyl, dihalocycloalkyl and 

polyhalochaloalkyl radicals. A monohaoalkyl radical, fbr one example, may have an iodo, 
-9-
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bromo, chloro or fluoro atom within the radical. Dihalo and polyhaloalkyl radicals may have 

two ormore of the same halo atoms or a combination of different halo radicals. Examples of 

haloalkyl radicals include fluorocyclopropyl, difluorocyclopropyl, fluorocyclobutyl, 

chlorocyclobutyl, and chlorocyclopentyl.  

[00501 The term "heteroalkyl," as used herein, alone or in combination, refers to a stable 

straight or branched chain, or combinations thereof. fully saturated or containing from I to 3 

degrees of unsaturation, consisting of the stated number of carbon atoms and from one to three 

heteroatoms chosen from N, 0, and S, and wherein the N and S atoms may optionally be 

oxidized, and the N heteroatom may optionally be quaternized. The heteroatom(s) may be placed 

at any interior position of the heteroalkyl group. Up to two heteroatoms may be consecutive, 

such as, for example, -CHNH-OCHS.  

[0051] The term "heteroaryl," as used herein, alone or in combination, refers to a 5 to 15 

membered unsaturated heteromonocyclic ring, or a fused monocyclic, bicyclic, or tricyclic ring 

system in which at least one of the fused rings is aromatic, which contains at least one atom 

chosen frorn N, 0, and S. In certain embodiments, said heteroaryl will comprise from to 4 

heteroatoms as ring members. In further embodiments, said heteroaryl will comprisefrom I to 2 

heteroatomsas ring members. In certain enbodiments, said heteroaryl will cornprise from 5 to 7 

atoms.The term also embraces fused polycyclic groups wherein heterocyclic rings are fused with 

aryl rings, wherein heteroaryl rings are fused with other heteroaryl rings, wherein heteroaryl 

rings are fused with heterocycloalkyl rings, or wherein heteroaryl rings are fused with cycloalkyl 

rings. Examples of heteroaryl groups include pyrrolyl, pyrrolinyl, imidazolyl, pyrazolyl, pyridyl, 

pyrimidinyl, pyrazinyl, pyridazinyl, triazolyl, pyranyl, furyl, thienyl, oxazolyl, isoxazolyl, 

oxadiazolyl, thiazolyl, thiadiazolyl, isothiazolyl, indolyl, isoindolyl, indolizinyl, benzimidazolyl, 

quinolyl, isoquinolyl, quinoxalinyl, quinazolinyl, indazolyl, benrzotriazolyl, benzodioxolyl.  

benzopyranyl, benzoxazolyl, benzoxadiazolyl, benzothiazolyl, benzothiadiazolyl, benzofuryl, 

benzothienyl, chromonyl, coumarinyl, benrzopyranyl, tetrahydroquinolinyl, tetrazolopyridazinyl, 

tetrahydroisoquinolinyl, thienopyridinyl, furopyridinyl, pyrrolopyridinyl and the like.  

Exemplary tricyclic heterocyclic groups include carbazolyl, benzidolyl, phenanthrolinyl, 

dibenzofuranyl, acridinyl, phenanthridinyl, xanthenyl and the like.  

-10-
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100521 The terms "heterocycloalkyl" and, interchangeably, "heterocycle." as used herein, 

alone or in combination, each refer to a saturated, partially unsaturated, or fully unsaturated (but 

nonaromatic) monocyclic, bicyclic, or tricyclic heterocyclic group containing at least one 

heteroatom as a ring member, wherein each said heteroatom may be independently chosen from 

nitrogen, oxygen, and sulfur, In certain ernbodiments, said hetercycloalkyl will comprise from I 

to 4 heteroatons as ring members. In further embodiments, said hetercycloalkyl will comprise 

from 1 to 2 heteroatoms as ring members. In certain embodiments, said hetercycloalkyl will 

comprise from 3 to 8 ring members in each ring. In further embodiments, said hetercycloalkyl 

will comprise from 3 to 7 ring members in each ring In yet further embodiments, said 

hetercycloalkyl will comprise from 5 to 6 ringmembers in each ring. "Heterocycloalkyl" and 

"heterocycle" are intended to include sulfones. sulfoxides, N-oxides of tertiary nitrogen ring 

members, and carbocyclic fused and benzo fused ring systems; additionally, both terms also 

include systems where a heterocycle ring is fused to an aryl group, as defined herein, or an 

additional heterocycle group, Examples of heterocycle groups include aziridinyl, azetidinyl, .1,3

benzodioxolyl, dibydroisoindolyl, dihydroisoquinolinyl, dihydrocinnolinyl, 

dihydrobenzodioxinyl, dihydro[1,3]oxazolo[4,5bpyidinyl, benzothiazolyl, dihydroindolyl, 

dihy-dropyridinyl, 1,3-dioxanyl, 1.4-dioxanyl, 1,3-dioxolanyl, isoindolinyl, morpholinyl, 

piperazinyl, pyrrolidinyl, tetrahydropyridinyl, piperidinyl, thiornorpholinyl, and the like. The 

heterocycle groups may be optionally substituted unless specifically prohibited.  

[0053] The term "hydrazinyl" as used herein, alone or in combination, refers to two amino 

groups joined by a single bond, i.e., -iN--.  

[00541 The term "hydroxy," as used herein, alone or in combination, refers to -OH.  

[0055] The term "hydroxyalkyl," as used herein, alone or in combination, refers to a hydroxy 

group attached to the parent molecular moiety through an alkyl group.  

[0056] The terrn "imino," as used herein, alone or in combination, refers to :::N, 

[0057] The term "iminohydroxy," as used herein, alone or in combination, refers to =N(OH) 

and =N-O.  
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[0058] The phrase "in the main chain" refers to the longest contiguous or adjacent chain of 

carbon atoms starting at the point of attachment of a group to the compounds of any one of the 

formulas disclosed herein.  

t00591 The term "isocyanato" refers to a -NCO group, 

[00601 The term "isothiocyanato" refers to a -NCS group 

[0061] The phrase "linear chain of atoms" refers to the longest straight chain of atoms 

independently selected from carbon, nitrogen, oxygen and sulfur 

[0062] The term "lower," as used herein, alone or in a combination, where not otherwise 

specifically defined, means containing from I to and including 6 carbon atoms (e., CICs alkyl).  

[0063] The term "lower aryl," as used herein, alone or in combination, means phenyl or 

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

[0064] The term "lower heteroaryl," as used herein, alone or in combination, means either 1) 

monocyclic heteroaryl comprising five or six ring members, of which between one and four said 

members may be heteroatoms chosen from N, 0, and S, or 2) bicyclic heteroaryl, wherein each 

of the fused rings comprises five or six ring members, comprising between them one to four 

heteroatoms chosen from N, 0, and S.  

[0065] The term "lower cycloalkyl," as used herein, alone or in combination, means a 

monocyclic cycloalkyl having between three and six ring members (i.e., CCS cycloalkyl).  

Lower cycloalkyls may be unsaturated. Examples of lower cycloalkyl include cyclopropyl, 

cyclobutyl, cyclopentyl, and cyclohexyl.  

[0066] The term "lower heterocycloalikyl," as used herein, alone or in combination, means a 

nonocyclic heterocycloalkyl having between three and six ring members, of'which between one 

and fourmay be heeroatoms chosen from N, 0, and S (ie. C-C heterocycloalkyl) Examples 

of lower heterocycloalkyls include pyrrotidinyl, piperidinyl, piperazinyl, and morpholinyl.  

Lower heterocycloalkyls may be unsaturated.  
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[00671 The term "lower amino," as used herein, alone or in combination, refers to -NRR 

wherein R and R are independently chosen from hydrogen and lower alkyl, either of which may 

be optionally substituted.  

[0068] The term"mercaptyl" as used herein, alone or in combination, refers to an RS- group, 

where R is as defined herein, 

[00691 The term "nitro," as used herein, alone or in. combination, refers to -NO2 

[0070] As used herein, an "N-oxide" is formed from the tertiary basic amines or mines 

present in the molecule, using a convenient oxidizing agent.  

[00711 The terms "oxy" or "oxa," as used herein, alone or in combination, refer to-

[0072] The tenn "oxo," as used herein, alone or in combination, refers to =0.  

[00731 The term "perhaloalkoxy" refers to an alkoxy group where all of the hydrogen atons 

are replaced by halogen atoms.  

[0074] The ten "perhaloalkyl" as used herein, alone or in combination, refers to an alkyl 

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

[0075] The term "substantially free" as used herein, alone or in combination, refers to a 

compound which is free from all other compounds within the limits of detection as measured by 

any means including nuclear magnetic resonance (NMR), gas chromatography/mass 

spectroscopy (GC/MS), or liquid chromatography/mass spectroscopy (LC/MS).  

[00761 The terms "sulfonate," sulfonicc 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 

[0077] The term "sulfanyl,"as used herein,alone or in combination, refers to -S-.  

[00781 The term "suifinyl," as used herein, alone or in combination, refers to -S(0), 

[00791 The term "sulfonyl,"as used herein, alone or in combination, refers to -S(() 
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[00801 The term "N-sulfbnamido" refers to a RS(=O) 2NR'- group with R. and R' as defined 

herein.  

[0081] The term"sulfonamido"refersto a -S(=O)2NRR. group, with R and R' as defined 

herein.  

[00821 The terms "thia" and "thio," as used herein, alone or in combination, refer to a -S

group or an ether wherein the oxygen is replaced with sulfur, The oxidized derivatives of the thio 

group, namely sulfinyl and sulfonyl, are included in the definition of thia and thio.  

100831 The term "thiol,"as used herein, alone or in combination, refers to an -S-I group 

[00841 The term "thiocarbonyl," as used herein, when alone includes thioformyl -C(S)H and 

in combination is a -C(S)- group.  

[0085] The terrn "Ndthiocarbamyl" refers to an ROC(S)NR'- group, with R and Was defined 

herein.  

[00861 The tenn "O-thiocarbamyl" refers to a -OC(S)NRR' group with R and Was defined 

herein.  

[00871 The term "thiocyanato" refers to a -CNS group.  

[00881 The term "trihalomethanesuhblnamido" refers to a X3CS(O)2 NR- group with X is a 

halogen and R as defined herein.  

100891 The tenn "trihalomethanesulfony"refers to a X3 CS(O- group where X is a halogen.  

[0090] The term"trihalomethoxy" refers to a X3CO- group where X is a halogen.  

[00911 The term "trisubstituted silyl," as used herein, alone or in combination, refers to a 

silicone group substituted at its three free valences with groups as listed herein under the 

definition of amino. Examples include trimethysilyl, tert-butyidimethylsilyl, triphenylsilyl and 

the like.  
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[00921 Any definition herein may be used in combination with any other definition to 

describe a composite structural group. By convention, the trailing element of any such definition 

is thatwhich attaches to the parent ioiety. For example, the composite group alkylamido would 

represent an alkyl group attached to the parent molecule through an amido group, and the tern 

alkoxyalkyl would represent an alkoxy group attached to the parent molecule through an alkyl 

group.  

100931 When a group is defined to be "null," what is meant is that said group is absent.  

[00941 The term "optionally substituted" means the anteceding group may be substituted or 

unsubstituted. When substituted, the substituents of an "optionally substituted" group may 

include, without limitation, one or more substituents independently selected from the following 

groups or a particular designated set of groups, alone or in combination: lower alkyl, lower 

alkenyl, lower alkynyl, lower alkanoyl, lower heteroalkyl, lower heterocycloalkyl, lower 

haloalkyl, lower haloalkenyl, lower haloalkynyl, lower perhaloalkyl, lower perhaloalkoxy, lower 

cycloalkyl, phenyl, aryi, aryloxy, lower alkoxy, lower haloalkoxy, oxo, lower acyloxy, carbonyl, 

carboxyl, lower alkylcarbonyl, lower carboxyester, lower carboxamido, cyano, hydrogen, 

halogen. hydroxy, amino, lower alkylamino, arylamino, amido, nitro, thiol, lower alkylthio, 

lower haloalkylthio, lower perhaloalkylthio, arylthio, sulfonate, sulfonic acid, trisubstituted silyl, 

N3, SH, SCH 3, C(O)CH 3, CO2 CH3, CO2H, 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-nembered carbocyclic or heterocyclic ring consisting of zero to three 

heteroatoms, for example forming methylenedioxy or ethylenedioxy. An optionally substituted 

group may be unsubstituted (e.g., -CH2 CH 3), fully substituted (e.g, -CF2CF 3), monosubstituted 

(e.g., -CH2 CIH2F) or substituted at a level anywhere in-between fully substituted and 

monosubstituted (e.g., CH2CF.) Where substituents are recited without qualification as to 

substitution, both substituted and unsubstituted forms are encompassed. Where a substituent is 

qualified as "substituted," the substituted forn 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, "optionally 

substituted with." 
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[0095] The term R or the term R, appearing by itself and without a number designation., 

unless otherwise defined, refers to a moiety chosen from hydrogen, alkyl, cycloalkyl, 

heteroalkyl, aryl, heteroaryl and heterocycloalkyl. any of which may be optionally substituted.  

Such R and R' groups should be understood to be optionally substituted as defined herein.  

Whether an R group has a number designation or not, every R group, including R, R' and Rn 

where n:::(, 2, 3, .. n), every substituent, and every ternshould be understood to be independent 

of every other in terms of selection from a group Should any variable, substituent, or term (eg.  

aryl, heterocycle, R, etc.) occur more than one time in a formula or generic structure, its 

definition at each occurrence is independent of the definition at every other occurrence. Those of 

skill in the art will tarther recognize that certain groups may be attached to a parent molecule or 

may occupy a position in a chain of elements front either end as written. For example, an 

unsymmetrical group such as -C(O)N(R)- may be attached to the parent moiety at either the 

carbon or the nitrogen, 

[0096] Stereogenic centers exist in some of the compounds disclosed herein. These centers 

are designated by the symbols "R" or "S," depending on the configuration of substituents around 

the stereogenic center. It should be understood that the invention encompasses all stereochemical 

isomeric forms, including diastereomeric, enantiomeric, atropisomeric, racemic and epimeric 

forms, as well as d- isomers and 1-isomers, and mixtures thereof. Individual stereoisomers of 

compounds can be prepared synthetically from commercially available starting materials which 

contain fixed stereogenic centers or by preparation of racemic mixtures of products followed by 

enantiomeric separation such as conversion to a. mixture of diastereomers followed by separation 

or recrystallization, chromatographic techniques, direct separation of enantiomers on chiral 

chromatographic columns, or any other appropriate method known in the art. 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 

herein may exist as geometric isomers. The present invention includes all cis, trans, syn, anti, 

entgegen (), and zusammen (Z) isomers as well as the appropriate mixtures thereof, 

Additional, compounds may exist as tautomers; all tautomeric isomers are provided by this 

invention. Additionally, the compounds disclosed herein can exist in unsolvated as well as 

solvated forms with pharmaceutically acceptable solventssuch as water, ethanol, and the like. In 

general. the solvated forms are considered equivalent to the unsolvated forms.  
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[0097] The term "bond" refers to a covalent linkage between two atoms. or two moieties 

when the atoms joined by the bond are considered to be part of larger substructure. A bond may 

be single, double, or triple unless otherwise specified. A dashed line between two atoms in a 

drawing of a molecule indicates that an additional bond may be present or absent at that position.  

[0098] The term "disease" as used herein is intended to be generally synonymous, and is 

used interchangeably 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 that impairs nonnal functioning, is typically manifested by distinguishing signs and 

symptoms, and causes the human oranimal to have a reduced duration or quality of life.  

[0099] The term "combination therapy" means the administration of two or more therapeutic 

agents to treat a therapeutic condition or disorder described in the present disclosure. Such 

administration encompasses coadministration of these therapeutic agents in a substantially 

simultaneous manner, such as in a single topical composition having a fixed ratio of active 

ingredients or in multiple, separate topical compositions for each active ingredient. In addition, 

such administration 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 treating the conditions or disorders described herein, 

[01001 "JAKI and/or JAK3 inhibitor" is used herein to refer to a compound that exhibits an 

ICso with respect to JAKI and/or JAK3 activity of no more than about 100 pM and more 

typically not more than about 50 pM, as measured in the JAKI and JAK3 enzyme assays 

described generally herein. In some embodiments, the compounds will exhibit an 1C5o with 

respect to JAK1 and/or JAK3 of about I pM to about 50 pM. ICso is that concentration of 

inhibitor which reduces the activity of an enzyme (eg., JAKI and/or JAK) to half-maximal 

level. Certain compounds disclosed herein have been discovered to exhibit inhibition against 

JAK and/or JAK3. In some embodiments, the compounds will exhibit an ICso with respect to 

JAK1 and/or JAK3 of no more than about 300 nM. In some embodiments, the compounds will 

exhibit an ICo with reset to JAKI and/or JAK3 of no more than about 1 inM. In certain 

embodiments, compounds willexhibit an ICso with respect to JAKI and/or JAK3 of no more 

than about 50 pM; in further embodiments, compounds will exhibit an IC5o with respect to JAKI 
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and/or JAK3 of no more than about 10 LM; in yet further embodiments, compounds will exhibit 

an ICi with respect to JAK1 and/or JAK3 of not more than about 5 pM; in yet further 

embodiments, compounds will exhibit an IC 5 with respect to JAK1 and/or JAK3 of not more 

than about I M, as measured in the JAK1 and/or JAK3 assay described herein.  

[0101] The phrase "therapeutically effective" is intended to qualify the amount of active 

ingredients used in the treatment of a disease or disorder or on the effecting of a clinical 

endpoint.  

[0102] As used herein, the term "therapeutic" means an agent utilized to treat, combat, 
ameliorate, prevent or improve an unwanted condition or disease of a patient, In part, 

embodiments of the present invention are directed to the treatment of JAK1 and/or JAK3

mediated diseases.  

[0103] The term "therapeutically acceptable" refers to those compounds, or a derivative 

thereof, which are suitable for use in contact with the tissues of patients without undue toxicity, 
irritation, and allergic response, are commensurate with a reasonable benefit/risk ratio, and are 

effective for their intended use.  

10104] As used herein, reference to "treatment" of a patient is intended to include 

prophylaxis. Treatment may also be preemptive in nature, i.e, it may include prevention of 

disease. Prevention of a disease may involve complete protection from disease, for example as in 

the case of prevention of infection with a pathogen, or may involve prevention of disease 

progression. For example, prevention of a disease may not mean complete foreclosure of any 

effect related to the diseases at any level, but instead may mean prevention of the symptoms of a 

disease to a clinically significant or detectable level. Prevention of diseases may also mean 

prevention of progression of a disease to a later stage of the disease.  

[01051 "Administering" when used in conjunction with a therapeutic means to administer a 

therapeutic directly into or onto a target tissue or to administer a therapeutic to a patient whereby 

the therapeutic positively impacts the tissue to which it is targeted. Thus, as used herein, the 

term "administering", when used in conjunction with a compound of embodiments herein, can 

include, but is not limited to, providing the compound intoor onto the target tissue; providing the 
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compound systemically to a patient by, eg., intravenous injection whereby the therapeutic 

reaches the target tissue; providing the compound in the fonn of the encoding sequence thereof 

to the target tissue (e.g., by so-called genetherapy techniques). "Administering" a composition 

may be accomplished by injection, topically, orally, or by any of these methods in combination 

with other known techniques.  

[0106] The term "patient" is generally synonymous with the term "subject" and includes all 

mammals including humans. Examples of patients include humans, livestock such as cows.  

goats,sheep,pigs,andrabbits,and companion animals such as dogs cats rabbits andhorses.  

Preferably, the patient is a human.  

[01071 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 Enzyrnology (Testa, Bernard and Mayer, 

Joachim M. Wiley-VHCA, Zurich, Switzerland 2003). Prodrugs of the compounds described 

herein are structurally modified fonns of the compound that readily undergo chemical changes 

under physiological 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 patch 

reservoir with a suitable enzyme or chemical reagent. Prodrugs are often useful because, income 

situations, theymay be easier to administer than the compound, or parent drug. They may, for 

instance, be bioavailable by oral administration whereas the parentdrug is not. The prodrug may 

also have improved solubility in pharmaceutical compositions over the parent 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.  

[0108] The term "therapeutically acceptable salt," as used herein, represents salts or 

zwitterionic forms of the compounds disclosed herein which are water or oil-soluble or 

dispersible and therapeutically acceptable as defined herein The salts can be prepared during the 

final isolation and purification of the compounds or separately by reacting the appropriate 

compound in the forn ofthe free base with a suitable acid, Representative acid addition salts 

include acetate, adipate, alginate, L-ascorbate, aspartate, benzoate, benzenesulfonate (besylate), 
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bisulfate, butyrate, camphorate, camphorsulfonate, citrate, digluconate, format. fumarate, 

gentisate, glutarate, glycerophosphate, glycolate, hemisulfate, heptanoate, hexanoate. hippurate, 

hydrochloride, hydrobromide, hydroiodide, 2-hydroxyethansulfonate (isethionate), lactate, 

ialeate, malonate, DL-mandelate, mesitylenesuifonate, methanesulfonate, naphthylenesulfonate, 

nicotinate, 2-naphthalenesulfonate, oxalate, pamoate, pectinate, persulfate, 3-phenylproprionate, 

phosphonate, pirate, pivalate, propionate, pyroglutamate, succinate, sulfonate, tartrate. L

tartrate, trichloroacetate, trifluoroacetate, phosphate, glutamate, bicarbonate, para

toluenesulfonate (p-tosyate), and undecanoate. Also, basic groups in the compounds disclosed 

herein can be quaternized with methyl, ethyl, propyl, and butyl chlorides, bromides, and iodides; 

dimethyl, diethyl, dibutyl, and diamyi sulfates; decyl, lauryl, myristyl, and steryl chlorides, 

bromides, and iodides; and benzyl and phenethyl bromides, Examples of acids which can be 

employed to form therapeutically acceptable addition salts include inorganic acids such as 

hydrochloric, hydrobromic, sulfuric, and phosphoric, arid organic acids such as oxalic, maleic, 

succinic. and citric. Salts can also be formed by coordination of the compounds with an alkali 

metal or alkaline earth ion. Hence, the present invention contemplates sodium, potassium, 

magnesium, and calcium salts of the compounds disclosed herein, and the like.  

[01091 Novel compounds and pharmaceutical compositions, certain of which have been 

found to inhibit JAK1 and/or JAK3 kinase have been discovered, together with methods of 

synthesizing and using the compounds including, without limitation, methods for the treatment 

of JAK1 and/or JAK3 mediated diseases in a patient by topically administering the compounds.  

[0110] Compounds of the present invention may be selective amongst the JAKI and/or 

JAK3 isofonrs in various ways. For example, compoundsdescribed herein may be selective for 

JAK Iand/or JAK over other isoforms, such as JAK2 and Tyk-2, be a pan-inhibitor of all the 

isoforms, or be selective for only one isoform, In certain embodiments, compounds of the 

present invention are selective for JAKI and/or JAK3 over other isoforms. In some 

embodiments, the compounds disclosed herein are selective for JAKI and/or JAK3 over JAK2 

and Tyk-2, Selectivity may be determined using enzyme assays, cellular assays or both. In 

some embodiments, the compounds disclosed herein are at least about IOx selective for JAK 

and/or JAK3 receptors over JAK2 receptor. In some embodiments, the compounds disclosed 

herein are at least about 1Ox selective for JAK and/or JAK3 receptors over Tyk-2 receptor.  
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Compounds 

101111 Enibodimnents herein are directed to compounds and pharmaceutical compositions, 

certain of which have been found to inhibit JAKI and/or JAK3 Kinase, together with methods of 

synthesizing and using the compounds. Sonie embodiments include methods for the treatment of 

diseases in a patient by topically administering the compounds of embodiments herein, 

10112] Certain compounds disclosed herein may possess useful JAK1 and/or JAK3 

inhibiting activity and may be used in the treatment or prophylaxis of a disease or condition in 

which JAK1 and/or JAK3 plays an active role. Thus, embodiments are also directed to 

pharmaceutical compositions comprising one or more compounds disclosed herein together with 

a pharmaceutically acceptable carrier, as well as methods of making and using the compounds 

and compositions. Certain embodiments are directed to methods for inhibiting JAKI and/or 

JAK3. Other embodiments are directed to methods for treating a JAK.i and/or JAK3-mediated 

disorder in a patient in need of such treatment, comprising administering to said patient a 

therapeutically effective amount of a compound or composition according to the present 

invention. Also provided is the use of certain compounds disclosed herein in the manufacture of 

a medicament for the treatment of a disease or condition ameliorated by the inhibition of JAKI 

and/or JAK3.  

[0113] 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.  

101141 Also provided is a compound chosen from the Examples disclosed herein. 'he 

compounds of embodiments herein may also refer to a salt thereof, an ester thereof, a free acid 

form thereof, a free base fonn thereof, a solvate thereof, a deuterated derivative thereof, a 

hydrate thereof, an N-oxide thereof, a clathrate thereof, a prodrug thereof, a polvmorph thereof, a 

stereoisomer thereof, an enantiomer thereof, a diastereomer thereof, a racemate thereof, a 

mixture of stereoisomers thereof, a tautomer thereof, a mixture of tautomers thereof, or a 

combination of the foregoing of the compounds of embodiments herein.  

10115 Compounds described herein may contain a stereogenic centerand may be chiral and 

thus exist as enantiomers. Where the compounds according to embodiments herein possess two 
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or more stereogenic centers, they may additionally exis as diastereomers Embodiments herein 

includes all possible stereoisomers as substantially pure reolved enantiomers, racemic mixtures 

thereof, as well as mixtures of diastereorners. In some embodiments, the fbnnulas are shown 

without a definitive stereochemistry at certain positions. Embodiments herein includes all 

stereoisomers of such formulas and pharmaceutically acceptable salts thereof. Diasteroisomeric 

pairs of stereoisomers may be separated by, for example., fractional crystallization from a 

suitable solvent, and pairs of enantiomers thus obtained may be separated into individual 

stereoisomers by conventional means, for example by the use of an optically active acid or base 

as a resolving agent or on a chiral HPLC column. Further, any enantiorner or diastereomer of a 

compound of the general formula may be obtained by stereospecific or stereoselective synthesis 

using optically pure or enantioenriched starting materials or reagents of known configuration.  

The scope of embodiments herein as described and claimed encompasses the racemic forms of 

the compounds as well as the individual enantioners, diastereoniers, and stereoisomer-enriched 

rmixtures.  

[0116] Conventional techniques forthe preparation/isolation of individual enantiomers 

include stereoselective synthesis from a suitable enantioenriched or optically pure precursors or 

resolution of the racemate using, for example, chiral high pressure liquid chromatography 

(HPLC). Alternatively, the racemate (or a racemic precursor) may be reacted with a suitable 

optically active compound, for example, an alcohol, or, in the case where the compound contains 

an acidic or basic moiety, an acid or base such as ttararic acid or -phenylethylarnine. The 

resulting diastereomeric mixture maybe separated by chromatography and/or fractional 

crystallizationand one or both of the diastereoisomers converted to the corresponding pure 

enantiomer(s) by means well known to one skilled in the art. Chiral compounds of embodiments 

herein (and chiral precursors thereof) may be obtained in enantiomerically-enrichedform using 

chromatography, typically HPLC, on an asymmetric resin with a mobile phase consisting of a 

hydrocarbon, typically heptane or hexane. containing from 0 to 50% isopropanol, typically from 
2 to20%,and from 0 to 5% of an alkylamine, typically 0,1 %diethylamine, Concentration of the 

cluate affords the enriched mixture. Stereoisomer conglomerates may be separated by 

conventional techniques known to those skilled in the art, See, e.g., "Stereochemistry of Organic 

Compounds" by Ernest L. Eliel (Wiley, New York, 1994).  
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[0117] Atropisomers are stereoisomers resulting from hindered rotation about single bonds 

where the steric strain barrier to rotation is high enough to allow for the isolation of the 

conformers. Oki (Oki, M; Topics in Stereochemistry 1983, 1) defined atropisomers as 

conformers that interconvert with a half-life of more than 1000 seconds at a given temperature.  

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 mixtures, i.e, mixtures of atropisomers.  

[0118] Separation of atropisomers is possibly by chiral resolution methods such as selective 

crystallization. In an atropo-enantioselective or atroposelective synthesis one atropisomer is 

formed at the expense of the other. Atroposelective synthesis may be carried out by use of chiral 

auxiliaries like a Corey-Bakshi-Shibata (CBS) catalyst asymmetricc catalyst derived from 

proline) in the total synthesis of kniphoone or by approaches based on thermodynamic 

equilibration whenan isomerization reaction favors one atropisomer over the other.  

[0119] Suitable 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 embodiments 

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

[0120] Pharmaceutically acceptable acids include both inorganic acids, for example 

hydrochloric, hydrobromic, hydroiodic, nitric, carbonic, sulfuric, phosphoric and diphosphoric 

acid; and organic acids, for example formic, acetic, trifluoroacetic, propionic, succinic, glycolic, 

eibonic (pamoic), methanesuifonic, ethanesulfOnic, 2-hydroxyethanesulfonic, pantothenic.  

benzenesulfonic, toluenesulfonic, sulfanilic, mesylic, cyclohexylaminosuifonic, stearic, algenic, 

p-hydroxybutyric, nalonic, galactic, galacturonic, citric, fumaric. gluconic, glutamic, lactic, 

maleic, malic, mandelic, mucic, ascorbic, oxaic, pantothenic, succinic, tartaric, benzoic, acetic, 

xinafoic (1-hydroxy-2-naphthoic acid), napadisilic (1,5-naphthalenedisulfonic acid) and the like.  

[01211 Salts derived from pharmaceutically-acceptable inorganic bases include aluminum.  

arnmonium, calcium, copper, ferried, ferrous, lithium, magnesium,manganic, manganous, 

potassium, sodium, zinc and the like. Salts derived from pharmaceutically-acceptable organic 

bases include salts of primary, secondary and tertiary amines, including alkyl amines, arylalkyl 
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amines, heterocyclyl amines, cyclic aiines, naturally-occurring amines and the like, such as 

arginine, betaine, caffeine, choline, chloroprocaine, diethanolamine, N-methylglucamine, N/N 

dibenzylethylenediamine, diethylamine, 2~diethylaminoethanol, 2-dimethylaminoethanoi, 

ethanolamine, ethylenediamine, N-ethylrmorpholine N-ethylpiperidine, glucamine, glucosamine, 

histidine, hydrabarnine, isopropyiamine, lysine, methyglucamine,morpholine, piperazine, 

piperidine, polyamine resins, procaine, purines, theobromine, triethylamine, trinethylamnine, 

tripropylamine, tromethamine and the like, 

[0122] Other preferred salts according to embodiments herein are quaternary ammonium 

compounds wherein an equivalent of an anion (X-) is associated with the positive charge of the 

N atom. 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, tartrate, malate, mandelate,trifluoroacetate, 

methanesulphonate and p-toluenesulphonate. X- is preferably an anion selected from chloride, 

bromide, iodide, sulphate, nitrate, acetate, maleate, oxalate, succinate or triuoroacctateMore 

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

[01231 As used herein, an N-oxide is formed from the tertiary basic amines or imines present 

in the molecule, using a convenient oxidizing agent.  

[0124] The compounds of embodiments herein may exist in both unsolvated and solvated 

forms. The term solvate is used herein to describe a molecular complex comprising a compound 

of embodiments herein and an amount of one or more pharmaceutically acceptable solvent 

molecules.The term hydrate is employed whensaid solvent is water. Examples of solvate forms 

include, but are not limited to, compounds of embodiments herein in association with water, 

acetone, dichlorornethane, 2~propanol, ethanol, methanol, dimethylsulfoxide ()M\SO), ethyl 

acetate, acetic acid, ethanolamine, or mixtures thereof. It is specifically contemplated that in 

embodiments herein one solvent molecule can be associated with one molecule of the 

compounds of embodiments herein, such as a hydrate.  

[01251 Furthermore, it is specifically contemplated that in embodiments herein, more than 

one solvent molecule may be associated with one molecule of the compounds of embodiments 

herein, such as a dihydrate. Additionally, it is specifically contemplated that in embodiments 
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herein less than one solvent molecule may beassociated with one molecule of the compounds of 

embodiments herein, such as a hernihydrate. Furthermore, solvates of embodiments herein are 

contemplated as solvates of compounds of embodiments herein that retain the biological 

effectiveness of the non-solvate forn of the compounds.  

[0126] Embodiments herein also include isotopically-labeled compounds of embodiments 

herein, wherein one ormore atoms is replaced by an atom having the sameatomic number, but 

an atomic mass or mass number different from the atomic mass or mass number usually found in 

nature. Examples of isotopes suitable for inclusion in the compounds of embodiments herein 

include isotopes of hyroen, such asHand carbon,suchasC, Cand Cchorine such 

as 1CF fluorine,suchas8Fiodine, such as 2 and I, nitrogen, such as "N and 15N, oxygen, 

such as 'O, "7 and ", phosphorus, such as P, andsulfur, suchas 5S. Certain isotopicaly

labeled compounds of embodiments herein, for example, those incorporating a radioactive 

isotope, are useful in drug and/or substrate tissue distribution studies. The radioactive isotopes 

tritium,3H, andcarbon-14, 4C, are particularly useful for this purpose in view of their ease of 

incorporation and ready means of detection. Substitution with heavier isotopes such as 

deuterium, 2H, may afford certain therapeutic advantages resulting from greater metabolic 

stability, for example, increased in vivo half-life or reduced dosage requirements, and hence may 

be preferred in some circumstances. Substitution with positron emitting isotopes, such as C, 
1F, "O and 3N,can be useful in Positron EmissionTopography(PET)studiesforexamining 

substrate receptor occupancy.  

[0127] Isotopically-labeled compounds of embodiments herein can generally be prepared by 

conventional techniques known to those skilled in the art or by processes analogous to those 

described herein, using an appropriate isotopically-labeled reagent in place of the non-labeled 

reagent otherwise employed.  

101281 Preferred isotopically-labeled compounds include deuterated derivatives of the 

compounds of embodiments herein. As used herein, the ten deuterated derivative embraces 

compounds of embodiments herein where in a particular position at least one hydrogen atom is 

replaced by deuterium. Deuterium (D or 2_) is a stable isotope of hydrogen which is present at a 

natural abundance of 0.015 molar %.  
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101291 Hydrogen deuterium exchange deuterium incorporation) is a. chemical reaction in 

which a covalently bonded hydrogen atom is replaced by a deuterium atorn Said exchange 

(incorporation) reaction can be total or partial.  

[0130] Typically, a deuterated derivative of a compound of embodiments herein has an 

isotopic enrichment factor (ratio between the isotopic abundance and the natural abundance of 

that isotope, Le. the percentage of incorporation of deuterium at a given position in a molecule in 

the place of hydrogen) for each deuterium present at a site designated as a potential site of 

deuteration on the compound of at least 3500 (52.5% deuterium incorporation).  

101311 In some embodiments, the isotopic enrichment factor is at least 5000 (75% 

deuterium). In some embodiments, the isotopic enrichment factor is at least 6333.3 (95% 

deuterium incorporation). In some embodiments, the isotopic enrichment factor is at least 6633.3 

(99.5% deuterium incorporation). It is understood that the isotopic enrichment factor of each 

deuterium present at a site designated as a site of deuteration is independent from the other 

deuteration sites.  

[0132] The isotopic enrichment factor can be determined using conventional analytical 

methods known to one of ordinary skilled in the art, including mass spectrometry (MS) and 

nuclear magnetic resonance (NMR).  

[01331 Prodrugs of the compounds described herein are also within the scope of 

embodiments herein. Thus, certain derivatives of the compounds of embodiments herein, which 

derivatives may have little or no pharmacological activity themselves, when administered into or 

onto the body may be converted into compounds of embodiments herein having the desired 

activity, for example, by hydrolytic cleavage. Such derivatives are referred to as 'prodrugs 

Further information on the use of prodrugs may be found in Pro-drugs as Novel Delivery 

Systems, Vol. 14, ACS Symposium Series (T. Higuchi and W. Stella) and Bioreversible Carriers 

in Drug Design, Pergamon Press, 1987 (ed. E. B. Roche, American Pharmaceutical Association).  

[01341 Prodrugs in accordance with embodiments herein can, for example, be produced by 

replacing appropriate functionalities present in the compounds of embodiments herein with
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certain roieties known to those skilled in the art as 'pro-moieties' as described, for example, in 

Design of Prodrugs by H. Bundgaard (Elsevier, 1985).  

[0135] In the case of compounds of embodiments herein that are solids, it is understood by 

those skilled in the art that the inventive compounds and salts may exist in different crystalline or 

polymorphic forms, or in an amorphous form all of which are intended to be within the scope of 

embodiments herein.  

[01361 The compounds disclosed herein can exist as and therefore include all stereoisoners 

conformational isomers and mixtures thereof in all proportions as well as isotopic forns such as 

deuterated compounds.  

[0137] 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 

salts, Suitable salts include those foed withbothorganic and inorganic acids. Such acid 

addition salts will normally be pharmaceutically acceptable. However, salts of non

pharmaceutically acceptable salts may be of utility in the preparation and purification of the 

compound in question. Basic addition salts may also 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 (Stahl,P. Heinrich, Wiley-VCHA, Zurich, 

Switzerland, 2002).  

[0138] Basic addition salts can be prepared during the final isolation and purification ofthe 

compounds by reacting a carboxy group with asuitable base such as the hydroxide, carbonate, or 

bicarbonate of a metal cation or with ammonia or an organic primary, secondary, or tertiary 

amine. The cations of therapeutically acceptable salts include lithium, sodium, potassium, 

calcium, magnesium, and aluminum, as well as nontoxic quaternary amine cations such as 

ammonium, tetramethylammonium. tetraethylamoniurn., methylamine, dimethylamine, 

trimethylamine., triethylamine., diethylamine, ethylamine, tributylanine, pyridine, N,N

direthylaniline, N-methylpiperidine, N-methylmorpholine, dicyclohexylamine, procaine, 

dibenzylamine, N,N-dibenzylphenethylamine, I-ephenamine, and N,N'~ 

dibenzylethylenediamine. Other representative organic amines useful for the formation of base 
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addition salts include ethylenediamine, ethanolamine diethanolamine, piperidine, and 

piperazine.  

10139] In certain embodiments, compounds have structural Formula(): 

A N-R4 
R2, N4 

R 

N 
H 

wherein: 

R 1 is selected from -CO2R, -C1Csalkyl-CO2R, -CC6-cycloalkVl-CO 2R, 

NIHCO2 Rs, -N(CiC alkyl)-CO2R, -O-CO2Ror-CCsalkyl-O-CO2Rs; 

R2 is selected from H, C-C4alkyl, -C-Ccycloalkyl, or~CC2alkyl-CCcycoalkyi, 

wherein the alkyl or cycloalkyl groups are optionally substituted with one or more 

groups selected from halogen, -OH, or-O-C-C 5 alkyl; 

nis 0,1or2; 

Ring A is substituted at one or more carbons with one, two, or three R, substituents 

wherein each R3 group is independently selected from H, halogen, -C-C4alkyl, -C3

C6cycloalkyl, -OH, or -0+-Csalkyl wherein each alkyl or cycloalkyl group is 

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

Csalkylalkoxy, or -O-CrC5 alkyl; 

Two R 3 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)-R, -CH2 R, -C(O)-CH=CH 2, -C(O)-C(CH2OCH+)=CH 2, 

C(O)-CH=CHCH3., -C(O)-CH=CHCH 2NR2R8 , -C(O)-Cj-Csalkyl, or -C(O)-Cr 

Ccycloalkyl, wherein the alkyl or cycloalkyl groups may be optionally substituted 

with one or more groups selected from -OH, halogen, alkyne, or -CN; 
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R.5 isselected from -CpCsalkyl, or ~CA 3 Ccycloalkyl wherein the alkylor cycloalkyl 

groups may be optionally substituted by one or more groups selected from halogen, 

OH. or -O-C salkyl; 

R6 is selected from -CrCsalkyl, -C-Cacycloalkyl, -CCalkyl-C3-Ccycloalky, -NR7 Rs, 

-O-aryl, -O-heteroaryl, aryl, 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, -0-C-C5 alkyl, or -O-CCcycoalkyl; 

R 7 and R are independently selected from H., -CC5 alkyl, -C-C5 alkoxy, or -C 5 

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

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

R7 and R8 may be optionally joined to form a ring to form a heterocycle such as 

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

[0140] In certain embodiments,compoundshavestructuralFormula(Ia): 

R, 

N"- 4 1 

N 

wherein: 

R2 : is selected from H., -C1 C4alkyl, -CrC6cycloalkyl, or -CvCzakyl-C

Ccycloalkyl, wherein the alkyl or cycloalkyl groups are optionally substituted with 

one or more groups selected from halogen, -OH, or -O-C-Calky; 

n is 0, 1 or 2; 

Ring B is substituted at one or more carbons with one, two, or three R substituents 

wherein each RA group is independently selected from H, halogen, -C4alkyl, -Cr3 

C6cycloalkyl, -OH, or -)-C-Calkyl wherein each alkyl or cycloalkyl group is 
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optionally substituted with one or more groups selected from: halogen, -01-, -Cj

C5alkvlalkoxy, or -0-Ce-Csalkyl; 

Two R31 groups on the same or different carbon atons of the ring B may be optionally 

joined to form a spirocyclic or bicyclic ring system with ring B; 

R. is selected from -C(O)-Ri, -CH2R61 , -C(O)-CH=CH2-C(0)-C(CH2OCIH=H 

-C(0)-CH=CHCT 3, -C(O)-CH::CHCH2NR 71 Rgi, -C(O)-Ci-C 5aikyl, or -C(O)~Cr 

C 6cycloalkyl, wherein the alkyl or cycloalkyl groups may be optionally substituted 

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

R 51 is selected from -C1-Calkyl, or -CfCcvcloalkyl wherein the alkyl or cycloalkyl 

groups may be optionally substituted by one or more groups selected from halogen, 

OH, or -0-C Calkyl; 

R6 is selected from -C-C5 alky., -C;-Ccycloalkyl -CCalkLC3-C(cycioalkyl, 

NR7 R 8 , -- aryl, -O-heteroaryl, aryl, orheteroaryl wherein thealkyl, cycloakyl, aryl 

or heteroaryl groups can be optionally substituted by one or more groups selected 

from halogen, -CN, alkyne, -OH, trilluoromethyl, -O-CvCsalkyl, or -O-Cr 

C6cycloalkyl; 

R7 and R81 are independently selected from H, -C I-C alkyl, -C-CS alkoxy, or -CC5 

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

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

R and R 8 1 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.  

[141] In certain embodiments, compounds have structural Formula (Ib): 

32C N-R4 2 
R22'N 

R520 Cr-C alkyk, 

o N1b H (, 
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wherein: 

R22 is selected from H, -C1-C4alkyi, -Cr-Cecycloalkyl, or -C1-C 2alkyl-C

C 6cycloalkyl, wherein the alkyl or cycloalkyl groups are optionally substituted with 

one or more groups selected from halogen, -O-, or -O-C-C alkyl; 

n is 0, 1 or 2; 

Ring C is substituted at one or more carbons with one, two, or three R32 substituents 

wherein each R3 2 group is independently selected from H, halogen, -C-Clalkyl, -Cr 

C6cycloalkyl, -OH, or -0-Cj-Calkyl wherein each alkyl or cycloalkyl group is 

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

Calkylalkoxy, or -O-C-Csalkyh; 

Two R32 groups on the same or different carbon atoms of the ring C may beoptionally 

joined to form aspirocyclic or bicyclic ring system with ring C; 

R4, is selected from -C(O)-R(2, -CH2RE 2, -C(O)-CH=CH2, -C(0)-C(CH 20CH)=CH2, 

-C(O)-CH=CHCH 3. -C(O)-CH=CHCH2NR2Rs2 ., -C(O)-C-Csalkyl, or -C(O)-Cr 

C(cycloalkyl, wherein the alkyl or cycloalkyl groups may be optionally substituted 

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

R52 is selected from -C1-C 5alkyl, or -C-C-cycloalkyl wherein the alkyl or cycloalkyl 

groups may be optionally substituted by one or more groups selected from halogen, 

OH, or -O-CrCsalkyl; 

R62 is selected from -C-C 5 alkyl, -CrCcycloalkyl,-CCsalkyl-CrC6cycloalyi, 

NR.2R . 33 -- ary -O-heteroaryl, aryl, 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, trifuoromethyl, -0-C-Csalkyl, or -O-C

C6cycloalkyl; 

R22 and Ra are independently selected from H, -Cj-C5 alkyl -C-Cj alkoxy, or ~CrC; 

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

groups selected from halogen, -OH, or -CN; 
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R72 and R 2 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 morholine.  

[0142] In certain embodiments, compounds have structural Formula (Ic): 

R yr~ 

R23- N D 4 3 

RaSONC3-C cycloaky 

wherein: 

R23 is selected from H4, -C1-C4alkyi. -C 3-Cacycloalkyl, or -C-Czalkyl-C

C 6cycloalkvl, wherein the alkyl or cycloalkyl groups are optionally substituted with 

one or more groups selected from halogen, -01-, or -0-C-Csalkyl; 

n is 0, 1 or 2; 

Ring D is substituted at one or more carbons with one, two, or three R3 substituents 

wherein each R33 group is independently selected from H, halogen, -CC4alkyl, -Cy 

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

optionally substituted with one or more groups selected from: halogen, -01-, -C

Csalkylalkoxy, or -O-C-C alkyl; 

Two R33 groups on the same or different carbon atoms of the ring D may be optionally 

joined to form a spirocyclic or bicyclic ringsystem with ring D; 

R43 is selected from ~C(O)-R 3, -CI-2R 3 , -C(O)-Cl:::CH2, C(O)-C(CH20CH::CH2 , 

-C(O)-CH=CHCH 3. -C(O)-CHCHCH 2NRRs3, -C(O)-C-Csalkyl, or -C(O)-Cz 

C6 cycIoalkyl, wherein the alkyl or cycloalkyl groups may be optionally substituted 

with one or more groupsselected from -OH, halogen, alkyne, or -CN;
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R, is selected from -CCalkyl, or -CCcycloalkyl wherein the alkyl or cycloalkyl 

groups may be optionally substituted by one or more groups selected from halogen, 

OHt,or -O-CAisalkyI; 

R63 is selected from ~Ct 5 alky, -CrC6 cycloalkyl,-CrC alkyl-Ccycloalkyi,

NR73R 3, -Oaryl, -0-heteroaryl, aryl or heteroaryl wherein the alkyl, cycloalkyl,aryl 

or heteroaryl groups can be optionally substituted by one or more groups selected 

fromhalogen,-CN,akyne, -OH, trifluoromethyl, -O-CrC5 alkyl or -0-C

Cocycloalkyl; 

R73 and R83 are independently selected from H. -CIC alkyl, -CrC, alkoxy, or -CrC5 

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

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

R 73 and R 83 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 

[0143] In certain embodiments, compounds have structural Fonrula (1d) 

E R 
R24 N 

H 
R40 N 

J (1d) 

wherein: 

R24 is selected from H, -CrC4alkyl .-CyC6cycioalkyi, or -Cj-C2alkvl-Cy 

C6cycloalkyl, wherein the alkyl or cycloalkyl groups are optionally substituted with 

one or more groups selected from halogen, -H, or -O-C-Csalkyi; 

n is 0, 1 or2; 

Ring E is substituted at one or more carbons with one, two, or three R34 substituents 

wherein each R 34 group is independently selected from H, halogen,-CC 4 akyl,-C

C 6cycloalkyl, -OH, or -O-Q-C.alkyl wherein each alkyl or cycloalkyl group is 
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optionally substituted with one or more groups selected from: halogen, -OH, -C

Csalkylalkoxy, or -O-CsaIkyl; 

Two R34 groups on the same or different carbon atoms of the ring:E may be optionally 

joined to form a spirocyclic or bicyclic ring system with ring E; 

R44 is selected from -C(O)-R64, -CH2 R 4, -C(O)-CHCHI , -C(O)-C(CH2OCH)=CH2 , 

-C()-CH=CHCH -C(O)-CH=::CHCH2NR. 74 R4 -C(O)-C1-C salkyl, or -C(O)-Cr 

C 6 cycloalkyl, wherein the alkyl or cycloalkyl groups may be optionally substituted 

with one ormore groupsselected from. -OH, halogen, alkyne, or -CN; 

Rs4 is selected from -CI-Calkyl, or -C-C5cycioalkyl wherein the alkyl or cycloalkyl 

groups may be optionally substituted by one or more groups selected from halogen, 

OH, or -0-CI-Calkyl; 

R64 is selected from -C-Calkyl, -CCfcycloalkyl,-C-Cakyl-CCocycloaky, 

NR7 4R4., -0-aryl, -0-heteroaryl, aryl, 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, trifiuoromethyl, -O-C-C5alkyi, or -O-Cr 

C6cycloalkyl; 

R 74 and R84 are independently selected from 1H-C1 C alkyl, -C-C alkoxy, or -CC5 

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

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

R-4 and R 84 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 morpholiie.  

[01441 In certain embodiments, compounds have structural Formula (Ie): 

C1 Kaky R2 N-R4 

N, N (e 

-4
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wherein: 

R 25 is selected from H, -C1 -C4alkyl, -Cr(cycloalkyl, or -Cr-Calkvl-C

C(cycloalkyl, wherein the alkyl or cycloalkyl groups are optionally substituted with 

one or more groups selected from halogen, -01-, or -0-Cr&Calky; 

n is 0, 1 or 2: 

Ring F is substituted at one or more carbonswith one, two, or threeRs35 substituents 

wherein each Rasgroup is independently selected from H, halogen, -CrC4 alkyl, -Cr 

Ccycloalkyl, -OH, or -O-Cj-Calkylwherein each alkyl or cycloalkyl group is 

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

Csalkylalkoxy, or -0-C-Csalkyl; 

Two R3 5 groups on the same or different carbon atoms of the ring Fmay be optionally 

joined to forn a spirocyclic or bicyclic ring system with ring F; 

Ri is selected from -C(O)-Ra., -CH 2R 0 , -C(O)~CHC2, -C(O')-C(CH2OCH3)=CH2, 

-C(O)-CH=CHCH 3, -C(O)-CH=:CHCH2NR75Rgc, -(O)-Csalkyl, or -C(O)-Cr 

Cocycloalkyl, wherein the alkyl or cycloalkyl groups may be optionally substituted 

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

R 5 is selected from -C-C5alkyl, or -Cy-Ccycloalkyl wherein thealkyl or cycloalkyl 

groups may be optionally substituted by one or more groups selected from halogen, 

OH, or11-CrCsalkyl; 

R, isselected from -C-Csalky1, -C-Ccycioalky,-C-Calkyl-CrCacycloalkyi, 

NR 7fRs 5 -0-aryl, -O-heteroaryl, aryl, 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, trifluoromethyi, -- C-C 5 alkyl, or -O-Cr 

Ccycloalkyl; 

R-, and Re, are independently selectedfrom H, -C-CQ alkyl, -C-C alkoxy, or ~CICs 

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

groups selected from halogen, -OH, or -CN; 
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R.; and R 8 may be optionally joined to form a ring to form a heterocycle such as 

piperidine, pyrrolidine, or with another heteroatom to forn a ringsuch as norpholine.  

[01451 In certain embodiments, compounds have structural Formula (If): 

> N-Rt 6 
N 

o N N 
H ( 

wherein: 

R2 is selected from H. -C1C4 alkyl, -CrC6cycloalkyL, or -C1-Czalky--C

C 6cycloalkyl, wherein the alkyl or cycloalkyl groups are optionally substituted with 

one or more groups selected from halogen, -OH, or -0-C-Calkyl; 

n is 0, 1 or 2; 

Ring G is substituted at one or more carbons with one, two, or three R3 6 substituents 

wherein each R36 group is independently selected from -, halogen, -C-C4 alkyl. -C

Cscycloalkyl, -OH, or -)-C-Csalkyl wherein each alkyl or cycloalkyl group is 

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

Csalkylalkoxy, or -0-C-C5 alkyl; 

Two R 36 groups on the same or different carbon atoms of the ring G may be optionally 

joined to form a spirocyclic or bicyclic ring system with ring G; 

R46 is selected from -C(O)-R6, -CH2 R, -C(O)-CH=CH 2, -C(O)-C(CHOCH)=CH 2, 

-C(O)-CH=CHCH CH=CHCHH=CHCH2NR76Rs6 , -C(O)-C-C5alkyl, or -C(O)-Cp 

C 6cycloalkyl, wherein the alkyl or cycloalkyl groups may be optionally substituted 

with one or more groups selected from -OH, halogen, alkyne, or -CN; 
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R5 is selected from -C1 -Cqakyl, or - 3-C 5cvcloalkv wherein the alkyl or cycloalkyl 

groups may be optionally substituted by one or more groups selected. from halogen, 

OH, or -O-C-Calkyl; 

R66 is selected from -C-Calkyl, ~-CC6 ycioalkyl,-Cr4>aky-Ccycloalkyl, 

N RyRes, -0-aryL -0-heteroaryl aryl, 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, trifuoromethyl, -O-C-salkyl, or -O-Cr 

Cocycloalkyl; 

R 7 6 and R6 5are independently selected from H, -C-C alkyl, -CI-Cs alkoxy, or ~C'Cs 

cycloalkyl wherein the alkyl groups may be optionally substituted by 1one or more 

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

R 7 6 and R 86 may be optionally joined to form a ring to fonn a. heterocycle such as 

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

-0146] Incertain embodiments, compounds have structural Formula (Ig): 

R 3  H R27N N R 47 

Rgj O'C5~ alkyl 

N -N 
H (ig) 

wherein: 

R27 is selected from H, -C-C.alkyl, ~CrCocycloalkyl, or -Cj-Calkyl-C

Ccycloalkyl, wherein the alkyl or cycloalkyl groups are optionally substituted with 

one or more groups selected from halogen, -OH, or -O-C-C5 alkyl; 

n is 0, 1 or 2; 

Ring 1- is substituted at one or more carbons with one, two, or three R37 substituents 

wherein each R3 7 group is independently selected from H, halogen, -C-C 4alkvl, -C

C6cycloalky, -01-, or -O-CCalkyl wherein each alkyl or cycloalkyl group is
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optionally substituted with one or more groups selected from: halogen, -OH,-C 

Calkylalkoxy, or -O-C-C.alkyl; 

Two R37 groups on the same or different carbon atoms of the ring H may be optionally 

joined to form a spirocyclic or bicyclic ring system with ring H; 

R1y is selected from -C(O)-R6 y, -CH2 R 7 , -C(O)-C1=C -C(O)-C(CH 2 0CH=Ci 2 , 

-C()-CH=CHCH3, -C(O)-CH=CHC2NRR, -C(O)-C-Csalkyl, or -C(O)-Cr 

C(cycloalkyl, wherein the alkyl or cycloalkyl groups may be optionally substituted 

with one or more groups selected from -01-, halogen, alkyne, or -CN; 

R,7 is selected from -C-C5alkyl, or -C3-CCycloaikyi wherein the alkyl or cycloalkyl 

groups may be optionally substituted by one or more groups selected from halogen, ~ 

OH, or -0-C -Calkyl; 

R,- is selected from -C-Calkyl-, -Ccycloalkyl, -C-Csalkyl-C3-Cacycloalkyl, 

NRyyR, -O-aryl, -0-heteroaryl, aryl, 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-C-Csalkyl, or -0-C

C6cycloalkyl; 

R77 and R8 are independently selected from H, -CrC alkyl, -- C alkoxy, or -CrCs 

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

groups selected from halogen, -01, or -CN; 

R77 and Rs7 may be optionally joined to form a ring to form a heterocycle such as 

piperidine, pyrroidine, or withanother heteroatorn to form a ring such as morpholine.  

[0147] In certain embodiments, compounds have structuralFormula(U): 

RIONO 

R30 ~ 
R20 

Re 

NHN 
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wherein: 

Ric is selected from -CO2Ro, -C-C5 -alkyl-CO2R0 ,-CRC-cycloakylCO2Rso, 

-NHCO 2Ri, -N((C( alkyl)-CO 2Rso, -0-COtRao, or -C Ialky-O-CO2 Rso; 

Rj is selected from H, -C-CC4alkyl,-Crcycloakylor-CCaky-CCcycloakyl 

wherein the alkyl or cycloalkyl groupsare optionally substituted with one or more 

groups selected from halogen, -OH, or O-C-Calky!; 

n is 0 or 1; 

Ring I is substituted at one or more carbons with one, two, or three Ro substituents 

wherein each Ro groups independently selected from H, halogen, -C-C4akyl, -C

CQcycloalkyl, -O1, -0-C-C5 alkvl, -NR 70 C(O)-CH=CH2, 

-NR7 0C(O)-C(CH2OCH3=CH2,-NR 7C(O)-CH=CHClitor-NRyoC(O) 

CH:::CHCHi2NRoR 9e wherein each alkyl or cycloalkyl group is optionally substituted 

with one or more groups selected from: halogen., -OH, -CIC5alkylalkoxy, or -0-C

Cjalkyl; 

Two R3 groups on the same carbon atom or two or three R3o groups on different carbon 

atoms of ring I may be optionally joined to form a spirocyclic, bicyclic, or tricyclic 

ring system with ring I such as adamantyl; 

R4e is selected from H. -OH. -C(O)-R , -OR-, -OC(O)-R60, -NRo-C(O)-Rn, -C

C 4alkyl-C(O)-R(o, -SO2-R6 , -SO:-NRsoRo, -C-C4alkyl-SO-R 6o, or -C1-C4 alkyl

SO2NRoRo:; 

R.,3 is selected from -C-C 5alkyl, or -C3 -Ccycloalkyliwherein the alkyl or cycloalkyl 

groups may be optionally substituted by one or more groups selected from halogen, 

OH, or -O-CCalkyl; 

is selected from --C 5ailkyl, -C-C6 cycloalkyl or -C _ alkyl-C-Ccycloalkyl 

wherein the alkyl or cycloalkyl groups can be optionally substituted by one or more 

groups selected from halogen, -CN, alkyne, -01-., or -O--C alkyl; 
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R7 is selected from H, -C ;-Calkyl or -C-Qcycoalkyl; 

Rs and RXo are independently selected from H. -C1-Csalkyl, -C-Csalkoxy, or -C3

Ccycloalkyliwherein the alkyl groups may be optionally substituted by one or more 

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

R&) and R 9 3 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.  

[01481 In certainembodiments, compoundshavestructural Formula.(Ia 

N N (a) 

wherein: 

R2(1 is selected from H,-CC-alkyl, (cyioalkylkor -C-Cayl-CrCecycioalkyl 

wherein the alkyl or cycloalkyl groups are optionally substituted with one or more 

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

n is 0 or 1; 

Ring J is substituted at one or more carbons with one, two, or three R10 substituents 

wherein each Roi group is independently selected from H, halogen. -C-C4alkyl, -Cr 

C 6cycloalkyl, -OH, -O-CjvCalkyl, NRiC(0)-CH=CH, -NR-,0 1C(O)

C(CH2OCHf)=CH2, -NRiC(O)-HCHHCH3, or -NRoiC(O)-CH=CHCH 2NR8 0o;Roo 

wherein each alkyl or cycloalkyl group is optionally substituted with one or more 

groups selected from: halogen, -OH, -C1-Calkylalkoxy, or -O-C-Csalkyl; 

Two R3 01 groups on the same carbon atom or two or three R,3i groups on different carbon 

atomsofring Jmay be optionally joined to form a spirocyclic, bicyclic, or tricyclic 

ring system with ring J such as adamantyl; 
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R401 is selected from H, -OH, -C(O)Ro.-OR6  -O-C(O)Ro- NR 7 ~j-C(O)-Rr,:,-C

C4alkyl-C(O)-R6 o, -Sr0 2-R 60 , -S 2-NRkciR 9 6 -Cr-Calkyl-SO 2-Ro, or -C-C4 alkvl

SO2NRsoiRPoo; 

R5 0 is selected from -C-Qalkyl, or -C-C 5cyloalkyl wherein the alkyl or cycloalkyl 

groups may be optionally substituted by one or more groups selected from halogen, 

OH, or -O-ClC5 alkyl; 

R6 1ci is selected from -Cr 5 alkyl, -CC6 cycloakyl or -C-Csalkyl-C3-C5 cycloalkyl 

wherein the alkyl or cycloalkyl groups can be optionally substituted by one or more 

groups selected from halogen, -CN, alkyne, -OH, or -O-C-C5 alkyl; 

R7 0 1 is selected from H, -C1 C-alkvl or -- C 5 cvcloalkvl; 

Rsoi and RQCj are independently selected from H, -Ci-Csalkyl, -C1-Calkoxy, or -Cr 

C 6 cycoalkyl wherein the aikyl groupsmay be optionally substituted by one or more 

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

R&)0 and R901 may be optionally joined to form a ring to form a heterocycle suchas 

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

[0149] In certain embodiments, compounds have structural Formula (I1b): 

R R402 

f42Q CCsalkyl 

H (Ib) 

wherein: 

R2y2 is selectedfrom H1, -C 1 Cjalkyl, -CrC6cycloalkyl or -C 2 alkyl-C-C6 cycloalkyl 

wherein the alkyl or cycloalkyl groups are optionally substituted with one or more 

groups selectedfrom halogen, -OH, or -O-C--CaIkyl; 

n is 0 or 1; 
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Ring K is substituted at one or more carbons with one, two, or three R3,2 substituents 

wherein each R302 group is independently selected from H, halogen, -C-C4alkyl, -C; 

C 6 cycloalkyl. -O1, -O-Cyalkyl, -NRy7 2C(O)-CH=CH2 -NR 2 C(O) 

C(CH2OC3>)CH 2 , -NR702 C(O)-CIHCHCH3, orNR 0 2 CO)-C HCHCHNR0 zR9 2 

whereineachalkylorcycloalkylgroup is optional substitutedwith one or more 

groups selected from: halogen, -OH, -C-Calkylalkoxv, or -0-CCsalkyl; 

Two R.302 groups on the same carbon atom or two orthreeR30 2 groupson different carbon 

atoms of ring K may be optionally joined to form a spirocyclic, bicyclic, or tricyclic 

ring system with ring Ksuch as adamantyl; 

R402 is selected from H, -OH, -C(O)-R,-R-, -O-C(O)-R 0 ,-NR7 rC(O)-R6 02,-C

C4aikyl-C(O)-R 60 ,-SO R1 o2,-SO 2NRso2R 9 tz, -C-C4akyl-S 2 R 2 , or -CJ-C 4alkyl

SO2 NR 2 ,oR9 02 

Rc 2 is selected from -C-C5alkyl, or -C-Ccycloalkl wherein the alkyl or cycloalkyl 

groups may be optionally substituted by one or more groups selected from halogen, 

OH,or -O-C-Calkyl; 

R6 02 is selected from -C-C5 alkyl, -CC6 cycloalkyl or -C-Csalky[-C-C 5cycloalkyl 

wherein the alkyl or cycloalkyl groups can be optionallysubstituted by one ormore 

groups selected from halogen, -CN, alkyne, -OH, or -O-CrC5 alkyl; 

R702 is selected from H, -C-Csalkyl or -C 3-Cscycloalkyl; 

R5 2 and R90 2 are independently selected from H, -Cr Qaikyl, -C ICsalkoxy,vC -C 

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

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

RS2 and R 02 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 

[01.501 In certain embodiments, compounds have structural Formula(Ic): 
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R30 R403 

R20:3N 

f*~tjO OC'eCcycloalkyl 

"NN (tic) 

wherein: 

R 20 3 is selected from H, -CrC4 alkvl,-(C cycloalkylor~C Calkyl-Ccycloalky 

wherein the alkyl or eycloalkyl groups are optionally substituted with one or more 

groups selected from halogen, -OH, or -O-CC5 alkyl; 

n is 0 or 1; 

Ring L is substituted at one or more carbons with one, two, or three R303substituents 

wherein each R303 group is independently selected from H, halogen, -C-C4 alkyl, -C3

Ccycloalkyl, -OH, -OC-C 5 alkyL, -NR-xoC(O)-CH=CH2, -NR7 3C(O)

C(CH 2OCH3 )=CH2. -NR 0 3 C(O)-CH=CHCH 3. or -NRy3 C(O)-CH=CHCHC2 NR 3 R9 3 

wherein each alkyl or cycloalkyl group is optionally substituted with one or more 

groups selected from: halogen, -01-, -C j- Calkylalkoxy, or -O-CIC5 alkyl; 

Two Ri0 3 groups on the same carbon atom or two or three R30 3 groups on different carbon 

atoms of ring Lm ray be optionallyjoined to form a spirocyclic, bicyclic, or tricyclic 

ring system with ring L such as adamantyl; 

R403 is selected from H, -OH, -C(O)-Ro, -OR3 o, -O-O)-R ,-NRo0,C(O)Rxo, -C

C4alkyl-C(O)-R609 , -SOro3o, -S0 2-NRsR.o0s, -C-C4alkyl-SO2-R 3, or -C-C4alkyl

SO2NRgs 3R9 03; 

R5(s is selected front -- Calkyl, or -C-C 5cycloalkyl wherein the alkyl or cycloalkyl 

groups may be optionally substituted by one or more groups selected from halogen,

OH, or -O-C-C5 alkyl; 
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R603 isselected from -C Csakyl, C-C 6 Cycloalkyl or -CC 5alkyl-C3-Ccycalki 

wherein the alkyl or cycloalkyl groups can be optionally substituted by one or more 

groups selected from halogen, -CN, alkyne, -O1, or -0-C-Calkyl; 

R7 s3 is selected from H, -C-Calkyl or -C3-Cscycloalkyl; 

R8o3 and R3 are independently selected from H, -C -Calkyl, -CI-C5 alkoxy, -C

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

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

R 8 and R 9 03 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 

[0151] In certain embodiments, compounds have structural Formula(Id): 

-.R40 4 
R 304 

R204,N 

O N 0 

wherein: 

R.20 4 is selected from H, -C -C4alkyl, ~C( 6cYCloalkyl, or -C-C 2 alkyl-C-C 6cycloalkyl 

wherein the alkyl or cycloalkyl groupsare optionally substituted with one or more 

groups selected from halogen., -OH, or -O-C-Calkyl; 

n is 0 or 1; 

Ring M is substituted at one or more carbons with one, two, or three R3(4 substituents 

wherein each Ro4 group is independently selected from 1, halogen, -C-C4alkyl, -C

C6cycloalkyl -OH, -0-C-C alky, -NR 1C(O)-CH=C12, -NR7 0 4C(O)

C(C H2OCH3)=C H, N704C(O)-CH=CHC3,1 or-NR7 0 4 C(0)-CH=CH C2NR4 R9 0 4 

wherein each alkyl or cycloalkyl group is optionallysubstituted with one or more 

groups selected from: halogen, -01, -CI-Csaikylalkoxy, or -0-CCsalkyl; 
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Two Ro4roups on the same carbon atom or two or three R34 groups on different carbon 

atoms of ring M may be optionally joined to form a spirocyclic, bicyclic, or tricyclic 

ring system with ring M such as adamantyl; 

P4 04 is selected from H, -OH, -C(O)-Ro4 , -OR6 4, -O-C(O)-Ro4 , -NRo 4-C(O)-Roo4, -C?

C4aikyl-C(O)-R6 4,-SO2rR-6 4 , -SO-NRao4k 04, -C1-C4aikyl-SO-Rk 4, or-C-C4alkyl

SO,2NRWe4RW94; 

R504 is selected from -C-C 5aikyi, or -CrCcycloalkyl wherein the alkyl or cycloalkyl 

groups may be optionally substituted by one or more groupsselected from halogen, 

0-, or O-C1-C 5 alkyl; 

R 6C4 is selected from -Cj-(alkyl, -- C, 6cycloalkvl or~C1~Calky-CCscycoakyi 

where the alkyl or cycloalkyl groups can be optionally substituted by one or more 

groups selected from halogen, -CN, alkyne, -OH, or -O-C-Calkyl; 

R704 is selected from H -C -Csakyl or -CrC5cycloalkyl; 

R8(4 and R90 4 are independently selected from H, --CC5 alkyl, or C-CC5 alkoxy. -C

Cscycloalkyl wherein the alkyl groups may be optionally substitutedby one or more 

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

Rs¾4 and R904 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, 

10152] In certain embodiments, compounds have structural Formula(IIe): 

C-Csalkyl N 

SN 
H (He) 

wherein: 
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R2 0 is selected from H, -C *C 4alkyl, -CrCcycloalkyl, -CI-C2alkl-Ccycloalkyl 

wherein the alkyl or cycloalkyl groups are optionally substituted with one or more 

groups selected from halogen, -OH,or -O-CCalkvl; 

n is 0 or 1; 

Ring N is substituted at one or more carbons with one, two, or three R305 substituents 

wherein each R-o group is independently selected fromH, halogen -C -Csalkyl, -C

Ccycloalkyl -OH,-1 -C-Csalkyl, -NR7C5C(O)-CH=CH, -NRo-4C(O)

C(CH20CH3):::CH, -NR7mC(O)~CH=CHCH 3, or -NRosC(O)-CH=CHCH2NRsosRos 

wherein each alkyl or cycloalkyl group is optionally substituted with one or more 

groups selected from: halogen, -OH, -C-Csalkylalkoxy, or -O-C-CSalkyl; 

Two R3 0 groups on the same carbon atom ortwo or three R305 groups on different carbon 

atoms of ring N may be optionallyjoined to form a spirocycli, bicyclic, or tricyclic 

ring system with ring N such as adamantyl; 

R4 0 5 is selected from H,-OH, -C(O)-R 5 s -ORe, -O-C()-Ro5 , -NR7r5-C(O)-Reo,-C

C~alkyl-C(O)-R 6o, -SO2-R6 0 5, -S02-NRs05R 9os, -C1-C.alkyl-SO2-R 6 , or -C-C4 alkyl

SO2NR )sRqos; 

R5 s isselected from -Ci-Calkyl, or -C3-Ceycloalkyl wherein the alkyl or cycloalkyl 

groups may be optionallysubstituted by one or more groups selected from alogen, 

OH, or -O-C-C5 alkyl; 

R6 0 is selected from -C-C5 alkyl, -C3-Ccycloalkyl or -- C 5 alkyl-C-Ccycoalky 

wherein the alkyl or cycloalkyl groups can be optionally substituted by one or more 

groups selected from halogen, -CN, alkyne, -01, or -0--C-C5 alkyl; 

R7 0 5 is selected from H, -C-Csalkvl or -C-Cscvcloalkyl; 

R3s and Ro5 are independently selected from -, -C-Calkyl., -Cj-Csalkoxy, -C3

6cycloalkyl wherein the alkyl groups may be optionally substituted by one or more 

groups selected from halogen, -01-1, or -CN; and 
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Rss 5 and R.% 5 may be optionally joined to form a ring to forn a heterocycle such as 

piperidine. pyrrolidine, or wvithanother heteroatom to fonn a ring such as morpholine.  

[0153] In certainembodiments, compoundshave structural Formula(1f): 

R30a Co 
R206, 

N 
H (i) 

wherein, 

R206 is selected from H, -CrC4al, -C Ccycloalkyl, or ~CtC2alkyl-(Cr cycloalkyi 

wherein the alkyl or cycloalkyl groups are optionally substituted with one or more 

groups selected from halogen, -OH, or -O-CCalkyl; 

n is 0 or 1; 

Ring 0 is substituted at one or more carbons with one, two, or three R30, substituents 

wherein each R.oo group is independently selected from H, halogen, -Cf-C 4akyl, -Cy 

Ccvcloalkyl, -OH -O--Calkyl, -NR,7sC(O)-CH=CH2, -NR 06 C(O)

C(CH 20CH3):::CH, -NR70C(O)-CH=CHCH 3, or -NRoC(O)-CH=CHCH 2NRsR 06 

wherein each alkyl or cycloalkyl group is optionally substituted with one or more 

groups selected from: halogen, -OH, -CrC.alkylalkoxy, or -O-CrC-alkyl; 

Two R 530 groups on the same carbonatom or two or three R30, groups on different carbon 

atoms of ring 0 may be optionally joined to form a spirocyclic, bicyclic, or tricyclic 

ring system with ring 0 such as adamantyl; 

R406 is selected from,1 -1O, -C(O)-R 0, -ORo, -O-C()R. 6o6, -NR 706-C()-R. 6.36, -C

C~jalkyl-C(O)-R 6 6 ., -02-606 SOrNTRgo6Rss, -C1C4alkyl-SOR. 6o6, or ~C1C4 alkyl

SO2NR)s6R9 6; 
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R 06 is selected from -Cj-Csalkyl or -C3-Ccycloalkyliwherein the alkyl or cycloalkyl 

groups may be optionally substituted by one or more groups selected from halogen, 

O4, or -O-C-Calkyl; 

R606 is selected from -C-Calkyl, -C-C6 cycoalkyl or -C-C5 alkylC-Cccloalkyl 

wherein the alkyl or cycloalkyl groups can be optionally substituted by one or more 

groups selected from halogen, -CN, alkyne, -OH, or -O-C-CSakyl; 

R106 isselected from H, -C-Cs5akv or -CrCcycoakyl; 

R806 and R9 06 are independently selected from H, -Ct-Calkyl, -C 1-Calkoxy, -C3

C 6cycloalkvl wherein the alkyl groups may be optionally substituted by one or more 

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

R 5s0 and Roos may be optionally joined to form a ring to form a heterocycle such as 

piperidine, pyrrolidine or with another heteroatom to form a ring suchas morpholine 

[0154] In certain embodiments, compounds havestructural Fonnula (1g): 

R207  R 

R 0 NKN 

N N' 
H (8) 

wherein: 

R2 0 is selected from H, -C-C4 alkyl, -CC6cycoalkylorCrC 2alkyl-C-Ccycoalkyi 

wherein the alkyl or cycloalkyl groupsare optionally substituted with one or more 

groups selected from halogen, -011, or -O--Calkyl; 

n is 0 or I; 

Ring P is substituted at one or more carbons with one, two, or three R3 substituents 

wherein each R 3 0 group is independently selected from H, halogen, -C-C4alky, -Cr 

Crcycloalkyl,-OH, O-C rCslkyl.-NRyoC(O)-CH=CH2, -NRioyC(O)
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C(CH1 20C13=C1 -NR y%7C(O)-CHl=CHICH, or ~NR707C(O)~CH=CCHNR.0 '7R 90 7 

wherein each alkyl or cycloalkyl group is optionallysubstituted with one or more 

groupsselected from:halogen, -OH, -Cj-C5alkvla1koxy, or -- C1-C 5alkl; 

Two R307 groups on thesame carbon atom or twoor three R30 7 groups on. different carbon 

atoms of ring P may be optionally joined to form a spirocyclic, bicyclic, or tricyclic 

ring system with ring P such as adamantyl; 

Ray is selected from H, -OH, -C()-Ry, -OR6 0 7 , -O-C(O)-R7 , -NR 7 7-C(O)-Ro0 7, -Cl

C4 alkyl-C(O)-R6,o 7,-SOrR , -SO2 -NR8 R 0o7, -C 1-C4alky-SO2-R;eyor-C-C 4 alkl

R0 is selected from -CJ-C5alkyl, or -CvC5cycloalkylwherein the alkyl or cycloalkyl 

groups may be optionally substituted by one or more groups selected from halogen, 

OH, or -- C-C 5 alkyl; 

R 6 y is selected from -C-Csalkyl, -C-~Cccloalkyl or -C1-Csalky-C-Ccycloalkyl 

wherein the alkyl or cycloalkyl groups can be optionally substituted by one or more 

groups selected from halogen, -CN, alkyne, -OH, or -0-C-CGalkyl; 

R70 isselected from H, -C1-C5alky or -C3-C5 cycioakyl; 

Ro7 and Ry7 are independently selected from H, -C-C5 alkyl, -C -CQalkoxy, -C

Cecycloalkyl wherein the alkyl groups may be optionally substituted by one ormore 

groups selected from halogen, -01, or -CN; and 

Rs 0 and Ro-y may be optionally joined to form a ring to form a heterocycle such as 

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

[01551 In certain embodiments, compounds have structural Formula (III): 
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R2000N 

KN.  

wherein' 

R, 1 0 is selected from -CO2Rooo, -Csalkyl-CO 52Rso0o,-C -cycloalkl-CRson, 

-NH4ICO2R50, ~N(C-C5 alkyl)-CO 2R00 , -O-CO2R 000, or -CCalkyl-O-CO 2R 0 3; 

R2000 is selected from 1H, -C-C 4alkvi, -C 3-C 6cycloalkyl, or -CrCalkvl-C;

Ceycloalkyl, wherein the alkyl or cycloalkyl groups are optionally substituted with 

one or more groups selected fronmhalogen, -OH, or -0-C -Calkyl; 

n is O I or 2; 

Ring Q is substituted at one or more carbons with one, two, or three R substituents 

wherein each R3 oogroup is independently selected from H, halogen, -CeC4alkyl, 

C-CCcycloalkyl, -OH, or -O-CICakyl wherein each alkyl or cycloalkyl group is 

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

C.alkylalkoxy, or -0-C I-Calkyl; 

Iwo R30 0 groups on the same or different carbon atorns ofthe ring Q may beoptionally 

joined to form a spirocyclie or bicyclic ring system with ring Q; 

RZ40- is selected from ~C()-Ro, -CH2RA6 00 , -C(O)~CH:::CH 2, -C(O)

C(CH2OCH3)=CH 2, -C(O)-CH=CHCH 3, -C(O)-CH=CHCH 2 NRRs, -C(O)-Cl

C 5alkyl, or -C(O)-C-C 6 ycloalkyl, wherein the akyl or cycloalkyl groups may be 

optionally substituted with one or more groups selected fom -OH, halogen, alkyne, 

or -CN; 

Rhco is selected from H, -C-Caikyl, and -C3 -C-cycloalkyl wherein the alkyl or 

cycloalkyl groups may be optionally substituted by one or more groups selected from 

halogen, -OH, -C3-C 6cycloalkyl, or -0-C-C,alkyl; 
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Roconis selected from -- C 5 alkyl, -CrCccycloalkyl, --Calkyl-C3-C 6cycloalkyl, 

NR7y 1oRgoo 1 ,, -O-aryl, -- heteroaryl, aryla 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, trifluoromethy, -O-C-C salkyl, or -O-Cr 

C6cycloalkyl; 

R 7 0 0 0 and R 1 go are independently selected from -, -C alkyl, -CrC alkoxy, or -CrC 

cycloalkyl wherein the alky groups may be optionally substituted by one or more 

groups selected from halogen, -01-1, or -CN; 

R. 0o and R 8 0 0 may be optionally joined to form a ring to form a heterocycle such as 

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

101561 In certain embodiments of the present invention, compounds have structural Formula 

(IV): 

R20ooo N N 
R100,0 

H ) 

wherein: 

Ri 0 0 0 is selected from -COR1ooo,-C5-alkyl-CO 2R, -CCS-cycloaky-CO2Rsoo, 

-NHCO2 R500 0 , -N(C-C oalky) C 2Ro I0 0 -O-CO2R , or-CCsalkyl-O

CO2Ro0; 

R2oco is selected from 1, -C-Clalkyl, -C3-Ccycloalkyl, or -C-C2alky-CrC6cycloalkyl 

wherein the aikyl or cycloalkyl groups are optionally substituted with one or more 

groups selected from halogen, -OH., or -O-C1 -Calkyl; 

11 is 0 or 1; 

Ring S is substituted at one or more carbons with one, two, or three RO substituents 

wherein each Ro group is independently selected from H, halogen, -C-C4 alkyl, 

-51-
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-C-(6cycloalkyl, -OH, -O-Ct C5 aikyl, -NRooooC(O)-CH:::CH 2, 

-NR7 oooC(O)-C(C12H2O 1H 2, -NR7ooC(O):-C:CHH 3, or -NRc0000 C(O)~ 

CH=::CHCH2NRsooooRsevwhereeach alkyl or cycloalkyl group is optionally 

substituted with. one or more groups selected front halogen, -CN, -OH, -C

Calkylalkoxy, or -0-CiC5alkyl; 

Two Rooogroupson the same carbon atom or two or three R3 0 groups on different 

carbon atoms of ring S may be optionally joined to fonn a spirocyclic, bicyclic, or 

tricyclic ring system with ring S such as adamantyl; 

Roooo is selected from H, -OH, -C(O)R 0 6 0 , -OR6 c, -O-C(0)-R600o,-NRyo-C(O)

R60oo, -CeC4alkyl-C(O)-R 0 , -S~pRlooo, -SO-NR qR,)Qg, -Ce4alkyl-SO2

RK0oo, or -C-C4aikyl-SO 2NR,,0 oRi 0 ooo; 

Ro3 0 . is selected from -, -C 1 -Csalkyi, and -C3 -C 6 ycloalkyl wherein the alkyl or 

cycloalkyl groups may be optionally substituted by one or more groups selected from 

halogen, -01, -CCcycloalkyl, or -O-CjCsalkyl; 

R6000 is selected from -C:-Csalkyl -C-Cacycloalkyl or -CCalkyl-C-Ccycloakyl 

wherein the alkyl or cycloalkyl groups can be optionally substituted by one or more 

groups selected from halogen, -CN., alkyne, -OH, or -O-Cr-Csalkyl; 

R7Y 0 2o is selected from H, -C -Csalkyl or -CrC6 cycloalkyl; 

R8 0ooo and R 9o 0o are independently selected from -, -C-Csalkyl, -CI-C5 alkoxv, or -C 

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

groups selected from halogen, -01, or -CN; and 

Rsooo and R9c. may be optionally joined to form a ring to fimn a heterocycle such as 

piperidine, pyrrolidine, or with another heteroatom totform a ring such as morpholine, 

[0157] In certain embodiments, compounds of structural Formula (II), Formula (Ila) or 

Formula (IV) are not the following: 
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OH 

OHN 

N 

ethyl 4-(((1,R,2s,3,S,5s,7s)-5-hydroxyadamantan-2 yl)am no 1I H-pyrrolo[2,3-b]pyridine-5-carbox<ylate 

N N 

H 

ethyl 4-(cyclohexylamino)-1 H-pyrrolo[23-b]pyridine-5-carboxylate 

0 HN 

N N 
H 

ethyl 4-(cyclopentylamino)-I H-pyrrolo[2,3-b]pyridine-5-carboxylate 
N 

o HN 

NN 
H 

ethyl4-(cyclopetylamino)-IHprroo[2 3-b]pyridine-5-carboxylate 

Q HN 

N 

H 

ethyl 4-(((1 S,2R)-2-methlylo )amino)--pyrrolo[2,3-b]pyridine-5-carboxylate 
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HN 

N 
H 

ethyl 4-(((1R,2S)-2-methylcyclohexyl)amno)-IH-pyrrolo[2,3-b]pyridine-5-carboxylate 

0 HN N 

N 

-othyl 4~((3-methylcyclohexyl)amino)-1 H-pyrrolo[2 3-blpyridine-5-carboxylate 

SHN 

r N~ N 
H 

ethyl 4-((4-methylcyclohexyl)amino)-1 H-pyrrolo[2 3-blpyridine-5-carboxylate 

N 
H 

0HN" 

N 

H 

eteth4 metylcyclohexyl)aino)- H-pyrrolo[2,3-b]pyridine-5-carboxylate 
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I1S¶58 The invention is further illustrated bythe following examples of compounds of 

Formula () 

............ .......................................................................... ...................................................................................................  RumpleI 

N ½ 

'N' 

----------- N- .....................----------.-------. -.---------------

N" ((R,4tl2-yanoacet,-, 

WN 

0HN, ni> ethoxymethyl4((RRI2-yaoezi& 
4. nmethylpiperidimt3..yhamino-I tp Tolo(2,3

>¾ n/ bjpyridine-5-carboxyiate 

0 tfN N½ N>Nisopropyi 4-(((38,46%1<2-eyauIOaCetyiy4

N 

0 o ly 4¾31S IN J-ya(xnctyhy)inc)I/tyrrlf5 lbpidin 

* anbxvlato 

-.55-
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N1 N . K isopro-pyl 4-QK(3R,4R>i-(2-cyanoetvlt

7 LtJ, merhyipipe"i diw-3-yt(methyl)arnino>1Wff 

~> ~>pyrroic42),3-bjpyridine-5-c-arboxylate 

N N 

pyr-o[2,3 -bjpyi die-5 -arboxylt 

N:: N 

0 NrNANr ethl4`hy4(3RA/?1-/cychl-eItencrbonlid m 

py-i[,b]p yridine--5-eroxviate 

, N NW 
C-1 Nrethyl 4-methyI((3Th4 R)-rmedryv1I-(nyrroi idine -I 

10Nr<N ~ ocarboniyi)piperidh>i3-y1) am-ino)- 1H-Pyrrnic42,3 
bjpyridine-S-carboxyaze 

D N'N ety4ioroptyl((-fRARty-(34-Reh-l-(ptvL Idie-I 
21 (po Wine l -carbouyi )piperid in-3 v1)arnino)IHprOl[2I,3-

Q~ bjyriin~5-arbxyabxval 

H 

0 

t~~ Pf-f¾>pyroko[,-bjpyridine--caroxyate 

N H 

.. ............. ...........................(.......(..)..............i ..... --- -- 

6 ahoy-4retypieid-56y-(ehy~mio
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Narethyl-4-3Rnehliprdn4y/ehl)rio 

I~ l-1pyr-oo [2,3bj pyridine - c arbxy late.  

N NN 
------ ----- ----- --- . ..... ...... ... . .... ..... ..... .....  

N F 
C N " ethyl4-(JA+-'(>I urpyf~dn

15 c~arbontyi-4 -methvlpiperid in -.3 -vt(rethy Iamino)-.  
IN> N 4 H-pyn-o lo [2.Vb]pyri di ne- 5 -c arboxyl ate 

N N 
H 

oNN< A~fN ~ i sopropyl4 -("(3It,4R)- I (R)-3 -luoropyrrol idineflI 

16 c. <1 arbo uI)A4-ne thy ipiperidin -3 -yi)(moiethvi)amhIo)

<~~ N~K~ N N / * 2- met'oxyethvl44(R4>-()3 

17 

I catboxylate 

0AN 

18AN~ '~~N <fluoropylt olidinec- I -orbonyifr4 -rnthylpip'erid'In -j3 
x'~~'-~~.- < K 7 0 ~y'l)(xnethyl)arnino)- I-pro[23jpide$ 

carboxvlate 

[9 0 ~ (pyrro lid iine-1I-oarb-onyl)piprid in-3 -yfam in)-iI

0 N N 

N

N 
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2 N >N >r~~~~2niethoxyethviy QR4A2cynaey>

ci '~'bjpyridine-5-carboxylat.c 

O ~' "" N,%rEthoxyetbvi -((yfR4)- I 2-cynoetyl-4
2 m enthylpipaind3 vbozanihug-Ii-pyro2,3

N N, 

HN Nthy 

pyrmi[2,>jpyriine -1 rboa 

HN 

N N 

...... HN NH~ wety4((R4~-2caot 

24 N~~~~~~ N ~methopiei>3!ain)Ibsroof,
26 N 3

K p b~pyridine-5-carboxylate 

if 

.. ....... ....... ...... ....... .. .... ... ." 'l " ' l " ' l' l " ' l .. ....... ..... .  

N-58-
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N NN 

26 7 

N N 

H 

100 

\- \ bjpyridine-S-carboxylate 

N 

9N ' ethyl 4-(((314,6,%-a-cryloyl-6rniethlylpipe ridin-i
- ) no-Hp gE010[2' " b,: bpyri dinc.S-c arb oxy latec 

N N 
.. .... ..... ......... ......... .......-- ----- ----- ----- --

N 0 
31~ ~ ~~~~~ C Ncthyl 4-Q3R,65>S evlyehypprii-

A i~~l)aminio>-IH-py-olof'%3-blpyzin-$aoylt 

NI 

-PlY hvpipenidiii 
~~A 'N rx 's ylamnio) iHpyffolo[2.3-bpridin-5caroxya 

- N 

..... t.y......4....(--------- .p......d i----y i--------- -----

59-
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<N 

N N 

isopropyl xiieim3y rio 
9HNI N t-pyrrog[2,3 -bj pyridine- 5-carboxyiate 

0 H 

I.2-methoxyethyl (R)-44-(l -aeryloylpipri din-3
'>' harino)i-il-pyrroo(23-bpyridine&5-cahoxylIate 

N 

HONNN kN24ydroxyethyl (R)-4-0(-aryloypiperidi-3 

N 0 

H 

N , 
2 nwhoxymehyl (R)-4-4(I-acryioylpiperidin-3-.  

~. \AN\A '¾ . yfminoU ivro o [2,3 bpridine- 5 -arboxvi ate 

H H 

9 - A AK eth~~isprooxymthy()l (-cyoypprdn3 
.. A~ry-"rv NCAvlam ino)-IN-pyrrolor2,3 -b]ipyridine- S-carhoxvlato 

1 NA N 
.. ..... ..... .... ..... ..... ......... ..... .. ... .... ..... .... ..... ..... ..... ....... .  
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'Nt .\ yl~naalincs-liH-Pyn-eoo[2, 3 bprdn--ahxlate 

N N 

0 HN' 
0~ 0' ~ Isoprepexyniethyl(Rf-((-acrloypyrrolidin-3

N   N 
H 

o~~i ~~~"< ~ isopropoxyinethyl($-(Is ar'olyridn3 
13 .\ y~anino~f~yrrlo[ 53-jpvidine 5 qrh~latez 

H 

-lNx 

44 0 HN sopopoxynethyi4( cyoheii

N N 0 

U KN~KN N < methoxyrnethyl4-(3R6 I-acryioyl-6
4.5 iylcrnthyip iperidin-3-yI)a-niino1- IH:pro lo[2,3

Ct 0 bjpyridine-5-carboxyiae 

N N. .t'N ~ ~~~~ethyl24(342I2yaocyi-I 
46 modthyipi peridin -3 -yI(rnethyl lin ino>I H

fj-tt\ pyfo[23 bjpyridin-5-yI)3ceate 

0 N N 
H 

0 'N~~' N~ ethyl 3-(4-(('3?,4&R)-cvnaey-4 
4. N Ithvipiperdiw-l(nehvanAo-H 

N tN.-.  
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N N, 
0 HH 

ov!)nybamino >1H-pr o 2-pyrie--bori [te4 

N N" 

N>N 

C HN 
0 ~~ ~~~~~me thyl 4-Q awctvj4mtylieii5o>'Mm>Hpr23bjvii&-abxii 

N N 

½-- \yt/xnlethyb)amino)

N NN 

N, 

2 (i NisN opropyl 4-((i-(2 -cyan oace tyl)-4- miethy lpiperi din-1 

C) N isoz hpropyl 4-(14-2-cynoacetvl)-4-methypiperidini-3
- Nyi)(methvl)arnin.oV-1IH_--pvrroio[2,34-b!pyrid i e -5 

N. "\carhoxylate 

N N 
H 

*N 

"N
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*~Nethyl44,-( 142cyanaoezhyl)A -mehylpiperidinK) 

N N 
H 

u HN N~.AN 2<.methoxythyl 4-((1-{2-cyanoethyl)-4

N N 

H 

2)-mechoxyety4Qj~ynehlr~ 
N tm flthylpi pevidW3oI y~lmoY-1NJ1pyrrolo [2,> 

0 N 

K.N 

N N 

.. .. .. .. ... .. ... .. .  

0 N~ N~. > ihyl 4-((1-aecrytlc -I-&etlp, iperidin-3
09 yi/(methy)a ino)- I1H-pyrri23bpyiiei

U carhoxviate 

N N 

N 

H N 

HH 

m ethyl I I -acryloyl -6methylp iperidin-3 

N 
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0~~~KN ~~~~~ methyl 44-cyokmtvpprdn3 

HN'N 

N 

09H N isopt'cpyl44-(1Iacryioyb.6-me-ithylpiperidn-3, 

644 

carboxylate 

N N 

6~~~~~ ~a intoyty'1( riv-methlpiperidinii 
.rc C) amino>-Iifrpyrolo23 -bjpyidin-5-carboxylato 

0 N 2" methoavethyl 44(1.acrvioyi-6mthypipridin-3 
66 ety-miob~tyoo~,4]pyridin-5
* carboavat 

11N N 

et-'½~~ hyl(R)-(l42( cyaoawey)i-p3rd i3l-* y)af n E3 
~v ~ H-pyi-roloj[2, 3jpridine-S-carboxyi ate 

H:, j" .. NN-ethyL4((13R,41?)-I -2-cyanoacetyl)4

NJNbjpyr idill c- C arboxyl ate 

NN 
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n H~'-- ~<>-"'-%.terr-hutyi44(3P,4-RY-I42 cyanoacey1>4

NC 

~~1''"tN ~~ethyl (R)4-((l2caofy~iprdw-iaie 
IN I-p yrroco [2,3 .b pr id in e-. aroxy Iate 

0N -4

"N hpyndvtnc-5carboxylate 

125 -- sx ehlierd3-jr HoI--pyrrok4[23

ethy l-((3R,4R)-lI I -cyanoeyc lo proparie- I

pyrm1 2,34-bprine5 -caboxviate 

KNcN thyl .- (}3 R,4R)-I 42-cyaopropartoyl)-4
0 H\ N nezhyipiperidin-3-yflar-nino)-IlH-pyrrolof23

0 vj~pyridinia-5-eathoxyiate 

CN 
128- I cabnlfiprdw3x'rio-prrolo[2,3

N--- NNbjpyridine-5--carboxylate 

N N 
NN 

0 N' N ~ethyl 4-(((3R-4-2-cyaniopropanoyi)piperid!n-3
129 

'-N-$,.--"N. ~y -t '')amim)-!A'-pyrrolo[2, W~yiieScroyae 

-- 65
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131 m ~ elhoxyezhyl (R)-4-((I-(2>cyanoeti)piperidi-3
xl~amino)- I/tpyrroo% 34]yiiiahxl 

N, 

C, HN"Hprrlt3hpyii&-.'hxlt 
04 l HN: 1N 4' thyl(h-((4Yanoty1)ieidn--1)rio 

14L 

--- N 

~N 

N 

' ~ ~~~ethy4 I3~S±2cynaey 

N' 

N F 

Q~ ~ ~0 ethyl44(Y4S22dfurecorpn-
15t ~~ ~~~~~~~~carbonyl)pprin3ianii)Ibpyoo[, 

o >K >~"bjpyridine-5$earhoxy late 

N N 
.. ..... ..... ..... ..... .... ..... ..... ..... ..... ..... ..... .... ..... ..... ....H .. .  
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F F 

a~~~t4" ~ ~ ~~isopropyl44(V1(V22dturccorpn

0 H 'H 

F F 

1.50 carbonylI piperidinK3 y1)aminto)-IH1-pyrrolo 2,3 

NN 

-N 

0 K~ HN N ~ 4((3 ? 6S%!}-2-cyanmoacetyl

H 

NN N 

N N C isopropyli4 -(((3 R6S'y I (-cyatnoacetyl) -6 
171N mthyipiperidin-3 -yamino)- IH--pyrrolo[2,3

b]pyridine-5-carboxylate 

N e 

0 HN" YN~ m -6rpl-@R6'y-2caoct 
172 niethyipiperi dinm-3 yl)ai no)-lH-p yrrolo[2 3 

b]pyridinc-5-carboxylate 

N' N 
H 

o HN "' ehy 4(( & S I 

Snethyipiperi din-3 -yl)amti o) I H-pyroo [2, 3 

H 

oI N' C N ethyl 44(('3R,65+)-t2-cvano'etfy)-6 
174 Imtypprdn3y~riw4hpnoo2& 

~ C> b~pyridine-5-carboxylaie 

NN 
H 
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0 HN" NN cyciopropyl 4<(3R,6S l-2"voacetylj'&

........ nmethvlp ipevddiw3 Mv)'amfio*) IlH-pyrrok4[2,>1 

oHN' N 'vy4-(((3R,62S>22di)orcc-popn

176 ~carhcsnyl)-6-Enelhylp iperidin-3-y!)arno)-I111 

- N N 
H 

Ofv -- F ~ v4((3/K,68>) I1U?2,2Adifluorocyciloprop)ane-i 

j" pyn'ool3-~yiie5croya 

oHN' 

k 

N 

N N 
0 H N 

N" 

0 HN" r CN yieprpy %4((IRJ2-yano vnaecierdin)-

'0 >"'b~p.yi'idinle.-5-cairboxviate 

N "
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F 

' 'N 
N H 

0 HN ¾Y 
-- "N ~~ ~ ~F ,thvl 4'((3It-1[0-I-(&2-ltureeorpn 

L pyrrki~23b~pyridine-5-carboxylaie 

~> HN' N ~~r""~' prop,;14Q()-S) -,-ilooylpoae 

k C) o]Pyridine-5-carboxylate 

';N N' 
H 

q< spropyl 4-(((R-l-(CS+2,2-difleorocvclopropan-l

nlps'ridine-5-carhoxvlace 

0 HN' ½ Nmethyl4()I -((s-'22-d iluorocyd opropanle-I

1191 Tihe invetion is frther iiustrated bythe followingecxamplesof Compounds of 

Formula (11) 

'ON 

o 'N methyl 4-(f4-( -cyanoacetoxy'-2
67 1i mdyecoey)mty~rio H-pyirok4[2,3

NQ "NW'tbipyridine-5-carboxylaie 

N 
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0<NI N H-pvriyloi23 -b] pyridi ne-5-carhoxx'Iate 

-- --------------------- --------------N- ---- ------------------

N 

N 

HH 

71~ 

'0 HN.  
~~~~~~y 4N4MN/ etyl4hS333 

0' N' >-'<%pyrrolo[2,3 -bipyridine-5-carboxyiate 

73 .MN<~ ci444((ISt3$-3-yroxopeianylc)(rnezhvpllo.arnin) 

' -' N-' ~ IH-pyrroloi23-b5yid-5cwboxyla 

N4 N 

-70
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ethyl4-(((i. S3J3iidrxyy-3enyla-ho[ 
7 1 ~~~~~ , ~pvrrok[,4prii&erbxit 

'NN 

0' H N 

N 

ci H H 

O"HN ~ethyl 4-(((1IR,4>4idoycffxlanii

'N 
.. .. .. .. .......... H. .................. ................ .  

NN 

E~t%~.~dhI4-((et>-hldoyycocy(nehy)arnino 
1,T1pvr-rolo [2,34jbpxrndm-5-carboxyhIte 

NN 

"'OH 

NNethyl 44(((IQ4h-4-hydroxyyclohexyl)(methyflarnine)

EI.QG,,,,> 1L~yn-oc42,--bridine iarboxviate 

N 

H N1 
N,, 

ethyl4VT(18,3RY)-3diydr-oxycyelohexyl)am inoVI -A 
0 H/O ~~>pyroof,-Ljpri d ine-5-ca rboxxM ate 

E7-71-
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SXVC iHfpyrrole-[2,34hjpyridin&e5-trhoxylate 

N 

Frt'N -'N 

HN H Tyl 4(I1R,2RSRV)5-hydroxy-2
84 1ntylyioeylainY -pyrrolor2,3ifprdn

c IN 

H 

H 

HNOH 
---Av-Ill-yf e[2 bp~ dm5wlx~ 

NN 

N N

.. .... .... .... .... .... .... .... .... .... .... ...H. . .  
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88 0 N x1)(nethylarino)- IN-pyrrolc4 2,3-bjpy-ridinc-$

\ carboxviatc 

OH 

carboxyicte 

0 

0,H 

- ~ ~~~sopropyl14-(((]3,S7)5hdrxaaina-
90 0 N y )(methylhmino)- 1-1pyrro o l%3bjpyri dine-5 

J.ano$It 

N 

H N 

2-fluoroethyl 4-(aiethyl((KR' 4N 
9 0 To"' xe thyild 3 ia oy Ime thy cyciohexylhammno)-i H

F 

fi4' N 
9merhiylsulfamoyi)me thiyl'cycilhexyl)amino3)-I

NO*45N pyrrolo[2 ,3-bjpyri.dinie-5-carboxylate 

"N N 
......................................----------------------------- -
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KpyIrol o[2,3 -b]pvridine45-carboxyl ate 

-N"N 

; N N 
H 

0 H efC"W 4fl IfRAi'flO* hi) 

-N 

S N ~-K H mcthIV! IR,4)(N 

N- ~ ~ ~ ~pyrR?[-:mjprdnNs var lyate 

XN N 

H N 

'1 2Tlcorothyl 4(<IR,4Ry)4-(IvM 

N N F ________N_ 

980HNH'~t methyl 4-((1 RR,)-4-QW A'N" 
98 HH 
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HN~H ethyl 44((Ak-IR-4-(NV 
99) 

0'N ~ - pymro42~3 -bpyricime -5 -earhoxytei 

N 

HH 

0 NH H methyl4-(1¾R4(N 

N N 

QHN 

N'-

0 H 

102

N> 

0'N' ~ 
1031 

¾<-o' [, -> y-o lb]pvr ine -5-cir boxyate 

N' N 
H 

0 H 

IN ~N 

0H H-N 

NN' 
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N NN 

<OH 

N A .. ~pyrrolo[2.3-4;jpvridine-5-car-boxviate 

",N N 
H 

0 HN / OH2-methoxyethyl 4-(4-hydroxKv2

""" 

H HN 

AAN>\,.'N¾ ~ 'pyrroto [2, 3 4fpyyndrne- -carboxyate 

N 4,N 

N N 

N NN 
HoH 

NJ IHprroo[23-]pridic.-5caoxyl 

N N 
-- ---- ------- ------ ------ ---- -- ------- ----- ------ ------ ------ ------- ------ ------ ------ ---- ---- -
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C N 

j>-o 

N N 
H 

114 0 H\, isopropy 4((3-cynebxyrcoeny tino>-IH
pyroo{.3flyridme-.5-carboxvlate 

CN 

0 HN' propyl4(3(oynehycylptyamo>H 
3NbpNr.dne-5-carboxyiate 

-;`N N' 
H 

Ox N-~ 2-rethoxycihyl 4-((--(2
116 cvan oethoxyfryci ope tyarti no).- II-pyrro2,3

N 

-NH 
0 HOHethyl 4-( (3-hydroxycycohexy)amiino> IH-pyrroo(2,32 

141 ~ f \bjpyridine-5-carboxyvlate 

N N 
H, 

0 H N 

HHN.k 4 isopropyl 4-(methyli( I&R4Rt)4-(N
162kmehlufrylrehlycoeyaroI

pyrroh4[2,3-b pyr idinec-5 -carh oxylat 

-7.7-
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,~ '~ ~~ Hpropyl 4Krnehy(IR~l4R-4ii(N
16 mXhiufmy'mtyfceeey~mnt/ 

164N 

isHNp-epyl 4-(((IR,4R>-4-(% h'4methlsufaey~mthy~ec~heyi~mileI/ 165p'rl~23bptd~*--ahvtt 
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Pharmaceutical Compositions 

101621 Some embodiments herein are directed to a pharmaceutical composition comprising a 

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

(01631 Also provided is a pharmaceutical composition comprising a compound as disclosed 

herein, together with a pharmaceutically acceptable carrier 

[01641 While it may be possible for the compounds described herein to be administered as 

the raw chemical, it is also possible to present them as a pharmaceutical formulation.  

Accordingly, provided herein are pharmaceutical formulations which comprise one or more of 

certain compounds disclosed herein, or a derivative thereof, together with one or more 

pharmaceutically acceptable carriers thereof and optionally one or more other therapeutic 

ingredients. The carrier(s) must be "acceptabe" in the sense ofbeing compatible with the other 
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ingredients of the formulation and not deleterious 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 suitable and as understood in the art. The pharmacutical 

compositions disclosed herein may be manufactured in any manner known in the art, e g., by 

means of conventional mixing, dissolving, granulating, dragee-making, levigating, emulsifying, 

encapsulating, entrapping or compressionprocesses.  

[0165] In sone embodiments, the pharmaceutical compositions for use in accordance with 

embodiments herein can be formulated in conventional manner using one or more 

physiologically acceptable carriers or excipients, 

[0166] The formulations include those suitable for oral, parenteral (including subcutaneous, 

intradermal, intramuscular, intravenous, intraarticular, and intramedullary), intraperitoneal, 

intrathecal, intradural, transmucosal, transdermal, rectal, intranasal, topical (including, for 

example, denial, buccal, sublingual and intraocular), intravitreal, or intravaginal administration 

although the most suitable route may depend upon for example the condition and disorder of the 

recipient. The formulation could include those suitable for administration by depot injections or 

by implants. The formulation could include those suitable for administration by inhalation,such 

as, for example, a gas, vapor, or powder. The formulation could include those suitable fbor 

administration, e.g., as an aerosol via a nebulizer, humidifier, inhaler and vaporizer or the like 

The formulations may conveniently be presented in unit dosage form and may be prepared by 

any of the methods well known in the art of pharmacy.Typically, these methods include thestep 

of bringing into association a compound disclosed herein or a derivative thereof ("active 

ingredient") with the carrier which constitutes one or more accessory ingredients. In general, the 

formulations are prepared by uniformly and intimately bringing into association the active 

ingredient with liquid carriers or finely divided solid carriers or both and then, if neessary, 

shaping the product into the desired formulation.  

[0167] Formulations of the compounds disclosed herein suitable for oral administration may 

be presented as discrete units such as capsules, cachets or tablets each containing a 

predetermined amount of the active ingredient; as a powder or granules; as a solution or a 

suspension in an aqueous liquid or a non-aqueous liquid; oras an oil-in-water liquid emulsion or 
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a water-in-oil liquid emulsion. The active ingredient may also be presented as a bolus, electuary 

or paste.  

101681 Pharmaceutical preparations which can be used orally include tablets, push-fit 

capsules made of gelatin, as well as soft, sealed capsules made of gelatin and a plasticizer, such 

as glycerol or sorbitol Tablets may be made by compression or molding, optionally with one or 

more accessory ingredients. Compressed tablets may be prepared by compressing in a suitable 

machine the active ingredient in a free-flowing form such as a powder or granules, optionally 

mixed with binders, inert diluents, or lubricating, surface active or dispersing agents. Molded 

tablets may be made by molding in a suitable machine a mixture of the powdered compound 

moistened with an inert liquid diluent. The tablets may optionally be coated or scored and may 

be formulated so as to provide slow or controlled release of the active ingredient therein, All 

formulations for oral administration should be in dosages suitable for such administration. The 

push-fit capsules can contain the active ingredients in admixture with filler such as lactose, 

binders such as starches, and/or lubricants such as tale or magnesium stearate and, optionally, 

stabilizers. In soft capsules, the active compounds may be dissolved or suspended in suitable 

liquids, such as fatty oils, liquid paraffin, or liquid polyethylene glycols. In addition, stabilizers 

may be added. Dragee cores are provided with suitable coatings. For this purpose, concentrated 

sugar solutions may be used, which may optionally contain gum arabic, talc, polyvinyl 

pyrrolidone, carbopol gel, polyethylene glycol, and/or titanium dioxide, lacquer solutions, and 

suitable organic solvents or solvent mixtures. Dyestuffs or pigments may be added to the tablets 

or drageecoatings for identification or to characterize different combinations of active 

compound doses, 

[01691 The compounds may be formulated for parenteral administration by injection, e.g, by 

bolus injection or continuous infusion. Fonnulations for injection may be presented in unit 

dosage form, e.g, in ampoules or in multi-dose containers, with an added preservative. The 

compositions may take such forms as suspensions, solutions or emulsions in oily or aqueous 

vehicles, and may contain frmulatory agents such as suspending, stabilizing and/or dispersing 

agents. The formulations may be presented in unit-dose or multi-dose containers. for example 

sealedampoules and vials, and may be stored in powder form or in a freeze-dried lyophilizedd) 

condition requiring only the addition of the sterile liquid carrier, for example, saline or sterile 
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pyrogen-free water, immediately prior to use. Extemporaneous injection solutions and 

suspensions may be prepared from sterile powders, granules and tablets of the kind previously 

described.  

[0170] Formulations for parenteral administration include aqueous and non-aqueous (oily) 

sterile injection solutions of the active compounds which may contain antioxidants, buffers, 

bacteriostats and solutes which render the formulation isotonic with theblood of the intended 

recipient; and aqueous and non-aqueous sterile suspensions which may include suspending 

agents and thickening agents, Suitable lipophilic solvents or vehicles include fatty oils such as 

sesame oil, or synthetic fatty acid esters, such as ethyl oleate or triglycerides, or liposomes.  

Aqueous injection suspensions may contain substances which increase the viscosity of the 

suspension, such as sodium carboxvmethyl cellulose, sorbitol, or dextran. Optionally, the 

suspension may also contain suitable stabilizers or agents which increase the solubility of the 

compounds to allow for the preparation of highly concentrated solutions.  

[0171] In addition to the fonnulations described previously, the compounds may also be 

formulated as a depot preparation. Such long acting formulations may be administered by 

implantation (for example subcutaneously or intramuscularly) or by intramuscular injection, 

Thus, for example, the compounds may be formulated with suitable polymeric or hydrophobic 

materials (for example as an emulsion in an acceptable oil) or ion exchange resins, or as 

sparingly soluble derivatives, for example, as a sparingly solublesalt.  

[01721 For buccal or sublingual administration, the compositions may take the form of 

tablets, lozenges, pastilles, or gels formulated in conventional manner. Such compositions may 

comprise the active ingredient in a flavored basis such as sucrose and acacia or tragacanth, 

[0173] The compounds may also be formulated in rectal compositions such as suppositories 

or retention enemas, e.g, containing conventional suppository bases such as cocoa butter, 

polyethylene glycol, or other glycerides.  

[0174] Certain compounds disclosed herein may be administered topically, that is by non

systemic administration. This includes the application of a compound disclosed herein externally 

to the epidermis or the buccal cavity and the instillation of such a compound into the ear, eye and 
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nose. In contrast, systemic administration refers to oral, intravenous, intraperitoneal and 

intramuscular administration, 

[01751 In some embodiments, the compounds disclosed herein may be administered 

ophthalmically. In some embodiments, the compounds disclosed herein may be administered as 

an ophthalmic composition. The compounds of embodiments herein may be administered as, for 

example, liquid preparations, including eye lotions, spray, or eye drops for topical 

administration, In some embodiments, the compounds disclosed herein may be administered as 

semi-solid preparations, for example, applied to the eyelid, such as cream, lotion, gel, ointment, 

or paste. In some embodiments, the compounds disclosed herein may be administered as solid 

dosage forms, for example, applied to the eye surface to produce modified release, such as a 

powder. In some embodiments, the compounds of embodiments herein are administered through 

devices for surgical implantation, parenteral products,(e.g, intracorneal or intravitreous 

products), liquids for irrigation, or the like. In some embodiments, the composition comprising 

the compounds disclosed herein are sterile and free from particulate matters. In some 

embodiments, the compounds disclosed herein may be administered by intraocular injection, 

intraorbital injection, or an intravitreal injection. In some embodiments, the intraocular injection 

may be to the anterior chamber of the eye, posterior chamber of the eye, or a combination 

thereof. For example, the compounds disclosed herein may be administered to the posterior 

intraorbital region of the eye 

[01761 In some embodiments, formulations suitable for topical administration include liquid 

or semi-liquid preparations suitable for penetration through the skin to the site of inflammation 

such as asolution, powder, fluid emulsion, fluid suspension, semi-solid, ointment, paste, cream, 

gel, jelly, foam, liniment, lotion, and drops suitable for administration to the eye, ear or nose.  

The active ingredient for topical administration may comprise, for example, from 0.001% to 10% 

w/w (by weight) of the formulation. In certain embodiiments, the active ingredient may comprise 

as much as 10% w/w. In other embodiments, it may comprise less than 5% w/w. In certain 

embodiments, the active ingredient may comprise from 2% w/w to 5% w/w In other 

embodiments, it may comprise from 0.1% to 1I% w/w of the formulation.  
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[0177] Gels for topical or transdermal administration may comprise, generally, a mixture of 

volatile solvents, nonvolatile solvents, and water. In certain embodiments, the volatile solvent 

component of the buffered solvent system may include lower (C&C6 ) alkyl alcohols, lower alkyl 

glycols and lower glycol polymers. In further embodiments, the volatile solvent is ethanol. The 

volatile solvent component is thought to act as a penetration enhancer, while also producing a 

cooling effect on the skin as it evaporates. The nonvolatile solvent portion of the buffered solvent 

system is selected from lower alkylene glycols and lower glycol polymers. In certain 

embodiments, propylene glycol is used. The nonvolatile solvent slows the evaporation of the 

volatile solvent and reduces the vapor pressure of the buffered solvent system. The amount of 

this nonvolatile solvent component, as with the volatile solvent, is determined by the 

pharmaceutical compound or drug being used. When too little of the nonvolatile solvent is in the 

system, the pharmaceutical compound may crystallize due to evaporation of volatile solvent, 

while an excess may result in a lack of bioavailability due to poor release of drug from solvent 

mixture. The buffer component of the butfered solvent system may be selected from any buffer 

commonly used in the art; in certain embodiments, water isused. A common ratio of ingredients 

is about 20% of the nonvolatile solvent, about 40% of the volatile solvent, and about 40% water.  

There are several optional ingredients which can be added to the topical composition. These 

include, but are not limited to, chelators and gelling agents Appropriate gelling agents can 

include, but are not limited to, semisynthetic cellulose derivatives (such as 

hydroxypropyimethy]cellulose) and synthetic polymers, and cosmetic agents.  

[0178] Lotions include those suitable for application to the skin or eye. An eye lotion may 

comprise a sterile aqueous solution optionally containing a bactericide and may be prepared by 

methods similar to those for the preparation of drops. Lotions or liniments for application to the 

skin may also include an agent to hasten drying and to cool the skin, such as an alcohol or 

acetone, and/or a moisturizer such as glycerol or an oil such as castor oilorarachis oil 

[01791 Creams, ointments 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 

powdered form, alone or in solution or suspension in an aqueous or non-aqueous fluid, with the 

aid of suitable machinery, with a greasy or non-greasy base. The base may comprise 

hydrocarbons such as hard, soft or liquid paraffin, glycerol, beeswax, a metallic soap; a 

~88-



WO 2019/090158 PCT/US2018/059071 

mucilage; an oil of natural origin such as almond, corn, arachis, castor or olive oil; wool fat or its 

derivatives or a fatty acid such as steric or oleic acid together with an alcohol such as propylene 

glycol or a 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 polyoxyethylene 

derivativethereof Suspendingagents such as natural gums, cellulose derivatives or inorganic 

materials such as silicaceous silicas, and other ingredients such as lanolin, may also be included.  

[0180] Drops may comprise sterile aqueous or oily solutions or suspensions and may be 

prepared by dissolving the active ingredient in a suitable aqueous solution of a bactericidal 

and/or fangicidal agent and/or any other suitable preservative, and, in certain embodiments, 

including a surface active agent. The resulting solution may then be clarified by filtration, 

transferred to a suitable container which is then sealed and sterilized by autoclaving or 

maintaining at 98-100°C for half an hour. Alternatively, the solution may be sterilized by 

fungicidal agents suitable for inclusion in the drops are phenylnercuric nitrate or acetate 

(0.002%), benzalkoniun chloride (0.01%) and chlorhexidine acetate (0,01%). Suitable solvents 

for the preparation of an oily solution include glycerol, diluted alcohol and propylene glycol 

[0181] Formulations for topical administration 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 

gelatinand glycerin or sucrose and acacia.  

[01821 For administration by inhalation, compounds may be conveniently deliveredfrom an 

insufflator, nebulizer pressurized packs or other convenient means of delivering an aerosol spray.  

Pressurized packs may comprise a suitable propellant such as dichlorodifluoromethane, 

trichlorofluoromethane,dichorotetrafluoroethane, carbon dioxide or other suitable gas. In the 

case of a pressurized aerosol, the dosage unit may be determined by providing a valve to deliver 

a metered amount. Alternatively, for administration by inhalation or insufflation, the compounds 

according to the invention may take the form of a dry powder composition, for example a 

powder mix of the compound and a suitable powder base such as lactose or starch. The powder 

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

insufflator, 

101831 Preferred unit dosage formulations are those containing an effective dose, as herein 

below recited, or an appropriate fraction thereof, of the active ingredient.  

[0184] It should be understood that in addition to the ingredients particularly mentioned 

above, the formulations described above may include other agents conventional in the art having 

regard to the type of formulation in question, for example those suitable for oral administration 

may iclude flavoring agents.  

[01851 Compounds may be administered at a dose of from 0.1 to 500 mg/kg per day. The 

dose range for adult humans is generally from 5 ng 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 same, for instance, units 

containing 5 mg to 500 mg, usually around 10 mg to 200 mg.  

101861 The amount of active ingredient that may be combined with the carrier materials to 

produce a single dosage form will vary depending uponthehosttreatedandtheparticularmode 

of administration.  

[01871 When employed as pharmaceuticals, the compounds can be administered in the form 

of phannaceutical compositions. These compositions can be prepared in a manner well known in 

the phannaceutical arts, and can be administered by variety of routes, depending upon. whether 

local or systernic treatment is desired and upon the area to be treated. Administration of the 

disclosed compounds or compositions may be oral, parenteral includingg subcutaneous, 

intradermal intramuscular, intravenous, intraarticular, and intranedullary), pulmonary (e.g.,by 

inhalation or insufflation of powders or aerosols, including by nebulizer; intratracheal or 

intranasal), intraperitoneal, transmucosal, transdermal, rectal, topical (including denial, buccal.  

sublingual and intraocular), or intravaginal administration. Parenteral administration includes 

intravenous, intraarterial. subcutaneous, intraperitoneal, intramuscular or injection or infusion; or 

intracranial, e.g, intrathecal or intraventricular, administration. Parenteral administration can be 

in the form of a single bolus dose, or may be, for example, by a continuous perfusion pump 
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Pharmaceutical compositions for topical administration may include foams, transdermal patches, 

ointments, lotions, creams, iels, solutions, fluid emulsions, fluid suspensions, semi-solids, 

pastes, drops, suppositories, sprays, liquids and powders. Conventional pharmaceutical carriers, 

aqueous, powder or oily bases, thickeners and the like may be necessary or desirable, Coated 

condoms, gloves and the like may also be usefid, In some embodiments, the compounds can be 

contained in such formulations with pharmaceutically acceptable diluents, fillers, disintegrants, 

binders, lubricants, surfactants, hydrophobic vehicles, water soluble vehicles, emulsifiers, 

buffers, humectants, moisturizers, solubilizers, preservativesand the like. The artisan can refer to 

various pharmacologic references for guidance. For example, Modern Pharmaceutics, 5th 

Edition, Banker & Rhodes, CRC Press (2009); and Goodman & Gilman's The Pharmaceutical 

Basis of Therapeutics, 13th Edition. McGraw Hill, New York (2018) can be consulted.  

[0188] In some embodiments, a method of treating a JAK and/or JAK3 mediated disease 

administering a pharmaceutical composition of embodiments disclosed herein. In some 

embodiments, the compound is in a therapeutically effective amount. In some embodiments, the 

therapeutically effective amount is an amount disclosed herein.  

[01891 Some embodiments disclosed herein also include pharmaceutical compositionswhich 

contain, as the active ingredient, one or more of the compounds disclosed herein in combination 

with one or more pharmaceutical acceptable carriers (excipients).  

101901 In some embodiments, a method of making a pharmaceutical composition comprises 

mixing the active ingredient with an excipient, diluting the active ingredient using an excipient, 

or enclosing the active ingredient within a carrier in the form of, for example, a capsule, sachet, 

paper, or other container. When the excipient serves as a diluent, it can be a solid, semi-solid, or 

liquid material, which acts as a vehicle, carrier ormedium. for the active ingredient. Thus, the 

compositions can be in the form of tablets, pills, powders, lozenges, sachets, cachets, elixirs, 

suspensions, emulsions, solutions, syrups, aerosols (as a solid or in. a liquid medium), ointments 

containing, for example, up to 10% by weight of the active compound, soft and hard gelatin 

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

101911 Some examples of suitable excipients include lactose, dextrose, sucrose, sorbitol, 

mannitol, starches, gum acacia, calcium phosphate, alginates, tragacanth, gelatin, calciurn 
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silicate, nicrocrystalline cellulose, polyvinylpyrrolidone, cellulose, water, syrup, and methyl 

cellulose, including eutectic solvents, eutectic-based ionic liquids, or ionic liquids. The 

ibrmulations can additionally include: lubricating agents such as talc, magnesium stearate, and 

mineral oil; wetting agents; emulsifying and suspending agents; preserving agents such as 

methyl- and propyihydroxy-benzoates; sweetening agents; and flavoring agents. The 

compositions can be formulated so as to provide quick, sustained or delayed release of the active 

ingredient after administration to the patient by employingproceduresknownintheart.  

[0192] The compositions can be formulated 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 calculated to 

produce the desired therapeutic effect, in association with a suitable pharmaceutical excipient.  

[0193] The active compound can be effective over a wide dosage range and can be generally 

administered in a therapeutically effective amount, It will be understood, however, that the 

amount of the compound actually administered will usually be determined by a physician, 

according to the relevant circumstances, including the condition to be treated, the chosen route of 

administration, the actual compound administered, the age, weight, and response of the 

individual patient,the severity of the patient's symptoms, and the like.  

[0194] In some embodiments, the phannaceutical composition may comprise about 0.01% to 

about 50% of one or more compounds disclosed herein. In some embodiments, the one or more 

compounds is in an amount of about 0.01% to about 50%, about 0.01% to about 45%, about 

0.01% to about 40%, about 0.01% to about 30%, about 0.01% to about 20%. about 0.01% to 

about 10%, about 0.01% to about 5%, about 0.05% to about 50%, about 0.05% to about 45%, 

about 0.05% to about 40%. about 0.05% to about 30%, about 0.05% to about 20%. about 0.05% 

to about 10%, about 0.1% to about 50%. about 0.1% to about 45%, about 0.1% to about 40%, 

about 0.1% to about 30%, about 0.1% to about 20%, about 0.1% to about 10%, about 0.1% to 

about 5%, about 0.5% to about 50%, about 0.5% to about 45%. about 0.5% to about 40%, about 

0.5% to about 30%, about 0.5% to about 20%, about 0.5%to about 10%, about 0.5% to about 

5%, about 1% to about 50%, about 1% to about 45%, about 1% to about 40%, about 1% to about 

35%, about 1%to about 30%, about 1% to about 25%, about 1% to about 20%, about 1% to 
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about 15%. about 1% to about 10%., about 1% to about 5%, about 5% to about 45%, about 5% to 

about 40%, about 5% to about 35;%, about 5% to about 30%, about 5% to about 25%, about 5% 

to about 20%, about 5% to about 15%,about 5% to about 10%., about 10% to about 45%, about 

10% to about 40%, about 10% to about 35%, about 10% to about 30%, about 10% to about 25%, 

about 10% to about 20%, about 10% to about 15%, or a value within one of these ranges.  

Specific examples may include about 0.01%, about 0.05%, about 0.1%, about 0.25%, about 

0.5%, about 0.75%, about 1%, about 5%, about 10%, about 15%, about 20%, about 25%, about 

30%, about 35%. about 40%, about 45%, about 50%. about 60%, about 70%, about 80%, about 

90%, or a range between any two of these values, The foregoingall representing weight 

percentages of the composition. In some embodiments, the composition is suitable for topical 

administration. In some embodiments, the composition is suitable for oral. parenteral (including 

sb raeral inauscula ravenous aarticuar and intramedullavt 

hP ~ ~ -a 1irtacl inru rnmcsltan ;dc- asa 

[01951 In some embodiments, the compound is in a therapeutically effective amount. In 

some embodiments, the therapeutically effective amount may be about mg to about 1000,mg, 

about I mg to about 900 mg, about 1 mg to about 800 mg, about I mg to about 700 mg, about 1 

mg to about 600 mg, about 1 g to about 500 mg, about 1 mg to about 400 mg, about 1 mg to 

about 300 mug, about I mg to about 200 mg, about 1g to about 100 rg, about 10 rg to about 

1000 mg, about 50 mg to about 1000 mg, about 100 mg to about 1000 mg, about 200 mg to 

about 1000 mg, about 300 mg to about 1000 mg, about 400 mg to about 1000 mg, about 500rmg 

to about 1000 mg, about 10 mg to about 500 rg, about 50 mg to about 500 mg. about 100 mg to 

about 500 mg, about 10 mg to about 300 mg, about 50 mg to about 300 mg, from about 100 mg 

to about 300 mg, about 10 mg to about 150 mg, about 50 mg to about 150 mg. about 60 mg to 

about 120 mg, about 50 mg to about 120 rg or a range between any two of these values 

Specific examples include, for example, about 1000 mg, about 900 mg, about 800 mg, about 700 

rg, about 750 mg, about 600 mg, about 500 mg. about 400 mg, about 450 mg, about 300 mg, 

about 250 mg, about 200 mg, about 175 mg, about 150 mg, about 125 ug, about 120 mg, about 

1i0 rg, about 100 mg, about 90 mg, about 80 mg, about 70 mg, about 60 mg, about 50 mg 

about'30 mg,about 20 mg, or any value between the ranges disclosed above.  
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[0196] In some embodiments, the therapeutically effective amount can vary according to, for 

example, the particular use for which the treatment is made. the manner of administration of the 

compound, the health and condition of the patient, and the judgment of the prescribing physician.  

The proportion or concentration of a compound in a pharmaceutical composition can vary 

depending upon a number of factors including dosage, chemical characteristics (e.g, 

hydrophobicity), and the route of administration. For example, the compounds can be provided 

in an aqueous physiological buffer solution containing about 0.1 to about 10% w/v of the 

compound for parenteral administration. Some typical doserangesforthecopoundsarefrom 

about 1 pg/kg to about 1 g/kg of body weight per day. In some embodiments, the dose range is 

from about 0.01 mg/kg to about 100 mg/kg of body weight per day. The dosage is likely to 

depend on such variables as the type and extent of progression of the disease or disorder, the 

overall health status of the particular patient, the relative biological efficacy of the compound 

selected, formulation of the excipient, and its route of administration. Effective doses can be 

extrapolated from dose-response curves derived from in vitro or animal model test systems.  

[0197] The amount of compound or composion administered to a patient will vary 

depending upon what is being administered, the purpose of the administration, such as 

prophylaxis or therapy, the state of the patient, the manner of administration, and the like. In 

therapeutic applications, compositions can be administered to a patient already suffering from a 

disease in an amount sufficient to cure or at least partially arrest the symptoms of the disease and 

its complications.  

[0198] For preparing solid compositions such as tablets, the principal active ingredient can 

be mixed with a pharmaceutical excipient to forn a solid preformulation composition 

containing a honogeneous mixture of a compound of the present invention. When referring to 

these pre-formulation compositions as homogeneous,. the active ingredient is 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-formulation is then subdivided into unit dosage forms of the type described above containing 

from, for example, about 0.1 to about 1000 mg of the active ingredient.  
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[0199] The tablets or pills of the present invention can be coated or otherwise compounded 

to 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 latter being in the forn of 

an envelope over the former, The two components can be separated by an enteric layer which 

serves to resist disintegration in the stomach and permit the inner component to pass intact into 

the duodenum or to be delayed in release. A variety of materials can be used for such enteric 

layers or coatings, such materials including a number of polymeric acids and mixtures of 

polymeric acids with such materials as shellac, cetyl alcohol, and cellulose acetate.  

[0200] The liquid forms in which the compounds and compositions of the present invention 

can be incorporated for administration orally or by injection include aqueous solutions, suitably 

flavored syrups, aqueous or oil suspensions, and flavored emulsions with edible oils such as 

cottonseed oil, sesame oil, coconut oil, or peanut oil, as well as elixirs and similar 

pharmaceuticalvehicles.  

[02011 Compositions for inhalation or insufflation include solutions and suspensions in 

pharmaceutically acceptable, aqueous or organic solvents, or mixtures thereof, and powders. 'Ihe 

liquid or solid compositions may contain suitable pharmaceutically acceptableexcipientsas 

described supra. In some embodiments, the compositions are administered by the oral or nasal 

respiratory route for local or systemic effect. Compositions in can be nebulized by use of inert 

gases. Nebulized solutions may be breathed directly from the nebulizing device or the nebulizing 

device can be attached to a face masks tent, or intermittent positive pressure breathing machine 

Solution, suspension, or powder compositions can be administered orally or nasally from devices 

which deliver the formulation in an appropriate manner.  

[0202] In some embodiments, the compositions administered to a patient can be in the form 

of pharmaceutical compositions described above. In soni embodiments, these compositions can 

be sterilized by conventional sterilization techniques, or may be sterile filtered. Aqueous 

solutions can be packaged tbr use as is, or lyophilized, the lyophilized preparation being 

combined with a sterile aqueous carrier prior to administration. Income embodiments, the pH of 

the compound preparations is about 3 to about 11, about 5 to about 9, about 5.5 to about 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 

[0203] The present invention relates to a method of modulation of a JAKI and/or JAK3

mediated function in a subject comprising the administration of a therapeutically effective 

amount of a compound as disclosed herein, 

[02041 The present invention also relates to a method of inhibiting at least one JAKi and/or 

JAK3 function comprising the step of contacting JAKI and/or JAK. with a compound as 

described herein. The cell phenotype, cell proliferation, activity of JAKI and/or JAK3, change in 

biochemical output produced by active JAK.I and/or JAK3, expression of JAKI and/or JAK3, or 

binding of JAKi and/or JAK3 with a. natural binding partner may be monitored. Such methods 

may be modes of treatment of disease, biological assays, cellular assays, biochemical assays, or 

the like.  

102051 Also provided herein is a method of treating a JAKI and/or JAK3-mediated disease 

comprising administering to a patient in need thereof a therapeutically effective amount of a 

compound as disclosed herein, a derivative thereof, or a combination thereof, In certain 

embodiments, the therapeutically effective amount of a compound as disclosed herein, a 

derivative thereof, or a combination thereof, may be in the form of a pharmaceutical 

composition. In embodiments, the pharmaceutical composition may include a pharmaceutically 

acceptable excipient.  

[0206] In embodiments, diseases or disorders associated with a JAKi kinase and/or a JAK3 

kinase that are treated by compounds of the present invention include autoimune disorders, 

chronic inflammatory disorders, acute inflammatory disorders, auto-inflammatory disorders, 

fibrotic disorders, metabolic disorders, neoplasias, or cardiovascular or cerebrovascular 

disorders. Thus, in some embodiments, the present invention provides a method for treating a 

JAK1 and/or JAK3 mediated disease or disorder in a patient in need thereof, wherein said 

method comprises administering to said patient a therapeutically effective amount of a provided 

compound, or composition thereof. Such JAKI and/or JAK3-mediated diseases or disorders 

include, but are not limited to, those described herein.  
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[0207] In some embodiments, said JAK1 and/or JAK3-mediated disease or disorder is 

chosen from a skin disorder, pruritus, a hair loss disorder, a cancer, a neoplasm, Alzheimer's 

disease, an inflammatory condition, connective tissue diseases and an autoimmune condition.  

[02081 In certain embodiments, said JAKI and/or JAK3-mediated disease or disorder is a 

neoplasm, a malignancy, a myeloproliferative disorder, a hematopoietic neoplasm, a myeloid 

neoplasm, a lymphoid neoplasm, including myelofibrosis, primary myelofibrosis, polycythemia 

vera, essential thrombocythemia, acute and chronic leukemias, lymphomas, cutaneous 

lymphomas including mycosis fungoides, other myeloid malignancies, and myelodysplastic 

syndrome.  

10209] In certain embodiments, said JAKI and/or JAK3-mediated disease is selected from 

the group consisting of an autoimmune disorders or responses, broad activation of the immune 

responses, bacterial infection, viral infection, inflammation, a chronic and/or acute inflammatory 

disorder or condition, and/or auto-inflammatory disorder, fibrotic disorders, metabolic disorders, 

a neoplasm, or cardiovascular or cerebrovascular disorders, a skin disorder, pruritus, a hair loss 

disorder, a cancer or malignancy, autoimmune connective tissue diseases and an autoimmune 

condition; Still's disease, adult-wonset Still's disease, Thi7-associated inflammation, 

polychondritis (e.g relapsing polychondritis); myositis, polyivositis, autoimmune myositis, 

dermatomyositis, juvenile dermatomyositis; nasthenia gravis; Arthritis (e.g. rheumatoid 

arthritis, juvenile rheumatoid arthritis, systemic-onset juvenile rheumatoid arthritis.  

osteoarthritis, infectious arthritis, inflanmatory arthritis, intlamrnmatory bowel disease-associated 

arthritis, idiopathic arthritis, juvenile idiopathic arthritis, systemic juvenile idiopathic arthritis, 

psoriatic arthritis), spondlitis/spondyloarthritis/spondyloarthropathy (ankylosing spondylitis), 

gout, scleroderma (systemic scleroderma, juvenile scleroderma), Reiter's syndrome/reactive 

arthritis, lyme disease, lupus/ systemic lupus erythematosus (SLE) (lupus erythematosus, 

pediatric systemic lupus erythematosus, cutaneous lupus (subacute cutaneous lupus, chronic 

cutaneous lupus/discoid lupus, chilblain lupus erythematosus), polymyalgia rheunatica, 

enthesitis, mixed connective tissue disease, enthesopathy; carditis, myocarditis, angiogenesis 

disorders, myclodysplastic syndrome. atherosclerosis, restenosis (restenosis of an atherosclerotic 

coronary artery), acute coronary syndrome, myocardial infarction, cardiac-allograft 

vasculopathy, transplant arteriopathy; vasculitis (large vessel vasculitis, small vessel vasculitis, 
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giant-cell arteritis, polyarteritis nodosa, vasculitis syndromes including: Takayasu's arteritis, 

Wegener's granulomatosis, Bechcet's Disease), stimulator of interferon genes (STING) 

associated vasculopathy with onset in infancy (SAVI); gastrointestinal disorders, enterocolitis, 

colitis, inflammatory bowel disease (ulcerative colitis, Crohn's disease), irritable bowel 

syndrome, enteritis syndrome/spastic colon, celiac disease; acute and chronic pancreatitis; 

primary biliary cirrhosis, primary sclerosing cholangitis, jaundice, cirrhosis (for example, 

primary biliary cirrhosis or cirrhosis due to fatty liver disease (for example, alcoholic and 

nonalcoholic steatosis); esophagitis, gastritis, gastric and duodenal ulcers, peritonitis; 

Nephropathies: immunologically mediated gLornerulonephropathy, autoimniune nephropathy, 

membranous glomerulopathy, chronic progressive nephropathies, diabetic kidney 

disease/diabetic nephropathy, renal fibrosis, renal ischemic/reperfusion injury, 11V associated 

nephropathy, urcteral obstructive nephropathy, glomerulosclerosis, proteinuria, nephrotic 

syndrome, polycystic kidney disease, autosomal dominant polveystic kidney disease, a 

nephropathy is an immunologically mediated nephropathy, autoimmune nephropathy, chronic 

progressive nephropathies, diabetic nephropathy, renal fibrosis, sch /reperfusioninjury 

associated.IV associated nephropathy, ureteral obstructive nephropathy, glomerulonephritis, 

chronic kidney disease (for example, diabetic nephropathy), hypertension induced nephropathy, 

glomeruloscierosis, proteinuria, nephrotic syndrome, polycystic kidney disease, autosomal 

dominant polycystic kidney disease, diabetic kidney disease, lupus nephriis; interstitial cystitis; 

periodontitis, gingivitis; pulmonary inflammation, sinusitis, pneumonia, bronchitis, asthma, 

bronchial astluna, Churg-Strauss syndrome, bronchiolitis, bronchiolitis obliterans, chronic 

obstructive pulmonary disease (COPD), interstitial lung disease (pulmonary fibrosis, idiopathic 

pulmonary fibrosis), acute lung injury, pulmonary fibrosis (for example, idiopathic pulmonary 

fibrosis or cystic fibrosis), chronic obstructive pulmonary disease, adult respiratory distress 

syndrome, acute lung injury, drug-induced lung injury; Meniere's disease; ocular disorders 

including, (e.g.), ocular inflammation, uveitis, dry eye/keratoconjunctivitis sicca, sleritis, 

episcleritis, keratitis/keratopathy, choroiditis, retinal vasculitis, optic neuritis, retinopathy 

(diabetic retinopathy, immune mediated retinopathy, macular degeneration, wet macular 

degeneration, dry (age related) macular degeneration); Mastocytosis, iron deficiency anemia, 

uremia, hypereosinophilic syndrome (HES), systernic mast cell disease (SMCI)), 

myelodysplastic syndrome, idiopathic thrornbocytic pupura; bone resorption diseases; 
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Neurodegenerative disorders, neurological/ neuromuscular disorders (e.g),multiple sclerosis, 

Parkinson's disease, Huntington's disease, amyotrophic lateral sclerosis (ALS) (familial ALS, 

sporadic ALS), Alzheimer's disease, nyasthenia gravis, Lambert-Eaton myasthenic syndrome 

(LEMS), Guillain-Barret syndrome, meningitis, encephalitis, traumatic brain injury; nervous 

system damage, delusional parasitosis, dysregulation of neuronal processes and sensory 

perception, stroke/neuronal ischemia, spinal cord injury, peripheral neuropathy, tactile 

hallucinations, spinal cord injury, psychiatric disease; pain (acute pain, chronic pain, neuropathic 

pain, or fibronyalgia) paresthetica, nerve irritation, peripheral neuropathy; pruritus/itch (atopic 

pruritus, erotic pruritus, pruritus associated with psoriasis/psoriatic itch/psoriasis-associated 

itch), acute pruritus, chronic pruritus, idiopathic pruritus., chronic idiopathic itch, biiary itch, 

hepatobiliary-associated itch, renal associated itch/renal itch, uremic itch, cholestasis.  

intrahepatic cholestasis of pregnancy, lichen simplex chronicus associated pruritus, lyIphoma

associated itch, leukemia-associated itch, prurigo nodularis, atopic denatits-associateditch, 

atopic itch/atopic puritis, bullous itch, brachioradial pruritus) neurogenic itch, neuropathic itch, 

notalgia paresthetica, pruritic popular eruption of I-V, psychogenic itch, swimmer's itch, 

pruritus or uremic itch, urticarial itch; dennatologic disorders (e.g.), dermatologic drug 

reactions/drug eruptions, xerosis/dryskin, skin rash, skin sensitization., skin irritation, sunburn, 

shaving, body louse, headlice/pediculosis, pubic lice, cutaneous larva migrans, scabies, parasitic 

infection, insect infestation. urticarial/hives, popular uritcariaurticaria, insect bites, insect stings, 

dandruff, foreign objects or devices on skin, fngal infection, herpes, varicella/chicken pox, 

eosinophilic folliculitis, dermatosis of pregnancy/pruritic uricarial papules and plaques of 

pregnancy (PUP),inflammatory dermatoses, neutrophilic dermatoses, histiocytoid neutrophilic 

dermatosis, bowel-bypass syndrome dermatosis, 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 
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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 dematitis, 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.immunobuilous diseases (bullous pemphigoid, cicatricial pemphigoid, 

pemphigus vulgaris, linear IgA disease), gestational pemphigoid, xeroderma pigrnentosum; 

disorders of fibrosis and scarring: fibroids, hepatic fibrosis, pulmonary fibrosis, idiopathic 

pulmonary fibrosis, low grade 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), CNS scarring, alimentary track or gastrointestinal 

fibrosis, renal fibrosis, hepatic or biliary fibrosis, liver fibrosis (for example, nonalcoholic 

steatohepatitis, hepatitis C., or hepatocellular carcinoma), cardiac fibrosis (for example, 

endomyocardial fibrosis or atrial fibrosis), ophthalmic scarring., fibrosclerosis, scar growth, 

wound or scab healing, keloid, mediastinal fibrosis, myelofibrosis, retroperitoneal 

fibrosis/Ormond's disease, progressive massive fibrosis, nephrogenic systemic fibrosis; 

Sjorgren's syndrome, sarcoidosis, farnilial Mediterranean fever, Cryopyrin associated periodic 

syndrome (Muckle-Wells syndrome, familial cold auto-inflammatory syndrome/familial cold 

uticaria/TNF receptor associated periodic syndrome, neonatal-onset multisysteminiflam atory 

disease), hyperoxia induced inflammations, reperfusion injury, post-surgical trauma, tissue 

injury, elevated temperature syndrome; diabetes (Type I diabetes, Type II diabetes)/ diabetes 

mellitus, Hashimoto's thyroiditis, Graves' disease, Addison's disease, Castleman's disease, 

hyperparathyroidism, menopause, obesity, steroid-resistance, glucose intolerance, metabolic 

syndrome, thyroid illness, hypophysitis; systemic immune senescence; autoimmune atrophic 

gastritis, autoimmune atrophic gastritis of pericious anemia, autoimmune encephalomyelitis, 
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autonnimune orchitis, Goodpasture's disease, Sjogren's syndrome, autoimune 

thrombocytopenia, sympathetic ophthalmia; secondary henatologic manifestations of 

autoimmune diseases (for example, anemias), autoimmune hemolytic syndromes (autoimmune 

hemolytic anemia), autoimmune and inflammatory hepatitis, autoimmune ovarian failure.  

autoimune thrombocytopenia, silicone implant associated autoimmune disease, drug-induced 

autoimmunity. HIV-related autoimmune syndromes, metal-induced autoimmunity, autoimmune 

deafness, autoimmune thyroid disorders; allergy and allergic reactions including hypersensitivity 

reactions such as Type I hypersensitivity reactions, (e.g. including anaphylaxis), Type II 

hypersensitivity reactions (e.g. Goodpasture's Disease. autoimmune hemolytic anemia),Type III 

hypersensitivity reaction diseases (e.g the Arthus reaction, serum sickness), and Type IV 

hypersensitivity reactions (e.g contact dermatitis, allograft rejection); acute and chronic 

infection, sepsis syndromes (sepsis, septic shock, endotoxic shock, exotoxin-induced toxic 

shock, gram negative sepsis, gram positive sepsis, fungal sepsis, toxic shock syndrome); acute 

and chronic infection, sepsis syndromes (sepsis, septic shock, endotoxic shock, exotoxin-induced 

toxic shock, gram negative sepsis, gram positive sepsis, fungal sepsis, toxic shock syndrome); a 

rejection: graft vs. host reaction/graft vs. host disease, allograft rejections (for example, acute 

allograft rejection or chronic allograft rejection), early transplantation rejection; Malignancy, 

cancer, lymphoma, leukernia, multiple myeloma, a solid tumor, teratoma. metastatic and bone 

disorders, internal cancers, cancer of the: bone, mouth/pharynx, esophagus, larynx, stomach, 

intestine, colon, rectum, lung (for example, non-small cell lung cancer or small cell lung cancer), 

liver (hepatic). pancreas, nerve, brain (for example, glioma, glioblastoma multiforne, 

astrocytoma, neuroblastoma, and schwannomas), head and neck, throat, ovary, uterus, prostate, 

testis, bladder, kidney (renal), breast, gall bladder, cervix, thyroid, prostate, eye (ocular 

malignancies), and skin (melanoma, keratocanthoma); as well as fibrotic cancers, fibroma, 

fibroadenomas, fibrosarcomas, a myeloproliferative disorder, neoplasin (hematopoictic 

neoplasm, a myeloid neoplasm, a lymphoid neoplasm (mylofibrosis, primary nyelofibrosis, 

polycythemia vera, essential thrombocythemia)), leutkemias (acute lymphocytic leukemia, acute 

and chronic myelogenous leukemia, chronic lymphocytic leukemia, acute lymphoblastic 

leukemia, chronic myelomonocytic leukemia (CMML), or promyelocytic leukemia), multiple 

myclonia and other myeloid malignancies (myeloid netaplasia with myelofibrosis (MMM), 

primary myelofibrosis (PMF), idiopathic myelofibrosis (IMF)), lymphomas (Hodgkin's disease, 
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cutaneous lymphomas cutaneouss T-cell lymphoma, mycosis fungoides), lymphomas (for 

example, B-cell lymphoma, T-cell lymphoma, mantle cell lymphorna, hairy cell lymphonia, 

Burkitt's lviphoma, mast cell tumors, Hodgkin's disease or non-Hodgkin's disease); Kaposi's 

sarcoma, rhabdomyosarcoma, seminoma, teratocarcinorna. osteosarcoma, thyroid follicular 

cancer; increased accumulation of exogenous opioids or synthetic opioids, notalgia paraesthetica, 

obsessive-compulsive disorders, nostalgia associated with obsessive-compulsive disorders, and a 

combination thereof.  

[0210] In some embodiments. additional exemplary disorders include, but are not limited to: 

complications from organ transplants (including xenotransplantation) such as graft vs. host 

reaction (for example, graft vs, host disease), allograft rejections (for example, acute allograft 

rejection or chronic allograft rejection), early transplantation, diabetes, a myloproliferative 

disorder, a rejection (for example, acute allograft rejection); bone resorption diseases, asthma 

(e.g., bronchial asthma), atopy, autoinnnune thyroid disorders, chronic atypical neutrophilic 

dernatosis with lipodystrophyand elevated temperaturesyndrome (CANDLE Syndrome), SAVI 

(stimulator of interferon genes (STING) associated vasculopathy with onset in infancy), 

ulcerative colitis, inflammatory bowel disease, Crohn's disease, celiac disease, ulcerative colitis, 

Behcet's disease, myasthenia gravis, nephropathies, and myocarditis, secondary hematologic 

manifestations of autoinrnine diseases (for example, anemias), autoinurnune hemolytic 

syndromes, autoimmune and inflammatory hepatitis, autoimmune ovarian failure, autoimmune 

orchitis, autoimn-iune thrombocytopenia. silicone implant associated autoimmune disease, drug

induced autoimmunity, HIV-related autoinmiune syndromes; acute and chronic infection, sepsis 

syndromes (e.g.) sepsis,septic shock, endotoxic shock, exotoxin-induced toxic shock,gram 

negative sepsis, gram positive sepsis, fungal sepsis, toxic shock syndrome; hyperoxia induced 

iniflammations, reperfusion injury, post-surgical trauma, tissue injury, pain (e.g) acute pain, 

chronic pain, neuropathic pain, or fibromyalgia.  

[02111 In an embodiment, said vitiligo is segmental vitiligo including unisegmental, 

bisegmental or multisegmental vitiligo, non-segmental vitiligo including 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, rnixed vitiligo (nonsegmental associated 
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with segmental vitiligo), focal vitiligo, solitary mucosal vitiligo or vitiligo with or without 

leukotricia (involvement of body hair) or any type of vitiligo set forth in Table I below: 

Table 1 
Classification ofvitiligo 

NOMENCLATURE SUBSET NOTES 

Non-segmental 
Noseg t Acrofacial Usually limited to face, head. hands, and feet vitiligo 

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

Mucosal (at least Involvement of the oral and/or genital mucosae 
two sites involved) with other sites of skin involvement 
Universal Depigmentation affects 80%-90% of body surface 

One or more depigmented macules distributed on 
Segmental vitiligo Unisegmental o i f d 

onle side of thle body 
Two segmental lesions distributed either 
unilaterally or bilaterally 

Purisegmental 'Multiple segmental lesions distributed either 
unilaterally or bi-laterally 
SV followed by NSV with a delay of at least 6 

Mixed vitilio and NV k months. At least 20% of a dermatoal segment 
andNSV affected by SV, 

Isolated macules that do not have a segmental 
Unclassified vitiligo Focal vitiligo distribution. No evolution into NSV after at least 

2 years 
Mucosal vitiligo 

(onyoesteExclusive involvement of the oral or genital (only one site mcseeia 
involved) 

102121 In an embodimentsaid skin disorder isatopic dermatitis, psoriasis, psoriasis vulgaris, 

skin sensitization, skin irritation, skin rash, contact dermatitis, allergic contact sensitization, 

allergic dermatitis, inflammatory dermatoses, or neutrophilic dermatoses.  

[0213] "Pruritus", as used herein, is interchangeable with "itch." In some embodiments, 

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

disorders. in some embodiments, pruritus may be a symptom of a disease or condition selected.  

from the group consisting of: allergic reaction, arthropod bites, athlete's foot, atopic dermatitis 

(AD), atopic itch, atopic dernatitis-associated itch, autoimmune responses, autoimmune 

connective tissue disease, bacterial infection, biliary itch, broad activation of the immune 
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responses, body louse, bullous diseases, brachioradial pruritus, brain tumors, chronic idiopathic 

pruritus, contact dermatitis, cholestasis, cutaneous larva migrans, cutaneous T-cell lymphoma, 

nervous system damage, dandruff, delusional parasitosis, dermatomyositis, dermatosis of 

pregnancy, diabetes nellitus, drug eruptions, dysregulation of neuronal processes and sensory 

perception, eczema, eosinophilic folliculitis, foreign objects or devices on skin, fungal infection, 

gestational pemphigoid, head lice, herpes, hidradenitis suppurativa, hives, Hodgkin's disease, 

hyperparathyroidism, idiopathic chronic itch, inflaimation, insect infestation, insect bites, insect 

stings, intrahepatic cholestasis of pregnancy, iron deficiency anemia, increased accumulation of 

exogenous opioids or synthetic opioids, internal cancer, jaundice, lichen plans, lichen sclerosus, 

lupus erythematosus, lymphoma, lymphoma-associated itch, leukemia-associated itch, 

malignancy, mastocytosis, menopause, multiple sclerosis, neoplasm, nerve irritation, neurogenic 

itch, neuropathic itch, notalgia paresthetica, notalgia obsessive-compulsive disorders, 

paresthetica, parasitic infection, popular urticaria, pediculosis, peripheral neuropathy, 

photodermatitis, polycythenia. vera, psychiatric disease, psychogenic itch, pruritic popular 

eruption of HIV, pruritic urticarial papules and plaques of pregnancy (PUPPP), psoriasis, 

psoriasis-associated itch, psoriatic itch, pubic lice, punctate palmoplantar keratoderma, renal itch, 

rheumatoid arthritis. scabies, scar growth, shaving, seborrheic dermatitis, stasis dermatitis, 

sunburn, swimmer's itch, systemic immune senescence, tactile hallucinations, Th7-associated 

inflammation, thyroid illness, uremia, pruritus or uremic itch. urticaria, urticarial itch, varicella, 

viral infection, wound or scab healing, and xerosis.  

[02141 In an embodiment, the hair loss disorder is selected from alopecia, alopecia areata 

patchy alopecia areata, alopecia totalis, alopecia universalis, ophiasis pattern alopecia areata, 

sisaihpo pattern alopecia areata, androgenetic alopecia (male and female pattern hair loss), 

telogen effluvium, tinea capitis, hypotrichosis, hereditary hypotrichosis simplex, scarring 

alopecia, lichen planopilaris, central centrifugal cicatricial alopecia, or frontal fibrosing alopecia.  

[0215] In an embodiment, the connective tissue disease is selected from SLE (systemic lupus 

erythematosus), cutaneous lupus (eg. SCLE, discoid lupus), chilblain lupus erythematosus, 

inyositis, polymyositis, dernatomyositis, scleroderma Sjogren's syndrome, polychondritis 

(relapsing polychondritis), vasculitis, or large vessel vasculitis 
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[0216] In an embodiment, the nephropathy is selected from an immunologically mediated 

nephropathy, autoimumune nephropathy, chronic progressive nephropathies, diabetic 

nephropathy, renal fibrosis, ischemic/reperfusioninjury associated, HIV associated nephropathy, 

ureteral obstructive nephropathy, glomeruloselerosis, proteinuria, nephrotic syndrome, 

polycystic kidney disease, autosomal dominant polycystic kidney disease or diabetic kidney 

disease.  

[0217] In an embodiment, said cancer is a solid tumor.  

[0218] In an embodiment, said cancer is prostate cancer, renal cancer, hepatic cancer, breast 

cancer, lung cancer, thyroid cancer, Kaposi's sarcoma, Castleman's disease or pancreatic cancer 

[0219] In an embodiment, said cancer is lynphomna, leukemia, or multiple myeloma.  

[0220] In an embodiment, said myeloproliferative disorder (MPID) is polycythernia vera 

(PV), essential thrombocythemia (ET), myeloid metaplasia with myelofibrosis (MMM), primary 

myelofibrosis (PMFchronic myelogenous leukemia (CML, chronic myelomonocytic leukemia 

(CMML), hypereosinophilic syndrome (HES), idiopathic myelofibrosis (IMF), or systemic mast 

cell disease (SMCD).  

[0221] In an embodiment, said myeloproliferative disorder is myelofibrosis.  

[02221 In an embodiment, said myeloproliferative disorder is primary myelofibrosis (PMF).  

[0223] In an embodiment, said bone resorption disease is osteoporosis, osteoarthritis, bone 

resorption associated with hormonal imbalance. bone resorption associated with hormonal 

therapy, bone resorption associated with autoimmune disease, or bone resorption associated with 

cancer: 

[02241 In some embodiments, the JAKI and/or JAK-3-mediated disease or disorder is a 

fibrotic disorder. Exemplary fibrotic disorders include systemic sclerosis/sclroderma. lupus 

nephritis, connective tissue disease, wound healing, surgical scarring, spinal cord injury, CNS 

scarring, acute lung injury, pulmonary fibrosis (for example, idiopathic pulmonary fibrosis or 

cystic fibrosis), chronic obstructive pulmonary disease, adult respiratory distresssyndrome,acute 

lung injury, drug-induced lung injury, glomerulonephritis, chronic kidney disease (for example, 
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diabetic nephropathy), hypertension induced nephropathy, alimentary track orgastrotestinal 

fibrosis, renal fibrosis, hepatic or biliary fibrosis, liver fibrosis (for example, nonalcoholic 

steatohepatitis, hepatitis C, or hepatocellular carcinoma), cirrhosis (for example, primary biliary 

cirrhosis or cirrhosis due to fatty liver disease (for example, alcoholic and nonalcoholic 

steatosis), radiation induced fibrosis (for example, head and neck, gastrointestinal or pulmonary), 

primary sclerosing cholangitis, restenosis, cardiac fibrosis (for example, endomyocardial fibrosis 

or atrial fibrosis), ophthalmic scarring, fibrosclerosis, fibrotic cancers, fibroids, fibroma, 

fibroadenomas, fibrosarcomas, transplant arteriopathy, keloid, mediastinal fibrosis, 

myielofibrosis, retroperitoneal fibrosis, progressive massive fibrosis, and nephrogenic systemic 

fibrosis.  

102251 In some embodiments, the JAK1 and/or JAK-3-mediated disease or disorder is a 

metabolic disorder. Exemplary metabolic disorders include obesity, steroid-resistance, glucose 

intoleranceand metabolic syndrome. In some embodiments, the JAK1 and/or JAK-3-mediated 

disease or disorder is a neoplasia. Exemplary neoplasias include cancers, In some embodiments, 

exemplary neoplasias include angiogenesis disorders, multiple myeloma, leukemias (for 

example, acute lymphocytic leukemia, acute and chronic myelogenous leukemia, chronic 

lymphocytic leukemia, acute lymphoblastic leukemia, or promyclocytic leukemia), lymphomas 

(for example, Beell lymphoma, T-cell lymphoma, mantle cell lymphoma, hairy cell lymphoma, 

Burkitts lymphoma, mast cell tumors, Hodgkin's disease or non-Hodgkin's disease), 

myclodysplastic syndrome, fibrosarcoma, rhabdomyosarcoma; astrocytoma, neuroblastoma, 

glioma and schwannomas; melanoma, seminoma, teratocarcinoma, osteosarcoma, xeroderma 

pigmentosum, keratoacanthoma, thyroid follicular cancer, Kaposi's sarcoma, melanoma, 

teratoma, rhabdomyosarcoma, 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 cell lung cancer), liver, pancreas, nerve, brain (for example, 

glioma or glioblastoma multiforme), head and neck, throat, ovary, uterus, prostate, testis, 

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

102261 In some embodiments, theJAK and/or JAK-3-mediated disorder is a cardiovascular 

or cerebrovascular disorder. Elxemplary cardiovascular disorders include atherosclerosis, 

restenosis of an atherosclerotic coronary artery, acute coronary syndrome, myocardial infarction, 
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cardiac--allograft vasculopathy and stroke. Exemplary cerebrovascular diseasesinclude central 

nervous system disorders with an inflammatory or apoptotic component, Alzheimer's disease, 

Parkinson's disease, Huntington's disease, amyotrophic lateral sclerosis, spinal cord injury, 

neuronal ischemia and peripheral neuropathy.  

[0227] Also provided herein is a compound as disclosed herein for use as a medicament.  

[02281 Also provided herein is a compound as disclosed herein for use as a medicament for 

the treatment of a JAK1 and/or JAK3-mediated disease.  

[02291 Also provided is the use of a compound as disclosed herein as a medicament.  

102301 Also provided is the use of a compound as disclosed herein as a medicament for the 

treatment of a JAKI and/or JAK3-mediated disease.  

[0231] Also provided is a compound as disclosed herein for use in the manufacture of a 

medicament for the treatment ofa JAK1 and/or JAK3-mediated disease.  

[0232] Also provided is the use of a compound as disclosed herein for the treatment of a 

J.AKI and/or JAK3-mediated disease.  

[02331 Also provided herein is a method of inhibition of JAK and/or JAK3 comprising 

administering a compound as disclosed herein, or a derivative thereof.  

102341 Also provided herein is a method for achieving an effect in a patient comprising the 

administration of a therapeutically effective amount of a compound as disclosed herein, or a salt 

thereof, to a patient, wherein the effect is chosen from cognition enhancement.  

[0235] In certain embodiments, the JAKI and/or JAK3-mediated disease is chosen from 

pruritus, alopecia, alopecia areata, vitiligo, male pattern androgenetic alopecia, female pattern 

androgeneticalopecia, atopic dermatitis, rheumatoid arthritis, psoriatic arthritis, and psoriasis.  

[02361 The compounds can be administered in various modes, e.g. oral, parenteral (including 

subcutaneous, intradermal, intrarmuscular, intravenous, intraarticular, and intramedullary), 

intraperitoneal, intrathecal, intradural, transmucosal, transdermal, rectal, intranasal, topical 
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(including, for example, dennal, buccal, sublingual and intraocular), intravitreal, or intravaginal 

administration.The specific dose level for any particular patient will depend upon a variety of 

factors including the activity of the specific compound employed, the age, body weight, general 

health, sex, diet, time of administration, 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 

severity.  

[02371 Thus, in another aspect, certain embodiments provide methods for treating JAK.  

and/or JAK3-mediated disorders in a human or animal subject in need of such treatment 

comprising administering to said subject an amount of a compound disclosed herein effective to 

reduce or prevent said disorder in the subject, in combination with at least one additional agent 

for the treatment of said disorder that is known in the art. In a related aspect, certain 

embodiments provide therapeutic compositions comprising at least one compound disclosed 

herein in combination with one or more additional agents for the treatment of JAKI and/or 

JAK3-mediated disorders, 

[0238] In certain embodiments, a topically or orally administered JAKi and/or JAK3 

inhibitor/antagonist described herein can be used for the treatment of alopecia areata (eg. patchy 

alopecia areata, alopecia totalis, alopecia universalis) alone or in combination with topical or 

intralesional corticosteroids, topical minoxidil., oral finasteride, oral dutasteride, contact 

sensitization therapy such as with squarie acid dibutyl ester, dinitrochlorobenzene.  

diphencyprone, topical or oral methoxalen and ultraviolet a (PUVA), topical anthralin, hair 

transplantation procedures, or other therapies known to have beneficial effects in the condition, 

[02391 In certain embodiments, a topically or orally administered JAK1 and/or JAK3 

inhibitor/antagonist disclosed herein can be used for the treatment of male or female- pattern 

baldness (androgenetic alopecia) alone or in combination with topical minoxidil, oral finasteride 

(in male), oral dutasteride (in male), topical antiandrogens, hair transplantation procedures, or 

other therapies known to have beneficial effects in the condition.  

[02401 In certain embodiments, the compounds may be used for the treatment of vitiligo (e.g 

localized vitiligo, focal vitiligo, generalized vitiligo, segmental vitiligo, aerial vitiligo, facial 
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vitiligo,acrofacial vitiligo, mucosal vitiligo, confetti vitiligo, trichrome vitiligo, marginal 

inflammatoyvitiligo, quadrichromne vitiligo, blue vitiligo, Koebner phenomenon, vulgaris 

vitiligo, mixed acrofacial and vulgaris vitiligo. or universal vitiligo) alone or in combination with 

topical corticosteroids, topical tacrolinus, topical pimecrolimus, phototherapy such as ultraviolet 

light therapy with UVB, narrow-band UVB, oral or topical psoralen plus ultraviolet A (PUVA), 

calcipotriene or other topical vitamin D analogs, excimer laser phototherapy, systemic 

inunosuppressive agents, surgical treatments such as skin minigrafting, transplantation of 

autologous epidermal suspension, canouflage such as with make-up or dihydroxyacetone and 

such, or other therapies known to have beneficial effects in the condition.  

[02411 Specific JAKI and/or JAK3-mediated diseases to be treated by the compounds, 

compositions, and methods disclosed herein include a skin disorder, pruritus, cancer, Alzheiner's 

disease, an inflammatory condition, and an autoimmune condition.  

10242] In an embodiment, said skin disorder is pruritus, atopic dennatitis psoriasis, acne 

vulgaris, comedonal acne, inflammatory acne, nodulo-cystic acne, scarring acne, hidradenitis 

suppurativa, pyoderna gangrenosum, skin sensitization, skin irritation, skin rash, contact 

dermatitis or allergic contact sensitization.  

[02431 In an embodiment, said bone resorption disease is osteoporosis, osteoarthritis. bone 

resorption associated with hononal imbalance, bone resorption associated with hormonal 

therapy, bone resorption associated with autoimmune disease, or bone resorption associated with 

cancer.  

[02441 Besides being useful for human treatment, certain compounds and formulations 

disclosed herein may also be useful for veterinary treatment of companion animals, exotic 

animals and farm animals, including mammals, rodents, and the like. More preferred animals 

include horses, dogs, and cats.  

Combination Therapy 

[02451 The compounds and pharmaceutical compositions of the present disclosure may be 

used to prevent or treat a JAK-mediated disorder by the sequential or co-administration of 

another pharmaceutical agent, 
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[02461 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 pharmaceutical agent. By 

way of example only, if one of the side effects experienced by a patient upon receiving one of 

the compounds herein is hypertension, then it may be appropriate to administer an anti

hypertensive acent in combination with the initial pharmaceutical agent. Or, by way of example 

only, the therapeutic effectivenessof one of the compounds described herein may be enhanced 

by administration ofan adjuvant (i.eby itself the adjuvant may only have minimal therapeutic 

benefit, but in combination with another phannaceutical agent, the overall therapeutic benefit to 

the patient is enhanced). Or, by way of example only, the benefit of experienced by a patient may 

be increased by administering one of the compounds described herein with another 

pharmaceutical agent (which also includes a therapeutic regimen that alsohastherapeutic 

benefit. By way of example only, in a treatment for diabetes involving administration of one of 

the compounds described herein, increased therapeutic benefit may result by also providing the 

patient with another pharmaceutical agent for diabetes. In any case, regardless of the disease, 

disorder or condition being treated, the overall benefit experienced by the patient may simply be 

additive of the two pharmaceutical agents or the patient mayexperience a synergistic benefit.  

102471 Specific, non-limiting examples of possible combination therapies include use of 

compounds of embodiments herein with: chemotherapeutic or anti-proliferative agent, an anti

inflammatory agent, an immunomodulatory or immunosuppressive agent, a. neurotrophic factor, 

an agent for treating cardiovascular disease, an agent for treating diabetes, or an agent for 

treating immunodeficiency disorders.  

[0248] Specific, non-limiting examples of possible combination therapies for inflammation 

include use of certain compounds of the disclosure with: (1) corticosteroids, including but not 

limited to cortisone, dexamethasone, and methylprednisolone;(2.) nonsteroidal anti-inflammatory 

drugs (NSAIDs), including but not limited to ibuprofen, naproxen, acetaminophen, aspirin, 

fenoprofen (NALFONTM), flurbiprofen (ANSAIDTM), ketoprofen, oxaprozin (DAYPROTML, 

diclofenac sodium (VOLTARENT), diclofenac potassium (CATAFLAMTM ), etodolac 

(LODINE T h), indomethacin (INDOCINTM), ketorolac (TORADOLTM ), sulindac (CLINORILM), 

tolmetin (TOLECTINT ), meclofenamate (MECLOMENrT), mefenamic acid (PONSTEL'$), 

nabumetone (RELAFEN Tm) and piroxicam (FELDENETM): (3) immunosuppressants, including 
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but not limited to methotrexate (RHEUMATREXT), leflunomide (ARAVATM), azathioprine 

(IMURAN T M), cyclosporine (NEORALT M , SANDIMMUNE T M), tacrolimus and 

cyclophosphamide (CYTOXANTM); (4) CD:20 blockers, including but not limited to rituximab 

(RUNXAN T M); (5) Tumor Necrosis Factor (TNF) blockers, including but not limited to 

etanercept (ENBRELT M), infliximab (REMICADET) and adalimumab (HUMIRAT'); (6) 

interleukinI receptor antagonists, including but not limited to anakinra (KINERETr( 7 

interieukin-6 inhibitors, including but not limited to tocilizumab (ACTEMRATr); (8) 

interleukin-17 inhibitors, including but not limited to AIN457; (9) Janus kinase inhibitors, 

including but not limited to tasocitinib; and (10) syk inhibitors, including but not limited to 

fostamatinib.  

102491 Specific, non-limiting examples of possible combination therapies for the treatment 

of cancer include use of certain compounds of the disclosure with: (1) alkylating agents, 

including but not limited to cisplatin (PLATIN.), carboplatin (PARAPLATIN TNI), oxaliplatin 

(ELOXATINTM), streptozocin (ZANOSARTM), busulfan (MYLERANTM) and cyclophosphamide 

(ENDOXAN"); (2) anti-metabolites, including but not limited to mercaptopurine 

(PURINETHOLTM), thioguanine, pentostatin (NIPENT TM ), cytosine arabinoside (ARA-CT) 

gemcitabine (GEMZAR"'). fluorouracil (CARACTM), leucovorin (FUSILEV TM) and 

methotrexate (RHEiMATREXT); (3) plant alkaloidsand terpenoids including but not limited 

to vincristine (ONCOVINTm), vinblastine and paclitaxel (TAXOLT ); (4) topoisomerase 

inhibitors, including but riot limited to irinotecan (CAMPTOSARTM), topotecan 

(HYCAMTINTN) and etoposide (EPOSINT,); (5) ctotoxicantibiotics, including but not limited 

to actinomycin D (COSMEGENTM), doxorubicin (ADRIAMYCIN TM), bleomycin 

IBLENOXANE' T M ) and itomycin (MITOSOLt); (6) angiogenesis inhibitors,including but not 

limited to sunitinib (SUTENTT M ) and bevacizumab (AVASTIN TM); (7)tyrosine kinase 

inhibitors, including but not limited to imatinib (GLEEVECT), erlotinib (TARCEVAT M ), 

lapatinib (TYKERB TM) and axitinib (INLYTA' M); and (8) immune checkpoint inhibitors, 

including but not limited to atezolizumab (TECENTRIQM ), avelumab (BAVENCI"'), 

durvalumab (IMFINZI T ), ipilimumab (YERVOY"), pembnrolizumab (KEYTRJDArM ), 

nivolumab (OPDIVOT-), and tremelimumab.  
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10250] In some embodiments, the compounds disclosed in embodiments herein can also be 

co-administered (concurrently or sequentially) with a variety of other pharmaceutical agents or 

treatments, for example, phannaceutical agents or treatments that are administered systemically, 

such as orally or parenterally. Examples of such systemic treatments include topical or systemic 

corticosteroids (such as prednisone), antibiotics (such as erythromycin, tetracycline, and 

dicloxacillin), antifungal agents (such as ketoconazole and fluconazole sold tinder the tradename 

DiflucanTM), antiviral agents (such as valacyclovir sold under the radenane ValtrexTM, 

acyclovir, and faniclovir sold under the tradename FamvirTM), corticosteroids, 

immnimosuppressants (such as cyclophosphamide sold. under the tradename CytoxantM, 

azathioprine, methotrexate, mycophenolate), biologics (such as rituximab sold under the 

tradename RituxanTm etanercept sold under the tradename EnbrelTN adalimumab sold under the 

tradenamneIHumraTinfliximab sold under the tradenameRemicadeTM ustenkinumab sold 

under the tradename StelaraTN and alefacept sold under the tradename AmeviveTM), and/or 

thyroid hormone replacement.  

[0251] In some embodiments, other therapies that can be used in combination with the 

compounds disclosed herein include, for example, mercaptopurine, topical or systemic 

corticosteroids suchas prednisone, methylprednisolone aid prednisolone, alkylating agents such 

as cyclophosphamide, calcincurin inhibitors such as cyclosporine, sirolimus and tacrolimus, 

inhibitors of inosine monophosphate dehydrogenase (IMPDI) such as mycophenolate, 

mycophenolate mofetil, azathioprine, various antibodies, for example, antilymphocyte globulin 

(ALG), antithymocyte globulin (ATG), monoclonal anti-T-cel antibodies (OKT3), and 

irradiation.These various agents can be used in accordance with their standard or common 

dosages, as specified in the prescribing information accompanying commercially available fonns 

ofthe drugs (see also, the prescribing information in the 2006 Edition of'The Physician's Desk 

Reference). In some embodiments, standard dosages of these agents may be reduced when used 

in combination with the compounds of embodiments herein. Without limiting the scope of this 

disclosure, it is believed the such combination may result in. synergistic results with better 

efficacy, less toxicity, longer duration of action, or quicker response to therapy. In some 

embodiments, the combination therapies in embodiments herein may be administered in sub

therapeutic amounts of either the compounds of embodiments herein or the additional 

pharmaceutical agents, or both. Azathioprine is currently available from Salix Pharmaceuticals, 
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Inc. under the brand name AzasanTM; mercaptopurine is currently available from Gate 

Pharmaceuticals, Inc. under the brand name PunrinetholTM; prednisone and prednisolone are 

currently available from Roxane Laboratories, Inc.; methyl prednisolone is currently available 

from Pfizer; sironinus (rapamycin) is currently available from Wyeth-Ayerst under the brand 

name RapamuneTM; tacrolimus is currently available from Fujisawa under the brand name 

Prografr"; cyclosporine is current available from Novartis under the brand name SandimmuneTNl 

and Abbott under the brand name GengrafTM; IMPDH inhibitors such as mycophenolate mofetil 

and mycophenolic acid are currently availablefrom Roche under the brand name CellceptM and 

Novartis under the brand name MyforticTM; azathioprine is currently available from Glaxo Smith 

Kline under the brand name ImuranTM; and antibodies are currently available from Ortho Biotech 

under the brand name OrthoeloneT% Novartis under the brand name SimulectM (basiliximab) 

and Roche under the brand name ZenapaxT M (daclizumab).  

[02521 In some embodiments, the compounds of embodiments herein are administered in 

conjunction, concomitantly or adjunctively, with the pharmaceutical agents 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.  

[0253] In sone embodiments, the combination therapies in embodiments herein may be 

administered in sub-therapeutic amounts of either the compounds of embodiments herein or the 

additional pharmaceutical agents, or both.  

[0254] In any case, the multiple pharmaceutical agents (at least one of which is a compound 

disclosed herein) may be administered in any order or even simultaneously. If simultaneously, 

the multiple pharmaceutical agents may be provided in a single, unified form, or in multiple 

fors (by way of example only, either as a single pill or as two separate pills). One of the 

pharmaceutical agents may be given in multiple doses, or both maybe given as multiple doses.  

If not simultaneous, the timingbetween the multiple doses may be any duration of time ranging 

from a few minutes to eight weeks or at any interval appropriate to maintain the desired 

therapeutic efficacy. In some embodiments, the timing between the multiple doses may be a 
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minute, an hour, six hours, a day, two days. three days, four days, five days, six days, a week, 

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

102551 One or more additional pharmaceutical agents such as, for example, anti

intflaminatory agents, steroids, immunosuppressants, as well as one or more other ITK kinase 

inhibitors and/or other kinase inhibitors, such as JAK3 kinase, JAKI kinase, JAK1/2 kinase, or 

JAK2 kinase inhibitors, such as, for example, those described in WO 99/65909, WO 00/00202, 

and/or WO/2004/099205, or other agents can be used in combination with the compounds of the 

present invention for treatment of JAKI and/or JAK3-associated diseases, disorders or 

conditions.  

102561 In certain embodiments, the additional pharmaceutical agent is selected from taxanes, 

inhibitors of ber-abl, inhibitors of ER, DNA damaging agents, antimetabolites, paclitaxel, 

inatinib, dasatinib, nilotinib, erlotinib, gefitinib, cisplatin., oxaliplatin, carboplatin, 

anthracyclines, AraC, 5-FU, camptothecin, doxorubicin, idarubicin, paclitaxel, docetaxel, 

vincristine, a MEK inhibitor, U0126, a KSP inhibitor, vorinostat, pembrolizumab. nivolumab, 

atezolizumab, avelumab, tremelimumab, and durvalumab.  

[02571 In some embodiments, said composition further comprises an additional 

phannaceutical agent selected from a chemotherapeutic or anti-proliferative agent, antiviral, 

antibiotic, antihistamine, an emollient, systemic phototherapy, psoralen photochemotherapy, 

laser therapy, hormone replacement therapy, an anti-inflammatory agent, an immunomodulatory 

or immunosuppressive agent, a neurotrophic factor, an agent for treating cardiovascular disease, 

an agentfor treatingdiabetes, andan agent for treating inununodeficiency disorders.  

[02581 In some embodiments, one or more compounds of the embodiments herein can be 

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 to the response to the other 

therapeutics alone, without exacerbation ofits toxic effects, In some embodiments, compounds 

of embodiments herein can be used in combination with one or more other ITK inhibitors, and 

;or JAK I and/or JAKM inhibitors and/or JAK2 inhibitors and/or TYK2 inhibitors for the 

treatment of JAK-mediated disorders. Additive or synergistic effects are desirable outcomes 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 simultaneously or 

sequentially as separate dosage forms. In some embodiments, one or more additional agents can 

be administered to a patient in combination with at least one JAK1 and/or JAK3 

inhibitor/antagonist described herein where the additional agents are administered intermittently 

as opposed to continuously.  

General Synthetic Methods for Preparing Compounds 

(0259] Compounds of the present invention can be prepared using methods illustrated in 

general synthetic schemes and experimental procedures detailed below. General synthetic 

schemes and experimental procedures are presented for purposes of illustration and are not 

intended to be limiting, Starting materials used to prepare compounds of the present invention 

are commercially available or can be prepared using routine methods known in the art.  

Representative procedures for the preparation of compounds of the invention are outlined in 

Schemes 1-5 below. Additional schemes used for analogs are provided in the examples.  

Solvents and reagents, whose synthetic preparations are not described below, can be purchased at 

Sigma-Aldrich or Fisher Scientific. Additional schemes for the synthesis of specific analogs are 

also provided in the example section.  

[02601 Scheme I depicts the general synthesis of compounds of Formula (1) where R1 , R2.  

R, and R 4 are defined as above, n is 0 1 or 2, and X is a halogen. PGi is an indole protecting 

group such as benzenesulfonyi, toluenesulfonyl, mesitylenesulfonyl, t-butyicarbamate (Boc), 

allyl, benzyl, triisopropylsilyl (TIPS), 2-(trimethylsilyl)ethoxymethyl (SEM), or p

methoxybenzyl. PG 2 is a secondary amine protecting group such as t-butycarbamate (Boo), 

benzyl carbamate (Cbz), benzyl (Bn), p-methoxybenzyl (P1MB), or N-acetyl (Ac). Compound CI 

is formed by coupling DI with El. Removing the amine protecting group PG2 yields compound 

BL Coupling of BI with a compound of formula HOR4 or halo-R4 yields compound Al. Finally, 

removal of indole protecting group PG1 yields a compound of Formula (). Alternatively, one 

could remove both protecting groups of Cl and couple the intermediate with a compound of 

formula HOR4 to yield compound L 

Scheme 1. General Synthesis of Pyrrolopyridine Analogs of Formula (I).  
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[0261] Scheme 2 illustrates a general synthesis for compounds of Formula Iin cases when R, 

is a -C0 2R5 group. Commercially available ethyl 4-chloro-1H-pyrrolo[2,3-b]pyridine-5

carboxylate (CAS# 885500-55-0) can be protected using SEM-Cl under standard reaction 

conditions using a base such as sodium hydride in a. solvent such as DMF or THF followed by 

the addition of SEM-Cl. The synthesis of diamine 3 (CAS# 1251908-18~5) has been described 

previously (Shirakami et al., WO 2010119875) and may be converted to intermediate 3a by the 

reduction of the Boc protecting group with lithium aluminum hydride in a solvent such as THE 

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 

chloride of 2 via nucleophilic aromatic substitution 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 

solvent such as methanol. Once deprotected, amine 5a or 5b may be coupled with a variety of 

carboxylic acids under standard amide coupling procedures; reaction with acid 6 using 

tripropylphosphonic anhydride with triethylarnine in dichloromethane is shown by way of 

example. Final deprotection using tera-butylammonium fluoride in THF can produce the final 

compound 8a, ethyl 4-(((3R,4R)-I-(2-cyanoacety)-4-methylpiperidin-3-yl)(methyi)anio)-IH

pyrrolo[2,3-blpyridinc-5-carboxylate or 8b, ethyl 4-((3R,4R)-1-2-cyanoacetyl)-4

methylpiperidin-3-yl)amino)-IH-pyrrolo[2,3-bipyridine-5-carboxylate. Other amines may be 
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utilized in addition to 3a and 3b. For instance, (R)-1-benzylpiperidin-3aimine may be used and 

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

Scheme 2. Synthesis of 5-Ester Pyrrolopyridines.  

X, 
3'NaH x , Pd/C 
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5K Me 7a X Me 8a X Me 
5X= H 7bX> H b X H 

...............  

TFA. CH 2C 2 } 
CA$# 1251908-18-N 

[0262] Analogs that have linkers between the carbonyl group of the ester and the 

pyrrolopyridine core may be accessed by methods described in Scheme 3. Commercially 

available 4-chloro-1-[tris(I-inethyethyl)silyjl--pyrrolo[2,3-bpyridine (9) may be selectively 

lithiated at the 5 position using s-BuLi (Heinrich et at., J. Med. Chem 2013) and reacted with 12 

to produce 4-chloro-5-iodo-1-triisopropylsilanyl-IN'pyrrolo[2,3]-bpyridine (10). Alternatively, 

the lithiated intermediate may be reacted directly with an electrophile such as ethyl 2

bromoacetate to produce intermediate 12, Other electrophiles such as allyl bromide could be 

used with the ester fornied in subsequent steps by known methods. Compound 10 may be 

transfored in a variety of ways by palladium catalyzed cross coupling to produce analogs of 

interest. Illustrated here is reaction with ethyl acrylate (-leck reaction) followed by reduction of 

the double bond to produce intermediate 1, Intermediates I1 and 12 may be transfored into 
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JAK inhibitors by the methods described in Scheme 2 using protected diamine such as (3R4R)

1.-benzyl-N,4-dimethylpiperidin-3-amineor(3R,4R)-I-benzyl-4-methylpiperidin-3-amine 

Scheme 3. Preparation of 5-Alkyl-ester Pyrrolopyridincs.  

CiiNCl 

N2 ' N N> Pd Catalyst N 

TIPS TIPS 2) [Hlp 
9 10T 

1) s-Bu-i THF 
2) 1 

Br 

0 N 9 

NN 

TIPS 
2 

[0263] Scheme 4 depicts the general synthesis of compounds of Formula (II). R.1,3R 2 0, R, 

and Rao are defined as above, n is0or 1, and X is ahalogen, PGo is an indole protecting group 

such as benzenesulfonyL toluenesulfonyl, mesitylenesulfonyl, t-butylcarbanate (Boe), allyl, 

benzyl, triisopropylsilyl (TIPS), 2timethylsily)ethoxymethy(SEM), or p-methoxybenzyL 

Compound FII is formed by reductive amination of Grl with a compound offormula NH2R2.  

Compound D11 is formed by the coupling of FII with a compound of formula EIL Compound 

CII is formed by removing the ketal group from a compound of DII. Compound B11 is formed 

by the reduction of a ketone from a compound of Formula CI using sodium borohydride.  

Compound All is formed by the coupling of a compound of Formula BII with a compound of 

formula HOR. under standard acylation or alkylation conditions Finally, removal of indole 

protecting group PG o yields a compound of Formula (II). In some cases BII is deprotected to 

provide II where R4e is OH.  

Scheme 4. General Synthesis of Formula (II).  
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R 2R 

R R 
20 R 

Ro Ro R 
R20 NR f2\ 

H PG0 KPG PG 

(O(CII)L(BII (L) 

R20 

[0264] Compounds of Formula II may be produced by the methods described in Scheme 5 

which illustrates the synthesis' of methyl 4(4(-ynaeoy:-ehlylhxl 

(mehylamio)-f1pyrolo2,3b~priine5-crboylae.Commercially available 7-methyl

1,4-dioxasNpiro[4.5]diecan-8-onie (013) can bec converted to N,7-dimethyl- 1,4-dioxaspiro[4.5]decan

8-amine (15) by reductive amination using sodium cyanoborohydride, Nucleophilic aromatic 

substitution of an aromatic chloride such as 16 with 15 under thennal conditions in water or 

NMP provides ketal protected intermediate 17. Deprotection followed by reduction can produce 

alcohol 19). Ester formation and deprotection, results, in the final analog '22.  

Scheme 5. Synthesis of 5-Ester Pyrrolopyridines.  
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N$H AC 14 5~~ 

AcuH Molecuiar sieves K20C 3 w Tr,reUX PTSA MeOH 
NaCNBH, MeCH, RT 16h H2, RT, 24h 

CAS 702r9-2 
17n 

N 20N 

MeOC2 »Me '2NCVN~~ 

NEHMaH RT DOC DMAP DCM TFA,[ DM. RT 
T R N 

EM 
21 

[0265] While the invention has been particularly shown and described with reference to 

preferred embodiments and various alternate embodiments, it will be understood by persons 

skilled in the relevant art that various changes in fonn and details can be made without departing 

from the spirit and scope of the invention. All printed patents and publications referred to in this 

applicationare hereby incorporated herein in their entirety by this reference.  

[02661 Exemplary synthetic methods Ibr certain compounds detailed in the example section 

are further illustrated by the following:.  

[02671 Synthesis of Example I: Preparation of ethyl 4-(((3R,4R)-1-(2-cvanoacetyl)-4

methylpiperidin-3-yl)(methyl)amino)-1I-pyrrolo[23-b]pyridine-5-carboxylate 

N N 
H 

Scheme 6. Preparation of ethyl 4-((R412-fcyanoacety)-4methyipiperidin-

yl)(methyl)amino)- 1-pyrrolo[2,3-b]pyridine-5-carboxylate 
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N 

S 'PdJC 

Diphenyl ethe H 

stepS N 

EDC, HOBt 
DIPEA, DC-M N N 

Step-3 

LAH r, 

sac ATHF. 60°C N 

N N 

10268] Preparation of (3R 4R)-1-benizyl N\,4-d me~ithy pipe ridin,-3-amnine 

To a solution of tert-butyl ((3R,-4R)-1I-benzyl-4-methylpiperidin-3 -yl)carbamate (1 g, 3.28 mmol) 

in tetrahydrofuran (20 mLwas added lithium aluminium hydride (4.9 mL, 4.9 mrnol, IM in 

THF) and mixture was heated to 60°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 to provide (3R,4.R)-1-benizyl-.N,4-dimethl,piperidini-3-aminie (0,6 g, 

crude): MS (ES) m/z 219 (M+1).  

[0269] Step I1: Preparation of ethyl 4-(((3 R,4R)-1I-benzyl-4~mi-ethylpiperidini-3

y1l)(methyl)amino)- IHI-pyrrolto[2,3-b]pyridine-5-carbo~xylate 

To a solution of ethyl 4-chloro- I1H-pyrrolo.[2 3-blpyridine-5'-carboxylate (0.17I g, 0.7.5 mmol) in 

diphenyl ether (0.1 m , was added N Ng 
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0.83 nimol). The mixture was subjected to microwave irradiation at 190 °C for 0.5 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 using flash chromatography (50% ethyl acetate/hexane) to provide ethyl 4-(((3R,4R)-

benzyl-4-methylpiperidin-3-yl) (methyl)amino)-Hpyrroo[2,3- byridine~5-carboxylate as a 

thick liquid (0,035 g, 12% yield): MS (ES) m/z 407.2 (M+H).  

(02701 Step 2: Preparation of ethyl4-methyl(3R,4R4-ethylpiperidin3-y)amino)1H

pyrrolo[2,3-b]pyridine-5-carboxylate 

To a solution of ethyl 4-(((3R?,4R)-1-benizyl-4-methyvlpiperidin-3-yl)(meatthl')aninio)-1 

pyrrolo[2,3-b]pyridinie--5-carboxylate (0.09 g, 0.2 mmol) in tetrahydrofuran (1 mL) w %as added 

palladium on carbon (025 g, 50% wet w/)and the mixture stirred under a hydrogen 

atmosphere at room temperature for 30 hours. Th~e reaction was partitioned between 50% 

menthanol/ethyl acetate and filtered through celite. The filtrate was concentrated in vacua to 

Provide 4-(methyl((3 R,4R)-4-me-thylpiperidin-3 -yl)amnino)-1IH-pyrrolo [2,3 -b]pyridine-,5

carboxylate (crude 0. 07 g, 100% yiceld): MS (iE S) m/s' 317.2 (M+H1), 

[0271] Step 3:, Preparation of ethy! -(3,R~~2caocey)4mtypprdn3 

yl)metyl~min)-1 pyrol[2,-b]pyridine-5-c;arboxylate 

N'N 

N 

H 

To a solution of ethyl 4-(methl((3R,4R)-4-methylpiperidin-3-yl)meino)-ainpy-rol[2,3

bpyridine-5-carboxylate (0.07 g, 0.22 mmol) in dichloromthane (2 ml ) was added -

dimethylaiopropyl)-N2gethlcarbhiimixe HCt (0r068 g, 0.4 mmol), hydroxybenzotriazole 
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(0.05 g 0.44 mmol), NN-diisopropylethylamine (0.05 g, 0.4 mmol) and cyanoacetic acid (0.028 

g, 0.33 mmol) and the mixture was stirred at ambient temperature for 12 hours. The reactionwas 

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 vacuoa The crude material was purified using flash chromatography (6% 

metbanol/diehloromethane)to provide ethyl 4-(((3R,4R)-1-('2-cyanoacetyl)-4-methylpiperidin-3

yl)(methyl)anmino -pyrroo[23-b]pyriine-5-arbxyate(0.013 g,5% yield): "H NMR (400 

MHz, DMSO-d,,at 90°C) 6 11.58 (s, 1H), 8.32 (s, 1H), 7,33 (s, II), 6.54 (br s, 11:) 4.28-4.29 

(in, 2H) 3.81-3.94 (i, 4H), 3,37-3,49 (in, 3H), 2.94 (s, 3H1), 216 (in, 1), 1,61 (in, 2H), 1,30

1.33 (tJ= 12 Hz, 3H), 0.94-0.96 (m, 3H) MS (ES) nz 384.2 (M41) 

[0272] Synthesis of Ixanple 3: Preparation of ethyl 4~(((3.R,4R)-I-(2-cyanoace:y1)-4

nethylpiperidin-3-yl)amino)-l-pyrroio[2,3-b]pyridine-5-carboxylate 

HN 

9'N N 
H 

Scheme 7. Preparation of ethyl 4-(((3R4R)1(-cyoacetyl)-4-ethypiperidin-3-y)anino) 

IH-pyrrolo[2,3-b]pyrdine-5-arboxylate.  

10273] Preparation of (3R,4R)-1-benzyx4-methylpiperidin-3-amine 

A solution of ter-butyl (3R,4R)-1-benzyl-4-nethylpiperidin-3-yl)carbaiate (2 g, 6.57 mnol) in 

HCI in dioxane (10 iL, 4M) was stirred at ambient temperature for 4 hours. The reaction 

mixture was concentrated in vacuo and neutralized with triethylamnine (7 niL). Fhe residue was 
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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 (3R, 4R)--benzylhmethylpiperidin-3-amine (1.3 g, crude): MS (ES)im/z 

205.1 (M+H).  

[0274] Step 1: Preparation of ethyl4((3R4R-1enzy-4-ethypiperidin3-y)amino)1

pyrrolo[2,3-b]pyridine-5-carboxylate 

4 

To a solution of ethyl 4-chloro-Hf-pyrrolo[2,3-bpyridine-5-carboxylate (9 g4017mml)inN

methyl-2-pyrrolidone (100 mi), was added (3R,4R)-1-benzyl-4-methyipiperidin-3-amine (9.8g, 

48.2 nol) and triethylamine (4.5 mL) in a sealed tube and the mixturewas heated to 170 °C for 

16 hours. After cooling to room 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. Thesolution was filtered and concentrated in vacuo Thecrude 

material was purified using flash chromatography (50% ethyl acetate/hexane)to provide ethyl 4

(((3.R,4R)-I-benzyl-4-methyipiperidin-3-yi~amino-1IH-pyrrolo(23-]pyidine-5-carboxylate as a 

semi solid (10 g, 64% yield): MS (ES) m/z 393.4 (M+H4).  

[0275] Step 2: Preparation of ethyl 4(((3R 4R)-4-methylpiperidin-3-y!) amino)~1H

pyrrolo[2, 3-b]pyridine-5-carboxylate 

NH 

To a solution of ethyl 4-((.(3R,4R)-1-benzl-4-methylpperidin-3-l)anino)-1H-pyrrolo[2,3

b]pyridine-5-carboxylate (10 g, 25.5 mmol) in tetrahydrofuran (120 rnL )was added palladium 

on carbon (30 g, 50% wet w/w) and the mixture was stirred under a hydrogen atmosphere using a 

Parr-shaker (70 psi) at ambient temperature for 30 hours. The reaction mixture was partitioned 

between 50% methanol/ethyl acetate and filtered through celite. The filtrate was concentrated to 
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provide ethyl 4-((3R,4R)-4-methylpiperidin-3-yl)amino)-IH-pyrroo[2,3-bjpyridin-5

carboxylate (4.7 g, 95% yield): MS (ES) mi/z 303.1 (M+H).  

[0276] Step 3: Preparation of ethyl 4-(((3,4R)-1-2-cyanoacetyl-4-methypiperidin-3

ylI)amino)-IH-pyrrolo[2,3-blpyridine-5-carboxylate 

Q- Hw N 
0NY 

A) o 

To a solution of ethyl 4-(((3R,4R)-12-canoacetyl)-4-methypiperidin-3-yaminolH

pyrrolo[2,3-bpyridine-5-carboxylate (4,7, 1.5.8 mmol) in dichloromethane (50 mL) wasadded 

N43-dimethylaminopropyI)-N-ethyLcarbodiimide CLI (4.9 g, 31.6 mmol), 1

hvdroxylbenzotriazole (4,2 g,31.7 mol), NNdiisopropylethlamine (12,2mL,31.6 minol) and 

cyanoacetic acid (2.7 g, 317 mmol) and the mixture was stirred at ambient temperature for 16 

hours. The reaction was quenched with water and extracted with dichloronethane. 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 (6% methanol /dichloromethane) to provide ethyl 4-(((3R,4R)-1-(2

cyanoacetyl)-4-.methylpiperidin~.3-yl)anmino)~1J-pyrroo[2,3-bpyridine-5S-carboxylate (3.8 g, 

66% Yield): I NMR. (400 MHz, DMSO-d 6 at 90°C) 3 11,49 (s, I ),8.79-8,81 (m, 11), 8.56 (s, 

114), 7.16 (s,1H 6,64 (s, 1H) 4.27-4,36 (m, 41), 3,91 (m, 1H), 370 (i, 1), 3.42(m, 14), 3.15 

(m, 114), 2,88 (, 1 l), 2.14 (br s, 21), 164 (M, I111 130-1.33 (t, /= 8.75 Hz, 31), 0.95 (b s, 

31) MS (ES) m/ 3703 (M+-).  

[0277] Synthesis of Example 21: Preparation of 2-methoxyethyl 4-(((3R,4R)-i-(2

cyanoacetyi)-4-mrethyipiperidin-3-yl)amnino)-1H-pyrrolo[2,3-bpyridine-5-carboxyliate 

Scheme 8. Preparation of 2-methoxyethyl 4-(((R4R)-12-cyanacetyl)-4-methylpiperidin-3

yl)amino)-1H-pyrrolo[2,3-b pyridine-5-carboxylate 
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:4N N NMP, TEAN 

Step 1 Step-2 

FC 
0 HN N H 

. ...............................  

THF Nt 
NDIPEA, DMF

Step-3 
Step-4 

[02781 Step 1 Preparation of 2-methoxyethyl 4~chloro-11pyrrolo[2 3-b]pyridine-5

carboxylate 

N NN 

To a solution of ethyl 4~ehloro-IIb-pyrrolo[2,3-b]pyridine-5-carboxylate (4.0 g, 17.80 mmol) in 

methoxyethanol (40 mL) was added cesium carbonate (29,0 g, 89.0 mmol) and the mixture was 

stirred at ambient temperature for 16 hours 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 (40% ethyl acetate/hexane) to provide 2-methoxyethyl 4

chloro-lH-pyrrolo[2,3pyridine-5-carboxyiateas a white solid (2,6 g 57% yield): MS (ES) 

n/ 255 (M+H) 

[02791 Step 2: Preparation of 2-methoyxyeyl 4-(((3R,4R)-1-benzl-4-methylpiperidin-3

yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxvlate 

A solution of 2-methoxyethyl 4-chloro-IH-pyrrlo[2,3-bipyridine-5-carboxylate (0.6 g 2.35 
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miol), (3R,4R)-1benzvl-4-methlpiperidin-3-amine (0.48 g 2.35 mmol) and triethylamine (0.1 

mL) in N-methy-2pyrroidone(10 mL) in a sealed tube was heated to 140 °C for 12 hours. The 

reactionmixture was cooled to ambient temperature, quenched with water and extracted with 

ethyl acetate. The organic layer was washed with water and brine and dried over anhydrous 

sodium sulfate. The solution was filtered and concentrated in vacuo. The crude material was 

purified using flash chromatography (45% ethyl acetate/hexane) to provide 2-methoxyethyl 4

(((3R,4R)-1-benzyil-4methylpiperidin-3-y)amino)-1h-prroo[2,3-bflpyridine-5-carboxylate as 

an off-white solid (0.35 g, 35% yield); MS (ES) m/z 423 (M-H), 

[0280] Step 3: Preparation of 2-methoxyethyl4(3,4R)4-methypiperidin-3-yl)amino)

IH-pyrrolo[2,3-b]pyridine-5-carboxylate 

N', 

To a solution of 2-methoxyethyl 4-((3R4R)--benzyl-4-methylpiperidin-3-yl)amino)-IH~ 

pyrrolo[2,3-b]pyridine-5-carboxylate (0.35 g, 0.82 mmol) in tetrahydrofuran (10 mL) was added 

palladium 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 mixture was filtered through 

celite. The filtrate was concentrated in vacuo to provide 2-methoxyethyl4-(((3R,4R)-4

methyipiperidin-3-yl)amino-H-pyrrolo[2,3-bpyridine-5-carboxylate(crude0.16g 58%yield): 

MS (ES)nm/333 (M-H).  

[02811 Step 4: Preparation of 2-nethoxyethyl 4-(((3R,4R)--(2-cyanoacetyl)-4

methylpiperidin-3-yl)amino-1B-pyrroio[2,3-b]pyridmnecarboxyiate 

O N CN 

To a solution of 2-methoxyethyl oxyR -h-y)m hylp 

bjpyridine-5-carboxylate (0.16 g, 0.48 mmol) in AN-dimethylformamide (10 mL) was added I

ethyl-3~(3-dimethylamino propyl)carbodnmideICI (0.14g, 0.96 mmo), 1-hydroxybenzotriazole 
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(0 13 g0.96 mmol), NN-disopropylethylamine (025 mL, 1.44 mmol) and cyanoacetic acid.  

(0.08 g,0.96 mmol) and the mixture was stirred at ambient temperature for 24 hours. The 

reaction mixture was partitioned between ethyl acetate and water and the organic layer was 

separated. The organic layer was washed with water, brine and dried over anhydrous sodium 

sulfate. The solution was fitered and concentrated in vacuo, The crude material was purified 

using flash chromatography (5% methanol/dihloromethane)to provide 2-methoxyethyl 4

(((3R,4R)-I-(2-cyanoacetv)-4-methvlpiperidin-3-yl)arinoi)1H-pyrrolo[2,3-b]pyridine-5

carboxylate (0.03 g, 16% yield ): 1H NMR (400 MHz, DMSOd at 80 °C) § 11.52 (s, 1H), 8.74 

(s, 1H), 8.57 (s, 1H), 7.16 (s, 1H) 6,65 (s, 11) 4.34-4.36 (m. 3H), 4.24 (m, 1H), 3.91 (m, 2H), 

3.65-3.67 (m, 31), 3.32(s, 3H), 3.14 (i, 1H), 2.15 (n IH), 1,56-1.65 (m, 3H), 0.95 (r s, 3H); 

MS (ES) n' 400 (M+H).  

10282] Synthesis of Example 24: Preparation of ethyl4(((3R,4 2cyanoethyl)-4

mnethyipiperidin-3--y)amino)1H-pyrrolo[2,3-b]pyridine-5-carboxylate 

H 

Scheme 9. Preparation of ethyl 4-(((3R,4R)-1 2 canoethyl)-4-rnethylpiperidin-3-y)amino)-111

pyrrolo[2,3-bjpyridine-5-carboxvlate 

N.N 

~'N'FAtOH> 

A solution of ethyl4(((R4R)4-etppediylamino)-pyrroo[23-b]pyridine-5

carboxylate (0.1g 0.311 inmol), acrylonitrile (0.035 g, 0,66 mmol) and triethylamine (0.13 mL, 

0,99 nmol) in ethanol (10 mL) was heated at 70 °C for 2 hours. After cooling to ambient 

temperature, the reaction mixture was concentrated. in vacuo and crude material purified using 

flash chromatography (50% ethyl acetate/hexane) to provide ethyl 4-(((R,4R)-1-(2-cyanoethyl)

4-mnethylpiperidin-3-yl)amo-J-pyrolo[2,3-]pyridin-5-carboxylate(0.07 g, 63 % yield): 

NMR (400 MHz, DMSO-d) 11.61 (br, lH), 9,08 (d, J= 9.2 Hz, 1H), 8,52 (S, 1H), 7.13 
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(s, H ,62 (s, 1H), 4.37 (br s. IH), 4.24-4.25 (m, 211) 2.79 (d, J 88Hz,2 2.43-2,60 (m, 

4H), 2.02 (br s,I), 1.87 (br s, 1H), 1.70-1.55 (br s.2H), 1 22-131 (m, 4H), 0.85 (d, J= 6,0 Hz, 

3 H); MS (ES) v356.2 (M+H), 

[0283] Synthesis of Example 34: Preparation of ethyl (R)-4-((l-acryloylpiperidin-3

yl)amino)-IH-pyrrolo[2,3-bjpyridine-5-carboxviate 

b]pyridi-ne-5-carboxylate 

N 

EtNNMP, DCMeDPA H 5(: 

S 180 °c n~1 DAneSe

[0284] Step- : Preparation of ethyl (R)-4((1(trtbo iperidin-3-yl)amno)

I1jpyrrolo[2,3-b] pyridine-5-caboxylae 

A solution of ethyl 4-chloro-1.1-pyrrolo[2.,3)-bjpyridinei-5-cairboxyvlate (0.5 g, 2,23 mmol), tert

butyl (R)-3--amiiiopiperidinec-1-carboxylate (0U53 gg 2.67 mmol) and triethylamine (0.3 mL) in N

methyl-2-pyrrolidone (10 mLI) was subjected to microwave irradiation at 180 °C for 2 hours.  

After cooling to ambient temperature, thie reaction mixture was quenched with water and 

extracted wiith ethyl acetate. The organic layer was dried over anhydrous sodium sulfate. The 
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solution was concentrated in vacuo. The crude material was purified by using flash 

chromatography (50% ethyl acetate/hexane) to provide ethyl (R)-4-((1-(tert

butoxycarbonyi)piperidin-3-yl)ainoH-pyrroo[2,3]pyridine5-arboxyateas an off-white 

solid (0.6 g, 35% yield): MS (ES) m:389.2 (M+H).  

[02851 Step 2: Preparation of ethyl(R)-4-piperidi3-ylaminoHprrolo[2,3-bpyridine5

carboxylate hydrochloride salt 

U HN NH.HCI 

To a solution of ethyl 4()-4((erbutoxcarboyl)piperidin-3-y)amino)-iHpyrrolo[23

b]pyridine-5-carboxylate (0.6 g, 1.17mm) in dichloromethane (15I mL) was added HCl in 

dioxane (2,0 mL, 4M) at 0 °C and the mixture was stirred at ambient temperature for 6 hours.  

The solution was concentrated in vacuo to provide ethyl (R)-4-(piperidin-3-yamino)-1H

pyrrolo[2,3-b]pyridine-5-carboxylate HCl as an off-white solid (0.3 g crude): MS (ES) n/: 

289,2 (MiH).  

[02861 Step 3: Preparation of ethyl(R-((1-cyloypiperidin-3yl)arino)1N-pyrrolo[2, 

b]pyridine-5-carboxylate 

KNN, 

To a solution of ethyl (R)-4-(piperidin-3ylamino)IH-pyrrolo[2,3-bpyridine-5-carboxylate HCl 

salt(0.13 g, 045 mmol) in tetrahydrofuran : water (1:1, 2 mL : 2 mL) was added NA 

diisopropylethylamine (0.2 mL, 0.92 mmol) followed by acryloyl chloride (0.01 mL, 0.092 

mmol) at 0 °C. The mixture was stirred for 2 hours. The reaction was quenched with saturated 

sodium bicarbonate solution 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 
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invacuo. The crude material was purified by using flash chromatography (ethyl acetate/hexane) 

to provide ethyl (R)-4-((1-acryloylpiperidin-3-yl)amino)-I1-pyrrolo[2,3-b]pyridine-5

carboxylate as an off-white solid (0.035 g, 22% yield): 'H NMR (400 MHz, DMSO-d6 ) 6 1168 

(br s, 1H), 8.85 (br s, 1H), 8.53 (s, 11H), 7.19 (s, 1), 675- 682 (n, 11H)6,50- 659 Q(, 1H), 

6.01-6,21 (m, 11), 5.32 - 5.66 (m, 1nH), 4.24 (q, J = 7.2 Hz, 2 H), 4.11 (m, 1 H), 3.72-3.84 (m, 

1) 3.57 (, 111), 2.06 (m, 11),1,70 (m, 21), 1.58 (m, 1,1.31 (t, J= 6.8 H. 3 H).1 .22 - 1,25 

(in, 1H), 0.82-1.09 (m, 11); MS (ES) ./: 343.2 (M+H).  

[0287] Synthesis of Examples 68A and 68B: Preparation of enantiomers of (tras)-ethyl 4

((3-hydroxycyclopenty)(methyamo)-Ipyrrolo[2,3bpridine--carboxlate68A and 68B 

OH ),OH 

9 Q N 

Scheme 11. Preparation of enantiomers of (trans)-ethyl 4-((3

hydroxycyclopentyl)(inethyl)amino)-1H-pyrrolo[2,3-jbpyridine-5-carboxylate 

02N 0N ...  

Chira HPLC HO, 

c 'NslNHBocNH 
K2CO&, MeOH, 

StepI 

Trans racemic Trans unknown enantiomers1 & 2 

OH 

HNN 

LiAH4, 70°O NH 
Step-2 MWNH 

Step-3 

Trunknown nantiomers 1 &2 

[02881 Chiral separation of (trans)-(rci)-3-((tert-butoxycarbonyl)aniiio)cyclopenty 4

nitrobenzoate 

The enantiomers of (trans)-(rac)-3-((tert-butoxycarbonyl)arnino)cyclopentyI 4-nitrobenzoate 
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were separated by chiral chromatography.  

Analytical conditions: 

Colunn: CHIRALPAK IA (250 mm X 4.6mm X 51m) 

Mobile phase :nIexane:Ethanol with 0.1% DEA (50:50) 

Flow rate: 1.0 mL/nin 

Enantiomer 1: Rentention time 4.161 min.  

Enantiomer 2: Retention time 5.296 min, 

102891 Step 1: Preparation of trans)-tert-butyl-(3hydroxycyciopentyl)carbamate 

NHBoc 

To a solution of one of the enantiomers of (rans)3((tert-btxyarbonyl)amino)cylopentyl4

nitrobenzoate (1.2 g, 3.42 mmol) in methanol (30 mL) was added potassium carbonate (0.71 g, 

5.14 mmol) and the mixture stirred at ambient temperature for 6 hours. The reaction mixture was 

concentrated in vacuo and 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 by flash 

chromatography (30% ethyl acetate/hexane) to provide tert-butyl -(3-hydroxycyclopentyl) 

carbamate as an off-white solid (0.42 g, 60.95 % yield):I H NMR (400 MHz, DMSO-d) 5 6.72 

(br s.1H) 437 (d, J= 3.6 Hz, 1H), 4.094.10 (m, 11H), 3.89-3.91 (m, 111), 1.75-1.91 (m, 2H), 

1.66-1.70 (m, IH), 1,44-1.51 (n, 1), 1.35 (s, 91) 1.19~1,31(m, 2H).  

[02901 Step 2: Preparation of (trans)-3-(methylainino)cyclopentan-1-ol 

.N H 

To a solution of one of the enantioers of (trans)-ter-butyl -(3-hydroxycyclopentyl)carbamate 

(0.15 g, 0.74 mmol) in tetrahydrofuran (5 mL) and was added lithium aluminium hydride (2.23 

mL, 2.23 mimol, (LOM solution in tetrahydrofuran) dropwise at 0 °C and the mixture was heated 

at 70 'C for 4 hours, After cooling, the reaction mixture was quenched with aqueous sodium 

hydroxide solution and ethyl acetateand the suspension was filtered through celite. The organic 

layer was separated, washed with water and dried over anhydrous sodium sulphate. The filtrate 

-132-.



WO 2019/090158 PCT/US2018/059071 

was concentrated in vacuo to provide 3-(ethylamino)cycopentan-1-olas a yellow oil (0.1 g, 

80% yield): MS (ES) n/z 116 (M+H), 

[0291.1 Step 3: Preparation of (trans)-ethyl 4-(-hydroxycycopentyl)(methy)amino)1 

pyrrolo [2,3-b] pyridine-5-carboxyiate 

N 

A solution of cthl 4-chloro-1H-pyrrolo[2 3-b]pyridine-5-carboxylate (0.15 g, .66 mniol) and 

one of the enantiomers of 3-(methylamino)cyclopentan-I-ol (0.092 g, 0,8 mmol) in dimethyl 

sulfoxide (3 mL) was heated under microwave irradiation for 2 hours, Afler 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 (9% methanol/dichloromethane) to obtain ethyl 4-(3

hydroxycvclopentyl)(methyl)amino)-l H-pyrrolo[2,3-b]pyridine-5-carboxylate as a brown solid 

(0.015 g,7.42%yield).  

[02921 Example 68A:(rans)-thyl14((3hdoxcyclopenty)(methy)amino)-1-pyrrolo 

[2, 3-b] pyridine-5-carboxylate, enantiomer I 

1HNMR (400 MHz, DMSOd) 11.59 (s IH),8 20 (,1H), 7.24-7.26 (, 1H)6.57-6.58(m, 

1H), 4.66-4.80 (mIH), 4,57 (m, 1H 4.06-4.27 (mu, 3H4), 2.82 (s, 3H-), 1.78-1.96 (m,. 3H-), 1.60

1.76 (m, 214), 1.48-1.50 (m, 1H), 1.30 (t,,J= 8,8Hz, 3H); MS (ES)nZ304 (MH1).  

[0293] Example 68B: (trans)-Ethyl 4-((-3-hydroxycyclopentyl)(inethyl)amino)-IH

pyrrolo[2, 3-b]pyridine-5-carboxylate, enantiomer 2 
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0 ~M 

'H NMR (400 MHz, DMSO-d) 6 11-59 (brs IH), 8,20 (ma, II), 24-7.26(m H), 6.57-6,58 

(m, IH), 4,66-4.74 (m, 1H), 4,54-4.55 (m, 1H), 4.20-4,27 (m, 3H), 2:78 (s, 3H), 1.80-1,94 (m, 

3H), 1.71-1.78 (m, 2H), 1.48-1,51 (m, 1 H), 1.31 (t,J= 8.8 Hz, 3M).  

102941 Synthesis of Example 69: Isolation of Trans enantioaer-2, (trans)-ethy4-((3(2 

cyanoaeetoxy)eyclopentyi)(methyl)amino)1H-pyrrolo[2,3-bhpyridine-5-carboxyiate 

N 
C-': 

Trans enantiomer-2 

'H NMR (400 MHz. DMSO-d 6 ) 6 164 (s, 1H), 8.24 (s1H), 7.26-7,28 (M, 1H), 6.55-6.56 (m, 

111), 5.21-5.22 (m, 111), 4.57-4,61 (m,1), 4.26 (q, J= 6.8 Hz 2H), 3.94 (s, 2H), 2.84 (s, 3H), 

2,11-2.20 (m, 2H), 1,92-2.0 (m, 3H),83-1.86 (m, IH), 1.29 (t. J= 7.6 Hz, 3H). Retention time: 

21.666 min.  

[0295] Synthesis of Example 70: Isolation of Trans enantiomer-1, (rans)-ethyl4-((3-(2

eyanoacetoxy)cyclopentyl)(m ethy)amino1Hpyrrol[2,3-b]pyridine-5-carboxylate 

Trans enantiomer-1 

H NMR (400 MHz, DMSO-d6)6 11.64 (s, 1H), 824 (s, 1H), 7.26-7.28 (m, 1H), 6.55-6.56 (m, 

11) 5,21-5.22 (in1), 4,57-4.61(m, 1),4.25 (q, J:::: 6,8 Hz, 2H), 394 s2 ,2.82 (s, 3H), 

2.10-2.11 (ni, 21), 1.85-1.96 (m, 311), 168-1.70 (ma, 111), 1.27 (t, J= 7.2 Hz, 3H); Retention 

time: 19.434 min, 
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[0296] Synthesis of Examples 72-75: Preparation of enantiomers of (trans)- ethyl 4-((3

hvdroxycvlopentv)amino)~1H-pyrolo[2,3%-bpyridine-5-carboxylate: 72 and 75 and (trans)

ethy4(3-2-yanoacctoxy)eyciopentl)amio)-1H-pyrroio[3b]pyrdie-5-arboxyiate: 73 

and 74 

T ran:, 2 enantirners Trans. 2 enan~tiorners 

Scheme 13. Preparation of enantiomners of (trans)-ethyvl 4-((3-h~ydroxycyclopientyl)am-ino)-1H

pyrrolo[2,3-blpyridine-5-carbo)xylat~e and (trans)-ethyl4-((2 

cyano acetoxy)cyclopenty 1) amino)~ I1H-pyrrolo [2,3 -b]pyrridine-5 -Carboxyl ate 

-N 

HC... n D -x-n-.- T E CH .D A 

[0297] Step-1I: Preparation of (tas~rc--mioylpna--ol hydrochloride salt 

HO, 

[ NH HCI 

Trans, Raceic 

To a Solution of (traono)-(c)-tert-butyl-(3-hydroxvcyclopeityl)carbamate (0.2 7 g, 134 mmol) i 

dichloromethane (5 mL)at 0 °C wias added.H('l in dioxane (4M, 5 mL) and the solution wannred 

to ambient temperature and stirred for 5 hours. The reaction mixture was concentrated in vacuo 

and the residue washed with diethylether to provide 3-amniocyclopentan-1-ol hydrochloride salt 

as a yellow oil (0,.18 g, 96% yield.): MS (ES) m/lz 102 (MI+H).  

[0298] Stoep-2:d Preparation of 4-((3-hydroxycyclopentyl) amino)-4pyrrolo[2, 

3-bpyridine-5-carboxylate 
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OH 

HN 

Trans, Racemic 

A solution of (trans)-(rac)-ethy4chloro-1Hpyrro[2,3~bpyridine-5-carboxylate (0,05 g 0.22 

mmol), 3-amino cyclopentan-1-ol HC (0.036g 0,26 nunol) and triethylanine( 0,15 mL, 1,11 

mmol) in dimethyl sulfoxide (3 ml) was heated under microwave irradiation at 150 °C for I 

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 by flash chromatography (9% methanol/ dichloromethane) to provide ethyl 

4-((3-bydroxycyclopentl) amino)-1 pyrrolo[2,3-bpyridine5-carboxylateas an off-white solid 

(0,01 g, 17 % yield): MS (ES) m/z 290 (M-H).  

[0299] Step 3: Preparation of (trans)-(rac)-ethyl -4-((32-(cyanoactoxy)cyclopenty)arnino)

1H-.pyrroio[2,3-bipyridine-5-carboxylate 

N.N 

Trans, Racemic 

To a solution of (trans)-(rac)-ethyl 4-((3-hydroxcycpentyl)amino $)-H-pyrrolo[2,3~bpyridine

5-carboxylate (0.14 g, 0.48 mmol) in dichloromethane (10 mL) was added 2-cyanoacetic acid 

0.062 g, 0:72 mmol), 4-dimethylaminopyridine (0.06 g,0.48 mmol) and I-ethyl-3~(3~ 

dimethylaiinopropyl)carbodiiide HCil (0,14 g, 0.72 mmol) and the mixture stirred at ambient 

temperature for 16 hours. The reaction mixture was quenched with water and extracted with 

dichloromethane. The organic layer was washed withwater, 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 4-((3-(2

cyanoacetoxy)cyciopentyl)aminoI-pyrrolo[2,3-bpyridine..5-carboxylate as an off-white solid 

(0.035 g, 20% yield): MS (ES) mn/ 357 (M+H), 
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[0300] Synthesis of Example 72: Isolation of Trans enantiomer-2, (trans)-ethyl 4-((3

hydroxycyclopentyfl)amino)-I1pyrrolo[2,3-b]pyridine-5-carboxylate 

:OH 
(NH" 

Trans enantiomer-2 

- NMR (400 MHz, DMSO-ld 6 ) 6 11.66 (br s, I1H), 8.82 (d, J:::: 7.6 Hz, 111), 8,52 (s, IH), 7.17

7.18 (M 1H), 6.67 (s, IH), 4.61-4.63 (m, 2),, 4.21-4.26 (m, 3H), 1.9-2.37 (In., 3H) 168-1.69 

(rn,H), 1.53 , 2), 1.29 (t, J= 7.2 Hz, 3H. Retention time: 7.625 mi.  

Analytical conditions: 

Column: CHIRALPAK IA (250 mm X 4.6mm X 51m) 

Mobile methanol with 0.1% DEA (50:50) 

Flow rate: 0.5 mL/in 

[03011 Synthesis of Example 73: Isolation of Trans enantiomer-1. (trans)-ethyl 4-((3-(2

cyanoacetoxy)cyclopentyl)amino)- IH-pyrrolo [2, 3-b]pyridine-5-carboxylate 

Trans enantioier-I 

H NMR. (400 MHz, DMSO-d) 6 11.67 (s, 1 H), 8.81 (d, J =3.8 Hz, 1H8.53 s, H), 7.17 (s, 

1H), 6,65 (s, 1H), 5.30 (brl l1) 4.63-4.66 (m, 1H), 4.25 (q, J= 6.8 H z,2H), 3.99 (s, 2), 205

231 (n. 3H). 1.93-2.0 (m,1) 1,79-1.81 (m, 1.), 1.60-1.67 (in,), 130 (t J::: 6.8 Hz, 3H).  

Retention time: 9.484 min.  

Analytical conditions: 

Columnn: CHIRALPAK IA (250 mm X 4.6mmX 5im) 

Mobile methanol with 0.1% DEA (50:50) 

Flow rate: 0.5 mL/min 
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[03021 Synthesis of Example 74: Isolation of Trans enantiomer-2, (trans)-ethyl 4-((3-(2

cyanoacetoxy)cyclopentyl)amino)1H-pyrrolo[2, 3-b]pyridine-5-carboxylate 

CN 

Trans enantiomer-2 

H NMR (400 MHz, DMSO-d) 11.70 (br s, 1H), 84 (,.J= 7,2 Hz, 1H),853 (s,I H, 7,18 

(s,I 1), 6,65 (s, 1), 525 (br s Hy, 4.63467(, 1H), 4,24 (q, J= 72 Hz,211), 3,99 (s, 2H), 

2.14-2.31 (n, 3H), 1.93-2.00 (, 11), 1.80 (m, 1n), 1.63-1.65 (m, 1p,1.33 (tJ= 7,2 Hz, 3H), 

Retention time 4.846 min.  

Analytical conditions: 

Column: CHIRALPAK IA (250 mm X 4,6mmn XSim) 

Mobilemethanol with 0.1% DEA(50:50) 

Flow rate: 0.5 mL/min 

[03031 Synthesis of Example 75: Isolation of Trans enantiomer-1, (trans)-ethyl 4-((3

hydroxycyclopentyl)amino)-IH-pyrrolo[2,3-bpyridine-5-carboxylate 

OH 

Trans enantiomer-1 

H NMR (400 MHz, DMSO-d) 8 1165 (s 1H, 8.80 (,J= 76 Hz 1), 8.51 (s, 1H7.17 (s, 

1H.) 6.66 (s, 11), 4,59-4,66 (m, 2H), 4.21-4,26 (in, 31), 2.23-2,31 (n, 11H), 2.05-2,10 (mI 1H), 

1.93-204 (in, 1H), 1.64-169 (rn, 1), 1.46-158 (m, 2H), 1,27 (t, J= 7.6 Hz, 3H). Retention 

tine: 7540 min.  

Analytical conditions: 

Column: CHIRALPAK IA (250 mn X 4.6mm X Sim) 

Mobile methanol with 0,1% DE A (50:50) 

Flow rate: 0,5 mL/rnin 
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[03041 Synthesis of Example 92: Preparation of ethyl 4-((ir,4r)-4-((N

methylisuilfamoyl)methyl)cyclohexyl)amino)-1H-pyrrolo[2,3-b pyridine-5-carboxylate 

N 
H 

Scheme 14. Preparation of ethyl4(((4)4(Ni methylslamoyl mthylcyclohexyl)amino) 

I1-pyrrolo[23-b]pyrdine--5-carboxylate 

""'N NN 

DiphenyI ethe TEA DMAP 
1 80C, 2 h DCM 

H dS 5 h 

Step-1 Step-2 

HN HHN 

50~ ~ ~ ~~t C, 3h ,25h . ,r 

Step-3- Step4 Sep

O H C) O H 

MeNH21BuOK 

Step~6 Stp

s0 

MeHO 

rt,2h 

To a stiPred solution of tert-butyl ((1r,4r)-4-(hydroxymethyl)cyclohexyl)carbaiate (1 g, 17,47 

mmol) in dioxane (5 mL) was added 1,4-dioxane-hydrochloride (10 mL) at 0 °C and the solution 
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wasstirred for 2 hours. The reaction was concentrated in vacuo to provide crude (1r,4r)-4

aminocyclohexyl)methanoi hydrochloride as a semi solid (0.6g crude).  

[03061 Step 1: Preparation of ethyl 4-(((ir 4r)-4-(hydroxymethyl)cyclohexyl)amino)-H

pyrrolo[2.,3-b]pyridine-5-carboxylate 

To a stirred solution of ethl 4-chioro-1H-pyrrolo[2,3-bpyridine-5-carboxyate (3 g 13,39 

rn.mol) in N-nethylpyrrolidine (10 ml) was added trietlamine(0.3 mL) and ((Irr)-4

aminocyclohexyl)methano hydrochloride (259 g, 19.9 mmol). The solution was heated in a 

sealed tube at 160 °C for 2 hours After cooling to ambient temperature, the reaction mixture was 

quenched with water and extracted with dichloromethane, The organic layer was washed with 

brine, dried over anhydrous sodium sulphate and concentrated in vacuo. The crude material was 

purified by using flash chromatography (55% ethyl acetate/hexane) to provide ethyl 4-(((ir,4r)

4-(hydroxymethyl)cyclohexy)amino1H-pyrrolo[2,3-]pyridine-5-carboxylateas a brown solid 

(3 g, 71% yield): MS (ES) n/z 318.1 (M+1).  

[0307] Step 2: Preparation of ethyl 1-tosyl-4-((lr,4r)-4

((tosyioxy)methyl)cyclohex)amino-1H-pyrolo[23-]pyridine-5-carboxylate 

To a solution of ethyl 4-((ir,4r)-4-(hdroxymethyceyclohexyl)amino)-IHprrolo[2,3

b1pyridine-5-carboxylate (1.5 g, 4.73 mmol) in dichloromethane (20 mL) were added 

triethylamine (1.2 mL,12.08 rmmol), 4-dimethylaminopyridine (0.28 g, 2.36 mnmol) and 4

toluenesulfonyl chloride (2.7 g, 14,19 mmol) at 0 °C. The mixture was stirred at room 

temperature for 12 hours at which time the reaction was quenched with water and extracted with 

dichloromethane. The organic layer waswashed with brine, dried over anhydrous sodium 
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sulphate and concentrated in vacuo. The crude material was purified by using flash 

chromatography (55% ethyl acetate/hexane) to provide ethyl 1-tosyl-4(((1r4r)~4 

((tosvloxy)inethyl)cyclohexyl)arnino)-1H-pyrrolo[2,3-b]pyridine-5-carbxylate as an off-white 

solid (1.6 g, 55% yield): MS (ES) m/ 626.1 (M+H).  

[0308] Step-3: Preparation of ethyl4-((1r4r)4-(acetyhio)methl)cyclohexyl)amino)1 

tosyil-1H-pyrrolo[2,3.-bjpyridine-5-cearboxylate 

Is 
To a solution of ethyl 1-tosyl-4-(((Ir 4r)-4~((tosyloxy)methyl)cvclhexyl)aminoi)-1

pyrrolo[2,3-b]pyridine-5-carbo-xylate (16 g, 2.56 mnol) in dimethyl sulfoxide (5 mL) was 

added potassium ethanethioate (0.33 g, 2.9 mmol) and the nixture was stirred at 50 °C for 3 

hours. The reaction mixture was cooled to ambient temperature and quenched with ice water.  

The obtained solid was filtered, washed with water and dried to provide ethyl 4-(((r4r)-4

((acetylthiotmethyl)cycohexyl~amino)-I-tosyl-1H-pyrrolo[2,3-bjpyridine5-carboxylate as a 

white solid (1,6 g, 74%): MS (ES) m 530,1 (M+-) 

[0309] Step 4: Preparation of ((r. 4r)-4-((5-(ethoxycarbonyil)--tosyl-IH-pyrrolo [2, 3-b] 

pyridin-4-yl) amino)cyclohexyl) methanesulfonicaid 

Ts 

A solution of ethyl4-(((Ir4r)-4-(acetylthio)mthl)cyclohexyl)amino)-1-yrrolo[2,3

bjpyridine-5-carboxylate (0.3 g, 0.56mrnol) in hydrogen peroxide (0.15 mL) was treated with 

formic acid (0.8 mL) at 0 °C and the solution was stirred at room temperature for 2.5 hours. The 

reaction mixture was quenched with ice water, the obtained solid was filtered, washed with water 

and dried to provide ((1r,4r)-4-((5-(ethoxycarbonyl)-i-tosvi-1iH-pyrrolo[2.3-b]pyridin-4
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yl)amino)cyclohexyl)methanesulfonic acid as a white solid (0.21 g, 66% yield): MS (ES) n/z 

535.1 (M+H).  

103101 Step 5: Preparation ofethl4-(((r4r)4-(chorosulfony)methyl)cyclohexyi)amino) 

1-tosyl-IH-pyrroio[2,3-b]pyridine-5-carboxylate 

To a stirred solution of((1r,4r)4-5-etoxycabony--osy1Hpyrrolo[23-bjpyridin

yl)amino)cyclohexyl) methanesulfonic acid (0,21 g 0.39 mmol) in NN-dimethylfornamide (0.1 

mL ) was added thionyl chloride (2.0 mL) at 0 °C and the solution stirred at room temperature 

for 2.5 hours, The reaction mixture was concentrated in vacuo to provide ethyl 4-(((1r,4r)-4

((cblorosulfonyl)methyl)cyclohexyl)amino)-I-tosyl-1H-pyrrolo[2,3-bpyridine-5-carboxylate as 

a pale yellow solid (0,35 g crude), 

[0311] Step 6: Preparation of ethyl 4-(((lr,4r)-4-((AL 

methylsulfamioyl)methyl)cyclohexyl)amino)-I-tosyl-IH-pyrrolo[2,3-b.pyridine-5-carboxylate 

N N 

H 

To a solution of ethyl 4-((1.r,4r)-((chlorosulfonyi)methylfryciohexyl)amino}-1-tosl-1H

pyrrolo[2,3-bjpyridine-5-carboxylate (0,21 g, 0.37 mmol) in tetrahydrofuran (10 aL) wasadded 

methylanine (15 ml, 2.0 M in tetrahdrofuran)and the solution was stirred in a sealed tube at 

room temperature 12 hours. The reaction mixture was quenched withwater and extracted with 

ethyl acetate which was washed with brine, dried over anhydrous sodium sulphate, filtered and 

concentrated in vacuo. The crude material was purified by flash column chromatography (40% 

ethyl acetate/hexane) to provide ethyl 4-(((1r,4r)-4-((V

methylsuifamoyi)methyl)cyclohexyi)amino)-1-tosyl-1H-pyrrolo[2,3-b]pyridine-5-carboxylate as 

a brown solid (0.07 g, 70% yield): MS (ES) m/z 548.1(M+H).  
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[0312] Step 7: Preparation of ethyl 4-((ir,4r)-4-(N

methylsulfamoyl)methyi)cyciohexylamino)1Hpyrroio[2,3b]pyridine~5~carboxlate 

N N 

H H 

To a solution of ethyl 4-(((r,4r)-4-((N-methylsulfamoyl)methyl)cyclohexyl)amino)-1-tosyl-11

pyrrolo[2,3-b1pyridine-5-carboxylate (0.14 g, 0.25 mmol) in tetrahydrofuran (1 mL) was added 

potassium tert-butoxide (0.07g 063 mmol) and the solution was stirred at room temperature 

for 2.5 hours, The reaction mixture was quenched with water. extracted with ethyl acetate, 

washed with brine, dried over anhydrous sodium sulphate, filtered and concentrated in vacuo.  

The crude material was purified by flash column chromatography (40% ethyl acetate/hexane) to 

provide ethyl 4-(((Ir,4r)-4-((Nmethylsuilfamoyl)rnethvl)cyclohexyl)amino1U)-lpyrrolo[2,3

b]pyridine-5-carboxylate as an off white solid (0.07 g 37% yield): 'H NMR. (400 MHz, DMSO

d6) 6 11.63(b 1H), ,871-8.73 mlI, H), 8.51 (s, 1), 7.16 (s, 1 H), 6.85 (s, 1H), 6.51 (s, 1H), 

4.22-4.24 (in, 21-1 ), 3.87 (brs, 1), 2,92-2.93(, 2H.), 2.55 (m, 3) 211 (m 2H), 1,97 (m, 2H), 

1.84 (m, 2H), 129-1.30 (i, 61); MS (ES) m/Z 382.1 (M+H).  

103131 Synthesis of Example 94: Preparation of ethyl 4-(methyl((1r,4r)-4-((N

methylsulfamoyl)methyi)cyclohexyl)amnino)-1-pyrrolo[2,3-bpyridine-5-carboxylate 

o "N 

H 

Scheme 15: Preparation of ethyl 4~(methyl((1.r,4r)-4-((NA

methylsulfamoyl)methyl)cyclohexyl)amino)-1H-pyrrolo[2,3~.bpyridine-5-carboxviate 
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K~ .- ~TsCi 
Diphenyl' the iTEADMAP 

°,30 2 h 
rt 3 h 

S'Sp3- S ete 5 

0 

N N N 

'SK) 

H l 5°217 

~~ -N k'k-C-P '-4 tp 

THF 

To34] asi Preparation of((ert- 4(r,4r)-4(h dohetyl)myclol 

HO'". 0 - LAH HO 
HH 

H 6,5'C,12 h H 

TFo astirred solution ofterbutyl(rr4(yrxmehi ylhxfcra ~(4 g.17.47 

mmol) in tetrahydrofuran (75 mL) was added lithium aluminium hydride (26 mL, 26,2 mmol, 1 

M solution in tetrahydrofuran) slowly at 0 °C and the mixture was slowly heated at 60 °C for 12 

hours. The reaction mixture was cooled to room temperature and quenched with ethyl acetate 

and filtered through celite, The organic layer was washed with water, brine, dried over 

anhydrous sodium sulphate, filtered and concentrated in vacuo to provide ((ir,4r)-4

(methylanino)cyclhexvli)methanol as a yellow solid (3 g crude): MS (ES) m/z 144,1 (M+H) 

[03151 Step 1: Preparation of ethyl 4-(((1r,4r)-4

(hydroxymethyl)cyclohexyl)(methyl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate 
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-N 

To a solution of ethyl 4-chloro-1H-pyrrolo[ 3-bpyridine-5carboxylate(3g,13.39mmol)in 

diphenyl ether (10 mL) was added ((r,4r)4-(ethyamino)cyclohexl)methanol (3.4 g, 24.10 

mrnol) and the solution was subjected to microwave irradiation at 180 °C for 2 hours, The 

reaction mixture was cooled to ambient temperature, quenched with water and extracted with 

dichloromethane. The organic layer was washed with brine, dried over sodium sulphate, filtered 

and concentrated in vacuo, The crude material was purified by using flash chromatography (55% 

ethyl acetate/hexane) to provide ethyl4-((Ir4r4(ydroxymethyl)cycloexy)(methy)amino) 

1H-pyrrolo[2,3-bpyridine-5-carboxylate as a brown solid (1 g,27% yield): MS (ES) rn/ 332.2 

(M+Hl).  

[03161 Step 2: Preparation of ethyl 4-(methyl((Ir,4r)-4

((tosyloxy)methyl)cyclohexyl)amino)-1-tosyl-i1H-pyrrolo[2,3-b]pyridinec-5-arboxylate 

To a stirred solution of ethyl 4-(((Ir,4r)-4-(hydroxymethiyl)cyclohiexyl,)(mrethiyl) amino)-1H~

pyrrolo)[2,3'-blpyridin~e-5-carboxylate- (1,0 g,302 mmol) in dichl orom ethane (20 m.L) was added 

triethyvlamnine (1L2 mnl, 12.08 mnmol) at 0°C, followed by 4-dimnethyl am-inopyri dine (0, 18 g, 1,51 

rnol) and 4-tolueniesulfonyl chloride (1,7 g, 9.06 mmnol), The mixture was stirred under a, N2 
atmosphere at room temperature for 1.2 hours, The reaction itr a unhdwt ae 

and extracted with dichloromethane. The organic layer was washed with brine, dried over 

anhydrous sodium sulphate, filtered and concentrated, in vacuo. The crude material was purified 

by using flash chronmography (20% et~hyl acetate/hexane) to provide ethyl 4-(-methyl((1 r,4r)-4~ 

(('tosyloxv)methyl)cyclohexyl)aminio)~1-tosyl-1Hf-pyirolo[2',3-blpyridine-5-cairboxylate as an off

white solid (1.4 g, 73% yield): MS (ES) m/z7 640,2 (M+H4).  

-145-



WO 2019/090158 PCT/US2018/059071 

[03171 Step 3: Preparation of ethyl 4-((ir,4r)-4

((acetyithio)methyi)cyclohexyl)(methylamino)1-tosyl-I1H-pyrrolo[2,3-b]pyridine-5-carboxylate 

To a stirred solution of ethyl4-methyl((r4r4-osyloxy)ethy)cyclohexl)amino)--osL 

If-pyrrolo[2,3j-bpyridine-5-carboxylate (1.4 g2. nimol) in dimethyl sulfoxide (30 mL) was 

added potassium ethanethioate (0.28 g, 2.47 mmol) and the mixture was stirred at 50 'C for3 

hours. The reaction mixture was quenched with ice water, the obtained solid was filtered, washed 

with water and dried to provide ethyl 4-(((1r,4r)-4-((aetylthio)

methyl)cclohexyl)(methyl)amino)-I-tosyl-Iff-pyrroio[2,3-blpyridine-5-carboxylateasabrown 

colour solid (1.0 g, 84% yield): MS (ES) m 544.2 (M+H).  

[0318] Step 4: Preparation of ((1r,4r)-4-((5-(ethoxycarbonyl)-1-tosyl-1H-pyrrolo[2,3 

b]pyridin-4-yi)(methyl)amino)cyclohexyl) methanesulifonic acid 

Ts G: N

A stirred solution of ethyl 4-((1r,4r)-4-((acetylthio)mthyl)cyclhexyl)(methyl)aimino)-I-tosyl

IH-pyrroio[2,3-b]pyridine-5-arboxylate(1.1 g, 2.02 inmol) in hydrogen peroxide (1 mL) was 

treated with formic acid (9 mL) at 0 °C and the solutionwas stirred at room temperature for 2.5 

hours. The reaction mixture was quenched with ice water, the obtained solid was filtered, washed 

with water and dried to obtain((1r,4r)-4(5-(ethoxycarbonyl)--osyl-1H-pyrroo[2,3-bpyridin

4-yl)(methyl)arnino)cyclohexyl)methanesulfonic acid as an off-white solid (0,55 g, 50% yield): 

'HNMR (400 MHz. DMSO-de) 8 8.21 (s, 1H), 7.9 (d J:: 7.6 Hz, 2H), 7.7 (d, J: 5.2 Hz,l1H) 

7.39 (d, J= 8 Hz, 2 H), 6.67 (d, J:= 3.2 Hz, 1H),4.25-4.18 (q, 211), 3.64-3.60 (n, 211), 2.75 (s, 

3H), 2.37-02.32 (In, 5H), 2.06-2.03 (m, 2H), 1.75-1.70 (m, 5H), 129 t, J = 6.8 Hz, 3H), 1,06 
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0.96((m,21), 

[0319] Step 5: Preparation of ethyl 4-(((ir,4r)-4

((chlorosuifonyi)methyl)cyciohexyl)(methyi)amnino)-l-tosy-1pyrrolo[2,3-b]pyridine-5~ 

carboxylate 

Ts 

To a solution of ((1r,4r)-4-((5-(ethoxycarbonyl)-I-tosyHl-IHpyrrolo[2,3.-bpyridin-4

yi)(-iethyl)ainino)cyclohexyl)- methancsulfonic acid (0.5 g, 0.9 mmol) in .N

dimethylformamde (0.5 mL ) was added thionyl chloride (5mL.) at 0 °C and the solution stirred 

for 2.5 hours. The reaction mixture was concentrated in vacuo to provide ethyl 4-(((ir,4r)-4

((chlorosulfonylmethycyciohexy)(rnethyamino-1-tosy-1H-pyrrolo[23-b]pyridine-5

carboxylate as a colorless liquid (035 g crude): MS (ES) n/z 568.2 (M+H).  

[0320] Step 6: Preparation of ethyl 4~.(methyl((.r,4r)-4-((N

methylsulfamoyl)methyl)cyclohexyl)aminoi)--tosyl-JH.pyrrolo[2,3-b]pyridine-5-carboxylate 

-N 

Ts 

To a stirred solution of ethyl 4-(((ir,4r)-4-((chlorosulfonyl)methyl)cyclohexl)(methyl)amino)

1-tosyl-1H-pyrrolo[2,3j-bpyridine-5-carboxylate (0.35 g, 0.61 mmol) in tetrahydrofuran (10 mL) 

was added methylamine (15 mL, 2.0 M in tetrahydrofiran) and the solution was stirred for 12 

hours at room temperature. The reaction mixture was quenched with water and extracted with 

ethyl acetate, brine, dried over anhydrous sodium sulphate and concentrated in vacuo. The crude 

material was purified by using flash chromatography (40% ethyl acetate/hexane) to provide ethyl 

4-(methyl((1r,4r)-4-((N-methylsulfamoyi)methyi)cyclohexyl)amino)-1-tosylI-1Hpyrrolo[2,3

bjpyridine-5-carboxylate as a yellow solid (0300 g. 87 %):MS (ES) a/z 563.2 (M+l.  
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[0321] Step 7: Preparation of ethyl 4-(methylI((1r,4r)-4-(N

methylsulfamoyinethyi)cycohexybamo-l-pyrrolo[23-bpyridine-5-carboxylate 

N 
O No H 

To a stirred solution of ethyl 4-(methyi((ir,4r)-4~((N

methyIsulfamoy)methy)cyclohexyl)amino)-I-tosyl-I]Hpyrroto[2,3-b]pyridine-5-carboxylate 

(0.3 g, 0.53 mmol) in tetrahydrofuran (8 mL) was added potassium tert-butoxide (0.15 g, 1.33 

mmoi) and the solution was stirred at room temperature for 1.5 hours. Thereaction mixture was 

quenched with water and extracted with ethyl acetate. The organic layer was washed with brine, 

dried over anhydrous sodium sulphate and concentrated in vacuo, The crude material was 

purified by using flash chromatography (45% ethyl acetate/hexane) to provide ethyl 4

(methyi((Ir,4r)-.4-((N-methlsufamioy)methy)cycohexy)amino)-1H~-pyrrolo2,-bjpyridine-5

carboxylate as an off-white solid (0.08 g, 37% yield): 1H NMR (400 MHz, DM 046SOd): 6 11.64 

(s, 1-), 8.18 (s, 1H), 7,25 (s, 1H), 6.85 (d, J = 4,8 Hz, IH), 6.40 (s, 1H), 4.25~4,20 (q, 2H), 

3,81 (bs, 11), 290 (d, J = 5.6 Hz, 21), 2.80 (s, 31) 2.55 (d, J = 4,8 Hz, 311), 2.05~2,02 (m, 

2H), L81-176 (m, 5H), 1.29 (t, J= 6,8 Hz., 3H), 1 21-I 19 (m, 2H); MS (ES) m/z 409.0 [M+-H].  

[0322J Synthesis of Example 113: Preparation of ethyl 4-((3-(2

cyanoethoxy)cyclopentyl)amino)-1H-pyrrolo[23-b]pyridine-5-carboxylate 

CN 

Scheme 16. Preparation of ethyl 4-((3-2 noethox)cclpentyl)amino)-1H-pyrrolo[2,3

b1pyridine-5-carboxvlate.  
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160°C Step-3 
Step-2 

[03231 Step 1: Preparation of 3~am'nocyclopentan-1-ol trifluoroacetic acid salt 

TFA H2N 0h 

To a solution of tert-butyl (3-hydroxycyclopenty)carbamate (1-0 g, 5.47 mmol) in 

dichloromethane (5 mL) was added trifluoroacetic acid (5 mL). The solution was stirred at 

ambient temperature for 5 hours and then concentrated in vacuo to dryness to provide 3

aminocyclopentan--ol trilluoroacetic acid salt (1,17 g. crude).  

[0324] Step 2: Preparation of ethyl 4-((3-hydroxycyclopentyl)amino)-1H-pyrrolo[2,3

b]pyridine~-5~carboxylate 

A stirred solution of ethyl 4-chloro-1-pyrroio[2,3-b]pyridine-5-carboxyate (1.27 g, 5,44 

mmol). 3-aminocyclopentan-1-ol'trifluoroacetic acid salt (1.17 g, 5.44 mmol), triethylamine 

(2.27 g, 16.3 mmol) in N-methyl-2-pyrrolidone (10 niL) was heated ina scaled tube at 160°C for 

12 hours. After cooling to ambient temperature, the reaction mixture was partitioned between 

ethyl acetate 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 using flash chromatography (10% methanol/dichloronethane) to provide 

ethyl 4-((3-hydroxycyclopentyl)amino)->H-pyrrolo[2,3-b]pyridie-5-carboxylate as a colorless 

gum (0.82 g, 50% yield): MS (ES) i/z290.1(M+I).  

[0325] Step 3: Preparation of' ethyl 4-(3-2-cyanoethoxy)cyciopentyl)amino)-H

pyrrolo[2,3-bjpyridine-5-carboxylate 
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O HN 

H 

To a suspension of potassium carbonate (086 g 6.25 mmol) in ethanol (1OnL) was added ethyl 

4-((3-hydroxvcyclopentyl)amino)-I1H-pyrrolo[2,3-bpyridine-5-carboxylate (0.74 g,2.56nmmo 

and the mixture was stirred at ambient temperature for 0.5 hours, Then acrylonitrile (1.35 g, 25.6 

mmol) was added and the mixture was stirred for 15 hours. The solvent was concentrated in 

vacuo and residue was partitioned 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 in vacuo. The crude material was purified by reverse phase preparative HPLC 

(0.1% ammonia in water:acetonitrile) to provide ethyl4-(3-2-canoethoxy)cyclopentybamino)

1H-pyrrolo[2,3-b]pyridine-5-carboxylate (0.05 g, 6% yield): 'H NMR (400 MHz, DMSO-d) 3 

11.61 (br s, 1H), 8.95 (d, J= 7.6 Hz, 1),8.50 (s, 1H), 7.14 (s, 11), 6.58 (s,1) 4.59-4.5(, 

1H), 4.25 (q, J = 7.2 Hz, 21H), 4,02-4.10 (in, 1), 3.56-.351 (M, 211, 273 (t,J 6.4 Hz, 2H), 

2.26-219 (m, 1H), 2,15-2.07 (m, 1H) 190-1.82 (m, 21), 1,73-1.69 (n, 2) 1.29 (t,,/:62 Hz, 

3H*) MS (ES) m/z 343.1 (M+1).  

Prep HPLC Analytical Conditions 

Column: Inertsil ODS 3V(250mm X 4.6mm X 5nic) 

Mobile phase(A): 0.1% Ammonia in water 

Mobile phase(B): ACN 

Flow rate: 1.0 mL/min 

Retention time: 12.61 min.  

[0326] Synthesis of Example 117: Preparation of ethyl (R-4-(1l-2-canoacetyl)piperidin-3

yl)anino)-I1pyrrolo[2,3-]pridine~5-carboxylate 

N 

Scheme 17,.Preparation of ethyl (R-4-((1-2canoaetyl)piperidin-3-yl)aino)-1H-pyrrolo[2,3
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bjpyridine-5-carboxylate 

NMP fEA Pd/C, MeOH 
Sealed tube Sep2N 

Step-1 

NN 

EDCtiHOBtN 
DIPEAOF NDM 

Step-3 

[0327] Step 1: Preparation of ethyl (R)-4-((bnzpiprdin~3-yl)amino)-Ipyrrolo[23 

b]pyridine-5-carboxylate 

A 

To a solution of ethyl 4-hloro~1iHpyrrolo[2,3-b]pyridine-5-carboxylate (5 g, 22.3 mrnmol) in N

methyl-2-pyrrolidone (35 mL.), was added (R)--benzvlpiperidin-3-amine (8.48 g, 44.6 mrnol) 

and triethylamine (1 mL) in a sealed tube. The mixture was heated to 170°C for 16 hours. After 

cooling to room temperature the reaction mixture was quenched with water to precipitate a solid 

which was filtered and washed with water, dried and concentrated in vacuo to provide ethyl (R)

4-((I-((benzyloxy)carbonyl)piperidin-3-y)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate as a 

brown solid (8 g, 95 % yield): MS (ES) m/z 379.1 (MI+H).  

103281 Step2: Preparation of ethyl (R)-4-(piperidin-3-ylamino)-I1-pyrroo[2,3b]pyridine-5

earboxylate 

NH 

M IN 

To a solution of ethyl (.R)-i4-((-((benzyloxy)carbonyl)piperidin-3-yl)amino)-lH-pyrrolo[2,3

-151--



WO 2019/090158 PCT/US2018/059071 

b]pyridine-5-carboxylate (0.25 g, 0,66 mml) innethanol (5 nL) was added 10% palladium on 

carbon (0.3 g, 50% wet w/w) and the mixture was stirred under a hydrogen atmosphere at 

ambient temperature for 12 hours. The reaction mixture was partitioned. between 50% 

methanol/ethyl acetate and filtered through ceite. The filtrate was concentrated in vacuo to 

provide ethyl (R)4piperidin-3-amino)-i-pyrrolo[2,3-bpyridine5carboxylateas an off

white solid (0.1 g 90% yield): MS (ES) miz 289.3 (M+H).  

[0329] Step 3: Preparation of ethyl (R)-4-((~I(2-cyanoacety)pipridin-3-yl)aino)-i

pyrrolo12,3-b5pyridine-5-carboxylate 

H 

To a solution of ethyl (R)-4-(piperidi-3-vlamino)-IH-pyrrolo[2,3-b]pyridine-5-carboxylate (9 g 

31.3 mmiol in dichloromethane (50 mL) was added N-3-dimethylaminopropyi)-Nt 

ethylcarbodiimide HCl (9.7 g, 62,5 mmol), 1-hydroxybenzotriazole (8.43 g, 62.5 mmol),N,A 

diisopropylethylamine (11.3 mL, 62.5 mmol) and cyanoacetic acid (0,76 g, 9.0 mmiol) and the 

mixture was stirTed at ambient temperature for 13 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 (5% methanol/dichloromethane) 

to provide ethyl (R)-4((-(2-yanoaety)piperidin-3-yl)amino)-fJ-pyrroi[2,3~b]pyridine-5

carboxylate (7.5 g, 68% yield): 1H NMR (400 MHz, DM4SO-d 6) 11.68 (br s,I H), 8.86-8.79 

(m, 1H), 8.54 (s, 1H), 7.20 (s, 1H), 6.67 (s, 1H), 4,17-4.44 (m, 3H ),3.70-4.05 (in. 4H) 3.45

3,48 (m, 1H) 3.11-3.24 (m, 1H), 2,06 (br s, 1 5) 1,7-172 (In, 31), 1.28-1.32 (t, J = 7.2 Hz, 

3H); MS (ES) rn/z 356.1 ('M11).  

[0330] Synthesis of Example 118: Preparation of methyl 4-(((3R,4R)-1-2-yanoacetyl)-4

mnethylpiperidin-3-yl)amnino)-1-pyrrolo[2,3-b]pyridine-5-carboxyiate 
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N NN 

H 

Scheme 18. Preparation of methyl4-((3R 1 cyanoacety)4-methylpiperidin-3-y)amino) 

i-pyrrolo[2,3-blpyridine-5-carboxylate.  

RH Memano Pd/C 

Step-1 Step-2 N Skep-3 

DC.M 12 h, R T 4" 

ep..4 

[0331] Step 1: Preparation of 

pyrrolo[2,3-bjpyridine-5-carboxylic acid 

To a solution of ethyl 4-((3R,4R)--benizy-4-metylpiperidin-3-yl)amino)-1I-pyTolo[2,3

b0pyridine-5-carboxylate(01,025 mmol) in methanol (10 mL) was added lithium hydroxide 

(0.017 g, 0.75 mmol) and the mixture was heated to 60 C for 10 hours. After cooling to 

ambient temperature, the reaction mixture was concentrated in vacuo to dryness. The residue was 

dissolved in water and acidified with 2N hydrochloric acid and the aqueous mixture 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

(((3R,4R)-1-benzy-4-nethylpiperidin-3-yl)amino)-1-pyrrolo[2,3-b]pyridine-5-carboxvlic acid 

(0085g 91% yield):MS (ES) m' 365.2 (M+H) 
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[03321 Step 2: Preparation of ethyl 4-(((3R4R)-1-benzyl-4-methylpiperidin-3-yl)amino)-1IH

pyrrolo[2,3-b]pyridine-5-.carboxylate 

OHN N 

To a solution of4-(((3R,4R)-1benzy-4-ethypiperidin3-ylamino)-RHpyrroo2,3-bpyidine

5-carboxylic acid (08 g. 0.22 mmol) in methanol (10 mL) was added sulfuric acid (1.0 mL) and 

the solution was heated to 80 °C for 48 hours. After 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 sodiurn sulfate, The solution 

filtered and concentrated in vacuo to provide methyl 4-(((3R,4R)-1-benzyl-4-methylpiperidin-3

yl)amino)-1 H-pyrrolo[2,3-bpyridine-5-carboxylate (0.1 g,crude): MS (ES) 'I379.1(M-H).  

[03331 Step 3: Preparation of methyl 4-(((3R,4R)-4-methylpiperidin-3-yl)amino)-1I

pyrrolo[2,3-bpyridine-5-carboxylate 

To a solution of m ethyl 4-(((3R,4R)-1-benzy-4-methylpiperidin-3-yl)amino)-1H-pyrrolo[2,3

b]pyridine-5-carboxylate (0.1 g, 0.34 mmol) in tetrahydrofuran (5 L), 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 12 hours. The resulting solution was partitioned between 50% 

methanol/ethyl acetate and filtered through elite. The filtrate was concentrated in vacuo to 

provide methyl 4-(((3R,4R)-4-methlpiperidin-3-y)amino)-1fHpyrrolo[2,3-b]pyridine-5

carboxylate (0.09 g, 93% yield): MS (ES) mlz 289.2(M+H).  

10334] Step 4: Preparation of methyl 4-(((3R,4R)~-(2-cyanoacetyl)-4-nethvlpiperidin-3

yl)amino)-1H-pyrrolo[2,3-bpyridine-5-carboxylate 
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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 tert-butyl 4-(((3R,4R)-1-(2-cyanoacetyl)-4

methylpiperidin-3-yl)amino)-1H-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 N N O H N o HN'Q NC 
0 HO 

.TFANN 
N"N N N 

H H 

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,4R)-1-(2-cyanoacetyl)-4

methylpiperidin-3-yl)amino)-1H-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 

No N 
H 

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-tert-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 tert-butyl 4-(((3R,4R)-1-benzyl-4-methylpiperidin-3-yl)amino)

1H-pyrrolo[2,3-b]pyridine-5-carboxylate 

0 HN" 

>O 

N' N 
H 

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)-1H-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)-1H

pyrrolo[2,3-b]pyridine-5-carboxylate 

0 HN. NH 

N" N 
H 

To a solution of tert-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 tert-butyl 4-(((3R,4R)-4

methylpiperidin-3-yl)amino)-1H-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 

0 HNhIID ' -N 
N N 

H 

To a solution of tert-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 HCl (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,4R)-1-(2-cyanoacetyl)-4

methylpiperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate (0.2 g, 41% yield).  

H NMR (400 MHz, DMSO-d6) 6 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)-1H-pyrrolo[2,3-b]pyridine-5-carboxylic acid trifluoroacetic acid 

salt 

O HN" N 

HO O 
TFA 

N N 
H 

To a solution of tert-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). IH NMR (400 MHz, DMSO-d) 6 

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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HO O 
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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 tert-butyl (R)-4-((1-benzylpiperidin-3-yl)amino)-1H

pyrrolo[2,3-b]pyridine-5-carboxylate 

0 OHN"'ON "O 

NH N 
H 

To a solution of tert-butyl 4-chloro-H-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 tert-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 tert-butyl (R)-4-(piperidin-3-ylamino)-1H-pyrrolo[2,3

b]pyridine-5-carboxylate 
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0 HN". NH 

N N 
H 

To a solution tert-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 

HN" 0 N 

N N 
H 

To a stirred solution of tert-butyl (R)-4-(piperidin-3-ylamino)-H-pyrrolo[2,3-b]pyridine-5

carboxylate (2.0 g, 6.32 mmol) in dichloromethane (20 mL) was added N-(3

dimethylaminopropyl)-N'-ethylcarbodiimide HCl (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 tert-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 tert-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):H NMR (400 MHz, D 20, DMSO

d 6,) 6 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" N -- CN 

N N 
H 

Scheme 21. Preparation of ethyl (R)-4-((1-(2-cyanoethyl)piperidin-3-yl)amino)-1H-pyrrolo[2,3

b]pyridine-5-carboxylate.  

o HN H "CN O HN N CN 

NEt3, EtOH 
N'NN N 

H 80°C, 2h H 

A solution of ethyl (R)-4-(piperidin-3-ylamino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate HCl 
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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)

1H-pyrrolo[2,3-b]pyridine-5-carboxylate as an off-white solid (0.025 g, 34% yield): 'H NMR 

(400 MHz, DMSO-d) 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)--(2-cyanoacetyl)-4

methylpiperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate 

O HN" N 

00 

N N 
H 

Scheme 22. 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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[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-H-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)

1H-pyrrolo[2,3-b] pyridine-5-carboxylate 

0 HNCN 

N" N 
H 

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)-1H-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)-1H

pyrrolo[2,3-b]pyridine-5-carboxylate 
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0 HN" NH 

N" N 
H 

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 

OHN" N 

0 

N N 
H 

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 HCl (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-d, at 90C) 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)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate 

0 HN< 

N N 
H 

Scheme 23. Preparation ofpropyl4-(((3R,4R)-1-(2-cyanoacetyl)-4-methylpiperidin-3-yl)amino)

1H-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 

CI 

SEM 

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 

0 CI 

HO 

N N 
SEM 

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 HCl. 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 CI 

N N 
SEM 

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 N,N 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)-1H-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)

1H-pyrrolo[2,3-b]pyridine-5-carboxylate 

O N 

N N 
H 

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)-1H

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)-H-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' N 

N'! N 
H 

To a solution of propyl 4-(((3R,4R)-4-methylpiperidin-3-yl)amino)-H-pyrrolo[2,3-b]pyridine-5

carboxylate (0.15 g, 0.47 mmol) in dichloromethane (5 mL) was added N-(3

dimethylaminopropyl)-N'-ethylcarbodiimide HCl (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): 1H NMR (400 MHz, 

DMSO-d, at 90C) 11.47 (br s, 1H), 8.81 (d, J= 6.8 Hz, 1H), 8.57 (s, 1H), 7.16 (s, 1H), 6.64 

(br s, 1H), 4.38 (in, 1H), 4.20-4.21 (in, 3H), 3.70-3.84 (in, 2H), 3.38-3.40 (in, 1H), 3.16 (in, 1H), 

2.15 (in, 1H), 1.68-1.77 (in, 3H), 1.52-1.64 (in, 1H), 1.07-1.24 (in, 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)-1H-pyrrolo[2,3-b]pyridine-5

carboxylate 

0NO HN N 

N" N 
H 

Scheme 24. Preparation of ethyl 4-(((3R,4R)-1-(1-cyanocyclopropane-1-carbonyl)-4

methylpiperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate.  

OHN NH HO N N 

o EDC.HCI, 

N' N HOWt, N" N 
H DIPEA, DCM H 

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 HCl (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-d6 ) 6 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)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate 
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I" 

OHN" N 

0 N 

N N 
H 

Scheme 25. Preparation of ethyl 4-(((3R,4R)-1-(2-cyanopropanoyl)-4-methylpiperidin-3

yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate.  

O H HO N O H N N HO" HN"

S"EDC.HCI, 
N N HOBt, N N 

H DIPEA, DCM H 

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 HCl (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-d, at 90C) 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)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate 

0 HN"'CN KCN 

o 0 

NN 
H 

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.  

O HN0 C O CN O HN" 'N CN 

O EDC.HCI, HOBt, O 
N N DIPEA, CH 2C 2, N N H H 

To a solution of ethyl (R)-4-(piperidin-3-ylamino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate HCl 

(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-d) 6 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, J= 6.8 Hz, 3H), 3.96 (d, J= 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 

O HN" N CN 
0 

N N 

H 
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Scheme 27. Preparation of ethyl 4-(((3R)-1-(2-cyanopropanoyl)piperidin-3-yl)amino)-1H

pyrrolo[2,3-b]pyridine-5-carboxylate.  

O HN". CNH HO CN 0H" HCI 00 HN"'C r*CN 

NoN EDC.HCI, HOBt, N O 
N DIPEA, CH 2C 2, N N 

To a solution of ethyl (R)-4-(piperidin-3-ylamino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate HCl 

(0.06 g, 0.20 mmol) in dichloromethane (5 mL) was added diisopropyethylamine (0.10 mL, 0.62 

mmol), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide- 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)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate as 

an off-white solid (0.016 g, 23 % yield): 'H NMR (400 MHz, DMSO-d 6) 6 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 HN" N 
0 

N N 
H 
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Scheme 28. Preparation of propyl (R)-4-((1-(2-cyanoacetyl)piperidin-3-yl)amino)-1H

pyrrolo[2,3-b]pyridine-5-carboxylate.  

O CI O C1 C 0 HNhI N'Boc 

O HOH2N"' NBoc -,O HCI Dioxane 

NN NMP, TEA, 150°C N 

Step-2 Step-3 

O 
O HN"'NH.HCI HO N O HN *N -5" N 

O \ EDC.HCI, HOBt,' 

N N DIPEA, DMF N N 
H Step-4 H 

[0366] Step 1: Preparation of propyl 4-chloro-1H-pyrrolo[2,3-b]pyridine-5-carboxylate 

o Ci 

NN 

H 

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)

1H-pyrrolo[2,3-b]pyridine-5-carboxylate 

o HNhI N'Boc 

N' N 
H 
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A solution of propyl 4-chloro-1H-pyrrolo[2,3-b]pyridine-5-carboxylate (0.5 g, 2.09 mmol), tert

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)-1H-pyrrolo[2,3-b]pyridine

5-carboxylate hydrochloride salt 

0 HN" NH.HCI 

N" N 
H 

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 HCl 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 HCl 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)-H

pyrrolo[2,3-b]pyridine-5-carboxylate 

o HN"ININ 0 N 
N" N 

H 

To a solution of propyl (R)-4-(piperidin-3-ylamino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate 

HCl (0.15 g, 0.44 mmol) in dichloromethane (10 mL), was added 1-ethyl-3-(3

dimethylaminopropyl)carbodiimide HCl (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 using flash chromatography (5% 

methanol/dichloromethane) to provide propyl (R)-4-((1-(2-cyanoacetyl)piperidin-3-yl)amino)

1H-pyrrolo[2,3-b]pyridine-5-carboxylate ( 0.037 g, 23 % yield). IH NMR (400 MHz, DMSO-d 

at 80 0 C) 6 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= 7.6 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 

0 HN"'N -N 
S0 

N "'N 
H 

Scheme 29. 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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O Cl 0 HN" NBoc 0  
HN"NH.HCI 

b ,0 O H NMI TEA,15'Bc 4M HCI in Dioxane O 
H MPTNI N N N sealed tube H Step-2 H 

Step-1 

0 _N0 HN"'C N 

HO N O N N 

EDC.HCI, HOBt, N N 
DIPEA, DCM H 

Step-3 

[0371] Step1: Preparation of 2-methoxyethyl (R)-4-((1-(tert-butoxycarbonyl)piperidin-3

yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate 

0 HN",, 'Boc 

N. N 
H 

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 triethylamine 

(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-(tert-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 HCl salt 

o HN ,,CNH.HCI 

N N 
H 
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To a solution of 2-methoxyethyl (R)-4-((1-(tert-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 HCl 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 HCl salt as an off-white solid (0.4 g, 94% yield): MS (ES) 

m/z319(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 

0 HN"'N 
0 

N N 
H 

To a solution 2-methoxyethyl (R)-4-(piperidin-3-ylamino)-1H-pyrrolo[2,3-b]pyridine-5

carboxylate HCl salt (0.4 g, 1.12 mmol) in dichloromethane (10 mL) was added 1-ethyl-3-(3

dimethylaminopropyl)carbodiimide HCl (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 using 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): 1 H 

NMR (400 MHz, DMSO-d6 at 80°C 6 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, J= 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 CN 

N" N 
H 

Scheme 30. Preparation of ethyl 4-((3-(2-cyanoethyl)cyclohexyl)amino)-1H-pyrrolo[2,3

b]pyridine-5-carboxylate.  

Dess-Martin / CN 

HO (Boc)20 2 HO NBoc HO ,BoC periodinane Boc 
NHI- 2  1MNaOH H BH3.DMS, THF N DCM N KOtBu, THF 2 MN* H H 

O 1,4-Dioxane, 0 -20 °C step-4 

step-1 step-2 step-3 

0 CI 

N\ 0OHN' D CN 

NC N'Boc Pd/C, H2 NC N'Boc NC NH2  N O O NC 
H EtOAc H TFA, DCM Et3N, NMP, 180°C, 

step-5 step-6 N N 
step-7 

[0375] Step 1: Preparation of 3-((tert-butoxycarbonyl)amino)cyclohexane-1-carboxylic acid 

HO .Boc 

0 H 

To a stirred solution of 3-aminocyclohexane-1-carboxylic acid (5 g, 34.91 mmol) in 1,4-dioxane 

(50 mL) was added IN sodium hydroxide solution (2.1 g, 52.4 mmol) and the solution stirred at 

ambient temperature for 10 minutes. At this time di-tert-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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HO N'Boc 

H 

To a solution of 3-((tert-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 tert-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 tert-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 . 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 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 NH2 

To a solution of tert-butyl (3-(2-cyanoethyl)cyclohexyl)carbamate (1.2 g, 4.75 mmol) in dry 

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% yield): 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 CN 

~O 
N" N 

H 

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 HN CN O HN CN 

Prep HPLC Chiral HPLC 

N N N N N N 
H H H 

Diastereomeric mixture Cis (racemic) & Trans (racemic) Cis (enantiomer I and 2) & 
Trans (enantiomer I and 2) 

Ethyl 4-((3-(2-cyanoethyl)cyclohexyl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate 

(Example 132) was subjected to prep.HPLC and two diastereomers 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)

1H-pyrrolo[2,3-b]pyridine-5-carboxylate 
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O HN CN 

O N 

H 

H NMR (400 MHz, DMSO-d) 6 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, J= 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, J= 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 

0 HN* ' '*h^CN 

~O 
N N 

H 

H NMR (400 MHz, DMSO-d 6) 6 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, J= 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 

-O ~ 
N' N 

H 
Cis isomer, single enantiomer 

H NMR (400 MHz, DMSO-d 6) 6 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) 

Mobilephase: 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, enantiomer2 

o HN'"'"Th N 

N N 
H 

Cis isomer, single enantiomer 
absolut configuration notknown 

H NMR (400 MHz, DMSO-d 6) 6 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, J= 7.2 Hz, 3H), 1.02-1.05 (m, 1H); MS 

(ES) m/z 341.4 (M+H). Retention time 6.24 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 

[0386] Synthesis of Example 137: (trans) ethyl 4-((3-(2-cyanoethyl)cyclohexyl)amino)-1H

pyrrolo[2,3-b]pyridine-5-carboxylate enantiomer 1 
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O HN" CN 

N' N H 
Trans isomer, single enantiomer 

H NMR (400 MHz, DMSO-d) 6 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, J= 7.6 Hz, 

1H), 1.74 (m, 3H), 1.36-1.58 (m, 4H), 1.29 (t, J= 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 HN1 ''_' CN 

'O ~ 
N' N 

H 
Trans isomer, single enantiomer 

H NMR (400 MHz, DMSO-d): 6 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, J= 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)cyclohexyl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate Example 139 and 

140 
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o HN CN 

~O 
N N 

H 

Cis racemicc) & Trans racemicc) 

Scheme 32. Preparation of cis- and trans- (rac)-propyl 4-((3-(2-cyanoethyl)cyclohexyl)amino)

1H-pyrrolo[2,3-b]pyridine-5-carboxylate.  

0 CI 

O OHN CN O HN CN 
NC NH2  N N Prep.HPLC , O 

Et3N, NMP, 170 °C, N N N N 
1h HH 

Cis racemicc) & 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 

N' N 
H 

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-H-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)

1H-pyrrolo[2,3-b]pyridine-5-carboxylate 

O HN CN 

N" N 
H 

H NMR (400 MHz, DMSO-d 6) 6 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 (t, 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 

N N 
H 

H NMR (400 MHz, DMSO-d) 6 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 (t, 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 (t, 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)-1H

pyrrolo[2,3-b]pyridine-5-carboxylate 

0 HN OH 

N N 
H 

Scheme 33: Preparation of ethyl 4-((3-hydroxycyclohexyl)amino)-1H-pyrrolo[2,3-b]pyridine-5

carboxylate.  
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O C1 

NHBoc NHBoc NH 2 HCI O HN-OH 
N' N ON O 

NaBH 4' OHDioxan.HCI, O NMP,TEA 
MeOH, 1h DCM 170 °C, 16 h H 

[0393] Step 1: Preparation of tert-butyl (3-hydroxycyclohexyl)carbamate 

OH 

NHBoc 

To a solution tert-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, HCl salt 

OH 

NH 2 HCI 

To a solution of tert-butyl (3-hydroxycyclohexyl)carbamate (1 g, 4.65 mmol) in dichloromethane 

(20mL) and was added dioxane-HCl (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 HCl 

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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O HN OH 

N N 
H 

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 HCl 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-d) 6 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 

0 HN 

N n 
H 

Scheme 34: Preparation of ethyl 4-((3-(cyanomethyl)-4-hydroxycyclohexyl)amino)-1H

pyrrolo[2,3-b]pyridine-5-carboxylate.  
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Step-6 N H 

[0397] Step 1: Preparation of 1-(1,4-dioxaspiro[4.5]dec-7-en-8-yl)pyrrolidine 

N 

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-oxo-1,4-dioxaspiro[4.5]decan-7-yl)acetonitrile 

CN 

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 

CN 

To a stirred solution of 2-(8-oxo-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 

Oj:::CN 

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 

H2N HCN 

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)-1H

pyrrolo[2,3-b]pyridine-5-carboxylate 

OH 

o HN 

N n 

H 

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): 1 HNMR (400 MHz, DMSO-d, at 90C) 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 (br s, 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/z 304.1 (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 

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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S C H N 0 HN N'Boc HN HCI 

H2N 'Boc 
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HOO 
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Step-3 H 

[0404] Step 1: Preparation of ethyl (S)-4-((1-benzylpiperidin-3-yl)amino)-H-pyrrolo[2,3

b]pyridine-5-carboxylate 

0 HN N'Boc 

'O o 
NN 

H 

To a stirred solution of ethyl 4-chloro-H-pyrrolo[2,3-b]pyridine-5-carboxylate (7 g, 31.2 mmol) 

in N-methyl-2-pyrrolidone (40 mL) was added tert-butyl (S)-3-aminopiperidine--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)-1H-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)-H-pyrrolo[2,3-b]pyridine-5

carboxylate hydrochloride 
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0 HN , NH.HCI 

NN 
H 

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)-1H-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)-1H

pyrrolo[2,3-b]pyridine-5-carboxylate 

0 HNe NY N 

_\0 
N N 

H 

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): 1H NMR (400 MHz, DMSO-d) 6 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)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate 

O HN' N 

K1 0 

N N 
H 

Scheme 36: Preparation of ethyl (R)-4-((1-(2-cyano-2-methylpropanoyl)piperidin-3-yl)amino)

1H-pyrrolo[2,3-b]pyridine-5-carboxylate.  

0 HN" 'NH HO N HN"' N 

EDC.HCI,HOBt, 
N DIPEA, DMF N N H H 

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-HCl (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): 1 H 

NMR (400 MHz, DMSO-d) 6 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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O HN" N N 
0 N 

N N 
H 

Scheme 37: Preparation of cyclopropylmethyl (R)-4-((1-(2-cyanoacetyl)piperidin-3-yl)amino)

1H-pyrrolo[2,3-b]pyridine-5-carboxylate.  

O HN,,- N OH O HN" N 
0 HN" 00 

Cs2co3  N 
H H 

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): 1H NMR (400 MHz, DMSO-d) 6 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,6S)-1-(2-cyanoacetyl)-6

methylpiperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate 

o HN" N N 
'N 

N" N 
H 

Scheme 38: Preparation of ethyl 4-(((3R,6S)-1-(2-cyanoacetyl)-6-methylpiperidin-3-yl)amino)

1H-pyrrolo[2,3-b]pyridine-5-carboxylate.  

-195-



O C1 -N O HN" NCbz NH 
H2No 'M Cbz Ot-H OHN" 

- Pd/C, THF ' N N NMPTEA, N N H H Step-2 N N 
Step-I H 

0 

HN" N 

EDC.HCI,HOBt, 
DIPEA, DMF N' N 

Step-3 H 

[0410] Step 1: Preparation of ethyl 4-(((3R,6S)-1-((benzyloxy)carbonyl)-6-methylpiperidin

3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate 

0 HN"G Cbz 

NN 
H 

To a solution of ethyl 4-chloro-H-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,6S)-1-((benzyloxy)-carbonyl)-6

methylpiperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate as a yellow solid (0.3g, 

44% yield).  

[0411] Step 2: Preparation of ethyl 4-(((3R, 6S)-6-methylpiperidin-3-yl) amino)-1H

pyrrolo[2,3-b]pyridine-5-carboxylate 
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0 HN"' N1 

N N 
H 

To a solution of ethyl 4-(((3R,6S)-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,6S)-1-(2-cyanoacetyl)-6-methylpiperidin-3

yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate 

o HN," N N 

N" N 

H 

To a solution of ethyl 4-(((3R, 6S)-6-methylpiperidin-3-yl)amino)-H-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, 1.32 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): 1 H NMR (400 MHz, DMSO-d) 6 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-carboxylicacid 

0 HN CN 

HO 

N N 
H 

Scheme 39: Preparation of 4-(((S,3R)-3-(2-cyanoethyl)cyclohexyl)amino)-1H-pyrrolo[2,3

b]pyridine-5-carboxylicacid.  

0 HN ' CN 0 HN CN 

OHLiH HOH 

To a stirred solution of propyl 4-(((S,3R)-3-(2-cyanoethyl)cyclohexyl)amino)-H-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-(((S,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): 1 H NMR (400 MHz, DMSO-d): 6 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

methoxyethyl4-((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 

N N 
H 

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 IA ( 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 ""'CN 

N N 
H 

Isolated as an off-white solid (0.02 g, 17% yield): 'H NMR (400 MHz, DMSO-d) 6 11.66 (s, 

1H), 9.03 (d, J= 8.0 Hz, 1H), 8.53 (s, 1H), 7.15 (s, 1H), 6.57 (d, J= 2.8 Hz, 1H), 4.42 (t, J= 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 

o HN CN 

N N 
H 

Cis-enantiomer 1 

Isolated as an off-white solid (0.03 g, 29% yield): 'H NMR (400 MHz, DMSO-d) 6 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 ' *" -CN 
,00 

N N 
H 

Cis - enantiomer 2 

Isolated as an off-white solid (0.03 g, 28% yield); 'H NMR (400 MHz, DMSO-d 6) 6 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.  

CI 0 

N N O HN CN O HN CN H CS 2CO 3 
H2N C-CN aA 

Et3N, NMP MeOH 
170 °C,1h N N 72 h N N 

Step-1 H Step-2 H 

0 HN0'' CN O HN CN 
Prep HPLC 

N NN N H NH 
racemic racemic 

Step 1: Preparation of ethyl 4-((3-(2-cyanoethyl)cyclohexyl)amino)-1H-pyrrolo[2,3-b]pyridine

5-carboxylate 
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0 HN CN 

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 HN CN 

N N 
H 

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)

1H-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 ' '' - CN 

0 

N N 
H 

Trans 

Isolated as an off-white solid (0.01 g, 13% yield): 'H NMR (400 MHz, DMSO-d 6) 6 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), 

4.43 (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 

N N 
H 

Cis 

Isolated as an off-white solid (0.04 g, 50% yield): 'H NMR (400 MHz, DMSO-d 6) 6 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 

-203-



Scheme 42: Preparation of stereoisomers ethyl 4-((3-(2-cyanoethyl)cyclopentyl)amino)-1H

pyrrolo[2,3-b]pyridine-5-carboxylate.  
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Boc, OH BH3.DMS Boc N OH periodinane BocN O BocN 
N TFH 
H THF H DCM H KOtBu, THF CN 

O -20 °C-rt Step-2 Step-3 
Step-1 

0 CI 

O O HNCN 0OHN 
NN 

BO~ TFA H ~' 
Pd/C, H 2 Bc' DCM TFA.H 2N Et 3N, NMP O 

EtOAc CN Step-5 CN MW, N N 
Step-4 180 C, 1 h H 

Step-6 

0 HN 

N N 
H 

[0425] Step 1: Preparation of tert-butyl (3-(hydroxymethyl)cyclopentyl)carbamate 

OH 
BocHN 

To a stirred solution of 3-((tert-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 tert-butyl (3-formylcyclopentyl)carbamate 

Boc\ NO 

H 
To a stirred solution of tert-butyl (3-(hydroxymethyl)cyclopentyl)carbamate (1 g, 4.65 mmol) in 
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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 

BocN 

NC H-I 

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 

BocN 

HCN 

To a solution of tert-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 tert-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.H 2N 
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 CN 

N 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)-1H

pyrrolo[2,3-b]pyridine-5-carboxylate as a mixture of 2 stereoisomers 

o HN CN 

N N 
H 

Isolated as an off-white solid (0.022 g, 27% yield): 'H NMR (400 MHz, DMSO-d 6) 6 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)-1H

pyrrolo[2,3-b]pyridine-5-carboxylate, single stereoisomer 1 

o HN 

N N 
H 

Isolated as an off-white solid (0.0056, 7% yield): H NMR (400 MHz, DMSO-d): 6 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)-1H

pyrrolo[2,3-b]pyridine-5-carboxylate, single stereoisomer 2 

0 HNJ: 
CN 

N N 
H 
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Isolated as an off-white solid (0.0138 g, 17% yield): 'H NMR (400 MHz, DMSO-d 6) 6 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

carboxylate 

0 HN"- N 

N N 
H 

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 

0 HN N'Cbz Pd/C H NH F 0 HN,. N F 

H2, THF O EDC.HCI,HOBt 

N NIEA NStep-I N N DIEN N H H DMF, 18 h H 
Step-2 

[0436] Step 1:Preparation of ethyl (R)-4-(piperidin-3-ylamino)-1H-pyrrolo[2,3-b]pyridine-5

carboxylate 

0 HN. NH 

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-((S)-2,2-difluorocyclopropane-1

carbonyl)piperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate 

0 HN" N 

S 0 

N N 
H 

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

1-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)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate as an off-white solid 

(0.04 g, 29% yield): 1H NMR (400 MHz, DMSO-d, at 60°): 6 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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FE 

0 HN" ' 

N N 
H 

Scheme 44: Preparation ofethyl-4-(((R)-1-((R)-2,2-difluorocyclopropane-1-carbonyl)piperidin

3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate 

OH FEF 

O HN', NH F 0 O HN"- N 

0 
O EDCHCI, HOBt O 

N~ N DIPEA N 
H DMF, 18h H 

To a solution of ethyl (R)-4-(piperidin-3-ylamino)-H-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

1-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)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate as an off-white solid 

(0.05 g, 40% yield): 1HNMR at 70 °C (400 MHz, DMSO-d 6 at 70): 6 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 

JAK1 and JAK3 Enzyme Activity Assays 

[0439] The activity of JAK3 (a.a. 781-1124, ThermoFisher) was quantified by measuring the 

phosphorylation of SRCtide (FAM-GEEPLYWSFPAKKK-NH 2). 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 MgCl2, 0.01% BSA, and 0.0005% Tween-20. The kinase reaction 
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components were 2.5 nM JAK3, 1 M 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 IC5 0 

equation.  

[0440] The inhibitory potency of candidate compounds of JAKI done at Thermo Fisher 

Scientific in their Selectscreen using a Z-lyte assay. The 2X JAKI / Tyr 06 mixture is prepared 

in 50 mM HEPES pH 6.5, 0.01% BRIJ-35, 10 mM MgCl2, 1 mM EGTA, 0.02% NaN3. The final 

10 pL of the Kinase Reaction consists of 21.2 - 91.5 ng JAKI and 2 pM Tyr 06 in 50 mM 

HEPES pH 7.0, 0.01% BRU-35, 10 mM MgCl2, 1 mM EGTA, 0.01% NaN3. 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. IC5 0 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 

JAKI Inhibition IC5 0  JAK3 Inhibition IC5 0 
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 > 1I pM - indicates > 1I pM 

1 ++ ++ 

3 +++ +++ 

21 ++ 

24 +++ +++ 

34 + + 
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68A + + 

68B + ++ 

69 + + 

70 ++ + 

72 ++ ++ 

73 .. ++ 

74 ++ ++ 

75 ++ ++ 

92....  

94 Not Determined ++ 

113 ++ ++ 

117....  

118 ... ++ 

119 + + 

120 + + 

121 + + 

123 .....  

124 ++ ++ 

125 .....  

126 ++ ++ 

127 ... + 

128 ++ 

129 .....  

130 .....  

131 ++ ++ 

132 .....  

133 .....  

134 .....  

135 .....  

136 ++ ++ 
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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 STAT5 phosphorylation on 

Tyr694 was used to assess JAK1/3 compound selectivity. GM-CSF stimulated STAT5 

phosphorylation on Tyr694 was used to assess JAK2 compound selectivity. IFNy stimulated 

STAT1 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 pM 2-ME, pen/strep) and 

placed in wells of a 96 well V-bottom plate at 200,000 per well in 120 pl complete media.  
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Compounds were added as 15 pl per well of oX working stock solutions in complete media 

with 1% DMSO (or medium with 1% DMSO for controls) and placed on a plate shaker in a 

37oC incubator with 5% C02 for 1 hour with gentle shaking (setting of 3). Stimulation used the 

addition of soluble cytokines. For the JAK1/3 phospho-STAT5 assay, 15 pl of lOx working 

stock recombinant human IL-2 was added to a final concentration of 25 ng/ml. For the JAK2 

phospho-STAT5 assay, 15 pl of lOx working stock recombinant human GM-CSF was added to a 

final concentration of 5 ng/ml. For the JAK1/2 phospho-STATI assay, 15 pl of lOx 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

STAT5 were determined using a Phospho (Tyr694)/ Total STAT5a,b Whole Cell Lysate kit from 

Meso Scale Discovery. Levels of phospho-STATI were determined using a CST-PathScan 

Phospho-STAT l (Tyr701) Sandwich ELISA kit. The results are shown in Table 3.  

Table 3 

IL2-STAT5 InhibitionICo Infy-STATI IC5 o 

Example No ++ indicates 5 0.1 pM ++ indicates 0.1 pM 
+ indicates 0.1-1 pM + indicates 0.1-1 pM 

- indicates > 1 M - indicates > 1 pM 

1 + 

3 ++ + 

21 + 

24 ++ + 

34 + 

68A Not Determined 

68B Not Determined 

69 Not Determined 

70 + 
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72 + 

73 ++ ++ 

74 + 

75 + 

92 ++ + 

113 + 

117 ++ ++ 

118 ++ + 

119 Not Determined 

120 Not Determined 

121 Not Determined 

123 ++ + 

124 + 

125 ++ + 

126 + 

127 ++ + 

128 ++ 

129 ++ + 

130 + + 

131 + + 

132 ++ + 

133 ++ + 

134 ++ + 

135 ++ ++ 

136 + 

137 ++ 
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138 + + 

139 + 

140 + + 

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. Where any 

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): 

R2,R N-R4 

R1 

N N 
H (') 

wherein: 

Ri is selected from -CO2R5, -C1-C5alkyl-CO2R, -C3-C6-cycloalkyl-CO2R, -NHCO2R, -N(Cl-C5 

alkyl)-CO2R5, -O-CO2R5, or -C1-C5alkyl-O-CO2R5; 

R2 is selected from H, -Cl-C4alkyl, -C3-C6cycloalkyl, or -C1-C2alkyl-C3-C6cycloalkyl, wherein the 

alkyl or cycloalkyl groups are optionally substituted with one or more groups selected from 

halogen, -OH, or -O-Cl-C5alkyl; 

n is 0, 1 or 2; 

Ring A is substituted at one or more carbons with one, two, or three R3 substituents wherein 

each R3 group is independently selected from H, halogen, -C-C4alkyl, -C3-C6cycloalkyl, 

OH, or -O-Cl-C5alkyl wherein each alkyl or cycloalkyl group is optionally substituted with 

one or more groups selected from: halogen, -OH, -C-Calkylalkoxy, or -O-C-Calkyl; 

Two R3 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)-R, -CH2R6, -C(O)-CH=CH2, -C(O)-C(CH20CH3)=CH2, -C(O)

CH=CHCH3, -C(O)-CH=CHCH2NR7Rs, -C(O)-C1-C5alkyl, or -C(O)-C3-C6cycloalkyl, 

wherein the alkyl or cycloalkyl groups may be optionally substituted with one or more 

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

R5 is selected from -C-C5alkyl, or -C3-C6cycloalkyl wherein the alkyl or cycloalkyl groups may 

be optionally substituted by one or more groups selected from halogen, -OH, or -O-C1

C5alkyl; 

R6 is selected from -C-Calkyl, -C3-Ccycloalkyl, -C1-Calkyl-C3-Ccycloalkyl, -NR7Rs, -0-aryl, 

-0-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-Cl-C5alkyl, or -O-C3-Ccycloalkyl; 

R7 and Rs are independently selected from H, -C1-C alkyl, -C1-C5 alkoxy, or -C3-C cycloalkyl 

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

from halogen, -OH, or -CN; and 

217



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.  

2. A compound, or a pharmaceutically acceptable salt, hydrate or solvate thereof, of Formula (II): 

R2o N 
R1 

N N 
H (II) 

wherein: 

Rio is selected from -CO2R5o, -C1-C5-alkyl-CO2Ro, -C3-C6-cycloalkyl-CO2Ro, -NHCO2Ro,

N(C1-C alkyl)-CO2R5o, -O-CO2R5o, or -C1-Calkyl-O-CO2Ro; 

R20 is selected from H, -C-C4alkyl, -C3-Ccycloalkyl, or -C1-C2alkyl-C3-C6cycloalkyl wherein the 

alkyl or cycloalkyl groups are optionally substituted with one or more groups selected from 

halogen, -OH, or -O-C-Calkyl; 

n is 0 or 1; 

Ring I is substituted at one or more carbons with one, two, or three R30 substituents wherein 

each R30 group is independently selected from H, halogen, -C-C4alkyl, -C3-Ccycloalkyl, 

OH, -O-C1-C5alkyl, -NR70C(O)-CH=CH2, -NR70C(O)-C(CH20CH3)=CH2, -NR70C(O)

CH=CHCH3, or -NR70C(O)-CH=CHCH2NRoR9o wherein each alkyl or cycloalkyl group is 

optionally substituted with one or more groups selected from: halogen, -C-Calkylalkoxy, 

or -O-C1-C5alkyl; 

R40 is selected from -C(O)-Ro, -OR, -O-C(O)-Ro, -NRo-C(O)-Ro, -C1-C4alkyl-C(O)-R6o,

SO2-R6o, -SO2-NRoR9o, -C1-C4alkyl-SO2-R6o, or -C1-C4alkyl-SO2NRoRo; 

R50 is selected from -C1-C5alkyl, or -C3-C5cycloalkyl wherein the alkyl or cycloalkyl groups may 

be optionally substituted by one or more groups selected from halogen, -OH, or -O-C1

C5alkyl; 

R60 is selected from -C-Calkyl, -C3-Ccycloalkyl or -C1-Calkyl-C3-C5cycloalkyl wherein the 

alkyl or cycloalkyl groups can be optionally substituted by one or more groups selected 

from halogen, -CN, alkyne, -OH, or -O-C-Calkyl; 

R70 is selected from H, -C-Calkyl or -C3-Ccycloalkyl; 

Rso and Reo are independently selected from H, -C1-C5alkyl, -C-Calkoxy, -C3-Ccycloalkyl 

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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3. A compound, or a pharmaceutically acceptable salt, hydrate or solvate thereof, of Formula (III): 

R rkn 
R000oo NQ N--R40oo 

R10o0 

N N 
H (LII) 

wherein: 

Rlooo is selected from -CO2ROOO, -Cl-Calkyl-CO2ROOO, -C3-C6-cycloalkyl-CO2ROOO, 

NHCO2RSOO, -N(C1-C5 alkyl)-CO2ROOO, -O-CO2ROO, or -C-Calkyl-O-CO2ROO; 

R2000 is selected from H, -C-C4alkyl, -C3-Ccycloalkyl, or -C1-C2alkyl-C3-Ccycloalkyl, wherein 

the alkyl or cycloalkyl groups are optionally substituted with one or more groups selected 

from halogen, -OH, or -0-C-Csalkyl; 

n is 0, 1 or 2; 

Ring Q is substituted at one or more carbons with one, two, or three R3 substituents wherein 

each R3000 group is independently selected from H, halogen, -C1-C4alkyl, -C3-Ccycloalkyl, 

-OH, or -0-C-Csalkyl wherein each alkyl or cycloalkyl group is optionally substituted with 

one or more groups selected from: halogen, -OH, -C1-Csalkylalkoxy, or -- C-Csalkyl; 

Two R3000 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; 

R4000 is selected from -C(O)-R6000, -CH2R6000, -C(O)-CH=CH2, -C(O)-C(CH20CH3)=CH2, -C(O)

CH=CHCH3, -C(O)-CH=CHCH2NR7Rs, -C(O)-C-Csalkyl, or -C(O)-C3-C6cycloalkyl, 

wherein the alkyl or cycloalkyl groups may be optionally substituted with one or more 

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

R5ooo is selected from -Ci-Csalkyl, and -C3-C6cycloalkyl wherein the alkyl or cycloalkyl groups 

may be optionally substituted by one or more groups selected from halogen, -OH, -C3-C5 

cycloalkyl, or -0-C-Csalkyl; 

R6000 is selected from -C-Csalkyl, -C3-Ccycloalkyl, -C1-Calkyl-C3-C6cycloalkyl, -NRoooROOO, 

O-aryl, -0-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, -0-C-Csalkyl, or -O-C3-C6cycloalkyl; 

R7ooo and Rsooo are independently selected from H, -C1-C alkyl, -C-Cs alkoxy, or -C3-C5 

cycloalkyl where the alkyl groups may be optionally substituted by one or more groups 

selected from halogen, -OH, -CN, or -C3-C cycloalkyl; 

R7ooo 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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4. A compound, or a pharmaceutically acceptable salt, hydrate or solvate thereof, of Formula (IV): 

R300ooo n R40000 

N N 

H (IV) 

wherein: 

Rloooo is selected from -CO2ROOOO, -Cl-C-alkyl-CO2ROOOO, -C3-C6-cycloalkyl-CO2ROOO, 

NHCO2ROOO, -N(C1-C5 alkyl)-CO2ROOOO, -O-CO2ROOO, or -C-Calkyl-O-CO2ROOO; 

R20000 is selected from H, -C-C4alkyl, -C3-Ccycloalkyl, or -C1-C2alkyl-C3-Ccycloalkyl wherein 

the alkyl or cycloalkyl groups are optionally substituted with one or more groups selected 

from halogen, -OH, or -0-C-Csalkyl; 

n is 0 or 1; 

Ring S is substituted at one or more carbons with one, two, or three R30 substituents wherein 

each R30000 group is independently selected from H, halogen, -C1-C4alkyl, -C3-Ccycloalkyl, 

-OH, -0-C-Csalkyl, -NR7000oC(O)-CH=CH2, -NR7000oC(O)-C(CH20CH3)=CH2, 

NR7000oC(O)-CH=CHCH3, or -NR7000oC(O)-CH=CHCH2NRooooR9oooo wherein each alkyl or 

cycloalkyl group is optionally substituted with one or more groups selected from: halogen, 

-CN, -C1-Csalkylalkoxy, or -0-C-Csalkyl; 

R40000 is selected from -C(O)-R60000, -OR60000, -O-C(O)-R60000, -NR70000-C(O)-R60000, -C-C4alkyl

C(O)-R60000, -SO2-R60000, -S02-NRooooRqoooo, -Ci-C4alkyl-SO2-R60000, or -Ci-C4alkyl

SO2NRooooRoooo; 

R5oooo is selected from -Ci-Csalkyl, and -C3-C6cycloalkyl wherein the alkyl or cycloalkyl groups 

may be optionally substituted by one or more groups selected from halogen, -OH, -C3-C5 

cycloalkyl, or -0-C-Csalkyl; 

R60000 is selected from -C-Csalkyl, -C3-C6cycloalkyl or -C1-Csalkyl-C3-C6cycloalkyl wherein the 

alkyl or cycloalkyl groups can be optionally substituted by one or more groups selected 

from halogen, -CN, alkyne, -OH, or -- C-Csalkyl; 

R70000 is selected from H, -C-Csalkyl or -C3-C6cycloalkyl; 

Rsoooo and Rgoooo are independently selected from H, -Ci-Csalkyl, -C-Csalkoxy, or -C3

C6cycloalkyl wherein the alkyl groups may be optionally substituted by one or more groups 

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

Rsoooo and Roooo 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.  

220



5. The compound of Claim 1, wherein the compound is selected from the group consisting of: 

O N" N ethyl 4-(((3R,4R)-1-(2-cyanoacetyl)-4-methylpiperidin-3
O yl)(methyl)amino)-1H-pyrrolo[2,3-b]pyridine-5

carboxylate, 

N N H 

N%" N methyl 4-(((3R,4R)-1-(2-cyanoacetyl)-4-methylpiperidin
0 3-yl)(methyl)amino)-1H-pyrrolo[2,3-b]pyridine-5

O \carboxylate, 

N N H 

O HN N N ethyl 4-(((3R,4R)-1-(2-cyanoacetyl)-4-methylpiperidin-3

0 0 yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate, 

N N 
H 

O HN\ N methoxymethyl 4-(((3R,4R)-1-(2-cyanoacetyl)-4
N methylpiperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-5

0 0 carboxylate, 

N N H 

o N N N isopropyl 4-(((3S,4S)-1-(2-cyanoacetyl)-4

o methylpiperidin-3-yl)(methyl)amino)-1H-pyrrolo[2,3
o b]pyridine-5-carboxylate, 

N N 
H 

o N ethyl 4-(((3S,4S)-1-(2-cyanoethyl)-4-methylpiperidin-3
N yl)(methyl)amino)-1H-pyrrolo[2,3-b]pyridine-5

~O carboxylate, 

N N 
H 

o N,- isopropyl4-(((3R,4R)-1-(2-cyanoethyl)-4-methylpiperidin
N 3-yl)(methyl)amino)-1H-pyrrolo[2,3-b]pyridine-5

o /0\ carboxylate, 

N N 
H 
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0 N N ethyl 4-(((3R,4R)-1-(cyclopentanecarbonyl)-4
o methylpiperidin-3-yl)(methyl)amino)-1H-pyrrolo[2,3

O \~ b]pyridine-5-carboxylate, 

N N H 

o N methyl 4-(((3R,4R)-1-(cyclopentanecarbonyl)-4

O methylpiperidin-3-yl)(methyl)amino)-1H-pyrrolo[2,3
o b]pyridine-5-carboxylate, 

N N 
H 

/" N ND 
o NN I methyl 4-(methyl((3R,4R)-4-methyl-1-(pyrrolidine-1

O carbonyl)piperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine
o 5-carboxylate, 

N N 
H 

N NIji> 
O N ethyl 4-(methyl((3R,4R)-4-methyl-1-(pyrrolidine-1

o carbonyl)piperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine
5-carboxylate, 

N N 
H 

O N\ I   isopropyl 4-(methyl((3R,4R)-4-methyl-1-(pyrrolidine-1
o carbonyl)piperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine

o 5-carboxylate, 
N N N 

H 

O N\ N N F isopropyl 4-(((3R,4R)-1-((S)-3-fluoropyrrolidine-1
O carbonyl)-4-methylpiperidin-3-yl)(methyl)amino)-1H

o \ pyrrolo[2,3-b]pyridine-5-carboxylate, 

N N H 

0 N" N NY/'IF ethyl 4-(((3R,4R)-1-((S)-3-fluoropyrrolidine-1-carbonyl)-4
o methylpiperidin-3-yl)(methyl)amino)-1H-pyrrolo[2,3

O \b]pyridine-5-carboxylate, 

N N 
H 
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,,/" N NO F 
o N" N ethyl4-(((3R,4R)-1-((R)-3-fluoropyrrolidine-1-carbonyl)-4

o methylpiperidin-3-yl)(methyl)amino)-1H-pyrrolo[2,3
O -b]pyridine-5-carboxylate, 

N N H 

/I" 

0 N" N isopropyl4-(((3R,4R)-1-((R)-3-fluoropyrrolidine-1

o carbonyl)-4-methylpiperidin-3-yl)(methyl)amino)-1H
0 pyrrolo[2,3-b]pyridine-5-carboxylate, 

INQ 
N N 

H 

//" N NO -F 
0 N F 2-methoxyethyl4-(((3R,4R)-1-((R)-3-fluoropyrrolidine-1

0 carbonyl)-4-methylpiperidin-3-yl)(methyl)amino)-1H
O -pyrrolo[2,3-b]pyridine-5-carboxylate, 

IN 
N N 

H 

IN " 
0 N" N No.. F 2-methoxyethyl4-(((3R,4R)-1-((S)-3-fluoropyrrolidine-1

00 carbonyl)-4-methylpiperidin-3-yl)(methyl)amino)-1H
O pyrrolo[2,3-b]pyridine-5-carboxylate, 

N N H 

0 N' NN N 2-methoxyethyl 4-(methyl((3R,4R)-4-methyl-1

o (pyrrolidine-1-carbonyl)piperidin-3-yl)amino)-1H
O pyrrolo[2,3-b]pyridine-5-carboxylate, 

N N 
H 

O N,- N N 2-methoxyethyl 4-(((3R,4R)-1-(2-cyanoacetyl)-4

O O methylpiperidin-3-yl)(methyl)amino)-1H-pyrrolo[2,3
O \b]pyridine-5-carboxylate, 

N N H 

o HN" N 2-methoxyethyl 4-(((3R,4R)-1-(2-cyanoacetyl)-4
N 0methylpiperidin-3-yl)amino)-IH-pyrrolo[2,3-b]pyridine-5

carboxylate, 

N N 
H 
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o HN" N 2-methoxyethyl 4-(((3R,4R)-1-(2-cyanoethyl)-4
N methylpiperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-5

carboxylate, 

N N H 

o N N 2-methoxyethyl 4-(((3R,4R)-1-(2-cyanoethyl)-4
N methylpiperidin-3-yl)(methyl)amino)-1H-pyrrolo[2,3

b]pyridine-5-carboxylate, 

N N 
H 

O HN N ethyl 4-(((3R,4R)-1-(2-cyanoethyl)-4-methylpiperidin-3
O   yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate, 

N N 
H 

O:ON 2-methoxyethyl 4-(((3S,4S)-4-methyl-1O HN propionylpiperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine

0 0 5-carboxylate, 

N N 
H 

O HN N 2-methoxyethyl 4-(((3S,4S)-1-butyryl-4-methylpiperidin-3

o /0 yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate, 

N N 
H 

o HN" N 2-methoxyethyl 4-(((3R,4R)-4-methyl-1-(3
methylbutanoyl)piperidin-3-yl)amino)-1H-pyrrolo[2,3

O Ib]pyridine-5-carboxylate, 

N N 
H 
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o HN: N 2-methoxyethyl 4-(((3S,4S)-4-methyl-1-propylpiperidin-3
o yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate, 

N N 
H 

O HN 1N 2-methoxyethyl 4-(((3S,4S)-1-ethyl-4-methylpiperidin-3
yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate, 

O / 

N N H 

o HN" N methyl 4-(((3R,6S)-1-acryloyl-6-methylpiperidin-3

O yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate, 

N N 
H 

oHN" N ethyl 4-(((3R,6S)-1-acryloyl-6-methylpiperidin-3
yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate, 

N N 
H 

o HN"' N isopropyl 4-(((3R,6S)-1-acryloyl-6-methylpiperidin-3

O N. yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate, 

N N 
H 

o HN" N methyl (R)-4-((1-acryloylpiperidin-3-yl)amino)-1H

O pyrrolo[2,3-b]pyridine-5-carboxylate, 

N N 
H 

0 HN" N ethyl (R)-4-((1-acryloylpiperidin-3-yl)amino)-1H
ON pyrrolo[2,3-b]pyridine-5-carboxylate, 

N N 
H 
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o HN"' N isopropyl (R)-4-((1-acryloylpiperidin-3-yl)amino)-1H

O \ pyrrolo[2,3-b]pyridine-5-carboxylate, 

N N 
H 

O HN"' N 2-methoxyethyl (R)-4-((1-acryloylpiperidin-3-yl)amino)
O O 1H-pyrrolo[2,3-b]pyridine-5-carboxylate, 

N N 
H 

O HN" N 2-hydroxyethyl (R)-4-((1-acryloylpiperidin-3-yl)amino)
1H-pyrrolo[2,3-b]pyridine-5-carboxylate, 

N N 
H 

O HN" N 0methoxymethyl (R)-4-((1-acryloylpiperidin-3-yl)amino)

0 0 1 H-pyrrolo[2,3-b]pyridine-5-carboxylate, 

N N 
H 

O HN" N ethoxymethyl (R)-4-((1-acryloylpiperidin-3-yl)amino)-1H

O N pyrrolo[2,3-b]pyridine-5-carboxylate, 

N N 
H 

O HN ,.Oisopropoxymethyl (R)-4-((1-acryloylpiperidin-3-yl)amino)

o O 0 1H-pyrrolo[2,3-b]pyridine-5-carboxylate, 

N N 
H 

N 0 
o HN isopropoxymethyl (S)-4-((1-acryloylpiperidin-3-yl)amino)

00O0 O 1H-pyrrolo[2,3-b]pyridine-5-carboxylate, 

N N 
H 
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isopropoxymethyl (R)-4-((1-acryloylpyrrolidin-3-yl)amino)
O1 O 1 H-pyrrolo[2,3-b]pyridine-5-carboxylate, 

N N 
H 

OHN N 
isopropoxymethyl (S)-4-((1-acryloylpyrrolidin-3-yl)amino)

0 O 1H-pyrrolo[2,3-b]pyridine-5-carboxylate, 

N N 
H 

0 

O HN "Oisopropoxymethyl 4-((1-acryloylazetidin-3-yl)amino)-1H

O pyrrolo[2,3-b]pyridine-5-carboxylate, 

N N 

O HN C N O methoxymethyl 4-(((3R,6S)-1-acryloyl-6-methylpiperidin

0 0 ~- N.3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate, 

N N 
H 

N NN ethyl 2-(4-(((3R,4R)-1-(2-cyanoacetyl)-4-methylpiperidin
EtO o 3-yl)(methyl)amino)-1H-pyrrolo[2,3-b]pyridin-5-yl)acetate, 

o N N 
H 

O N N N ethyl 3-(4-(((3R,4R)-1-(2-cyanoacetyl)-4-methylpiperidin

o 3-yl)(methyl)amino)-1H-pyrrolo[2,3-b]pyridin-5
EtO yl)propanoate 

N N 
H 

O HN N N ethyl 4-((1-(2-cyanoacetyl)-4-methylpiperidin-3-yl)amino)
O0 1H-pyrrolo[2,3-b]pyridine-5-carboxylate, 

N N 
H 
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O N N ethyl 4-((1-(2-cyanoacetyl)-4-methylpiperidin-3
N yl)(methyl)amino)-1H-pyrrolo[2,3-b]pyridine-5

carboxylate, 

N N 
H 

O HN NN methyl 4-((1-(2-cyanoacetyl)-4-methylpiperidin-3

0 0 yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate, 

N N 
H 

O N N methyl 4-((1-(2-cyanoacetyl)-4-methylpiperidin-3
N yl)(methyl)amino)-1H-pyrrolo[2,3-b]pyridine-5

O carboxylate, 

N N 
H 

0OHNO 
O HN isopropyl 4-((1-(2-cyanoacetyl)-4-methylpiperidin-3

o O1 yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate, 

N N 
H 

O N N isopropyl 4-((1-(2-cyanoacetyl)-4-methylpiperidin-3

O yl)(methyl)amino)-1H-pyrrolo[2,3-b]pyridine-5
o carboxylate, 

N N 
H 

O HN N N ethyl 4-((1-(2-cyanoethyl)-4-methylpiperidin-3-yl)amino)
0 1H-pyrrolo[2,3-b]pyridine-5-carboxylate, 

N N 
H 

O N N ethyl 4-((1-(2-cyanoethyl)-4-methylpiperidin-3
yl)(methyl)amino)-1H-pyrrolo[2,3-b]pyridine-5

O carboxylate, 

N N 
H 
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O HN N 2-methoxyethyl 4-((1-(2-cyanoethyl)-4-methylpiperidin-3
O yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate, 

N N 
H 

o0'NN 
ON 2-methoxyethyl 4-((1-(2-cyanoethyl)-4-methylpiperidin-3

O Oyl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate, 

N N 
H 

O H N ethyl 4-((1-acryloyl-6-methylpiperidin-3-yl)amino)-1H

O O pyrrolo[2,3-b]pyridine-5-carboxylate, 

N N 
H 

O N ethyl 4-((1-acryloyl-6-methylpiperidin-3
O yl)(methyl)amino)-1H-pyrrolo[2,3-b]pyridine-5

carboxylate, 

N N H 

N 
O H N ethyl 4-((1-acryloylpiperidin-3-yl)amino)-1H-pyrrolo[2,3

O O b]pyridine-5-carboxylate, 

N N 
H 

O H N methyl 4-((1-acryloyl-6-methylpiperidin-3-yl)amino)-1H

0 0 pyrrolo[2,3-b]pyridine-5-carboxylate, 

N N 
H 

N methyl 4-((1-acryloyl-6-methylpiperidin-3

O yl)(methyl)amino)-1H-pyrrolo[2,3-b]pyridine-5
0 carboxylate, 

N N 
H 
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OHN isopropyl 4-((1-acryloyl-6-methylpiperidin-3-yl)amino)-1H

O * O pyrrolo[2,3-b]pyridine-5-carboxylate, 

N N 
H 

o N" isopropyl 4-((1-acryloyl-6-methylpiperidin-3
O yl)(methyl)amino)-1H-pyrrolo[2,3-b]pyridine-5

o carboxylate, 

N N 
H 

O HN 2-methoxyethyl 4-((1-acryloyl-6-methylpiperidin-3
0 yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate, 

N N 
H 

0 N 2-methoxyethyl 4-((1-acryloyl-6-methylpiperidin-3
O O yl)(methyl)amino)-1H-pyrrolo[2,3-b]pyridine-5

carboxylate, 

N N 
H 

O HNN N ethyl (R)-4-((1-(2-cyanoacetyl)pipetridin-3-yl)amino)-1H
O O3yaipyrrolo[2,3-b]pyridine-5-carboxylate, 

N N 
H 

OHN N Nmethyl 4-(((3R,4R)-1-(2-cyanoacetyl)-4-methylpiperidin

0 methylp3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate, 

N N 
H 

oHN" N2 tert-butyl4-(((3R,4R)--(2-cyanoacetyl)-4
methylpiperidin-3-yI)amino)-1 H-pyrrolo[2,3-b]pyridine-5

I carboxylate, 
N N 

H 

o HN\"ONI-K'CN ethyl (R)-4-((1-(2-cyanoethyl)piperidin-3-yl)amino)-1H
o0 N pyrrolo[2,3-bipyridine-5-carboxylate, 

N' N 
H 
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o HN" " N isopropyl 4-(((3R,4R)-1-(2-cyanoacetyl)-4
'N methylpiperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-5

carboxylate, 

N N H 

O HN' N Npropyl 4-(((3R,4R)-1-(2-cyanoacetyl)-4-methylpiperidin-3

yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate, 
N N 

H 

o HN'N ethyl 4-(((3R,4R)-1-(1-cyanocyclopropane-1-carbonyl)-4
S Nmethylpiperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-5

carboxylate, 
N N H 

oHN N ethyl 4-(((3R,4R)-1-(2-cyanopropanoyl)-4
ON methylpiperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-5

\ carboxylate, 
N N H 

o HN"'C N''CN ethyl (R)-4-((1-(1-cyanocyclopropane-1
0 carbonyl)piperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine

5-carboxylate, 
N" N 

H 

o HNN"CQI CN ethyl 4-(((3R)-1-(2-cyanopropanoyl)piperidin-3-yl)amino)

0 0 1H-pyrrolo[2,3-b]pyridine-5-carboxylate, 

IN N 
H 

0 HN"N N propyl (R)-4-((1-(2-cyanoacetyl)piperidin-3-yl)amino)-1H
0 pyrrolo[2,3-b]pyridine-5-carboxylate, 

N" N 
H 

0 HN"N N2-methoxyethyl (R)-4-((1-(2-cyanoacetyl)piperidin-3
yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate, 

N'- N 
H 

N HN ethyl (S)-4-((1-(2-cyanoacetyl)piperidin-3-yl)amino)-1H

N N 

\ O pyrrolo[2,3-b]pyridine-5-carboxylate, 

H 
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O HN"'NN ethyl (R)-4-((1-(2-cyano-2-methylpropanoyl)piperidin-3

yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate, 

N N 
H 

0QHN"*N" ethyl 4-(((3R,6S)-1-(2-cyanoacetyl)-6-methylpiperidin-3
0 K.yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate, 

N" N 
H 

o HN" N ethyl 4-(((R)-1-((S)-2,2-difluorocyclopropane-1
carbonyl)piperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine

O O 5-carboxylate, 

NN H 
F F 

o HN"' N ' ethyl-4-(((R)-1-((R)-2,2-difluorocyclopropane-1
carbonyl)piperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine

00 5-carboxylate, 

NN H 
F F 

O HN"' N ' propyl 4-(((R)-1-((R)-2,2-difluorocyclopropane-1
carbonyl)piperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine

O O5-carboxylate, 

N N H 
F F 

o HN" N ' isopropyl 4-(((R)-1-((R)-2,2-difluorocyclopropane-1
carbonyl)piperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine

O z5-carboxylate, 

N N H 
F F 

o HN"' N ' methyl 4-(((R)-1-((R)-2,2-difluorocyclopropane-1
carbonyl)piperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine

O O 5-carboxylate, 

N N 
H 
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0 HN",- N CN methyl 4-(((3R,6S)-1-(2-cyanoacetyl)-6-methylpiperidin

0  0 3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate, 

N N 
H 

o HN,, N 1  CN isopropyl 4-(((3R,6S)-1-(2-cyanoacetyl)-6
o methylpiperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-5

o carboxylate, 

N N 
H 

o HN,,- N CN propyl 4-(((3R,6S)-1-(2-cyanoacetyl)-6-methylpiperidin-3

0 yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate, 

N N 
H 

o HN" N CN ethyl 4-(((3R,6S)-1-(2-cyano-2-methylpropanoyl)-6
o methylpiperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-5

carboxylate, 

N N 
H 

o N Nethyl4-(((3R,6S)-1-(2-cyanoethyl)-6-methylpiperidin-3

O yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate, 

N N 
H 

0 HN, NNf )r CN cyclopropyl 4-(((3R,6S)-1-(2-cyanoacetyl)-6
O methylpiperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-5

o carboxylate, 

N N 
H 

-N.,- F 
0 HN"' '' F ethyl 4-(((3R,6S)-1-((S)-2,2-difluorocyclopropane-1

O carbonyl)-6-methylpiperidin-3-yl)amino)-1H-pyrrolo[2,3
b]pyridine-5-carboxylate, 

N N 
H 
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F 
o HN' F ethyl 4-(((3R,6S)-1-((R)-2,2-difluorocyclopropane-1

o carbonyl)-6-methylpiperidin-3-yl)amino)-1H-pyrrolo[2,3
b]pyridine-5-carboxylate, 

N N 
H 

o HN" Nr CN methyl (R)-4-((1-(2-cyanoacetyl)piperidin-3-yl)amino)-1H

O O pyrrolo[2,3-b]pyridine-5-carboxylate, 

N N 

H 

o HN" N CN isopropyl (R)-4-((1-(2-cyanoacetyl)piperidin-3-yl)amno)

o O 1H-pyrrolo[2,3-b]pyridine-5-carboxylate, 

N N 

H 

O H CN cyclopropyl(R)-4-((4-(2-cyanoacetyl)piperidin-3

O m eyl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate, 

N N H 

O HN F eh cyclopropyl4-(((3R,4R)--(2-cyanoacetyl)-4
O methylpiperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-5

o carboxylate, 
N N H 

O H F ethyl 4-(((3R,4R)-1-((S)-2,2-difluorocyclopropane-1
o carbonyl)-4-methylpiperidin-3-yl)amino)-1H-pyrrolo[2,3

O K b]pyridine-5-carboxylate, 

N N H 

IcIlN F 
0 HN'* F ethyl 4-(((3R,4R)-1-((R)-2,2-difluorocyclopropane-1

0 ~~carbonyl)-4-m ethyl pi perid in-3-yl)am ino)- 1H-pyrrolo[2,3
b]pyridine-5-carboxylate, 

N N 
H 
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o HN" N F propyl 4-(((R)-1-((S)-2,2-difluorocyclopropane-1
carbonyl)piperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine

O O 5-carboxylate, 

N N 
H 

0 HN" N ispropyl 4-(((R)-1-((S)-2,2-difluorocyclopropane-1
carbonyl)piperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine

O 5-carboxylate, or 

N N 
H 

0 HN,' N methyl 4-(((R)-1-((S)-2,2-difluorocyclopropane-1
carbonyl)piperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine

o O 5-carboxylate.  

N N H 

6. The compound of Claim 2, wherein the compound is selected from the group consisting of: 

NO CN 

0 N methyl 4-((4-(2-cyanoacetoxy)-2
methylcyclohexyl)(methyl)amino)-1H-pyrrolo[2,3-b]pyridine

O 5-carboxylate, 

N N 
H 

0 

0O NO \ ethyl 4-(((1R,3R)-3-(2
N cyanoacetoxy)cyclopentyl)(methyl)amino)-1H-pyrrolo[2,3

o .1 b]pyridine-5-carboxylate, 

N N 
H 

0 

I N "'O ethyl 4-(((1S,3S)-3-(2
N cyanoacetoxy)cyclopentyl)(methyl)amino)-1H-pyrrolo[2,3

0 : b]pyridine-5-carboxylate, 
N 

N N 
H 
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0 

O 
O HN'I NII- ethyl 4-(((1R,3R)-3-(2-cyanoacetoxy)cyclopentyl)amino)N 

1H-pyrrolo[2,3-b]pyridine-5-carboxylate, 

N N 
H 

0 

O HNhN ethyl 4-(((1S,3S)-3-(2-cyanoacetoxy)cyclopentyl)amino)-1H
o pyrrolo[2,3-b]pyridine-5-carboxylate, 

N N H 

HN 
o=s=o 

2-fluoroethyl 4-(methyl((1R,4R)-4-((N
O0 N methylsulfamoyl)methyl)cyclohexyl)amino)-1H-pyrrolo[2,3

b]pyridine-5-carboxylate, 
0 

N N 
H 

F 
0 

S , 
OHND 

0 HN*O H ethyl 4-(((1R,4R)-4-((N
methylsulfamoyl)methyl)cyclohexyl)amino)-1H-pyrrolo[2,3

O0 /' b]pyridine-5-carboxylate, 

N N 
H 

/0 

0 N"* H methyl 4-(methyl((1R,4R)-4-((N
methylsulfamoyl)methyl)cyclohexyl)amino)-1H-pyrrolo[2,3

O b]pyridine-5-carboxylate, 

N N H 
0 

NH 
O N |ethyl 4-(methyl((1R,4R)-4-((N

methylsulfamoyl)methyl)cyclohexyl)amino)-1H-pyrrolo[2,3
O Nb]pyridine-5-carboxylate, 

N N 
H 
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0 

N 
O " N' O H ethyl 4-(((1R,4R)-4-((N

ethylsulfamoyl)methyl)cyclohexyl)(methyl)amino)-1H

o 5r pyrrolo[2,3-b]pyridine-5-carboxylate, 

N N H 
/0 

N 

S N' H methyl 4-(((1R,4R)-4-((N
ethylsulfamoyl)methyl)cyclohexyl)(methyl)amino)-1H

o pyrrolo[2,3-b]pyridine-5-carboxylate, 

N N 
H 

HNX 
o=s=o 

2-Fluoroethyl 4-(((1R,4R)-4-((N
o HN" methylsulfamoyl)methyl)cyclohexyl)amino)-1H-pyrrolo[2,3

b]pyridine-5-carboxylate, 
0 

N N 
? H 

F 

0 

o HN H methyl 4-(((1R,4R)-4-((N
methylsulfamoyl)methyl)cyclohexyl)amino)-1H-pyrrolo[2,3

O b]pyridine-5-carboxylate, 

N N 
H 

0 

N 
, O  HN, O H ethyl 4-(((1R,4R)-4-((N

ethylsulfamoyl)methyl)cyclohexyl)amino)-1H-pyrrolo[2,3
o / b]pyridine-5-carboxylate, 

N N H 
/0 

N 
0 HN" O H methyl 4-(((1R,4R)-4-((N

ethylsulfamoyl)methyl)cyclohexyl)amino)-1H-pyrrolo[2,3

O / b]pyridine-5-carboxylate, 

N N 
H 
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ON 

o HN ethyl 4-((3-(2-cyanoethoxy)cyclopentyl)amino)-1H
~ I~ pyrrolo[2,3-b]pyridine-5-carboxylate, 

N N H 
CN 

0 HN 0 o Nisopropyl 4-((3-(2-cya noethoxy)cyc lope ntyl)a m ino)- 1H

N N H 

0 HNJD _O/__/CN 

o HNpropyl 4-((3-(2-cyanoethoxy)cyclopentyl)amino)-1H

N N H 
CN 

o HN 2-methoxyethyl 4-((3-(2-cya noethoxy)cyc lope ntyl)a m ino)

~~------1 1H-pyrrolo[2,3-b]pyridine-5-carboxylate, 

N N H 
0 

"NS, 

0 N H isopropyl 4-(methyl((1 R,4R)-4-((N
methylsulfamoyl)methyl)cyclohexyl)amino)-1 H-pyrrolo[2,3

o I0 " b]pyridine-5-carboxylate, 

N N H 
0 

0 NoH propyl 4-(methyl((1 R,4R)-4-((N
methylsulfamoyl)methyl)cyclohexyl)amino)-1 H-pyrrolo[2,3

~'xO i.'\ b]pyridine-5-carboxylate, 

N N 
H 

0 

// 'N' 

o HNeC 0 H propyl 4-(((l1R,4R)-4-((N
methylsulfamoyl)methyl)cyclohexyl)amino)-1 H-pyrrolo[2,3

~ I~\ b]pyridine-5-carboxylate, 

N N 
H 
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0 

N N 

O HN H isopropyl 4-(((1R,4R)-4-((N
methylsulfamoyl)methyl)cyclohexyl)amino)-1H-pyrrolo[2,3

0 Ib]pyridine-5-carboxylate, 

N N 
H 

0 

~ // N 

0 N H methyl 4-(methyl((1R,4R)-4-((N
methylsulfamoyl)methyl)cyclohexyl)amino)-1H-pyrrolo[2,3

, 0b]pyridine-5-carboxylate, 

N N H 
0 

0 N 

O HN <) H methyl 4-(((1R,4R)-4-((N
methylsulfamoyl)methyl)cyclohexyl)amino)-1H-pyrrolo[2,3

0 b]pyridine-5-carboxylate.  

N N H 

7. The compound of Claim 3, wherein the compound is selected from the group consisting of: 

O HN,,- N N cyclopropylmethyl (R)-4-((1-(2-cyanoacetyl)piperidin-3

0 0 yl)amino)-1H-pyrrolo[2,3-b]pyridine-5-carboxylate, 

N N 
H 

N HN cyclopropylmethyl 4-((1-(2,2-difluorocyclopropane-1
carbonyl)piperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-5

O O carboxylate, 

N N H 

o HN" NN* < CN cyclopropylmethyl 4-(((3R,6S)-1-(2-cyanoacetyl)-6

O methylpiperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-5
O carboxylate, or 

N N H 
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o H N CN cyclopropylmethyl 4-(((3R,4R)-1-(2-cyanoacetyl)-4

O methylpiperidin-3-yl)amino)-1H-pyrrolo[2,3-b]pyridine-5
O carboxylate.  

N N H 

8. The compound of Claim 4, wherein the compound is selected from the group consisting of: 

o HN CN ethyl 4-((3-(2-cyanoethyl)cyclohexyl)amino)-1H-pyrrolo[2,3
b]pyridine-5-carboxylate, 

N" N 
H 

o HN CN (rac)-(cis)-Ethyl 4-((3-(2-cyanoethyl)cyclohexyl)amino)-1H
pyrrolo[2,3-b]pyridine-5-carboxylate, 

N" N 
H 

o HNIcI""'CN (rac)-(trans)-Ethyl 4-((3-(2-cyanoethyl)cyclohexyl)amino)
1H-pyrrolo[2,3-b]pyridine-5-carboxylate, 

N" N 
H 

o HN CN 

o (cis) Ethyl 4-((3-(2-cyanoethyl)cyclohexyl)amino)-1H
pyrrolo[2,3-b]pyridine-5-carboxylate, enantiomer 1, 

N N 
H 

Cis isomer, single enantiomer 

o HN CN 

o *(cis) Ethyl 4-((3-(2-cyanoethyl)cyclohexyl)amino)-1H
pyrrolo[2,3-b]pyridine-5-carboxylate, enantiomer 2, 

N N 
H 

Cis isomer, single enantiomer 

o HN" CN 

(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 HN CN 

(trans)-Ethyl 4-((3-(2-cyanoethyl)cyclohexyl)amino)-1H
pyrrolo[2,3-b]pyridine-5-carboxylate, enantiomer 2, 

N N H 
Trans isomer, single enantiomer 
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o HN CN (rac) (cis) Propyl 4-((3-(2-cyanoethyl)cyclohexyl)amino)-1H
pyrrolo[2,3-b]pyridine-5-carboxylate, 

N N 
H 

o HN*cI0 .`I CN (rac)-(trans)-Propyl 4-((3-(2-cyanoethyl)cyclohexyl)amino)
1H-pyrrolo[2,3-b]pyridine-5-carboxylate, 

N N 
H 

o HNQ C"-" CN racemic, trans -2-methoxyethyl 4-((3-(2
cyanoethyl)cyclohexyl)amino)-1H-pyrrolo[2,3-b]pyridine-5

N N 
carboxylate, 

H 

o HN CN 

o cis-2-methoxyethyl 4-((3-(2-cyanoethyl)cyclohexyl)amino)
1H-pyrrolo[2,3-b]pyridine-5-carboxylate, enantiomer 1, 

NN H 
Cis-enantiomer I 

o HN"' '-CN 

cis 2-methoxyethyl 4-((3-(2-cyanoethyl)cyclohexyl)amino)

N 1H-pyrrolo[2,3-b]pyridine-5-carboxylate, enantiomer 2, 
H 

Cis - enantiomer 2 

0 HNCN trans-racemic-Methyl 4-((3-(2
0 cyanoethyl)cyclohexyl)amino)-1H-pyrrolo[2,3-b]pyridine-5

N N carboxylate, 
H 

Trans 

o HN CN 
`1 cis-racemic-Methyl 4-((3-(2-cyanoethyl)cyclohexyl)amino)

1H-pyrrolo[2,3-b]pyridine-5-carboxylate, 
N N 

H 
Cis 

oHN ethyl 4-((3-(2-cyanoethyl)cyclopentyl)amino)-1H-pyrrolo[2,3

O-   b]pyridine-5-carboxylate, 

N N H 

241



0 
// N"  

'IN 

O HNe 0 " H cyclopropylmethyl 4-(((1R,4R)-4-((N
methylsulfamoyl)methyl)cyclohexyl)amino)-1H-pyrrolo[2,3

o 0b]pyridine-5-carboxylate, 

N N H 
0 

'IN 

O N H cyclopropylmethyl 4-(methyl((1R,4R)-4-((N
methylsulfamoyl)methyl)cyclohexyl)amino)-1H-pyrrolo[2,3

0 b]pyridine-5-carboxylate, 

N N H 

o HN CN isopropyl 4-(((1S,3S)-3-(2-cyanoethyl)cyclohexyl)amino)

**0 1H-pyrrolo[2,3-b]pyridine-5-carboxylate, 
N N H 

oHN CN isopropyl 4-(((1R,3R)-3-(2-cyanoethyl)cyclohexyl)amino)

0 1H-pyrrolo[2,3-b]pyridine-5-carboxylate, 

N N 

H 

0 HN*CN cyclopropyl 4-(((1S,3S)-3-(2-cyanoethyl)cyclohexyl)amino)

0 1H-pyrrolo[2,3-b]pyridine-5-carboxylate, 

N N 
H 

0 cyclopropylo4-(((R,3R)-3-(2-cyanoethyl)cyclohexyl)amno)

0o 1 H-pyrrolo[2,3-b] pyrid in e-5-ca rboxyl ate, 

N N 
H 

o HN O* N cyclopropylmethyl 4-(((l1S,3S)-3-(2
cyanoethyl)cyclohexyl)amino)-1H-pyrrolo[2,3-b]pyridine-5

0 carboxylate, 

N N 
H 
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o HNW*OIII `CN cyclopropylmethyl 4-(((1R,3R)-3-(2
cyanoethyl)cyclohexyl)amino)-1H-pyrrolo[2,3-b]pyridine-5

O carboxylate.  

N N H 

9. 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.  

10. 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.  

11. The method of Claim 10, further comprising administering another therapeutic agent.  

12. 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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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 vitiigo/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, Sjogren's syndrome, 

sarcoidosis, allergy and allergic reactions including hypersensitivity reactions such as Type I 

hypersensitivity reactions, (e.g. including anaphylaxis), Type II hypersensitivity reactions (e.g.  

Goodpasture's Disease, autoimmune hemolytic anemia), Type III 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.  

13. 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.  

14. 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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or a combination thereof wherein the pharmaceutical composition is for topical administration.  

15. 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.  

16. The method of Claim 15, further comprising administering another therapeutic agent.  

17. 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, 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 
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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 I 

hypersensitivity reactions, (e.g. including anaphylaxis), Type II hypersensitivity reactions (e.g.  

Goodpasture's Disease, autoimmune hemolytic anemia), Type III 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.  

18. 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.  

19. 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.  

20. 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.  

21. The method of Claim 20, further comprising administering another therapeutic agent.  

22. 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, 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 
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vitiligo, blue vitiligo, Koebner phenomenon, vulgaris vitiligo, generalized vitiligo, universal vitiligo), 

mixed vitiigo/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, Sjogren's syndrome, 

sarcoidosis, allergy and allergic reactions including hypersensitivity reactions such as Type I 

hypersensitivity reactions, (e.g. including anaphylaxis), Type II hypersensitivity reactions (e.g.  

Goodpasture's Disease, autoimmune hemolytic anemia), Type III 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.  

23. 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.  

24. 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.  

25. 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.  

26. The method of Claim 25, further comprising administering another therapeutic agent.  

27. 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, 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 vitiigo/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 
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syndrome, allergy and allergic reactions including hypersensitivity reactions such as Type I 

hypersensitivity reactions, (e.g. including anaphylaxis), Type II hypersensitivity reactions (e.g.  

Goodpasture's Disease, autoimmune hemolytic anemia), Type III 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.  

28. 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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