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Pyrrolo[2,3-d]pyrimidinyl, Pyrrolo[2,3-b]pyrazinyl, Pyrrolo[2,3-b]pyridinyl acrylamides
and Epoxides Thereof
FIELD OF THE INVENTION
The present invention provides pharmaceutically active pyrrolo[2,3-d]pyrimidinyl, pyrrolo[2,3-
blpyrazinyl, and pyrrolo[2,3-b]pyridinyl acrylamides, epoxides and analogues thereof. Such com-
pounds are useful for inhibiting one or more Janus Kinase (JAK). This invention also is directed to
compositions comprising methods for making such compounds, and methods for treating and prevent-

ing conditions mediated by JAK.

BACKGROUND OF THE INVENTION

Protein kinases are families of enzymes that catalyze the phosphorylation of specific residues
in proteins, broadly classified into tyrosine and serine/threonine kinases. Inappropriate kinase activity,
arising from mutation, over-expression, or inappropriate regulation, dys-regulation or de-regulation, as
well as over- or under-production of growth factors or cytokines has been implicated in many diseas-
es, including but not limited to cancer, cardiovascular diseases, allergies, asthma and other respirato-
ry diseases, autoimmune diseases, inflammatory diseases, bone diseases, metabolic disorders, and
neurological and neurodegenerative disorders such as Alzheimer's disease. Inappropriate kinase
activity triggers a variety of biological cellular responses relating to cell growth, cell differentiation, sur-
vival, apoptosis, mitogenesis, cell cycle control, and cell mobility implicated in the aforementioned and
related diseases.

Thus, protein kinases have emerged as an important class of enzymes as targets for thera-
peutic intervention. In particular, the JAK family of cellular protein tyrosine kinases (JAK1, JAK2,
JAKS, and Tyk2) play a central role in cytokine signaling (Kisseleva et al., Gene, 2002, 285, 1;
Yamaoka et al. Genome Biology, 2004, 5, 253)). Upon binding to their receptors, cytokines activate
JAK enzymes which then phosphorylate the cytokine receptor, thereby creating docking sites for sig-
naling molecules, notably, members of the signal transducer and activator of transcription (STAT)
family that ultimately lead to gene expression. Numerous cytokines are known to activate the JAK
family. These cytokines include, the IFN family (IFN-alpha, IFN-beta, IFN-omega, Limitin, IFN-
gamma, IL-10, IL-19, IL-20, IL-22), the gp130 family (IL-6, IL-11, OSM, LIF, CNTF, NNT-1/BSF-3, G-
CSF, CT-1, Leptin, IL-12, IL-23, IL-27 and [L-35), gamma-common chain family (IL-2, IL-4,IL-7, IL-9,
IL-15, IL-21,), and IL-13, TLSP, IL-3 family (IL-3, IL-5, GM-CSF), single chain family (EPO, GH, PRL,
TPO), receptor tyrosine kinases (EGF, PDGF, CSF-1, HGF), and G-protein coupled receptors (AT1).

There remains a need for new compounds that effectively and selectively inhibit specific JAK
enzymes, and JAKS in particular. JAK3 is a member of the Janus family of protein kinases composed
of JAK1, JAK2, JAK3 and TYK2, and is expressed to various levels in all tissues. Many cytokine re-
ceptors signal through pairs of JAK kinases in the following combinations: JAK1/JAK2, JAK1/JAK3,
JAK1/TYK2, JAK2/TYK2 or JAK2/JAK2. Animal studies have shown that JAK3 is implicated in the
development, function and homeostasis of the immune system. Modulation of immune activity
through inhibition of JAK3 kinase activity can prove useful in the treatment of various immune disor-
ders (Murray, P.J. J. Immunol., 178, 2623-2629 (2007); Kisseleva, T., et al., Gene, 285, 1-24 (2002);
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*8nea, J. J, etal, Cefl 106, (suppl) 81218131 (2032)) while avoiding JAK2 dependent erythro-
poietin (EPO) and thrombopoietin (TPO) signaling (Neubauer, H., et al., Celf, 93(3), 397-409 (1998);
Parganas, E., et al., Cell, 93(3), 385-95 (1998)).
SUMMARY OF THE INVENTION
The present invention provides a compound having the structure:

Ro

Rs3

or a pharmaceutically acceptable salt or solvate thereof, or an enantiomer or diastereomer thereof,
and wherein R; is selected from the group consisting of hydrogen, deuterium, C,-Cg linear or
branched chain alkyl, C,-C, cycloalkyl, Ce-Cqq aryl, monocyclic or bicyclic heteroaryl, comprising 5-
and/or 6-membered rings, (aryl)C,-Cg linear or branched chain alkyl, (heteroaryl)C,-Cg linear or
branched chain alkyl, (heterocyclic)C-Cg linear or branched chain alkyl, (C-C; linear or branched
chain alkylaryl, (C4-Cg linear or branched chain alkyl)heteroaryl, (C4-Cg linear or branched chain al-
kyhheterocyclic, C1-Cg linear or branched chain perfluoroalkyl, C4-Cg linear or branched chain alkoxy,
C,-C; linear or branched chain perfluoroalkoxy, halogen, cyano, hydroxyl, amino, carboxy, aminocar-
bonyl, (C4-Cg linear or branched chain alkyllaminocarbonylamino, (C,-Cg linear or branched chain al-
kyhaminocarbonyl, -SOR5, -SO,R 15, -NR{580,R;2, -SO,NR; 3R 14, and -NR;SO,NR4R;s; where said
alkyl, aryl and heteroaryl is independently optionally substituted with one or more substituents select-
ed from the group consisting of halo, hydroxy, methoxy, amino, cyano, alkylamino, dialkylamino, CF,
aminocarbonyl, (C4-Cg linear or branched chain alkyl)aminocarbonyl, and C;-Cg cycloalkyl;

the dotted lines to the O atom may be present or absent, and if present, the resulting ring
forms an epoxide, or if absent, an ethylene results;

R; is selected fromthe group consisting of hydrogen, deuterium, C;-Cg linear or branched
chain alkyl, C,-Cg linear or branched chain perfluoroalkyl, halogen, and cyano;

A'is —(CR,Ry)~(CR.Ry)~, wherein R,, Ry, Re and Ry are independently selected from hy-
drogen, C4-Cg linear or branched chain alkyl, C,-Cg linear or branched chain perfluoroalkyl, Cs-Cyp
aryl, monocyclic or bicyclic heteroaryl, comprising 5- and/or 6-membered rings, alkylaryl, (ary)C,-Cq
linear or branched chain alkyl, (heteroaryl)C4-Cs linear or branched chain alkyl, halogen, cyano, hy-
droxyl, C4-Cg linear or branched chain alkoxy, amino, carboxy, aminocarbonyl, (heterocyclic)C -Cg

PCT/IB2016/052220
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linear or branched chain alkyl, (C-C; linear or branched chain alkyl)aryl, (C,-Cg linear or branched
chain alkyl)heteroaryl, and (C4-Cg linear or branched chain alkyl)heterocyclic, where said alkyl is fur-
ther optionally substituted with one or more substituents selected from the group consisting of halo,
hydroxy, methoxy, amino, alkylamino, dialkylamino, CF3, and C3-Cg cycloalkyl;

Ry, R1, R4, Rs, Re, Ry, Rg, R7, Rg, Rg and Ry are independently selected from hydrogen, C;-Cg
linear or branched chain alkyl, C;-Cg linear or branched chain perfluoroalkyl, C¢-C4¢ aryl, monocyclic
or bicyclic heteroaryl, comprising 5- and/or 6-membered rings, (aryl)C;-Cs linear or branched chain
alkyl, (heteroaryl)C,-C; linear or branched chain alkyl, heteroaryl, halogen, cyano, hydroxyl, C,-Cg
linear or branched chain alkoxy, amino, carboxy, aminocarbonyl, (heterocyclic)C;-Cg linear or
branched chain alkyl, (C-Cg linear or branched chain alkyl)aryl, (C-Cg linear or branched chain al-
kyl)heteroaryl, and (C+-Cs linear or branched chain alkyl)heterocyclic, where said alkyl is further op-
tionally substituted with one or more substituents selected from the group consisting of halo, hydroxy,
methoxy, amino, alkylamino, dialkylamino, CF3, and C;-C cycloalkyl; where, alternatively, R, or Ry,
and/or Rg or R;, respectively together with either of Ry, Rs, Ry, Rs, Ry, Ry, R or Ry, may independent-
ly form a bond or a C;-Cg linear alkyl chain; and/or, alternatively, R, or Rs, respectively together with
either of R,, Ry, R, or Ry, may independently form a bond or a C4-Cg linear alkyl chain; and/or, alterna-
tively, Rg and Ry may together form a 3-B-membered ring optionally containing one or two O or N at-
oms; Ry is hydrogen or deuterium; Ry,, Rys, Rys and Rys are independently selected from hydrogen,
C4-Cs linear or branched chain alkyl, C41-Cg linear or branched chain perfluoroalkyl, Cs-C1q aryl, al-
kylaryl, and (aryl)C;-Cs linear or branched chain alkyl; Y is O or N, where when Y is O, nis 0;

one and only one of the dotted bonds to Z and Z' constitutes a single bond, the other being
absent, and either Z is C when the dotted bond to Z is a single bond, and Z'is N or CRyg; or, Z is
CRys or N when the dotted bond to Z’ is a single bond, and Z' is C; where Ry is H, C4-C, alkyl, Cs-Cqo
aryl, monocyclic or bicyclic heteroaryl, comprising 5- and/or 6-membered rings, (aryl)C;-Cg linear or
branched chain alkyl, (heteroaryl)C,-Cs linear or branched chain alkyl, (heterocyclic)C4-Cg linear or
branched chain alkyl, (C-Cg linear or branched chain alkyl)aryl, (C-Cg linear or branched chain al-
kyl)heteroaryl, or (C;-C; linear or branched chain alkyl)heterocyclic, where said alkyl is further option-
ally substituted with one or more substituents selected from the group consisting of halo, hydroxy,
methoxy, amino, CF;, and C3-Cg cycloalkyl;

X and the dotted bonds thereto may be present or absent, whereby, (a) if X is present, Y N,
and X is —(CR.Ry)s—, where R, and R; are independently hydrogen, deuterium, halo, hydroxy, C4-C,
alkoxy, amino, CFs;, C4-C; linear or branched chain alkyl, Cs-Cg cycloalkyl, Cs-Cyg aryl, monocyclic or
bicyclic heteroaryl, comprising 5- and/or 6-membered rings, (aryl)C4-Cs linear or branched chain alkyl,
(C,-Cg linear or branched chain alkyl)heteroaryl, (heteroaryl)C,-Cg linear or branched chain alkyl, or
(heterocyclic)C,-Cg linear or branched chain alkyl, and said dotted bonds are present and are single
bonds, where when n is 0, X and Y are bonded directly; and (b) if X is absent, said dotted bonds are
absent and n is 0, and when Y is N, either (i) said N atom is substituted by H, or (ii) Zis C or N, Z' is
C, the dotted bond to Z' is a single bond, the dotted bond to Z being absent, and said Y being an N
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atom together with R, and the atoms intervening therebetween form a 6-membered ring optionally
substituted by C;-Cg linear or branched chain alkyl or C,-Cg cycloalkyl; and, n, p, g, r and s are inde-
pendently 0, 1 or 2.

In other aspects, the present invention also provides:

pharmaceutical compositions which comprise a pharmaceutically acceptable carrierand a
compound of the invention;

methods for treating or preventing a disorder or condition selected from rheumatoid arthritis,
myositis, vasculitis, pemphigus, bullous pemphigoid, inflammatory bowel disease including Crohn’s
disease and ulcerative colitis, celiac diseases, proctitis, eosinophilic gastroenteritis, or mastocytosis,
Alzheimer's disease, lupus, nephritis, systemic lupus erythematosus, psoriasis, eczema dermatitis,
pruritus or other pruritic conditions, vitiligo, alopecia, autoimmune thyroid disorders, multiple sclerosis,
maijor depression disorder, allergy, asthma, Sjogren’s disease, Reiter's syndrome, polymyositis-
dermatomyositis, systemic sclerosis, polyarteritis nodosa, dry eye syndrome, Hashimoto's thyroiditis,
autoimmune hemolytic anemia, autoimmune atrophic gastritis of pernicious anemia, autoimmune en-
cephalomyelitis, autoimmune orchitis, Goodpasture's disease, autoimmune thrombocytopenia, sym-
pathetic ophthalmia, myasthenia gravis, Graves' disease, primary biliary cirrhosis, chronic aggressive
hepatitis, membranous glomerulopathy ,organ transplant rejection, graft-versus-host disease, organ
and cell transplant rejection such as bone marrow, cartilage, cornea, heart, intervertebral disc, islet,
kidney, limb, liver, lung, muscle, myoblast, nerve, pancreas, skin, small intestine, or trachea, or xeno
transplantation, including Cogan's syndrome, ankylosing spondylitis, Wegener's granulomatosis, auto-
immune alopecia, Type | or juvenile onset diabetes, and complications from diabetes, or thyroiditis,
chronic pulmonary obstructive disorder, acute respiratory disease, cachexia, cancer, including alimen-
tary/gastrointestinal tract cancer, colon cancer, liver cancer, skin cancer including mast cell tumor and
squamous cell carcinoma, breast and mammary cancer, ovarian cancer, prostate cancer, leukemia,
adult T cell leukemia activated B-cell like, diffuse large B cell ymphoma, kidney cancer, lung cancer,
muscle cancer, bone cancer, bladder cancer, brain cancer, melanoma including oral and metastatic
melanoma, Kaposi's sarcoma septic shock, cardiopulmonary dysfunction, acute myeloid leukemia, T
cell acute lymphoblastic leukemia, multiple myeloma, myeloproliferative disorders, proliferative diabet-
ic retinopathy, or angiogenic-associated disorders including solid tumors, pancreatic cancer, brain
tumors, gliomas including astrocytoma, oligodendroglioma, and glioblastoma, acute CNS trauma in-
cluding traumatic brain injury, encephalitis, stroke, and spinal card injury, epilepsy, seizures, chronic
neuroinflammation associated with neurodegeneration including Alzheimer’s disease, Parkinson’s
disease, Amyotropic Lateral Sclerosis, Huntington's disease, cerebral ischemia, fronto-temporal lobe
dementia, and with neuropsychiatric disorders including schizophrenia, bipolar disorder, treatment
resistant depression, Post Traumatic Stress Disorder, anxiety, and auto-antibodies mediated en-
cephalopathies, Eye diseases, disorders or conditions including autoimmune diseases of the eye,
keratoconjunctivitis, vernal conjunctivitis, uveitis including uveitis associated with Behcet's disease

and lens-induced uveitis, keratitis, herpetic keratitis, conical keratitis, corneal epithelial dystrophy, ker-
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atoleukoma, ocular premphigus, Mooren's ulcer, scleritis, Grave's ophthalmopathy, Vogt-Koyanagi-
Harada syndrome, keratoconjunctivitis sicca (dry eye), phlyctenule, iridocyclitis, sarcoidosis, endo-
crine ophthalmopathy, sympathetic ophthalmitis, allergic conjunctivitis, and ocular neovascularization,
comprising the step of administering to a subject an effective amount of a composition comprising a
compound or a pharmaceutically acceptable salt thereof set forth herein;

methods for treating conditions or disorders including atopic dermatitis, eczema, psoriasis,
scleroderma, lupus, pruritus, other pruritic conditions, allergic reactions including allergic dermatitis in
mammal, horse allergic diseases including bite hypersensitivity, summer eczema, sweet itch in hors-
es, heaves, inflammatory airway disease, recurrent airway obstruction, airway hyper-respansiveness,
and chronic obstruction pulmonary disease by administering to a mammal in need a therapeutically
effective amount of a compound of the invention, or a pharmaceutically acceptable salt thereof; and,

methods for the preparation of compounds of the present invention. The present invention
will be further understood from the following description given by way of example only. The present
invention is directed to a class of pyrrolo[2,3-d]pyrimidinyl, pyrrolo[2,3-b]pyrazinyl, and pyrrolo[2,3-
blpyridinyl acrylamides and analogues thereof. In particular, the present invention is directed to pyr-
rolo[2,3-b]pyrimidinyl , pyrrolo[2,3-b]pyrazinyl, and pyrrolo[2,3-b]pyridinyl acrylamides and epoxides
which are useful as inhibitors of JAK, and particularly JAK3. While the present invention is not so lim-
ited, an appreciation of various aspects of the invention will be gained through the following discus-
sion and the examples.

The term “alkyl”, alone or in combination, means an acyclic, saturated hydrocarbon group of
the formula CH,,.; which may be linear or branched. Examples of such groups include methyl, ethyl,
n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, pentyl, iso-amyl and hexyl. Unless otherwise
specified, an alkyl group comprises from 1 to 6 carbon atoms. The carbon atom content of alkyl and
various other hydrocarbon-caontaining moieties is indicated by a prefix designating a lower and upper
number of carbon atoms in the moiety, that is, the prefix C-C; indicates a moiety of the integer "i" to
the integer "j" carbon atoms, inclusive. Thus, for example, C;-Cg alkyl refers to alkyl of one to six car-
bon atoms, inclusive.

The term “hydroxy,” as used herein, means an OH radical. The term “heterocyclic” refers to a
saturated or partially saturated (i.e. non aromatic) heterocycle which may be attached via a ring nitro-
gen atom (when the heterocycle is attached to a carbon atom) or a ring carbon atom (in all cases).
Equally, when substituted, the substituent may be located on a ring nitrogen atom (if the substituent is
joined through a carbon atom) or a ring carbon atom (in all cases). Specific examples include oxiranyl,
aziridinyl, oxetanyl, azetidinyl, tetrahydrofuranyl, pyrrolidinyl, tetrahydropyranyl, piperidinyl, 1,4-
dioxanyl, morpholinyl, piperazinyl, azepanyl, oxepanyl, oxazepanyl and diazepinyl.

The term “aryl’ refers to an aromatic monocyclic or bicyclic hydrocarbon which may be at-
tached via a ring carbon atom. Equally, when substituted, the substituent may be located on a ring

carbon atom. Specific examples include phenyl, toluyl, xylyl, trimethylphenyl, and naphthyl. Exam-
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ples of aryl substituents include alkyl, hydroxyl, halo, nitrile, alkoxy, trifluoromethyl, carboxamido,
SO,Me, benzyl, and substituted benzyl.

The term “heteroary!” refers to an aromatic heterocycle which may be attached via a ring car-
bon atom (in all cases) or a ring nitrogen atom with an appropriate valency (when the heterocycle is
attached to a carbon atom). Equally, when substituted, the substituent may be located on a ring car-
bon atom (in all cases) or a ring nitrogen atom with an appropriate valency (if the substituent is joined
through a carbon atom). Specific examples include thienyl, furanyl, pyrrolyl, pyrazolyl, imidazolyl, oxa-
zolyl, isoxazolyl, thiazolyl, isothiazolyl, triazolyl, oxadiazolyl, thiadiazolyl, tetrazolyl, pyridyl, pyridazinyl,
pyrimidinyl and pyrazinyl. The term "cycloalkyl" means a monocyclic, saturated hydrocarbon group of
the formula C,H,.1. Examples include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, and cyclohep-
tyl. Unless otherwise specified, a cycloalkyl group comprises from 3 to 8 carbon atoms.

The terms “halo’ and “halogen’ refer to fluoride (F), chloride (Cl), bromide (Br) or iodide (I).

The term "mammal’ refers to human, livestock or companion animals.

The term “companion animal” or “companion animals” refers to animals kept as pets or
household animal. Examples of companion animals include dogs, cats, and rodents including ham-
sters, guinea pigs, gerbils and the like, rabbits, ferrets and birds.

The term “livestock” refers to animals reared or raised in an agricultural setting to make prod-
ucts such as food or fiber, or for its labor. In some embodiments, livestock are suitable for consump-
tion by mammals, for example humans. Examples of livestock animals include cattle, goats, horses,
pigs, sheep, including lambs, and rabbits, as well as birds, such as chickens, ducks and turkeys.

The term “treating’ or “treatment” means an alleviation of symptoms associated with a dis-
ease, disorder or condition, or halt of further progression or worsening of those symptoms. Depend-
ing on the disease and condition of the patient, the term “treatment” as used herein may include one
or more of curative, palliative and prophylactic treatment. Treatment can also include administering a
pharmaceutical formulation of the present invention in combination with other therapies.

The term "therapeutically-effective" indicates the capability of an agent to prevent, or improve
the severity of, the disorder, while avoiding adverse side effects typically associated with alternative
therapies. The phrase "therapeutically-effective" is to be understood to be eguivalent to the phrase
"effective for the treatment, prevention, or amelioration”, and both are intended to qualify the amount
of each agent for use in the combination therapy which will achieve the goal of improvement in the
severity of cancer, cardiovascular disease, or pain and inflammation and the frequency of incidence
over treatment of each agent by itself, while avoiding adverse side effects typically associated with
alternative therapies.

“Pharmaceutically acceptable” means suitable for use in mammals, companion animals or
livestock animals.

If substituents are described as being “independently selected” from a group, each substituent
is selected independent of the other. Each substituent therefore may be identical to or different from

the other substituent(s).
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DETAILED DESCRIPTION OF THE INVENTION
The present invention is related to novel compounds which are selective JAK3 modulators

useful for the treatment of diseases and conditions associated with dysregulation of the JAK3. The

wn

present invention further provides pharmaceutical compositions comprising such JAK3 modulators as
well as methods of treating and/or preventing such diseases and conditions. Accordingly, the present
invention provides a compound having the structure:

or a pharmaceutically acceptable salt or solvate thereof, or an enantiomer or diastereomer thereof,
10 and wherein variables are defined above.

In one embodiment, the invention provides a compound having the structure:

N«

N
H

or a pharmaceutically acceptable salt or solvate thereof, or an enantiomer or diastereomer thereof,
and wherein

—
N

R, is selected from the group consisting of hydrogen, deuterium, C4-Cg linear or branched
chain alkyl, C3-Cg cycloalkyl, Cs-Cqo aryl, monocyclic or bicyclic heteroaryl, comprising 5- and/or 6-
membered rings, (aryl)C4-Cg linear or branched chain alkyl, (heteroaryl)C,-Cg linear or branched chain
alkyl, (heterocyclic)C;-Cgs linear or branched chain alkyl, (C4-Cg linear or branched chain alkyl)aryl,
(C,-Cs linear or branched chain alkyl)heteroaryl, (C4-Cg linear or branched chain alkyl)heterocyclic,
20 C4-Cs linear or branched chain perfluoroalkyl, C4-Cg linear or branched chain alkoxy, C;-C; linear or
branched chain perfluoroalkoxy, halogen, cyano, hydroxyl, amino, carboxy, aminocarbonyl, (C;-Cg

linear or branched chain alkyl)aminocarbonylamino, (C,-Cs linear or branched chain al-
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kyl)aminocarbonyl, -SOR;, -SO;R 5, -NR3SO;R 2, -SO:NR 3R 4, and -NR3SO;NR,R;5; where said
alkyl, aryl and heteroaryl is independently optionally substituted with one or more substituents select-
ed from the group consisting of halo, hydroxy, methoxy, amino, cyano, alkylamino, dialkylamino, CF,,
aminocarbonyl, (C1-Cg linear or branched chain alkyl)aminocarbonyl, and C;-Cg cycloalkyl;

Rs is selected fromthe group consisting of hydrogen, deuterium, C;-Cg linear or branched
chain alkyl, C4-Cg linear or branched chain perfluoroalkyl, halogen, and cyano;

A'is —(CR.Ry)4-(CRRy)-, wherein R,, Ry, Rc and Ry are independently selected from hy-
drogen, C,-C; linear or branched chain alkyl, C;-C; linear or branched chain perfluoroalkyl, C¢-C, o
aryl, monocyclic or bicyclic heteroaryl, comprising 5- and/or 6-membered rings, alkylaryl, (aryl)C4-Cg
linear or branched chain alkyl, (heteroaryl)C,-Cg linear or branched chain alkyl, halogen, cyano, hy-
droxyl, C4-Cs linear or branched chain alkoxy, amino, carboxy, aminocarbonyl, (heterocyclic)C-Cs
linear or branched chain alkyl, (C4-Cs linear or branched chain alkyDaryl, (C4-Ce linear or branched
chain alkyl)heteroaryl, and (C,-Cg linear or branched chain alkyl)heterocyclic, where said alkyl is fur-
ther optionally substituted with one or more substituents selected from the group consisting of halo,
hydroxy, methoxy, amino, alkylamino, dialkylamino, CF;, and C-C; cycloalkyl;

Ry, R4, R4, R, Rg, Rg and Ry are independently selected from hydrogen, C4-Cg linear or
branched chain alkyl, C4-Cg¢ linear or branched chain perfluoroalkyl, Cg-Cyq aryl, monocyclic or bicyclic
heteroaryl, comprising 5- and/or 6-membered rings, (aryl)C;-Cg linear or branched chain alkyl, (het-
eroaryl)C4-Cq linear or branched chain alkyl, heteroaryl, halogen, cyano, hydroxyl, C4-Cs linear or
branched chain alkoxy, amino, carboxy, aminocarbonyl, (heterocyclic)C1-Cs linear or branched chain
alkyl, (C4-Cs linear or branched chain alkyl)aryl, (C-Cs linear or branched chain alkyl)heteroaryl, and
(C4-Cq linear or branched chain alkyl)heterocyclic, where said alkyl is further optionally substituted
with one or more substituents selected from the group consisting of halo, hydroxy, methoxy, amino,
alkylamino, dialkylamino, CF3, and C,-Cg cycloalkyl; where, alternatively, Ry or Ry, and/or Rg, respec-
tively together with either of Ry, Ra, Ry, Re or Ry, may independently form a bond or a C4-Cs linear al-
kyl chain; and/or, alternatively, Ry, respectively together with either of R,, R, R; or Ry, may inde-
pendently form a bond or a C,-Cg linear alkyl chain; and/or, alternatively, Rg and Rg may together
form a 3-6-membered ring optionally containing one or two O or N atoms; R;q is hydrogen or deuteri-
um;

Ri2, Rys, R4 @nd Ry;s are independently selected from hydrogen, C,-Cs linear or branched
chain alkyl, C4-Cg linear or branched chain perfluoroalkyl, C;-Cyq aryl, alkylaryl, and (aryl)C4-Cg linear
or branched chain alkyl;

Y is O or N, where when Y is O, nis 0;

the dotted lines to the O atom may be present or absent, and if present, the resulting ring
forms an epoxide, or if absent, an ethylene results;

one and only one of the dotted bonds to Z and Z’ constitutes a single bond, the other being
absent, and either Z is C when the dotted bond to Z is a single bond, and Z'is N or CR;; or, Z is

CRys or N when the dotted bond to Z’ is a single bond, and Z' is C; where Ry is H, C4-C, alkyl, Cs-Cqo
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aryl, monocyclic or bicyclic heteroaryl, comprising 5- and/or 6-membered rings, (aryl)C,-Cg linear or
branched chain alkyl, (heteroaryl)C,-C; linear or branched chain alkyl, (heterocyclic)C;-Cg linear or
branched chain alkyl, (C41-Cs linear or branched chain alkyl)aryl, (C4-Cs linear or branched chain al-
kylDheteroaryl, or (C1-Cs linear or branched chain alkyl)heterocyclic, where said alkyl is further option-
ally substituted with one or more substituents selected from the group consisting of halo, hydroxy,
methoxy, amino, CF;, and C;-Cq cycloalkyl,

X and the dotted bonds thereto may be present or absent, whereby, (a) if X is present, Y is N,
and X is —(CR.R),—, where R, and R; are independently hydrogen, deuterium, halo, hydroxy, C,-C,
alkoxy, amino, CF3, C4-C; linear or branched chain alkyl, Cs-Cg cycloalkyl, Cs-Cyg aryl, monocyclic or
bicyclic heteroaryl, comprising 5- and/or 6-membered rings, (aryl)C4-Cg linear or branched chain alkyl,
(C4-Cq linear or branched chain alkyl)heteroaryl, (heteroaryl)C4-Cs linear or branched chain alkyl, or
(heterocyclic)C4-Cs linear or branched chain alkyl, and said dotted bonds are present and are single
bonds, where when nis 0, X and Y are bonded directly; and (b) if X is absent, said dotted bonds are
absent and n is 0, and when Y is N, either (i) said N atom is substituted by H, or (ii) Zis C or N, Z' is
C, the dotted bond to Z’ is a single bond, the dotted bond to Z being absent, and said Y being an N
atom together with R, and the atoms intervening therebetween form a 6-membered ring optionally
substituted by C;-Cg linear or branched chain alkyl or Cs-Cg cycloalkyl; and, n, p, g, r and s are inde-
pendently 0, 1 or 2.

In another embodiment, the invention provides a compound having the structure:

or a pharmaceutically acceptable salt or solvate thereof, or an enantiomer or diastereomer thereof,
and wherein

R, is selected from the group consisting of hydrogen, deuterium, C-Cg linear or branched
chain alkyl, C3-Cg cycloalkyl, Cs-Cyo aryl, monocyclic or bicyclic heteroaryl, comprising 5- and/or 6-
membered rings, (aryl)C4-Cs linear or branched chain alkyl, (heteroaryl)C4-Cs linear or branched chain
alkyl, (heterocyclic)C;-Cs linear or branched chain alkyl, (C4-Cs linear or branched chain alkyl)aryl,
(C4-Cg linear or branched chain alkyl)heteroaryl, (C,-Cg linear or branched chain alkyl)heterocyclic,
C,-Cs linear or branched chain perfluoroalkyl, C,-Cg linear or branched chain alkoxy, C4-C; linear or
branched chain perfluoroalkoxy, halogen, cyano, hydroxyl, amino, carboxy, aminocarbonyl, (C;-Cs
linear or branched chain alkyl)aminocarbonylamino, (C;-Cg linear or branched chain al
kyl)aminocarbonyl, -SOR;;, -SO,R;5, -NR;;SO,R;5, -SO,NR3R4, and -NR;SO,NR,,Rs; where said
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alkyl, aryl and heteroaryl is independently optionally substituted with one or more substituents select-
ed from the group consisting of halo, hydroxy, methoxy, amino, cyano, alkylamino, dialkylamino, CF,,
aminocarbonyl, (C1-Cg linear or branched chain alkyl)aminocarbonyl, and C3-Cg cycloalkyl;

R; is selected from the group consisting of hydrogen, deuterium, C4-Cg linear or branched
chain alkyl, C4-Cg linear or branched chain perfluoroalkyl, halogen, and cyano;

Ais —(CR,R,),-(CR.Ry)—, wherein R,, Ry, Rc and Ry are independently selected from hy-
drogen, C;-Cq linear or branched chain alkyl, C4-Cg linear or branched chain perfluoroalkyl, Cs-Cy
aryl, monocyclic or bicyclic heteroaryl, comprising 5- and/or 8-membered rings, alkylaryl, (ary[)C,-C,
linear or branched chain alkyl, (heteroaryl)C,-Cg linear or branched chain alkyl, halogen, cyano, hy-
droxyl, C4-Cg linear or branched chain alkoxy, amino, carboxy, aminocarbonyl, (heterocyclic)C -Cg
linear or branched chain alkyl, (C-Cs linear or branched chain alkyl)aryl, (C4-Cs linear or branched
chain alkylheteroaryl, and (C+-Cg linear or branched chain alkyl)heterocyclic, where said alkyl is fur-
ther optionally substituted with one or more substituents selected from the group consisting of halo,
hydroxy, methoxy, amino, alkylamino, dialkylamino, CF3, and C;-Cg cycloalkyl;

Ro, R1, Ry, Rs, Rg, Rg and Ry, are independently selected from hydrogen, C,-Cg linear or
branched chain alkyl, C,-Cg linear or branched chain perfluoroalkyl, Cs-C4q aryl, monocyclic or bicyclic
heteroaryl, comprising 5- and/or 6-membered rings, (aryl)C;-Cg linear or branched chain alkyl, (het-
eroaryl)C4-Cg linear or branched chain alkyl, heteroaryl, halogen, cyano, hydroxyl, C;-Cs linear or
branched chain alkoxy, amino, carboxy, aminocarbonyl, (heterocyclic)C+-Cs linear or branched chain
alkyl, (C4-Cg linear or branched chain alkyl)aryl, (C1-Cs linear or branched chain alkyl)heteroaryl, and
(C4-Cs linear or branched chain alkyl)heterocyclic, where said alkyl is further optionally substituted
with one or more substituents selected from the group consisting of halo, hydroxy, methoxy, amino,
alkylamino, dialkylamino, CF3, and C,;-Cg cycloalkyl; where, alternatively, Ry or Ry, and/or Rg, respec-
tively together with either of Ry, Ry, Ry, Re or Ry, may independently form a bond or a C,-Cg linear al-
kyl chain; and/or, alternatively, Ry, respectively together with either of R,, R,, R or Ry, may inde-
pendently form a bond or a C,-C; linear alkyl chain; and/or, alternatively, Rg and Rg may together
form a 3-6-membered ring optionally containing one ortwo O or N atoms;

Y is O or N, where when Y is O, nis 0;

R11 IS hydrogen or deuterium;

Ri2, Rys, Ryg @nd Ry;s are independently selected from hydrogen, C,-Cs linear or branched
chain alkyl, C4-Cg linear or branched chain perfluoroalkyl, C¢-Cyq aryl, alkylaryl, and (aryl)C4-Cg linear
or branched chain alkyl;

X and the dotted bonds thereto may be present or absent, whereby, (a) if X is present, Y is
N, and X is —(CReRf)s-—, where Re and Rf are independently hydrogen, deuterium, halo, hydroxy,
C1-C4 alkoxy, amino, CF3, C1-C6 linear or branched chain alkyl, C3-C6 cycloalkyl, C6-C10 aryl,
monocyclic or bi-cyclic heteroaryl, comprising 5- and/or 6-membered rings, (aryl)C1-C6 linear or
branched chain alkyl, (C1-C6 linear or branched chain alkyl)heteroaryl, (heteroaryl)C1-C6 linear or

branched chain alkyl, or (hetero-cyclic)C1-C86 linear or branched chain alkyl, and said dotted bonds
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are present and are single bonds, where when n is 0, X and Y are bonded directly; and (b) if X is ab-
sent, said dotted bonds are absent and n is 0, and when Y is N, either (i) said N atom is substituted by
H, or(iiyZis C orN, Z is C, the dotted bond to Z’ is a single bond, the dotted bond to Z being absent,
and said Y being an N atom together with R2 and the atoms intervening therebetween forma 6-
membered ring optionally substituted by C1-C6 linear or branched chain alkyl or C3-C6 cycloalkyl;
and, n, p, g, rand s are independently 0, 1 or 2.

In another embodiment, the invention provides the compound having the structure:

Ry

AN
N\ a,
'

or a pharmaceutically acceptable salt or solvate thereof, or an enantiomer or diastereomer thereof,
and wherein R, is selected from the group consisting of hydrogen, deuterium, C4-Cg linear or
branched chain alkyl, C5-Cg cycloalkyl, Ce-Cqg aryl, monocyclic or bicyclic heteroaryl, comprising 5-
and/or 6-membered rings, (aryl)C;-Cs linear or branched chain alkyl, (heteroaryl)C,-Cs linear or
branched chain alkyl, (heterocyclic)C-Cg linear or branched chain alkyl, (C;-C; linear or branched
chain alkyl)aryl, (C4-Cg linear or branched chain alkyl)heteroaryl, (C4-Cg linear or branched chain al-
kylheterocyclic, C1-Cg linear or branched chain perfluoroalkyl, C4-Cg linear or branched chain alkoxy,
C;-Cs linear or branched chain perfluoroalkoxy, halogen, cyano, hydroxyl, amino, carboxy, aminocar-
bonyl, (C;-Cg linear or branched chain alkyljaminocarbonylamino, (C,-Cg linear or branched chain al-
kyl)aminocarbonyl, -SOR 3, -SO;R12, -NR380;R 2, -SO;NR ;3R 14, and -NR;SO,NR4R5; where said
alkyl, aryl and heteroaryl is independently optionally substituted with one or more substituents select-
ed from the group consisting of halo, hydroxy, methoxy, amino, cyano, alkylamino, dialkylamino, CF,
aminocarbonyl, (C4-Cg linear or branched chain alkyl)aminocarbonyl, and C;-Cg cycloalkyl;

R; is selected from the group consisting of hydrogen, deuterium, C;-Cg linear or branched
chain alkyl, C4-Cg linear or branched chain perfluoroalkyl, halogen, and cyano;
Ais —(CR.Ry)-(CRRy)~—, wherein R,, Ry, Rc and Ry are independently selected from hydrogen, C,-
Cs linear or branched chain alkyl, C,-C; linear or branched chain perfluoroalky!, Cs-C,y aryl, monocy-
clic or bicyclic heteroaryl, comprising 5- and/or 6-membered rings, alkylaryl, (aryl)C,-Cs linear or
branched chain alkyl, (heteroaryl)C4-C; linear or branched chain alkyl, halogen, cyano, hydroxyl, C;-
Cs linear or branched chain alkoxy, amino, carboxy, aminocarbanyl, (heterocyclic)C,-Cg linear or
branched chain alkyl, (C4-Cg linear or branched chain alkylaryl, (C;-C; linear or branched chain al-
kyl)heteroaryl, and (C4-C; linear or branched chain alkyl)heterocyclic, where said alkyl is further op-
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tionally substituted with one or more substituents selected from the group consisting of halo, hydroxy,
methoxy, amino, alkylamino, dialkylamino, CFs, and C,;-Cg cycloalkyl;
the dotted lines to the O atom may be present or absent, and if present, the resulting ring

forms an epoxide, or if absent, an ethylene results;

Ry, Ry, Ry, Re, Rg, Rg and R, are independently selected from hydrogen, deuterium, C4-Cg lin-
ear or branched chain alkyl, C-Cs linear or branched chain perfluoroalkyl, Cs-C;; aryl, monocyclic or
bicyclic heteroaryl, comprising 5- and/or 6-membered rings, (aryl)C,-Cg linear or branched chain alkyl,
(heteroaryl)C,-Cg linear or branched chain alkyl, heteroaryl, halogen, cyano, hydroxyl, C;-Cg linear or
branched chain alkoxy, amino, carboxy, aminocarbonyl, (heterocyclic)C-Cg linear or branched chain
alkyl, (C4-Cs linear or branched chain alkyl)aryl, (C1-Cs linear or branched chain alkyl)heteroaryl, and
(C+-Cs linear or branched chain alky)heterocyclic, where said alkyl is further optionally substituted
with one or more substituents selected from the group consisting of halo, hydroxy, methoxy, amino,
alkylamino, dialkylamino, CF;, and C;-Cg cycloalkyl; where, alternatively, R, or Ry, and/or Rg, respec-
tively together with either of Ry, R,, Ry, R or Ry, may independently form a bond or a C,-C; linear al-
kyl chain; and/or, alternatively, Ry, respectively together with either of R,, R,, R, or Ry, may inde-
pendently form a bond or a C,-Cg linear alkyl chain; and/or, alternatively, Rg and Rg may together
form a 3-6-membered ring optionally containing one ortwo O or N atoms; Ry; is hydrogen or deuteri-
um;

R17, Ri3, Ri4 and Rys are independently selected from hydrogen, deuterium, C4-Cs linear or
branched chain alkyl, C,-Cq linear or branched chain perfluoroalkyl, C4-C;q aryl, alkylaryl, and (aryl)C,-
Cs linear or branched chain alkyl; and, p, g, and r are independently 0, 1 or 2.

In another embodiment, the invention provides the compound having the structure:

or a pharmaceutically acceptable salt or solvate thereof, or an enantiomer or diastereomer thereof,
and wherein R, is selected from the group consisting of hydrogen, deuterium, C;-Cg linear or
branched chain alkyl, C5-C¢ cycloalkyl, Cs-C4p aryl, monocyclic or bicyclic heteroaryl, comprising 5-
and/or 6-membered rings, (aryl)C,-Cg linear or branched chain alkyl, (heteroaryl)C,-Cg linear or
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branched chain alkyl, (heterocyclic)C,-C; linear or branched chain alkyl, (C4-C; linear or branched
chain alkyl)aryl, (C4-Cg linear or branched chain alkyl)heteroaryl, (C4-Cg linear or branched chain al-
kylheterocyclic, C1-Cg linear or branched chain perfluoroalkyl, C4-Cs linear or branched chain alkoxy,
C1-Cs linear or branched chain perfluoroalkoxy, halogen, cyano, hydroxyl, amino, carboxy, aminocar-
bonyl, (C4-Cg linear or branched chain alkyl)aminocarbonylamino, (C,-Cg linear or branched chain al-
kyh)aminocarbonyl, -SOR;,, -SO,R;,, -NR;SO.R;,, -SO,NR;R;;, and -NR;SO,NR,R;5; where said
alkyl, aryl and heteroaryl is independently optionally substituted with one or more substituents select-
ed from the group consisting of halo, hydroxy, methoxy, amino, cyano, alkylamino, dialkylamino, CF;,
aminacarbonyl, (C4-Cg linear or branched chain alkyl)aminocarbonyl, and C,-Cg cycloalkyl;

Rs is selected from the group consisting of hydrogen, deuterium, C;-Cg linear or branched
chain alkyl, C4-Cs linear or branched chain perfluoroalkyl, halogen, and cyano;

Ra, Ro, Rc and Ry are independently selected from hydrogen, C4-Cs linear or branched chain alkyl,
C,-Cs linear or branched chain perfluoroalkyl, aryl, alkylaryl, (aryl)C4-Cg linear or branched chain alkyl,
(heteroaryl)C,-C; linear or branched chain alkyl, heteroaryl, halogen, cyano, hydroxyl, C,-Cg linear or
branched chain alkoxy, amino, carboxy, aminocarbonyl, (heterocyclic)C;-Cg linear or branched chain
alkyl, (C4-Cg linear or branched chain alkyl)aryl, (C;-Cg linear or branched chain alkyl)heteroaryl, and
(C4-Cg linear or branched chain alkyl)heterocyclic, where said alkyl is further optionally substituted
with one or more substituents selected from the group consisting of halo, hydroxy, methoxy, amino,
alkylamino, dialkylamino, CF3, and Cs-Cg cycloalkyl;

the dotted lines to the O atom may be present or absent, and if present, the resulting ring
forms an epoxide, or if absent, an ethylene results;

Y is O or N where N may be substituted by H or alkyl;

Ry, R1, R4, Rg, Rs, Rg and R, are independently selected from hydrogen, deuterium C4-Cg lin-
ear or branched chain alkyl, C4-Cg linear or branched chain perfluoroalkyl, C5-C4, aryl, monocyclic or
bicyclic heteroaryl, comprising 5- and/or 6-membered rings, (aryl)C;-Cg linear or branched chain alkyl,
(heteroaryl)C,-Cg linear or branched chain alkyl, heteroaryl, halogen, cyano, hydroxyl, C,-Cg linear or
branched chain alkoxy, amino, carboxy, aminocarbonyl, (heterocyclic)C,-Cg linear or branched chain
alkyl, (C4-Cg linear or branched chain alkyl)aryl, (C-Cs linear or branched chain alkyl)heteroaryl, and
(C4-Cq linear or branched chain alkyl)heterocyclic, where said alkyl is further optionally substituted
with one or more substituents selected from the group consisting of halo, hydroxy, methoxy, amino,
alkylamino, dialkylamino, CF3, and C,;-Cg cycloalkyl; where, alternatively, Ry or Ry, and/or Rg, respec-
tively together with either of Ry, Ra, Ry, Re or Ry, may independently form a bond or a C,-Cg linear al-
kyl chain; and/or, alternatively, Ry, respectively together with either of R,, Ry, R. or Ry, may inde-
pendently form a bond or a C,-Cg linear alkyl chain; and/or, alternatively, Rz and Rg may together
form a 3-6-membered ring optionally containing one or two O or N atoms; R4 is hydrogen or deuteri-

um;
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Ry2, Rya, Ry4 and Ry;s are independently selected from hydrogen, deuterium C4-Cg linear or
branched chain alkyl, C;-Cg¢ linear or branched chain perfluoroalkyl, C-Cyq aryl, alkylaryl, and (aryl)C;-
Cs linear or branched chain alkyl; and, t and u are independently 0, 1 or 2.

In another embodiment, the invention provides the compound having the structure:

[o]
R1p
\
Rd \
Rg }/ ) n Rz
z
\ \
| g

Y

R4 N H

or a pharmaceutically acceptable salt or solvate thereof, or an enantiomer or diastereomer thereof,
and wherein R; is selected from the group consisting of hydrogen, deuterium, C,-C; linear or
branched chain alkyl, C,-Cq cycloalkyl, Cs-C,q aryl, monocyclic or bicyclic heteroaryl, comprising 5-
and/or 6-membered rings, (aryl)C,-Cg linear or branched chain alkyl, (heteroaryl)C,-Cs linear or
branched chain alkyl, (heterocyclic)C-Cg linear or branched chain alkyl, (C-C; linear or branched
chain alkylaryl, (C4-Cg linear or branched chain alkyl)heteroaryl, (C4-Cg linear or branched chain al-
kylheterocyclic, C1-Cg linear or branched chain perfluoroalkyl, C1-Cg linear or branched chain alkoxy,
C,-Cs linear or branched chain perfluoroalkoxy, halogen, cyano, hydroxyl, amino, carboxy, aminocar-
bonyl, (C,-Cg linear or branched chain alkyljaminocarbonylamino, (C,-Cg linear or branched chain al-
kyl)aminocarbonyl, -SOR;,, -SO;R 5, -NR;.SO,R 5, -SO,NR 3R 4, and -NR;SO,NR4R45; where said
alkyl, aryl and heteroaryl is independently optionally substituted with one or more substituents select-
ed from the group consisting of halo, hydroxy, methoxy, amino, cyano, alkylamino, dialkylamino, CF,
aminocarbonyl, (C;-Cg linear or branched chain alkyl)aminocarbonyl, and C5-Cg cycloalkyl;

R; is selected from the group consisting of hydrogen, deuterium, C,-Cg linear or branched
chain alkyl, C4-Cg linear or branched chain perfluoroalkyl, halogen, and cyano;

A is —(CR.R,)~(CR.Ry)~, wherein R,, Ry, R and R,y are independently selected from hy-
drogen, C,-Cg linear or branched chain alkyl, C4-Cg linear or branched chain perfluoroalkyl, Cg-Cqg
aryl, monocyclic or bicyclic heteroaryl, comprising 5- and/or 6-membered rings, alkylaryl, (aryl)C4-Cg
linear or branched chain alkyl, (heteroaryl)C,-C; linear or branched chain alkyl, halogen, cyano, hy-
droxyl, C4-Cg linear or branched chain alkoxy, amino, carboxy, aminocarbonyl, (heterocyclic)C -Cg
linear or branched chain alkyl, (C,-C; linear or branched chain alkyl)aryl, (C,-Cg linear or branched
chain alkyl)heteroaryl, and (C,-C linear or branched chain alkyl)heterocyclic, where said alky! is fur-
ther optionally substituted with one or more substituents selected from the group consisting of halo,
hydroxy, methoxy, amino, alkylamino, dialkylamino, CF3, and Cs-Cg cycloalkyl;

Y is O or N, where when Y is O, nis 0;

PCT/IB2016/052220
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Z is CRy; or N; where Ry is H, C4-C, alkyl, C5-Cyp aryl, monocyclic or bicyclic heteroaryl,
comprising 5- and/or 6-membered rings, (aryl)C,-Cg linear or branched chain alkyl, (heteroaryl)C-Cg
linear or branched chain alkyl, (heterocyclic)C4-Cg linear or branched chain alkyl, (C4-Cs linear or
branched chain alkyl)aryl, (C4-Cs linear or branched chain alkyl)heteroaryl, or (C1-Cs linear or
branched chain akyl)heterocyclic, where said alkyl is further optionally substituted with one or more
substituents selected from the group consisting of halo, hydroxy, methoxy, amino, CF3, and C;-Cg Cy-
cloalkyl;

R., Ry, R, and R, are independently selected from hydrogen, deuterium C,-C; linear or
branched chain alkyl, C;-Cg linear or branched chain perfluoroalkyl, aryl, alkylaryl, (aryl)C,-C; linear or
branched chain alkyl, (heteroaryl)C,-Cs linear or branched chain alkyl, heteroaryl, halogen, cyano,
hydroxyl, C4-Cg linear or branched chain alkoxy, amino, carboxy, aminocarbonyl, (heterocyclic)C4-Cs
linear or branched chain alkyl, (C4-Cs linear or branched chain alkyDaryl, (C4-Cs linear or branched
chain alkyl)heteroaryl, and (C,-Cg linear or branched chain alkyl)heterocyclic, wherein said alkyl is
further optionally substituted with one or more substituents selected from the group consisting of halo,
hydroxy, methoxy, amino, alkylamino, dialkylamino, CF,, and Cs-C; cycloalkyl, where said alkyl is fur-
ther optionally substituted with one or more substituents selected from the group consisting of halo,
hydroxy, methoxy, amino, alkylamino, dialkylamino, CF3, and Cs-Cg cycloalkyl;

Ry, R1, R4, R, Rs, Rg and Ry are independently selected from hydrogen, deuterium C4-Cg lin-
ear or branched chain alkyl, C4-Cs linear or branched chain perfluoroalkyl, Cs-C4g aryl, monocyclic or
bicyclic heteroaryl, comprising 5- and/or 6-membered rings, (aryl)C,-Cg linear or branched chain alkyl,
(heteroaryl)C,-C; linear or branched chain alkyl, heteroaryl, halogen, cyano, hydroxyl, C,-Cg linear or
branched chain alkoxy, amino, carboxy, aminocarbonyl, (heterocyclic)C;-Cs linear or branched chain
alkyl, (C4-Cg linear or branched chain alkyl)aryl, (C-Cs linear or branched chain alkyl)heteroaryl, and
(C4-Cq linear or branched chain alkyl)heterocyclic, where said alkyl is further optionally substituted
with one or more substituents selected from the group consisting of halo, hydroxy, methoxy, amino,
alkylamino, dialkylamino, CFs, and C5-Cg cycloalkyl; where, alternatively, Ry or Ry, and/or Rg, respec-
tively together with either of Ry, Ry, Ry, R or Ry, may independently form a bond or a C,-Cg linear al-
kyl chain; and/or, alternatively, Ry, respectively together with either of R,, Rp, R¢ or Rg, may inde-
pendently form a bond or a C4-Cg linear alkyl chain; and/or, alternatively, Rg and Ry may together
form a 3-6-membered ring optionally containing one or two O or N atoms; R,, is hydrogen or deuteri-
um; CR'Ry;, Rys, Rys and Ry; are independently selected from hydrogen, C,-Cg linear or branched
chain alkyl, C4-Cg linear or branched chain perfluoroalkyl, C;-Cyq aryl, alkylaryl, and (aryl)C4-Cg linear
or branched chain alkyl;

X and the dotted bonds thereto may be present or absent, whereby, (a) if X is present, Y is N,
and X is —{CRRy)s—, where R, and R; are independently hydrogen, deuterium, halo, hydroxy, C,-C,
alkoxy, amino, CF;, C4-C; linear or branched chain alkyl, C5-Cg cycloalkyl, Cs-C4o aryl, monocyclic or
bicyclic heteroaryl, comprising 5- and/or 6-membered rings, (aryl)C,-Cg linear or branched chain alkyl,

(C4-Cg linear or branched chain alkyl)heteroaryl, (heteroaryl)C,-Cg linear or branched chain alkyl, or
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(heterocyclic)C,-Cg linear or branched chain alkyl, and said dotted bonds are present and are single
bonds, where when nis 0, X and Y are bonded directly; and (b) if X is absent, said dotted bonds are
absent and n is 0, and when Y is N, said N atom is substituted by H; and, n, p, g, r and s are inde-
pendently 0, 1 or 2.

In another embodiment, the invention provides the compound having the structure:

or a pharmaceutically acceptable salt thereof, and wherein R, is selected from the group consisting of
hydrogen, deuterium, C4-Cs linear or branched chain alkyl, C5-Cg cycloalkyl, Cs-Cyq aryl, monocyclic or
bicyclic heteroaryl, comprising 5- and/or 6-membered rings, (aryl)C,-Cs linear or branched chain alkyl,
(heteroaryl)C -Cs linear or branched chain alkyl, (heterocyclic)C-Cs linear or branched chain alkyl,
(C,-Cq linear or branched chain alkylaryl, (C,-Cg linear or branched chain alkyl)heteroaryl, (C,-C; lin-
ear or branched chain alkylheterocyclic, C-Cg linear or branched chain perfluaroalkyl, C4-Cg linear or
branched chain alkoxy, C,-Cg linear or branched chain perfluoroalkoxy, halogen, cyano, hydroxyl,
amino, carboxy, aminocarbonyl, (C,-Cs linear or branched chain alkyhaminocarbonylamino, (C4-Cs
linear or branched chain alkyl)aminocarbonyl, -SOR,, -SO,R 5, -NR{3S0,R,, -SOsNR,3R44, and -
NR,;3SO,NR4R,5; where said alkyl, aryl and heteroaryl is independently optionally substituted with
one or more substituents selected from the group consisting of halo, hydroxy, methoxy, amino, cyano,
alkylamino, dialkylamino, CF;, aminocarbonyl, (C4-Cs linear or branched chain alkyl)aminocarbonyl,
and C;-Cg cycloalkyl;

R; is selected fromthe group consisting of hydrogen, deuterium, C;-Cg linear or branched
chain alkyl, C-Cg linear or branched chain perfluoroalkyl, halogen, and cyano;

Z' is CRy5 or N; where Ry5 is H, C4-C4 alkyl, C5-C4p aryl, monocyclic or bicyclic heteroaryl,
comprising 5- and/or 6-membered rings, (aryl)C,-C; linear or branched chain alkyl, (heteroaryl)C;-Cg
linear or branched chain alkyl, (heterocyclic)C,-Cg linear or branched chain alkyl, (C4-Cg linear or
branched chain alkyl)aryl, (C;-Cg linear or branched chain alkyl)heteroaryl, or (C,-Cg linear or
branched chain akyl)heterocyclic, where said alkyl is further optionally substituted with one or more
substituents selected from the group consisting of halo, hydroxy, methoxy, amino, CF3, and C3-Cg Cy-
cloalkyl;

the dotted lines to the O atom may be present or absent, and if present, the resulting ring
forms an epoxide, or if absent, an ethylene results;

Ro, Ry, R, Rg, Rg and Ry are independently selected from hydrogen, deuterium C4-Cg linear
or branched chain alkyl, C;-Cg linear or branched chain perfluoroalkyl, C¢-Cy aryl, monocyclic or bicy-
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clic heteroaryl, comprising 5- and/or 6-membered rings, (aryl)C,-Cg linear or branched chain alkyl,
(heteroaryl)C,-Cg linear or branched chain alkyl, heteroaryl, halogen, cyano, hydroxyl, C,-Cg linear or
branched chain alkoxy, amino, carboxy, aminocarbonyl, (heterocyclic)C+-Cs linear or branched chain
alkyl, (C4-Cg linear or branched chain alkyl)aryl, (C-Cs linear or branched chain alkyl)heteroaryl, and
(C4-Cg linear or branched chain alkyl)heterocyclic, where said alkyl is further optionally substituted
with one or more substituents selected from the group consisting of halo, hydroxy, methoxy, amino,
alkylamino, dialkylamino, CF;, and C;-Cg cycloalkyl; where, alternatively, R, or Ry, and/or R, respec-
tively together with either of R,, R,, R, or Ry, may independently form a bond or a C,-C; linear alkyl
chain; and/or, alternatively, Ry, respectively together with either of R,, Ry, R, or Ry, may independently
form a bond or a C;-Cg linear alkyl chain; and/or, alternatively, Rg and Rg may together form a 3-6-
membered ring optionally containing one ortwo O or N atoms; R4 is hydrogen or deuterium; and,

Ris, R, R14 and Rys are independently selected from hydrogen, deuterium C4-Cg linear or
branched chain alkyl, C,-Cg linear or branched chain perfluoroalkyl, C¢-C,¢ aryl, alkylaryl, and (aryl)C,-
Cs linear or branched chain alkyl.

In another embodiment, the invention provides the compound having the structure:

Rqp

Ry

Ry N H

or a pharmaceutically acceptable salt or solvate thereof, or an enantiomer or diastereomer thereof,
and wherein R; is selected from the group consisting of hydrogen, deuterium, C4-Cg linear or
branched chain alkyl, C,-Cg cycloalkyl, Cs-C4g aryl, monocyclic or bicyclic heteroaryl, comprising 5-
and/or 6-membered rings, (aryl)C,-Cg linear or branched chain alkyl, (heteroaryl)C,-Cs linear or
branched chain alkyl, (heterocyclic)C-Cg linear or branched chain alkyl, (C-Cs linear or branched
chain alkylaryl, (C;-Cg linear or branched chain alkyl)heteroaryl, {(C,-Cg linear or branched chain al-
kyl)heterocyclic, C;-Cg linear or branched chain perfluoroalkyl, C4-Cg linear or branched chain alkoxy,
C,-Cs linear or branched chain perfluoroalkoxy, halogen, cyano, hydroxyl, amino, carboxy, aminocar-
bonyl, (C4-Cg linear or branched chain alkyljaminocarbonylamino, (C,-Cg linear or branched chain al-
ky)aminocarbonyl, -SOR5, -SO:R 2, -NR1380:R 5, -SO:NR 3R 14, and -NR;S0O:NR4,R5, where said
alkyl, aryl and heteroaryl is independently optionally substituted with one or more substituents select-
ed from the group consisting of halo, hydroxy, methoxy, amino, cyano, alkylamino, dialkylamino, CF,
aminocarbonyl, (C;-Cg linear or branched chain alkyl)aminocarbonyl, and C,-Cg cycloalkyl;

R; is selected from the group consisting of hydrogen, deuterium, C;-Cg linear or branched
chain alkyl, C;-Cg linear or branched chain perfluoroalkyl, halogen, and cyano;
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Ais —(CR,Ry)4~(CRRy)~—, wherein R,, Ry, R; and Ry are independently selected from hy-
drogen, C;-Cg linear or branched chain alkyl, C4-Cg linear or branched chain perfluoroalkyl, C¢-Cyp
aryl, monocyclic or bicyclic heteroaryl, comprising 5- and/or 6-membered rings, alkylaryl, (aryl)C4-Cs
linear or branched chain alkyl, (heteroaryl)C4-Cg linear or branched chain alkyl, halogen, cyano, hy-
droxyl, C4-Cg linear or branched chain alkoxy, amino, carboxy, aminocarbonyl, (heterocyclic)C-Cg
linear or branched chain alkyl, (C;-Cs linear or branched chain alkyl)aryl, (C,-C; linear or branched
chain alkyl)heteroaryl, and (C,-C linear or branched chain alkyl)heterocyclic, where said alky! is fur-
ther optionally substituted with one or more substituents selected from the group consisting of halo,
hydroxy, methoxy, amino, alkylamino, dialkylamino, CF3, and Cs-Cg cycloalkyl;

R.. Rp, Rcand Ry are independently selected from hydrogen, C4-Cg linear or branched chain
alkyl, C+-Cg linear or branched chain perfluoroalkyl, aryl, alkylaryl, (aryl)C4-Cs linear or branched chain
alkyl, (heteroary)C4-Cs linear or branched chain alkyl, heteroaryl, halogen, cyano, hydroxyl, C-Ce
linear or branched chain alkoxy, amino, carboxy, aminocarbonyl, (heterocyclic)C,-Cg linear or
branched chain alkyl, (C4-Cs linear or branched chain alkyl)aryl, (C,-C¢ linear or branched chain al-
kyl)heteroaryl, and (C;-Cg linear or branched chain alkyl)heterocyclic, wherein said alkyl is further op-
tionally substituted with one or more substituents selected from the group consisting of halo, hydroxy,
methoxy, amino, alkylamino, dialkylamino, CF,, and C,-Cg cycloalkyl, where said alkyl is further op-
tionally substituted with one or more substituents selected from the group consisting of halo, hydroxy,
methoxy, amino, alkylamino, dialkylamino, CF3, and Cs-Cs cycloalkyl;

Ry, R1, R4, Rs, Rg, Rg and Ry are independently selected from hydrogen, C4-Cg linear or
branched chain alkyl, C,-Cq linear or branched chain perfluoroalkyl, Cs-C;q aryl, monocyclic or bicyclic
heteroaryl, comprising 5- and/or 6-membered rings, (aryl)C,-Cg linear or branched chain alkyl, (het-
eroaryl)C,-Cg¢ linear or branched chain alkyl, heteroaryl, halogen, cyano, hydroxyl, C,-Cs linear or
branched chain alkoxy, amino, carboxy, aminocarbonyl, (heterocyclic)C-Cg linear or branched chain
alkyl, (C4-Cg linear or branched chain alkyl)aryl, (C-Cs linear or branched chain alkyl)heteroaryl, and
(C4-Cq linear or branched chain alkyl)heterocyclic, where said alkyl is further optionally substituted
with one or more substituents selected from the group consisting of halo, hydroxy, methoxy, amino,
alkylamino, dialkylamino, CF;, and C;-Cg cycloalkyl; where, alternatively, Ry or Ry, and/or Rg, respec-
tively together with either of Ry, R,, Ry, R or Ry, may independently form a bond or a C,-Cg linear ak
kyl chain; and/or, alternatively, R,, respectively together with either of R,, R,, R. or Ry, may inde-
pendently form a bond or a C,-Cg linear alkyl chain; and/or, alternatively, Rg and Rg may together
form a 3-6-membered ring optionally containing one or two O or N atoms; and, R4, is hydrogen or
deuterium;

Y is O or N, where whenY is O, nis 0;

R, Ris, Ris @and Ry are independently selected from hydrogen, C,-Cg linear or branched
chain alkyl, C;-Cg linear or branched chain perfluoroalkyl, C4-C,¢ aryl, alkylaryl, and (aryl)C;-Cg linear

or branched chain alkyl,
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X and the dotted bonds thereto may be present or absent, whereby, (a) if X is present, Y is
N, and X is —(CR Rps—, where R, and R; are independently hydrogen, deuterium, halo, hydroxy, C-
C, alkoxy, amino, CF3, C4-Cs linear or branched chain alkyl, C5-Cs cycloalkyl, Cs-C4g aryl, monocyclic
or bicyclic heteroaryl, comprising 5- and/or 6-membered rings, (aryl)C4-Cs linear or branched chain
alkyl, (C4-Cg linear or branched chain alkyl)heteroaryl, (heteroary)C,-Cs linear or branched chain al-
kyl, or (heterocyclic)C,-Cg linear or branched chain alkyl, and said dotted bonds are present and are
single bonds, where when nis 0, X and Y are bonded directly; and (b) if X is absent, said dotted
bonds are absent and nis 0, and when Y is N, said N atom is substituted by H; and, n, p, g, rand s
are independently 0, 1 or 2.

The present invention also provides

compound having the structure:

or a pharmaceutically acceptable salt or solvate thereof, or an enantiomer or diastereomer thereof,
and wherein R; is selected from the group consisting of hydrogen, deuterium, C4-Cs linear or
branched chain alkyl, C,-C¢ cycloalkyl, Cs-C4g aryl, monocyclic or bicyclic heteroaryl, comprising 5-
and/or 6-membered rings, (aryl)C,-Cg linear or branched chain alkyl, (heteroaryl)C,-Cs linear or
branched chain alkyl, (heterocyclic)C,-Cg linear or branched chain alkyl, (C,-C; linear or branched
chain alkylaryl, (C,-C; linear or branched chain alkyl)heteroaryl, (C,-Cg linear or branched chain al-
kyl)heterocyclic, C-Cg linear or branched chain perfluoroalkyl, C4-Cg linear or branched chain alkoxy,
C;-Cg linear or branched chain perfluoroalkoxy, halogen, cyano, hydroxyl, amino, carboxy, aminocar-
bonyl, (C4-Cs linear or branched chain alkyl)aminocarbonylamino, (C4-Cs linear or branched chain al-
kyl)aminocarbonyl, -SOR5, -SO2R 12, -NR13:805R 2, -SO,NR3R 4, and -NR3SO,NR14R15; where said
alkyl, aryl and heteroaryl is independently optionally substituted with one or more substituents select-
ed from the group consisting of halo, hydroxy, methoxy, amino, cyano, alkylamino, dialkylamino, CF,
aminocarbonyl, (C;-Cg linear or branched chain alkyl)aminocarbonyl, and C5-Cg cycloalkyl;

the dotted lines to the O atom may be present or absent, and if present, the resulting ring
forms an epoxide, or if absent, an ethylene results;

R; is selected fromthe group consisting of hydrogen, deuterium, C,-C; linear or branched

chain alkyl, C4-Cg linear or branched chain perfluoroalkyl, halogen, and cyano;
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R, is selected from hydrogen, C,-C; linear or branched chain alkyl, and C,-Cg linear or
branched chain perfluoroalkyl;

R1,R4, Rs, Ry, Re, R7, Rg, Rg and Ry are independently selected from hydrogen, C4-Cg linear
or branched chain alkyl, C4-Cg linear or branched chain perfluoroalkyl, Cg-C1p aryl, monocyclic or bicy-
clic heteroaryl, comprising 5- and/or 6-membered rings, (aryl)C,-Cg linear or branched chain alkyl,
(heteroaryl)C,-Cg linear or branched chain alkyl, heteroaryl, halogen, cyano, hydroxyl, C,-Cg linear or
branched chain alkoxy, amino, carboxy, aminocarbonyl, (heterocyclic)C;-Cs linear or branched chain
alkyl, (C4-Cg linear or branched chain alkyl)aryl, (C,-C; linear or branched chain alkyl)heteroaryl, and
(C4-Cg linear or branched chain alkyl)heterocyclic, where said alkyl is further optionally substituted
with one or more substituents selected from the group consisting of halo, hydroxy, methoxy, amino,
alkylamino, dialkylamino, CF3, and Cs-Cg cycloalkyl; where Rg and Rgmay together form a 3-6-
membered ring optionally containing one ortwo O or N atoms; R4+ is hydrogen or deuterium; Rqz, Rys,
R4 and Ry are independently selected from hydrogen, C,-Cg linear or branched chain alkyl, C;-Cg
linear or branched chain perfluoroalkyl, C¢-Cq aryl, alkylaryl, and (aryl)C,-C linear or branched chain
alkyl;

Y is O or N, where when Y is N, the dash bond is a single bond or N is substituted by H or al-
kyl, and the dash bond thereto is absent, and when Y is O, the dash bond thereto is absent;

and, n and p are independently 0, 1 or 2.

In another embodiment, the invention provides the compound having the structure:

RsRhRRd

\ \ .

R11

or a pharmaceutically acceptable salt thereof, and wherein R, is selected from the group consisting of
hydrogen, deuterium, C4-Cs linear or branched chain alkyl, C5-Cg cycloalkyl, Cs-C4 aryl, monocyclic or
bicyclic heteroaryl, comprising 5- and/or 6-membered rings, (aryl)C;-Cg linear or branched chain alkyl,
(heteroaryl)C,-Cg linear or branched chain alkyl, (heterocyclic)C;-Cs linear or branched chain alkyl,
(C4-Cs linear or branched chain alkylaryl, (C,4-Cs linear or branched chain alkyl)heteroaryl, (C,-Cs lin-
ear or branched chain alkyl)heterocyclic, C4-Cg linear or branched chain perfluoroalkyl, C;-Cg linear or
branched chain alkoxy, C4-Cg linear or branched chain perfluoroalkoxy, halogen, cyano, hydroxyl,
amino, carboxy, aminocarbonyl, (C,-Cg linear or branched chain alkyl)aminocarbonylamino, (C,-Cg
linear or branched chain alkyl)aminocarbonyl, -SOR 5, -SO,R 12, -NR1380,R 5, -SO:NR 43R4, and -
NR3sSO,NR4R5; where said alkyl, aryl and heteroaryl is independently optionally substituted with
one or more substituents selected from the group consisting of halo, hydroxy, methoxy, amino, cyano,
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alkylamino, dialkylamino, CF3;, aminocarbonyl, (C;-Cg linear or branched chain alkyl)aminocarbonyl,
and C;-Cg cycloalkyl;

Rs is selected fromthe group consisting of hydrogen, deuterium, C4-Cg linear or branched
chain alkyl, C4-Cg linear or branched chain perfluoroalkyl, halogen, and cyano;

Z is CRy5 or N; where Ry5 is H, C4-C4 alkyl, C5-C4y aryl, monocyclic or bicyclic heteroaryl,
comprising 5- and/or 6-membered rings, (aryl)C,-C; linear or branched chain alkyl, (heteroaryl)C;-Cg
linear or branched chain alkyl, (heterocyclic)C,-Cg linear or branched chain alkyl, (C4-Cg linear or
branched chain alkyl)aryl, (C4-C; linear or branched chain alkyl)heteroaryl, or (C-Cg linear or
branched chain akyl)heterocyclic, where said alkyl is further optionally substituted with one or more
substituents selected from the group consisting of halo, hydroxy, methoxy, amino, CF3, and C3-Cg Cy-
cloalkyl;

the dotted lines to the O atom may be present or absent, and if present, the resulting ring
forms an epoxide, or if absent, an ethylene results;

Ro, Ry, Res, Rg, Rg and Ry are independently selected from hydrogen, deuterium C4-Cg linear
or branched chain alkyl, C;-Cg linear or branched chain perfluoroalkyl, C¢-Cy aryl, monocyclic or bicy-
clic heteroaryl, comprising 5- and/or 6-membered rings, (aryl)C,-Cg linear or branched chain alkyl,
(heteroaryl)C,-Cg linear or branched chain alkyl, heteroaryl, halogen, cyano, hydroxyl, C,-Cg linear or
branched chain alkoxy, amino, carboxy, aminocarbonyl, (heterocyclic)C-Cg linear or branched chain
alkyl, (C4-Cg linear or branched chain alkyl)aryl, (C41-Cs linear or branched chain alkyl)heteroaryl, and
(C4-Cq linear or branched chain alkyl)heterocyclic, where said alkyl is further optionally substituted
with one or more substituents selected from the group consisting of halo, hydroxy, methoxy, amino,
alkylamino, dialkylamino, CF;, and C;-Cq cycloalkyl; where, alternatively, R, or Ry, and/or Ry, respec-
tively together with either of R,, Ry, R, or Ry, may independently form a bond or a C4-Cg linear alkyl
chain; and/or, alternatively, Ry, respectively together with either of R,, Ry, R, or Ry, may independently
form a bond or a C;-Cg linear alkyl chain; and/or, alternatively, Rg and Rg may together form a 3-6-
membered ring optionally containing one ortwo O or N atoms; R4 is hydrogen or deuterium;

Y is either a bond, O or N, where N may be substituted by hydrogen or linear or branched
chain C4-C; alkyl,

Y is CRy7 O N, where Y’ is CRy; when Y is N or O; where R;7 is hydrogen, linear or branched
chain C,-C, alkyl, or C5-Cyg aryl; Ryz, Rys, Ry and Ry are independently selected from hydrogen, deu-
terium C;-Cg linear or branched chain alkyl, C;-Cg linear or branched chain perfluoroalkyl, C¢-C g aryl,
alkylaryl, and (aryl)C4-Cg linear or branched chain alkyl,

and, tis 0, 1or2.

The present invention also provides a pharmaceutical or a veterinary composition comprising
a compound described above, or a pharmaceutically acceptable salt thereof, and a pharmaceutically
acceptable carrier.

Specifically, the invention provides compounds selected from the group consisting of:
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2-{[(28)-1-acryloylpyrrolidin-2-ylimethoxy}-N-[(2S)-1-methoxypropan-2-yl]-5H-pyrrolo[2, 3-
blpyrazine-7-carboxamide;

2-[(1-acryloylpiperidin-4-yl)amino]-N-(3-fluorobenzyl)-5H-pyrrolo[2,3-b]pyrazine-7-
carboxamide;

2-[(1-acryloylpiperidin-4-yl)amino]-N-(2-cyclopropylethyl)-5H-pyrrolo[2,3-b]pyrazine-7-
carboxamide;

2-[{1-acryloylpiperidin-4-yl)amino]-N-benzyl-5H-pyrrolo[2,3-b]pyrazine-7-carboxamide;

2-[(1-acryloylpiperidin-4-y)oxy]-N-[(2R)-1-methoxypropan-2-yll-5H-pyrrolo[2,3-b]pyrazine-7-
carboxamide;

2-[(1-acryloylpiperidin-4-yl)oxy]-N-[(2S)-1-methoxypropan-2-yl]-5H-pyrrolo[2,3-b]pyrazine-7-
carboxamide;

2-(4-acryloylpiperazin-1-yl)-N-[(28)-1-methoxypropan-2-yl]-5H-pyrrolo[2,3-b]pyrazine-7-
carboxamide;

2-(4-acryloylpiperazin-1-yl)-N-[(2R)-1-cyanobutan-2-yl]-5H-pyrrolo[2,3-b]pyrazine-7-
carboxamide;

2-{[(3S,4R)-1-acryloyl-3-methoxypiperidin-4-ylJamino}-N-[(2R)-1-methoxypropan-2-yl]-5H-
pyrrolo[2,3-b]pyrazine-7-carboxamide; and,

2-(4-acryloylpiperazin-1-yl)-N-[(2R)-4 4 4-trifluoro-2-methylbutyl]-5H-pyrrolo[2,3-b]pyrazine-7-
carboxamide.

The present invention also provides a pharmaceutical or a veterinary composition comprising
a compound described above, or a pharmaceutically acceptable salt thereof, and a pharmaceutically
acceptable carrier.

The present invention also provides a method for treating or preventing a disorder or condi-
tion selected from rheumatoid arthritis, myositis, vasculitis, pemphigus, bullous pemphigoid, inflamma-
tory bowel disease including Crohn’s disease and ulcerative colitis, celiac diseases, proctitis, eosino-
philic gastroenteritis, or mastocytosis, Alzheimer's disease, lupus, nephritis, systemic lupus erythe-
matosus, psoriasis, eczema dermatitis, pruritus or other pruritic conditions, vitiligo, alopecia, autoim-
mune thyroid disorders, multiple sclerosis, major depression disorder, allergy, asthma, Sjogren’s dis-
ease, Reiter's syndrome, polymyositis-dermatomyositis, systemic sclerosis, polyarteritis nodosa, dry
eye syndrome, Hashimoto's thyroiditis, autcimmune hemolytic anemia, autoimmune atrophic gastritis
of pemicious anemia, autoimmune encephalomyelitis, autoimmune orchitis, Goodpasture's disease,
autoimmune thrombocytopenia, sympathetic ophthalmia, myasthenia gravis, Graves' disease, primary
biliary cirrhosis, chronic aggressive hepatitis, membranous glomerulopathy ,organ transplant rejection,
graft-versus-host disease, organ and cell transplant rejection such as bone marrow, cartilage, cornea,
heart, intervertebral disc, islet, kidney, limb, liver, lung, muscle, myoblast, nerve, pancreas, skin, small
intestine, or trachea, or xeno transplantation, including Cogan's syndrome, ankylosing spondylitis,

Wegener's granulomatosis, autoimmune alopecia, Type | or juvenile onset diabetes, and complica-
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tions from diabetes, or thyroiditis, chronic pulmonary obstructive disorder, acute respiratory disease,
cachexia, cancer, including alimentary/gastrointestinal tract cancer, calon cancer, liver cancer, skin
cancer including mast cell tumor and sguamous cell carcinoma, breast and mammary cancer, ovarian
cancer, prostate cancer, leukemia, adult T cell leukemia activated B-cell like, diffuse large B cell
lymphoma, kidney cancer, lung cancer, muscle cancer, bone cancer, bladder cancer, brain cancer,
melanoma including oral and metastatic melanoma, Kaposi's sarcoma septic shock, cardiopulmonary
dysfunction, acute myeloid leukemia, T cell acute lymphoblastic leukemia, multiple myeloma,
myeloproliferative disorders, proliferative diabetic retinopathy, or angiogenic-associated disorders in-
cluding solid tumors, pancreatic cancer, brain tumors, gliomas including astrocytoma, oligodendrogli-
oma, and glioblastoma, acute CNS trauma including traumatic brain injury, encephalitis, stroke, and
spinal cord injury, epilepsy, seizures, chronic neuroinflammation associated with neurodegeneration
including Alzheimer’s disease, Parkinson’s disease, Amyotropic Lateral Sclerosis, Huntington's dis-
ease, cerebral ischemia, fronto-temporal lobe dementia, and with neuropsychiatric disorders including
schizophrenia, bipolar disorder, treatment resistant depression, Post Traumatic Stress Disorder, anxi-
ety, and auto-antibodies mediated encephalopathies, Eye diseases, disorders or conditions including
autoimmune diseases of the eye, keratoconjunctivitis, vernal conjunctivitis, uveitis including uveitis
associated with Behcet's disease and lens-induced uveitis, keratitis, herpetic keratitis, conical kerati-
tis, corneal epithelial dystrophy, keratoleukoma, ocular premphigus, Mooren's ulcer, scleritis, Grave's
ophthalmopathy, Vogt-Koyanagi-Harada syndrome, keratoconjunctivitis sicca (dry eye), phlyctenule,
iridocyclitis, sarcoidosis, endocrine ophthalmopathy, sympathetic ophthalmitis, allergic conjunctivitis,
and ocular neovascularization, comprising the step of administering to a subject an effective amount
of a composition comprising a compound set forth hereinabove.

The present invention also provides a method for treating or preventing inflammatory bowel
disease by administering to a mammal in need a therapeutically effective amount of a compound de-
scribed above, or a pharmaceutically acceptable salt thereof.

More generally, the present invention provides a method of treating a disorder or condition re-
lated to dysregulation of JAK, and particularly of JAK3, in a subject, comprising administering to the
subject a therapeutically effective amount of the compound described above, or a pharmaceutically
acceptable salt thereof.

In certain embodiments, the therapeutically effective amount used in accord with the method
is from 0.01 mg/kg of body weight/day to 100 mg/kg of body weight/day. In certain other embodi-
ments, the therapeutically effective amount used in accord with the method is the therapeutically ef-
fective amount is from 0.1 mg/kg of body weight/day to 10 mg/kg of body weight/day. In the practice
of the method, the compound is preferably selected from those specified above.

In certain embodiments, the therapeutically effective amount used in accord with the method
is from 0.01 mg/kg of body weight/day to 100 mg/kg of body weight/day. In certain other embodi-
ments, the therapeutically effective amount used in accord with the method is wherein the therapeuti-

cally effective amount is from 0.1 mg/kg of body weight/day to 10 mg/kg of body weight/day. In ac-



wn

10

20

30

CA 02984183 2017-10-27

WO 2016/178110 PCT/IB2016/052220

24

cord with the method, the mammal treated with the compound of the invention is selected from com-
panion animals, dogs, and livestock. In certain embodiments, the compound of the invention, or a
pharmaceutically acceptable salt thereof, may be administered in accord with the method orally, par-
enterally, or topically.

Compounds that have the same molecular formula but differ in the nature or sequence of
bonding of their atoms or the arrangement of their atoms in space are termed "isomers". Isomers that
differ in the arrangement of their atoms in space are termed "stereoisomers". It will be appreciated by
those skilled in the art that the compound of the invention can exist as c¢is- and frans- achiral diastere-
omers.

Included within the scope of the described compounds are all isomers (e.g. cis-, trans-, or di-
astereomers) of the compounds described herein alone as well as any mixtures. All of these forms,
including enantiomers, diastereamers, cis, frans, syn, anti, solvates (including hydrates), tautomers,
and mixtures thereof, are included in the described compounds. Stereoisomeric mixtures, e.g. mix-
tures of diastereomers, can be separated into their corresponding isomers in a known manner by
means of suitable separation methods. Diastereomeric mixtures for example may be separated into
their individual diastereomers by means of fractionated crystallization, chromatography, solvent distri-
bution, and similar procedures. This separation may take place either at the level of one of the start-
ing compounds or in a compound of the invention itself. Enantiomers may be separated through the
formation of diastereomeric salts, for example by salt formation with an enantiomer-pure chiral acid, or
by means of chromatography, for example by HPLC, using chromatographic substrates with chiral
ligands.

In therapeutic use for treating disorders in a mammal, a compound of the present invention or
its pharmaceutical compositions can be administered orally, parenterally, topically, rectally, transmu-
cosally, or intestinally. Parenteral administrations include indirect injections to generate a systemic
effect or direct injections to the afflicted area. Topical administrations include the treatment of skin or
organs readily accessible by local application, for example, eyes or ears. It also includes transdermal
delivery to generate a systemic effect. The rectal administration includes the form of suppositories.
The preferred routes of administration are oral and parenteral.

Pharmaceutically acceptable salts of the compounds of the invention include the acid addition
and base salts thereof. Suitable acid addition salts are formed from acids which form non-toxic salts.
Examples include the acetate, adipate, aspartate, benzoate, besylate, bicarbonate/carbonate, bisul-
phate/sulfate, borate, camsylate, citrate, cyclamate, edisylate, esylate, formate, fumarate, gluceptate,
gluconate, glucuronate, hexafluorophosphate, hibenzate, hydrochloride/chloride, hydrobro-
mide/bromide, hydroiodide/iodide, isethionate, lactate, malate, malonate, mesylate, methylsulfate,
naphthylate, 2-napsylate, nicotinate, nitrate, orotate, oxalate, palmitate, pamoate, phos-
phate/hydrogen phosphate/dihydrogen phosphate, pyroglutamate, saccharate, stearate, succinate,

tannate, tartrate, tosylate, trifluoroacetate and xinofoate salts.
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Suitable base salts are formed from bases which form non-toxic salts. Examples include the
aluminium, arginine, benzathine, calcium, choline, diethylamine, diolamine, glycine, lysine, magnesi-
um, meglumine, olamine, potassium, sodium, tromethamine and zinc salts.

Hemisalts of acids and bases may also be formed, for example, hemisulphate and hemicalci-
um salts. For a review on suitable salts, see Handbook of Pharmaceutical Salts: Properties, Selection,
and Use by Stahl and Wermuth (Wiley-VCH, 2002).

Pharmaceutically acceptable salts of compounds of the invention, may be prepared, respec-
tively, by one or more of three methods: (i) by reacting the compound with the desired acid or base;
(ii) by remaving an acid- or base-labile protecting group from a suitable precursor of the compound of
the invention, or by ring-opening a suitable cyclic precursor, for example, a lactone or lactam, using
the desired acid or base; or (iii) by converting one salt of the compound of the invention, to another by
reaction with an appropriate acid or base or by means of a suitable ion exchange column. All three
reactions are typically carried out in solution. The resulting salt may precipitate out and be collected
by filtration or may be recovered by evaporation of the solvent. The degree of ionization in the result-
ing salt may vary from completely ionized to almost non-ionized.

Pharmaceutical compositions of the present invention may be manufactured by methods well
known in the art, e.g., by means of conventional mixing, dissolving, granulation, dragee-making, levi-
gating, emulsifying, encapsulating, entrapping, lyophilizing processes or spray drying.

Pharmaceutical compositions for use in accordance with the present invention may be formu-
lated in conventional manner using one or more pharmaceutically acceptable carriers comprising ex-
cipients and auxiliaries, which facilitate processing of the active compound into preparations, which
can be used pharmaceutically. Proper formulation is dependent upon the route of administration cho-
sen. Pharmaceutically acceptable excipients and carriers are generally known to those skilled in the
art and are thus included in the instant invention. Such excipients and carriers are described, for ex-
ample, in “Remington’s Pharmaceutical Sciences” Mack Pub. Co., New Jersey (1991). The formula-
tions of the invention can be designed to be short-acting, fast-releasing, long-acting, and sustained-
releasing. Thus, the pharmaceutical formulations can also be formulated for controlled release or for
slow release.

Pharmaceutical compositions suitable for use in the present invention include compositions
wherein the active ingredients are contained in an amount sufficient to achieve the intended purpose,
i.e., control or the treatment of disorders or diseases. More specifically, a therapeutically effective
amount means an amount of compound effective to prevent, alleviate or ameliorate symptoms/signs
of disease or prolong the survival of the subject being treated.

The quantity of active component, which is the compound of this invention, in the pharmaceu-
tical composition and unit dosage form thereof, may be varied or adjusted widely depending upon the
manner of administration, the potency of the particular compound and the desired concentration. De-

termination of a therapeutically effective amount is well within the capability of those skilled in the art.
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Generally, the quantity of active component will range between 0.01% to 99% by weight of the com-
position.

Generally, a therapeutically effective amount of dosage of active component will be in the
range of about 0.01 to about 100 mg/kg of body weight/day, preferably about 0.1 to about 10 mg/kg of
body weight/day, more preferably about 0.3 to 3 mg/kg of body weight/day, even more preferably
about 0.3 to 1.5 mg/kg of body weight/day It is to be understood that the dosages may vary depend-
ing upon the requirements of each subject and the severity of the disorders or diseases being treated.

The desired dose may conveniently be presented in a single dose or as divided doses admin-
istered at appropriate intervals, for example, as two, three, four or more sub-doses per day. The sub-
dose itself may be further divided, e.g., into a number of discrete loosely spaced administrations; such
as multiple inhalations from an insufflator or by application of a plurality of drops into the eye.

Also, it is to be understood that the initial dosage administered may be increased beyond the
above upper level in order 1o rapidly achieve the desired plasma concentration. On the other hand,
the initial dosage may be smaller than the optimum and the daily dosage may be progressively in-
creased during the course of treatment depending on the particular situation. If desired, the daily
dose may also be divided into multiple doses for administration, e.g., two to four times per day.

Compounds of the present invention are directed to pyrrolo[2,3-d]pyrimidinyl, pyr-
rolo[2,3,D]pyrazinyl, and pyrrolo[2,3-d]pyridinyl acrylamides and epoxides useful as Janus Kinase in-
hibitors (JAK-i). They are useful as therapeutic agents in connection with the treating or preventing a
disorder or condition selected from rheumatoid arthritis, myositis, vasculitis, pemphigus, bullous pem-
phigoid, inflammatory bowel disease including Crohn’s disease and ulcerative colitis, celiac diseases,
proctitis, eosinophilic gastroenteritis, or mastocytosis, Alzheimer's disease, lupus, nephritis, systemic
lupus erythematosus, psoriasis, eczema dermatitis, pruritus or other pruritic conditions, vitiligo, alope-
cia, autoimmune thyroid disorders, multiple sclerosis, major depression disorder, allergy, asthma,
Sjogren’s disease, Reiter's syndrome, polymyositis-dermatomyositis, systemic sclerosis, polyarteritis
nodosa, dry eye syndrome, Hashimoto's thyroiditis, autoimmune hemolytic anemia, autoimmune
atrophic gastritis of pernicious anemia, autoimmune encephalomyelitis, autoimmune orchitis, Good-
pasture's disease, autoimmune thrombocytopenia, sympathetic ophthalmia, myasthenia gravis,
Graves' disease, primary biliary cirrhosis, chronic aggressive hepatitis, membranous glomerulopathy
,organ transplant rejection, graft-versus-host disease, organ and cell transplant rejection such as
bone marrow, cartilage, comea, heart, intervertebral disc, islet, kidney, limb, liver, lung, muscle, my-
oblast, nerve, pancreas, skin, small intestine, or trachea, or xeno transplantation, including Cogan's
syndrome, ankylosing spondylitis, Wegener's granulomatosis, autoimmune alopecia, Type | or juve-
nile onset diabetes, and complications from diabetes, or thyroiditis, chronic pulmonary obstructive dis-
order, acute respiratory disease, cachexia, cancer, including alimentary/gastrointestinal tract cancer,
colon cancer, liver cancer, skin cancer including mast cell tumor and squamous cell carcinoma, breast
and mammary cancer, avarian cancer, prostate cancer, leukemia, adult T cell leukemia activated B-

cell like, diffuse large B cell ymphoma, kidney cancer, lung cancer, muscle cancer, bone cancer,
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bladder cancer, brain cancer, melanoma including oral and metastatic melanoma, Kaposi's sarcoma
septic shock, cardiopulmonary dysfunction, acute myeloid leukemia, T cell acute lymphoblastic leu-
kemia, multiple myeloma, myeloproliferative disorders, proliferative diabetic retinopathy, or angiogen-
ic-associated disorders including solid tumors, pancreatic cancer, brain tumors, gliomas including as-
trocytoma, oligodendroglioma, and glioblastoma, acute CNS trauma including traumatic brain injury,
encephalitis, stroke, and spinal cord injury, epilepsy, seizures, chronic neurcinflammation associated
with neurodegeneration including Alzheimer's disease, Parkinson’s disease, Amyotropic Lateral Scle-
rosis, Huntington's disease, cerebral ischemia, fronto-temporal lobe dementia, and with neuropsychi-
atric disorders including schizophrenia, bipolar disorder, treatment resistant depression, Post Trau-
matic Stress Disorder, anxiety, and auto-antibodies mediated encephalopathies, Eye diseases, dis-
orders or conditions including autoimmune diseases of the eye, keratoconjunctivitis, vernal conjuncti-
vitis, uveitis including uveitis associated with Behcet's disease and lens-induced uveitis, keratitis, her-
petic keratitis, conical keratitis, corneal epithelial dystrophy, keratoleukoma, ocular premphigus,
Mooren's ulcer, scleritis, Grave's ophthalmopathy, Vogt-Koyanagi-Harada syndrome, keratoconjuncti-
vitis sicca (dry eye), phlyctenule, iridocyclitis, sarcoidosis, endocrine ophthalmopathy, sympathetic
ophthalmitis, allergic conjunctivitis, and ocular neovascularization, ,and other indications where im-
munosuppression/immunomodulation would be desirable, comprising the step of administering to a
subject an effective amount of a compound of the invention.

There are substantial needs for safe and efficacious agents to control disorders related to
JAK, such as atopic dermatitis, both in human and animals. The market for treating atopic dermatitis
in animals is currently dominated by corticosteroids, which cause distressing and undesirable side
effects in animals, specifically in companion animals such as dogs. APOQUEL™ is a pan-JAK inhibi-
tor recently approved for atopic dermatitis in canines. Antihistamines are also used, but are poorly
effective. A canine formulation of cyclosporine (ATOPICA™) is currently being marketed for atopic
dermatitis, but is expensive and has a slow onset of efficacy. In addition, there are Gl toleration is-
sues with ATOPICA™. Compounds of the present invention are JAK inhibitors with selective efficacy
against JAK3. These compounds are expected to provide an alternative to steroid usage and pro-
vide resolution of chronic pruritus and inflammation that would either persist in atopic dermatitis or
slowly regress following removal of allergen or causative agent, such as fleas in flea-allergic dermati-
tis.

Compounds of the present invention may be administered in a pharmaceutically acceptable
form either alone or in combination with one or more additional agents which modulate a mammalian
immune system or with anti-inflammatory agents. These agents may include but are not limited to
cyclosporin A (e.g., Sandimmune™ or Neoral™, rapamycin, FK-506 (tacrolimus), leflunomide, deox-
yspergualin, mycophenolate (e.g., Cellcept™, azathioprine (e.g., Imuran™), daclizumab (e.g., Zena-
pax™), OKT3 (e.g., Orthocolone™), AtGam™, aspirin, acetaminophen, ibuprofen, naproxen, piroxi-
cam, and anti-inflammatory steroids (e.g., prednisolone or dexamethasone), IFN-beta, teriflunomide,

Laquinimod, glatiramer acetate, dimethyl fumerate, rituximab, fingolimod, natalizumab, alemtuzumab,
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mitoxantrone. Sulfasalazine (Azulfidine), Mesalamine (Apriso, Asacol, Lialda, others), balsalazide
(Colazal) and olsalazine (Dipentum), and mercaptopurine (Purinethol), antibiotics (antimycobacterial
drugs, eg. Metronidazole, ciprofloxacin), Ustekinumab and vedolizumab These agents may be ad-
ministered as part of the same or separate dosage forms, via the same or different routes of admin-
istration, and on the same or different administration schedules according to standard pharmaceutical
practice known to one skilled in the art.

Accordingly, the invention provides methods of treating or preventing a disease, condition or
disorder associated with JAK in a subject, such as a human or non-human mammal, comprising ad-
ministering an effective amount of one or more compounds described herein to the subject. Suitable
subjects that can be treated include domestic or wild animals, companion animals, such as dogs,
cats, horses and the like; livestock including, cows and other ruminants, pigs, poultry, rabbits and the
like; primates, for example monkeys, such as rhesus monkeys and cynomolgus (also known as crab-
eating or long-tailed) monkeys, marmosets, tamarins, chimpanzees, macaques and the like; and ro-
dents, such as rats, mice, gerbils, guinea pigs and the like. In one embodiment, the compound is
administered in a pharmaceutically acceptable form, optionally in a pharmaceutically acceptable carri-
er.

Another embodiment provides a method of selectively inhibiting a JAK3 enzyme, which in-
cludes contacting the JAK enzyme with either a non-therapeutic amount or a therapeutically effective
amount of one or more of the presently taught compounds. Such methods can occur in vivo or in
vifro. In vitro contact can involve a screening assay to determine the efficacy of the one or more
compounds against a selected enzyme at various amounts or concentrations. /n vivo contact with a
therapeutically effective amount of the one or more compounds can involve treatment of a described
disease, disorder or condition or prophylaxis of organ transplant rejection in the animal in which the
contact occurs. The effect of the one or more compounds on the JAK enzyme and/or host animal can
also be determined or measured. Methods for determining JAK activity include those described in the
Examples as well as those disclosed in W099/65908, WO 99/65909, W001/42246, WO02/00661,
WO02/096909, WO2004/046112 and WO2007/012953.

Chemical Synthesis

The following schemes and written descriptions provide general details regarding the prepara-
tion of the compounds of the invention. It will be apparent to those skilled in the art that sensitive
functional groups may need to be protected (PG) and deprotected during the synthesis of a com-
pound of the invention. Protection and deprotection may be achieved by conventional methods, as
described, for example, in Protective Groups in Organic Synthesis by T. W. Greene and P. G. M.
Wauts, John Wiley & Sons Inc. (1999), and references therein.

Several methods exist for the preparation of such compounds, which are well known to those
skilled in the art and have been described in texts such as Advanced Organic Chemistry by J. March,
John Wiley & Sons (1985). It is noted that certain compounds of the invention can be obtained by

functional group transformations at a late stage of the synthesis. Such functional group transfor-
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mations may include one step or multiple steps, for example, reduction of an ester to an alcohol, reox-
idation to an aldehyde, addition of an organomagesium reagent to form a secondary alcohol, reoxida-
tion to a ketone and, finally, addition of an organomagesium reagent to yield a tertiary alcohol. The
intermediates andcompounds were named using ChemDraw11 (CambridgeSoft) structure to name
converter or ACD Labs Name Software v12. The inclusion of rac- (or racemic) modifier indicates ma-
terial is racemic. When rac- (or racemic) is included with R,S indications this is intended to convey
relative stereochemistry, however in the absence of the rac- (or racemic) notation the compounds ab-
solute stereochemistry is known. In some instances the rac- (or racemic) notation conveys the stere-
ochemistry of a fragment of the compound, while the R,S designation conveys absolute stereochemis-
try of another portion. For cases where racemates are separated into their constituent enantiomers
the absolute stereochemistry is arbitrarily assigned, unless otherwise noted. Accordingly, the actual
absolute enantiomeric form of the biologically active compound may differ from the arbitrarily assigned
stereochemcial designation.

In executing the synthesis of the compounds of the invention, one skilled in the art will recog-
nize the need to sample and assay reaction mixtures prior to work up in order to monitor the progress
of reactions and decide whether the reaction should be continued or whether it is ready to be worked
up to obtain the desired product. Common methods for assaying reaction mixtures include thin-layer
chromatography (TLC), liquid chromatography/mass spectroscopy (LCMS), and nuclear magnetic
resonance (NMR).

One skilled in the art will also recognize that the compounds of the invention may be prepared
as mixtures of diastereomers or geometric isomers (e.g., cis and trans substitution on a cycloalkane
ring). These isomers can be separated by standard chromatographic techniques, such as normal
phase chromatography on silica gel, reverse phase preparative high pressure liquid chromatography
or supercritical fluid chromatography. One skilled in the art will also recognize that some compounds
of the invention are chiral and thus may be prepared as racemic or scalemic mixtures of enantiomers.
Several methods are available and are well known to those skilled in the art for the separation of en-
antiomers. A preferred method for the routine separation enantiomers is supercritical fluid chromatog-
raphy employing a chiral stationary phase.

EXPERIMENTAL SECTION

Except where otherwise noted, reactions were run under an atmosphere of nitrogen. Chroma-
tography on silica gel was carried out using 250-400 mesh silica gel using pressurized nitrogen (~10-
15 psi) to drive solvent through the column (“flash chromatography’). Where indicated, solutions and

reaction mixtures were concentrated by rotary evaporation under vacuum.
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Examples 1-81 were prepared as described in the Scheme below:
O
o}
H
Br N\ji§ NaH, DMF \[ = \ sulfamic acid/dioxane
e e B t——_d
\[N/ N SEMCI e NaCIO,, KH,PO,H,0
Step 1 \i\/\o Step 2
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Me  Me
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o} /"
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oH AN L\( )§
Br N Br Neg R pg”
\[ S\ HATU, DMF, TEA \[ N\ R,
—_—
N N HNR,R, N N Pd,(dba),, tBuONa
Ve ) Step 3 ve ) dppf, toluene
/S\ ./ © b i\\/\o Step 4
e \Me Me Me
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A ii) NH,.H,O/MeOH ’? < N
\ Me —_— N\( \ R \
N\( ) \ o »_ e
S iii) DIPEA, THF
Cl
Me & /
/\IC]J/
Steps 5-7

Example 1 Step 0
2-Bromo-5H-pyrrolo[2,3-b]pyrazine-7-carbaldehyde. To a suspension of (2-bromo-5H-pyrrolo[2,3-

blpyrazin-7-yl)methanol (127 g, 556 mmol, described in U.S. Serial No. 14/559,294) in acetone (2.5 L)
was added dropwise Jones reagent (253 mL, 675 mmol, 2.67 M) below 10 °C. After the addition, the
resulting mixture was stirred at room temperature for 50 min, during which time the suspension be-
came clear and a brown solid precipitated. The three batches were combined for workup together.
The reaction mixture was quenched with i-PrOH (60 mL) and filtered, the filter cake was washed with
acetone (1L x 2), the combined filtrate was evaporated to give 2-bromo-5H-pyrrolo[2,3-b]pyrazine-7-
carbaldehyde (320 g, 84.4%) as a yellow solid. (A stock of Jones reagent (2.67 M) was prepared by
carefully adding concentrated H SO4 (184 mL) to CrO3 (213.6 g) then dllutmg to 800 mL with H;,0.)

To a suspension of NaH (60% dispersion in oil, 5.1 g, 127 mmol) in DMF (200 mL) was added 2-
bromo-5H-pyrrolo[2,3-b]pyrazine-7-carbaldehyde (Step 0, 19 g, 84.1 mmol) and the reaction was
stirred at 0°C for 10 minutes. SEM-CI (17 g, 102 mmol) was added dropwise at 0°C and the reaction
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stirred at room temperature for 3 hours. The reaction was quenched by the addition of ice-water (600
mL) and extracted into EtOAc (2 x 500 mL). The combined organic layers were washed with water
(600 mL), brine (3 x 600 mL), dried over sodium sulphate and concentrated in vacuo. The residue

was purified using silica gel column chromatography eluting with 0.25-25% EtOAc in petroleum ether

to afford the title compound as a yellow solid (15 g, 25%). MS m/z 358 [MB1Br+H]+

Example 1 Step 2
2-Bromo-5-{[2-(trimethyIsilyl)ethoxy]methyl}-5H-pyrrolo[2, 3-b]pyrazine-7-carboxylic acid

To a solution of 2-bromo-5-{[2-(trimethylsily)ethoxy]methyl}-5H-pyrrolo[2,3-b]pyrazine-7-carbaldehyde
(Example 1 Step 1, 19 g, 53.4 mmol) and sulfamic acid (26 g, 268 mmol) in dioxane and water (200
mL, 1:1) was added a solution of NaCIO, (7.23 g, 80 mmol) and KH,PO, (36.4 g, 268 mmol) in water
(50 mL) at 0°C over 20 minutes. The reaction was stirred at room temperature for 16 hours and then
partitioned between EtOAc (500 mL) and water (200 mL). The aqueous layer was further extracted
with EtOAc (200 mL), the organic layers combined, washed with water (300 mL), brine (300 mL),
dried over sodium sulphate and concentrated in vacuo. The residue was triturated with TBME to af-
ford the title compound as a white solid (14.5 g, 73%). "H NMR (400MHz, DMSO-dg): & ppm 12.66 (br
s, 1H), 8.80-8.72 (m, 1H), 8.58 (s, 1H), 5.72-5.64 (m, 2H), 3.56 (t, J=7.8 Hz, 2H), 0.83 (t, J=8.0 Hz,
2H), -0.01 (s, 9H).

Example 1 Step 3

(R)-2-bromo-N-(1-methoxypropan-2-vl)-5-{[2-(trimethylsily ethoxylmethvl}-5H-pyrrolo{2 3-blpyrazine-

{-carboxamide

To a solution of 2-bromo-5-{[2-(trimethylsily)ethoxy]methyl}-5H-pyrrolo[2,3-b]pyrazine-7-carboxylic
acid (Example 1 Step 2, 6 g, 16.12 mmol) and HATU (7.35 g, 19.3 mmol) in DMF (160 mL) was
added TEA (4.89 g, 48.3 mmol) followed by (R)-1-methoxypropan-2-amine (2.15 g, 24.2 mmol) and
the reaction was stirred at room temperature for 18 hours. The reaction was concentrated in vacuo
and partitioned between EtOAc and water. The aqueous layer was further extracted with EtOAc (2 x
10 mL) and the organic layers were combined, washed with brine, dried over sodium sulphate and
concentrated in vacuo. The residue was purified using silica gel column chromatography eluting with
10-50% EtOAc in petroleum ether to afford the title compound as a white solid (6.2 g, 87%).

MS mvz 445 [M*'Br+H[*

The following Preparations were prepared according to the method described for Example 1 Step 3
using 2-bromo-5-{[2-(trimethylsilyl)ethoxy]methyl}-5H-pyrrolo[2,3-b]pyrazine-7-carboxylic acid (Exam-
ple 1 Step 2) and the appropriate amine.

Prep No. Name Structure Data/SM
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Ex 4 Step 3 | (S)-2-bromo-N-(1- Ve OMe | MS m/z 445 [M°'Br+H]"
methoxypropan-2-yl)-5-{[2- v// (8)-1-methoxypropan-2-
(trimethylsilyl)ethoxy]methyl}- 9 N amine.
5H-pyrrolo[2,3-b]pyrazine-7- H
carboxamide Br\[N\ N
N N
Me\ )
Si\/\o
Me/ \Me
Ex 22 Step | 2-bromo-N-(3,3,3- o H Taken on directly to the
3 trifluoropropyl)-5-{[2- N next step.
(trimethylsilyl)ethoxy]methyl}- Br TN . F133,3-
5H-pyrrolo[2,3-b]pyrazine-7- | P F trifluoropropylamine.
carboxamide N S
Me
3O
Me  ‘Me
Ex 25 Step | 2-bromo-5-[(3,3- ° N Taken on directly to the
3 dimethylbutoxy)methyl]-N-ethyl- N—Me next step.
5H-pyrrolo[2,3-b]pyrazine-7- RN \ Ethylamine.
carboxamide | P
&N
Me\ >
Si\\/\o
Me  Me
Ex 62 Step | azetidin-1-yl(2-bromo-5-{[2- o MS m/z 413 [M°'Br+H[
3 (trimethylsilyl)ethoxy]methyl}- NO Using TBTU with DIPEA
5H-pyrrolo[2,3-b]pyrazin-7- Br. N and azetidine.
yhmethanone | N
Z N
N
Me\ )
Si\\/\o
Me” M
Ex 64 Step | 2-bromo-N-isopropyl-5-((2- Me, H NMR (400MHz,
3 (trimethylsilyl)ethoxy)methyl)- o >—Me CDCl;): & ppm 840 (s,
5H-pyrrolo[2,3-b]pyrazine-7- N 1H), 8.31 (s, 1H), 7.71-
carboxamide Br N 769 (m, 1H), 564 (s,
\E SN 2H), 4.39-4.27 (m, 1H),
A~ 3.56-3.50 (m, 1H), 1.33
y N ) (s, 3H), 132 (s, 3H),
e
\ S 0.92-0.88 (m, 2H), -0.04
Me;«'\\/\ (s, 9H).
Me

Isopropylamine.

Example 54 Step 4
tert-Butyl (9)-3-[(7-[((R)-1-methoxypropan-2-yl carbamovyl]-5-{[2-(trimethylsilyDethoxylmethy[}-5H-

pyrrolo[2, 3-blpyrazin-2-yhoxy]pyrrolidine-1-carboxylate

Method A wherein Y=0
To a solution of (R)-2-bromo-N-(1-methoxypropan-2-yl)-5-{[2-(trimethylsily)ethoxy]methyl}-5H-

pyrrolo[2,3-b]pyrazine-7-carboxamide (Example 1 Step 3, 700 mg, 1.58 mmol), tert-butyl (S)-3-
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hydroxypyrrolidine-1-carboxylate (443 mg, 2.37 mmol) and sodium tert-butoxide (455 mg, 4.74 mmol)
in toluene (20 mL) was added Pd,dbas; (145 mg, 0.158 mmol) followed by dppf (114 mg, 0.21 mmoal)
and the reaction was heated to 110°C for 18 hours. The reaction was concentrated in vacuo and puri-

fied using silica gel column chromatography eluting with 20-66% EtOAc in petroleum ether to afford

the title compound as a yellow oil (550 mg, 63%).
MS m/z 572 [M+Na]"

The following Preparations were prepared according to Method A wherein Y=0 as described for Ex-

ample 54 Step 4 using the appropriate heteroaryl bromide and alcohol:

Prep

No. Name Structure Data/SM
Ex 49 tert-butyl (R)-3-[(7-[((S)- /t j\ MS m/z 586 [M+Na]
Step 4 1-methoxypropan-2- Me” VMo N w7 | (S)-2-bromo-N-(1-
yl)carbamoyl]-5-{[2- e o >// methoxypropan-2-yl)-5-{|2-
(trimethylsi- N H (trimethylsilyl)ethoxy]methyl}-
lylycthoxy]mcthyl}-5H- \E Y 5H-pyrrolo[2,3-b]pyrazinc-7-
pyrrolo[2,3-b]pyrazin-2- & N carboxamide (Example 4 Step
yl)oxy]piperidine-1- v ) 3) and tert-butyl (S)-3-
carboxylate y §i\\/\ © hydroxypiperidine-1-
© e carboxylate.
Ex 50 tert-butyl (S)-3-[(7-[((S)- e 9 MS m/z 586 [M+Na]
Step 4 1-methoxypropan-2- Mo)\\oJ\N Ve e (S)-2-bromo-N-(1-
yl)carbamoyl]-5-{[2- e O o N)'J methoxypropan-2-yl)-5-{[2-
(trimethylsi- N H (trimethylsilyl)ethoxy]methyl}-
lyDethoxy]methyl}-5H- \[ A 5H-pyrrolo[2,3-b]pyrazine-7-
pyrrolo[2,3-b]pyrazin-2- NN carboxamide
yl)oxy]piperidine-1- e ) (Example 4 Step 3) and tert-
carboxylate M;i\\/\o butyl (R)-3-hydroxypiperidine-1-
e e carboxylate.
Ex 51 Racemic-tert-butyl-3-[(7- e i (8)-2-bromo-N-(1-
Step 4 [((S)-1-methoxypropan- Me)Vo N w7 | methoxypropan-2-yl)-5-{[2-
2-yl)carbamoyl]-5-{]2- e Q 0 >// (trimethylsilyl)ethoxy]methyl}-
(trimethylsi- Lo N 5H-pyrrolo[2,3-b]pyrazine-7-
lylethoxy]methyl}-5H- \[ N carboxamide
pyrrolo[2,3-b]pyrazin-2- N (Example 4 Step 3) and ra-
yl)oxy]piperidine-1- w ) cemic-tert-butyl-3-
carboxylate /Si\\/\ © hydroxypiperidine-1-
Mo M carboxylate.
Taken on directly to the next
step.
Ex 7 Step | Racemic-tert-butyl 2- P | MS m/z 586 [M+Na]

4

{[(7-[((S)-1-
methoxypropan-2-
yl)carbamoyl]-5-{[2-
(trimethylsi-
lylethoxy]methyl}-5H-
pyrrolo[2,3-blpyrazin-2-
yl)oxy]methyl}pyrrolidine

(S)-2-bromo-N-(1-
methoxypropan-2-yl)-5-{|2-
(trimethylsilyl)ethoxy]methyl}-
5H-pyrrolo[2,3-b]pyrazine-7-
carboxamide

(Example 4 Step 3) and ra-
cemic-tert-butyl 2-
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-1-carboxylate

(hydroxymethyl)pyrrolidine-1-
carboxylate at 100°C and using
cesium carbonate as base.

yhoxy]-2-
methylpiperidine-1-
carboxylate

Sl
4 \\

Ex 10 Racemic-tert-butyl 3- o w, ™ | MS m/z 586 [M+Na]’

Step 4 {[(7-[((S)-1- e }’Q o 7// (8)-2-bromo-N-(1-
methoxypropan-2- M)ﬁj@ & R methoxypropan-2-yl)-5-{[2-
yl)carbamoyl]-5-{[2- \[\ N (trimethylsilyl)ethoxy]methyl}-
(trimethylsi- W N 5H-pyrrolo[2,3-b]pyrazine-7-
lyDethoxy]methyl}-5H- “‘e\\/\o) carboxamide
pyrrolo[2,3-b]pyrazin-2- AW (Example 4 Step 3) and ra-
yl)oxy]methyl}pyrrolidine cemic tert-butyl 3-
-1-carboxylate (hydroxymethyl)pyrrolidine-1-

carboxylate at 100°C.

Ex 13 Racemic-tert-butyl 3- o w, 7 | MSm/z 586 [M+Na]

Step 4 {[(7-[((R)-1- e N q /’/ (R)-2-bromo-N-(1-
methoxypropan-2- )TMZ o A methoxypropan-2-yl)-5-{[2-
yl)carbamoyl]-5-{[2- \[\ N\ (trimethylsilyl)ethoxy]methyl}-
(trimethyisi- N 5H-pyrrolo[2,3-bjpyrazine-7-
lyDethoxy]methyl}-5H- ““*\\/\G) carboxamide
pyrrolo[2,3-b]pyrazin-2- A (Example 1 Step 3) and ra-
yl)oxy]methyl}pyrrolidine cemic tert-butyl 3-
-1-carboxylate (hydroxymethyl)pyrrolidine-1-

carboxylate at 100°C.

Ex 52 tert-butyl (8)-3-[(7-[((S)- 2 M3 m/z 572 [M+Na]"

Step 4 1-methoxypropan-2- Ve S Ve one | (S)-2-bromo-N-(1-
yl)carbamoyl]-5-{[2- M°><Me D 7// methoxypropan-2-yl)-5-{[2-
(trimethylsi- ° N (trimethylsilyl)ethoxy]methyl}-
lylethoxy]methyl}-5H- O Ny, 5H-pyrrolo[2,3-b]pyrazine-7-
pyrrolo[2,3-b]pyrazin-2- \[ I%( carboxamide
ylyoxy]pyrrolidine-1- VN (Example 4 Step 3) and tert-
carboxylate Me O) butyl (8)-3-hydroxypyrrolidine-1-

,Si\\/\ carboxylate.
Me' Me

Ex 53 tert-butyl (R)-3-[(7-[((S)- 2 MS m/z 572 [M+Na]’

Step 4 1-methoxypropan-2- Me P ’ Ve onve | (8)-2-bromo-N-(1-
ylycarbamoyl}-5-{|2- Mexw ? o 7J methoxypropan-2-yl)-5-{[2-
(trimethylsi- N (trimethylsilyl)ethoxy]methyl}-
lyDethoxy]methyl}-5H- N 5H-pyrrolo[2,3-b]pyrazine-7-
pyrrolo[2,3-b]pyrazin-2- \[ j\% carboxamide
yl)oxy]pyrrolidine-1- NN (Example 4 Step 3) and tert-
carboxylate Me ) butyl (R)-3-hydroxypyrrolidine-1-

,Si\\/\ ° carboxylate.
Me'  Me

Ex 71 Trans-racemic-benzyl-4- MS m/z 612 [M+H]

Step 4 [(7T-[((S)-1- o Trans-racemic-benzyl (2R,4S)-
methoxypropan-2- L 4-hydroxy-2-methylpiperidine-1-
yl)carbamoyl]-5-{[2- H.J carboxylate (Bioorg. Chem.
(trimethylsi- Py v O N f° (1999), 27 (2), 81-90) and (S)-2-
lyhethoxy]methyl}-5H- &/)\ o f DS bromo-N-(1-methoxypropan-2-
pyrrolo[2,3-blpyrazin-2- . of - "'\\o yl)-5-{[2-

(trimethylsilyl)ethoxy]methyl}-
5H-pyrrolo[2,3-b]pyrazine-7-
carboxamide (Example 4 Step
3).
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Ex 61 tert-butyl 4-{[7- o. _o 6 h's missing 43 reqd, 37 obsvd
Step 4 (ethylcarbamoyl)-5-{[2- ﬁ/ \f "H NMR (400 MHz, DMSO-d5)
(trimethylsi- N 0O ppm 8.43 (s, 1 H) 8.08 (s, 1
lyl)ethoxy]methyl}-5H- /,-Me H) 7.69 (t, J=5.02 Hz, 1 H) 5.63
pyrrolo[2,3-blpyrazin-2- 0 N (s, 2 H) 3.71 (d, J=13.05 Hz, 2
yl]oxy}-4- N wl H H) 3.49 - 3.60 (m, 3 H) 3.38 -
methylpiperidine-1- \E N 346 (m,2H)303-323(m, 3
carboxylate | P H) 219 - 2.37 (m, 2 H) 1.59 -
N B 179 (m, 2H)132-147 (M, 9
Mg H) 1.21 (m, 3 H) 0.82 (m, 2 H)
,éw\\/\o 0.09 (s, 9 H))2-bromo-5-[(3,3-
Me  Me dimethylbutoxy)methyl]-N-ethyl-
5H-pyrrolo[2,3-b]pyrazine-7-
carboxamide and tert-butyl 4-
hydroxy-4-methylpiperidine-1-
carboxylate (Example 25 Step
3).
Ex 46 Trans-racemic-tert-butyl 2-bromo-5-[(3,3-
Step 4 4-{[7-(ethylcarbamoyl)- dimethylbutoxy)methyl]-N-ethyl-
5-{[2- oy d 5H-pyrrolo[2,3-b]pyrazine-7-
(trimethylsi- ,?/ carboxamide and trans-racemic-
lylethoxy]methyl}-5H- '_Q tert-butyl 4-hydroxy-3-
pyrrolo[2,3-b]pyrazin-2- N methylpiperidine-1-carboxylate
ylloxy}-3- \sll N N\, -6 (Example 25 Step 3). Takcn
methylpiperidine-1- IO NN on directly to the next step.
carboxylate P
I
Ex 77 Trans-racemic-benzyl 4- 2-bromo-5-[(3,3-
Step 4 {[7-(ethylcarbamoyl)-5- @ dimethylbutoxy)methyl]-N-ethyl-
{[2- 4~ = | BH-pyrrolo[2,3-blpyrazine-7-
(trimethylsi- /N?\ carboxamide (Bioorg. Med.
lyl)ethoxy]methyl}-5H- ' Chem. (1999), 27 (2), 81-90)
pyrrolo[2,3-b]pyrazin-2- N N d and trans-racemic-benzyl 4-
ylloxy}-2- /\SIV/\O/”\N//\/?N/ hydroxy-2-methylpiperiding-1-
methylpiperidine-1- = carboxylate (Example 25 Step
carboxylate o ~NH 3). Taken on directly to the next
) step.
Ex 80 Cis-racemic-benzyl  5- MS m/z 612 [M+H[+
Step 4 [(7-[(1-methoxypropan- \fj‘ (S)-2-bromo-N-(1-
2-yl)carbamoyl]-5-{|2- °\>,NH methoxypropan-2-yl)-5-{[2-
(trimethylsi- = (trimethylsilyl)ethoxy]methyl}-
lyl)ethoxy]methyl}-5H- >s‘|A\v/°\/N\( i ;Lo /3 5H-pyrrolo[2,3-b]pyrazine-7-
pyrrolo[2,3-b]pyrazin-2- N-2 . \_> | carboxamide
yloxy]-2- \V,N\«OV (Example 4 Step 3) and cis-
F

methylpiperidine-1-
carboxylate

racemic-benzyl 5-hydroxy-2-
methylpiperidine-1-carboxylate.

Example 1 Step 4
tert-Butyl-(cis-racemic)-4-methoxy-3-[(7-[((S)-1-methoxypropan-2-yl)carbamovl]-5-{[2-

trimethylsilyDethoxy]methyl}-5H-

rrolo[2 3-b

razin-2-yhamino

iperidine-1-carboxylate

Method B wherein Y=N
To a mixture of (S)-2-bromo-N-(1-methoxypropan-2-yl)-5-{[2-(trimethylsilyl)ethoxy]methyl}-5H-

pyrrolo[2,3-b]pyrazine-7-carboxamide (Example 4 Step 3, 1 g, 2.26 mmol), tert-butyl (cis-racemic)-3-




CA 02984183 2017-10-27

WO 2016/178110 PCT/IB2016/052220

36

amino-4-methoxypiperidine-1-carboxylate (675 mg, 2.93 mmol) and sodium tert-butoxide (650 mg,
6.77 mmol) in toluene (40 mL) was added Pd,(dba), (207 mg, 0.23 mmol) and the reaction was heat-
ed to 110°C under nitrogen for 18 hours. The reaction was concentrated /n vacuo and purified using

silica gel column chromatography eluting with 20-66% EtOAc in petroleum ether to afford the title

5 compound as a yellow solid (1.2 g, 78%).
MS m/z 615 [M+Na]"
The following Preparations were prepared according to Method B wherein Y=N as described for Ex-
ample 1 Step 4 using the appropriate heteroaryl bromide and amine with either sodium tert-butoxide
10 or cesium carbonate as base.
13
PNrEp Name Structure Data/SM
Ex 4 Step4 | tert-butyl  (cis-racemic)-4- MS m/z 593 [M+H]"
methoxy-3-[(7-[((R)-1- 549” tert-butyl (cis-racemic)-3-
methoxypropan-2- RN amino-4-methoxypiperidine-1-
ylhcarbamoyl]-5-{[2- =\ carboxylate and (S)-2-bromo-
(trimethylsi- Sy N </">\NH N-(1-methoxypropan-2-yl)-5-
lyl)ethoxy]methyl}-5H- ‘ N7 o {12-
pyrrolo[2,3-b]pyrazin-2- O‘L/W"\/ (trimethylsilyl)ethoxy]methyl}-
yl)amino]piperidine-1- o 5H-pyrrolo[2,3-b]pyrazine-7-
carboxylate carboxamide (Example 4
Step 3).
Ex 16 Step | Racemic-tert-butyl  3-{[(7- N wy ™ | MS m/z 593 [M+Na]’
4 [((S)-1-methoxypropan-2- e ?Nv\ SN (8)-2-bromo-N-(1-
ylcarbamoyl]-5-{[2- ME/P‘ Ve NN ) methoxypropan-2-yl)-5-{[2-
(trimethylsi- \[N,l/w\/ (trimethylsilyl)ethoxy]methyl}-
lyl)ethoxy]methyl}-5H- e ) 5H-pyrrolo[2,3-b]pyrazine-7-
pyrrolo[2,3-b]pyrazin-2- M‘S'ﬁ ¢ carboxamide
ylamino]methyl}pyrrolidine- (Example 4 Step 3) and ra-
1-carboxylate cemic tert-butyl 3-
(aminomethyl)pyrrolidine-1-
carboxylate.




CA 02984183 2017-10-27

WO 2016/178110

PCT/IB2016/052220

methylpiperidine-1-
carboxylate

37

Ex 19 Step | Racemic-tert-butyl  3-{[(7- e w_ P | MS m/z 593 [M+Na]’

4 [((R)-1-methoxypropan-2- Me\)\ﬂ °>/NVT °\>Vﬂ/ (R)-2-bromo-N-(1-
yI)_carbamqu]-5-{[2— w M HN\‘/NQE\ mc_athoxypr_opan-2-y|)-5-{[2-
l(t;;mt(;thyl?l- — F N; ggmethy{sglgeg]oxy]methyél}-
yl)ethoxy]methyl}-5H- w oo -pyrrolo[2,3-blpyrazine-7-
pyrrolo[2,3-b]pyrazin-2- MFS'MV ° carboxamide
yl)amino]methyl}pyrrolidine- (Example 1 Step 3) and ra-
1-carboxylate cemic tert-butyl 3-

(aminomethyl)pyrrolidine-1-
carboxylate.

Ex 22 Step | Cis-racemic-tert-butyl 2- 2-bromo-N-(3,3,3-

4 methyl-4-[(7-[(3,3,3- trifluoropropyl)-5-{[2-
trifluoropropyl)carbamoyl]- °yo (trimethylsilyl)ethoxy]methyi}-
5-{[2- N 5H-pyrrolo[2,3-b]pyrazine-7-
(trimethylsi- g/} carboxamide (Example 22
IyI)ethoxy]methyI}-S_H- - 7/\§’NH Step 3) and cis-racemig tert-
pyrrolo[2,3-b]pyrazin-2- Shom~o~nA butyl 4-amino-2-
yhamino]piperidine-1- = methylpiperidine-1-
carboxylate NH carboxylate. Taken on directly

° to the next step
CF3

Ex 25 Step | Trans-racemic-tert-butyl 4- MS m/z 571 [M+Nal’

4 {[7-(ethylcarbamoyl)-5-{[2- »L 2-bromo-5-[(3,3-

(trimethylsi- 05\,0 dimethylbutoxy)methyl]-N-

lyhethoxy]methyl}-5H- N ethyl-5H-pyrrolo[2,3-

pyrrolo[2,3-b]pyrazin-2- Nor blpyrazine-7-carboxamide and

yllamino}-3- N N"\__NH trans-racemic-tert-butyl 4-

methoxypiperidine-1- S~ N ’/N amino-3-methoxypiperidine-1-

carboxylate = carboxylate (Example 25
d N\'L Step 3).

Ex 65 Step | Cis-racemic-benzyl -5-[(7- MS m/z 611 [M+H]"

4 [((S)-1-methoxypropan-2- o AT Cis-racemic-benzyl 5-amino-2-
yl)carbamoyl]-5-{[2- J\\»—NH methylpiperidine-1-carboxylate
(trimethylsi- ~ e (W02010016005) and (S)-2-
lyl)ethoxymethyl}-5H- s 0 \i,\,;wn ¢ | bromo-N-(1-methoxypropan-2-
pyrrolo[2,3-b]pyrazin-2- I o | yD)-5-{2-
ylamino]-2- L {W, (trimethylsilyl)ethoxy]methyl}-
methylpiperidine-1- 5H-pyrrolo[2,3-b]pyrazine-7-
carboxylate carboxamide

(Example 4 Step 3).

Ex 68 Step | Cis-racemic-benzyl -5-[(7- MS m/z 611 [M+H]

4 [((R)-1-methoxypropan-2- a Cis-racemic-benzyl 5-amino-2-
ylcarbamoyl]-5-{[2- o methylpiperidine-1-carboxylate
(trimethylsi- o AT (WO2010016005) and (R)-2-
lyhethoxy]methyl}-5H- - e SJLN,H (“\; bromo-N-(1-methoxypropan-2-
pyrrolo[2,3-b]pyrazin-2- an/o\ =] y)-5-{2-
yl)amino]-2- % (trimethylsilyl)ethoxy]methyl}-

5H-pyrrolo[2,3-b]pyrazine-7-
carboxamide
(Example 1 Step 3).
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Ex 28 Step | Racemic tert-butyl 3-{[7- 0«4’0 Taken on directly to the next

4 (ethylcarbamoyl)-5-{[2- f—&( Zwﬁ) step.

(trimethylsi- Ve N 2-bromo-5-[(3,3-

lyl)ethoxy]methyl}-5H- ME,I\ ’N\v*\\k N dimethylbutoxy)methyl]-N-

pyrrolo[2,3-b]pyrazin-2- EN/A;?‘ ethyl-5H-pyrrolo[2,3-

yll(methyl)amino}pyrrolidine Ve ) b]pyrazine-7-carboxamide

-1-carboxylate y w0 (Example 25 Step 3) and

e racemic tert-buty! 3-

(methylamino)pyrrolidine-1-
carboxylate.

Ex 59 Step | tert-butyl a-7-1 .. . N’Y o ¥ MS m/z 527 [M+Na]’

4 (ethylcarbamoyl)-5-{[2- wl T Uk [ | 2-bromo-5-[(3,3-

(trimethylsi- e T l> dimethylbutoxy)methyl]-N-
lylethoxy]methyl}-5H- o “3 ethyl-5H-pyrrolo[2,3-
pyrrolo[2,3-b]pyrazin-2- i Pt b]pyrazine-7-carboxamide
yllazetidin-3- e’ e (Example 25 Step 3) and
ylimethylcarbamate tert-butyl azetidin-3-
yl(methyl)carbamate.

Ex 74 Step | Cis-racemic-benzyl  5-{[7- MS miz 567 [M+H]”

4 (ethylcarbamoyl)-5-{[2- O ni 2-bromo-5-[(3,3-

(trimethylsi- féz; dimethylbutoxy)methyl]-N-

lylethoxylmethyl}-5H- oMy | ethyi5H-pyrrolof2,3-

pyrrolo[2,3-b]pyrazin-2- /™ 0= | blpyrazine-7-carboxamide

yllamino}-2- \wg"*b (Example 25 Step 3) and cis-

methylpiperidine-1- i racemic-benzyl 5-amino-2-

carboxylate methylpiperidine-1-
carboxylate.

Ex 31 Step | Trans-racemic-tert-butyl 4- MS m/z 535 [M+H]"

4 {[7-(ethylcarbamoyl)-5-{[2- \// " NMR (400 MHz, DMSO-d;)
(trimethylsi- O o & ppm 8.17 - 825 (m, 1 H)
lyl)ethoxy]methyl}-5H- N, 8.07-814(m,1H)7.86 (s, 1
pyrrolo[2,3-b]pyrazin-2- Hol H) 7.32-7.34 (m, 1 H) 5.46 -
yl]amino}_-3- . N j/\kﬁ'ﬂ 559 (m, 2 H) 527-5.29 (m,1
hydroxypiperidine-1- B R N H) 3.98 (br.s., 1H) 3.83 (d, 1
carboxylate =/ H) 3.72 (br. s, 1 H) 3.45 - 3.55

U%NH (m, 3 H) 261-3.33 (m, 2 H)
215, 1H)1.42(s,9H) 1.12
-1.31 (m, 5 H) 081 (t, 3 H)
0.09 (s, 9 H)
2-bromo-5-[(3,3-
dimethylbutoxy)methyl]-N-
ethyl-5H-pyrrolo[2,3-
b]pyrazine-7-carboxamide
(Example 25 Step 3) and
trans-racemic-tert-butyl 4-
amino-3-hydroxypiperidine-1-
carboxylate.

Ex 34 Step | Racemic-tert-butyl 3{[7- Me>”c j\ 2-bromo-5-[(3,3-

4 (ethylcarbamoyl)-5-{[2- Me” o7 i dimethylbutoxy)methyl]-N-
(trimethylsi- o N ethyl-5H-pyrrolo[2,3-
lyl)ethoxy|methyl}-5H- o e b]pyrazine-7-carboxamide

rrolo[2,3-b]pyrazin-2- N (Example 25 Step 3) and
py ,3-0] Py | p p
ylJamino}piperidine-1- ﬁ racemic-tert-butyl 3-
carboxylate “”“’S\‘\\/\o aminopiperidine-1-

carboxylate. Taken on directly
to the next step.
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Ex 37 Step | Cis-racemic-tert-butyl 4-{[7- "H NMR (400MHz, CDCl,): 3
4 (ethylcarbamoyl)-5-{[2- ~J- | ppm 8.24-8.07 (m, 1H), 8.03
(trimethylsi- O o (s, 1H), 7.69-7.59 (m, 1H),
lyhethoxy]methyl}-5H- ,/z/ 5.55 (s, 2H), 4.41 (br s, 1H),
pyrrolo[2,3-b]pyrazin-2- - ) 4.26-3.98 (m, 2H), 3.77-3.60
yllamino}-3- | Ny (m, 1H), 3.57-3.35 (m, 4H),
methylpiperidine-1- /S‘v“\o/A\NJQFNV 2.88 (1, 1H), 2.58 (br s, 1H),
carboxylate by 2.21-2.20 (m, 1H), 1.50-1.45
O,%N\H (m, 9H), 1.36-1.25 (m, 4H),
- 1.03 (d, 4H), 0.93-0.84 (m,
2H), -0.33- -0.11 (m, 9H).
2-bromo-5-[(3,3-
dimethylbutoxy)methyl]-N-
ethyl-5H-pyrrolo[2,3-
b]pyrazine-7-carboxamide
(Example 25 Step 3) and cis-
racemic-tert-butyl 4-amino-3-
methylpiperidine-1-carboxylate
(US 20050085518).
Ex 40 Step | Trans-racemic-tert-butyl 4- "H NMR (400MHz, DMSO-dg):
4 {[7_-(ethylcarbamoyl)-E-{[Z- o “/- | & ppm 8.18-8.07 (m, 2H), 7.73
ethoxy]metnyl- 5t W | Shriaa (m, 2, 440 (or o
pyrrolo[2,3-b]pyrazin-2- A 1H), 4.24-4.06 (m, 1H), 3.93
yllamino}-2- | N (d, J=13.1 Hz, 1H), 3.55-3.34
methylpiperidine-1- /SIVA\Q’A‘NJ@FN’ (m, 4H), 3.08-2.86 (m, 1H),
carboxylate by 2.07-1.88 (m, 1H), 1.91 (d,
0,::/L NH J=12.5 Hz, 1H), 1.52-1.33 (m,
- 10H), 1.29-1.11 (m, 7H), 0.80
(t, J=7.9 Hz, 2H), 0.06- -0.19
(m, 9H).
2-bromo-5-[(3,3-
dimethylbutoxy)methyl]-N-
ethyl-5H-pyrrolo[2,3-
b]pyrazine-7-carboxamide
(Example 25 Step 3) and
trans-racemic-tert-butyl 4-
amino-2-methylpiperidine-1-
carboxylate.
Ex 60 Step | tert-butyl 4-{[7- “’b>r°\|¢° MS myz 533 [M+H]”
4 (ethylcarbamoyl)-5-{[2- M e N 2-bromo-5-[(3,3-
(trimethylsi- Q R dimethylbutoxy)methyl]-N-
lyl)ethoxy|methyl}-5H- N ethyl-5H-pyrrolo[2,3-
pyrrolo[2,3-b]pyrazin-2- NN N\t b]pyrazine-7-carboxamide
yll(methyl)amino}piperidine- \[/ N (Example 25 Step 3) and
1-carboxylate N ”> tert-butyl 4.
Me . . .
\ o (methylamino)piperidine-1-
w '\\Me/\ carboxylate.
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Ex 43 Step | Trans-racemic-tert-butyl 4- wL "H NMR (400MHz, DMSO-dy):

4 {[7-(ethylcarbamoyl)-5-{[2- °\/vo ¢ ppm 8.14-8.07 (m, 2H), 7.86
(trimethylsi- N (s, 1H), 7.23-7.22 (m, 1H),
lyl)ethoxy]methyl}-5H- —J\V/ 552 (s, 2H), 4.15-4.05 (m,
pyrrolo[2,3-b]pyrazin-2- NN J”\ NH 1H), 3.80-3.50 (m, 4H), 3.40-
yllamino}-3- 7o N‘QFN 3.30 (m, 1H), 3.25-3.05 (m,
methylpiperidine-1- - 2H), 2.25-2.15 (m, 1H), 1.75-
carboxylate o 1.60 (m, 2H), 1.40 (s, 9H),

1.25-1.10 (m, 5H), 0.90-0.75
(m, 5H), -0.08 (s, 9H).
2-bromo-5-[(3,3-
dimethylbutoxy)methyl]-N-
ethyl-5H-pyrrolo[2,3-
b]pyrazine-7-carboxamide
(Example 25 Step 3) and
trans-racemic-tert-butyl 4-
amino-3-methylpiperidine-1-
carboxylate (Us
20050085518).

Ex 62 Step | tert-butyl 4-{[7-(azetidin-1- Mﬂ>r°\]¢° MS m/z 567 [M+Na]’

4 ylcarbonyl)-5-{[2- e N Azetidin-1-yl(2-bromo-5-{[2-
(trimethylsi- (trimethylsilyl)ethoxy]methyl}-
Iyl)etr|1o[éy‘!?,m;ithyl}-S_H-2 ° NQ 5|I;|-p¥(Lrolo[2,3-?I]Epyrazirl1-7- o2
pyrrolo[2,3-b]pyrazin-2- NN yl)mcthanonc xample
yll(methylyamino}piperidine- we” \[\j%/ Step 3) and tert-butyl 4-
1-carboxylate NN (methylamino)piperidine-1-

Mg O) carboxylate.
ol

Ex 63 Step | (8)-2-bromo-N-(1-

4 tert-butyl 2- methoxypropan-2-yl)-5-{[2-
(methoxymethyl)-4-(7-(((R)- ‘0\\( ?[0 O/Q (trimethylsilyl)ethoxy]methyl}-
1-methoxypropan-2- A NTTo 5H-pyrrolo[2,3-b]pyrazine-7-
yl)carbamoyl)-5-((2- N N\) carboxamide (Example 4
(trimethylsi- /N \N]/ Step 3) and racemic-benzyl-5-
Iyl)etr;o[);y%mb?thyl)ﬁH-z ) o— am}i[lgol-z_-me_ghoxy;nethyl-z-
pyrrolo[2,3-b]pyrazin-2-yl)- methylpiperidine-1-
2-methylpiperazine-1- A carboxylate.
carboxylate Taken on directly to the next

step.

Ex 64 Step | tert-butyl 4-((7- “’b>(°\|¢° 2-bromo-N-isopropyl-5-((2-

4 (isopropylcarbamoyl)-5-((2- | ™ # _n o (trimethylsilyl)ethoxy)methyl)-
(trimethylsi- Q o 5H-pyrrolo[2,3-blpyrazine-7-
Iyl)etr|1o[>§y)3mbei*thyl)-5H-2 T NI?N gr;lrbox%?ide d(E)S[ar:tlglet | (14
pyrrolo[2,3-b]pyrazin-2- Me” ~ ep an ert-butyl 4-
yl)(methyl)amino)piperidine- \[N/ N\ (methylamino)piperidine-1-
1-carboxylate " ) carboxylate.

Mfi\]/\o MS m/z 569 [M+H]"

Examples 55 and 56 Step 4
Cis-racemic-tert-butyl-4-[(7-[({S)-1-methoxypropan-2-yDcarbamoyl]-5-{[2-(trimethyIsily ethoxy]methy|}-

5H-

rrolof2.3-b

razin-2-yllJaminol]-2-methylpiperidine-1-carboxylate
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The title compound was prepared according to the method described for Example 1 Step 4 using
(8)-2-bromo-N-(1-methoxypropan-2-yl)-5-{[2-(trimethylsilyl)ethoxy]methyl}-5H-pyrrolo[2,3-b]pyrazine-
7-carboxamide (Example 4 Step 3) and cis-racemic-tert-butyl 4-amino-2-methylpiperidine-1-
carboxylate.

"H NMR (400MHz, DMSO-ds): 8 ppm 8.39-8.37 (m, 0.5H), 8.30-8.28 (m, 0.5H), 8.09-8.07 (m, 1H),
7.82 (s, 1H), 7.17-7.13 (m, 1H), 5.53-5.50 (m, 2H), 4.25-4.15 (m, 1H), 4.10-3.90 (m, 3H), 3.75-3.70
(m, 1H), 3.51-3.47 (m, 2H), 3.40-3.27 (m, 4H), 2.05-1.95 (m, 1H), 1.95-1.60 (m, 3H), 1.40 (s, 9H),
1.17-1.10 (m, 7H), 0.80 (t, 2H), -0.07 (s, 9H).

The residue was separated into the two cis-isomers using preparative chiral column chromatography
according to the conditions described below:

Column: OD (250x30mm, 10 micron); Mobile phase: 40% IPA in NHs/H.O

Flow rate: 70 mL/min.

The two cis-isomers were arbitrarily assigned absolute stereochemistry:

Example 55 Step 4

Pk1:tert-butyl-(2S,48)-4-[(7-[((S)-1-methoxypropan-2-yl)carbamoyl]-5-{[2-
(trimethylsilyl)ethoxy]methyl}-5H-pyrrolo[2,3-b]pyrazin-2-yl)amino]-2-methylpiperidine-1-carboxylate
Example 56 Step 4

Pk2: tert-butyl-(2R,4R)-4-[(7-[((S)- 1-methoxypropan-2-yl)carbamoyl]-5-{[2-
(trimethylsilyl)ethoxy]methyl}-5H-pyrrolo[2,3-b]pyrazin-2-yl)amino]-2-methylpiperidine-1-carboxylate
Examples 57 and 58 Step 4

Cis-racemic-tert-butyl-4-[{7-[((R)-1-methoxypropan-2-yhcarbamoyl]-5-{[2-

trimethyisily) ethoxy]methyl}-5H-pyrrolo[2,3-b]pyrazin-2-y)amino]-2-methylpiperidine-1-carboxylate

The title compound was prepared according to the method described for Example 1 Step 4 using
(R)-2-bromo-N-(1-methoxypropan-2-yl)-5-{[2-(trimethylsilyl)ethoxy]methyl}-5H-pyrrolo[2,3-b]pyrazine-
7-carboxamide (Example 1 Step 3) and cis-racemic-tert-butyl 4-amino-2-methylpiperidine-1-
carboxylate. 'H NMR (400MHz, DMSO-ds): 3 ppm 8.39-8.37 (m, 0.5H), 8.30-8.28 (m, 0.5H), 8.09-
8.07 (m, 1H), 7.82 (s, 1H), 7.17-7.13 (m, 1H), 5.53-5.50 (m, 2H), 4.25-4.15 (m, 1H), 4.10-3.90 (m,
3H), 3.75-3.70 (m, 1H), 3.51-3.47 (m, 2H), 3.40-3.27 (m, 4H), 2.05-1.95 (m, 1H), 1.95-1.60 (m, 3H),
1.40 (s, 9H), 1.17-1.10 (m, 7H), 0.80 (t, 2H), -0.07 (s, SH).

The residue was separated into its cis-isomers using preparative chiral column chromatography ac-
cording to the conditions described below:

Column: OD (250x30mm, 10 micron); Mobile phase: 45% IPA in NH3/H.O

Flow rate: 80 mL/min.

The two cis-isomers were arbitrarily assigned absolute stereochemistry:

Example 57 Step 4
tert-butyl-(2S,4S8)-4-[(7-[((R)-1-methoxypropan-2-yl)carbamoyl]-5-{[2-(trimethylsily[)ethoxy]methyI}-5H-
pyrrolo[2,3-b]pyrazin-2-yl)amino]-2-methylpiperidine-1-carboxylate
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Example 58 Step 4
tert-butyl-(2R,4R)-4-[(7-[((R)-1-methoxypropan-2-yl)carbamoyl]-5-{[2-(trimethylsilyl)ethoxy]methyl}-5H-
pyrrolo[2,3-blpyrazin-2-yl)aminc]-2-methylpiperidine-1-carboxylate

Example 1 Steps 5-7
2-{[(cis-racemic)-1-acryloyl-4-methoxypiperidin-3-yljamino}-N-[(2S)-1-methoxypropan-2-yI}-5H-

pyrrolo[2,3-blpyrazine-7-carboxamide

To a solution of tert-butyl (cis-racemic)-4-methoxy-3-[(7-{({S)-1-methoxypropan-2-yljcarbamoyl]-5-{[2-
{trimethylsilyl)ethoxy]methyi}-5H-pyrrolo[2, 3-b]pyrazin-2-yl)amino]piperidine-1-carboxylate

(Example 1 Step 4, 1.2 g, 2.02 mmol) in DCM (40 mL) was added TFA (12 mL) and the reaction was
stirred at room temperature for 3 hours. The reaction was concentrated in vacuo. The residue was
dissolved in MeOH (30 mL) and treated with 28% aqueous ammonia (10 mL). The reaction was stirred
at room temperature for 18 hours. The reaction was concentrated in vacuo and the residue dissolved
in THF (30 mL) and water (30 mL). To the solution was added DIPEA (792 mg, 6.13 mmol) followed by
acryloyl chloride (370 mg, 4.08 mmol) dropwise at 0°C. The reaction was stirred at 0°C for 2 hours
before concentrating in vacuo. The residue was purified using silica gel column chromatography
eluting with 10% MeOH in DCM followed by Preparative HPLC to afford the title compound as a grey
solid (350 mg, 41%).

Preparative HPLC Method:

Column: Phenomenex Gemini C18 250x21.2 mm, 8 micron. »

Mobile phase: From 22-42% MeCN in water, both mobile phases modified with ammonia (pH=10).

QC Analytical LCMS Method:

Column: Ultimate XB-C18, 3x50 mm, 3 micron

Mobile phase: From 1-100% MeCN in water, both mobile phases modified with 0.1% TFA

'H NMR (400MHz, DMSO-de): & ppm 12.11 (br s, 1H), 8.29-8.26 (m, 1H), 7.89-7.85 (m, 2H), 6.94-6.84
(m, 2H), 6.14-6.10 (m, 1H), 5.71-5.67 (m, 1H), 4.69-4.68 (m, 0.5H), 4.33-4.11 (m, 3.5H), 3.70-3.60 (m,
2H), 3.45-3.34 (m, 5H), 3.00-2.80 (m, 4H), 1.78-1.63 (m, 2H), 1.22 (d, 3H).

Rt = 3.31 minutes MS m/z 439 [M+Na]*

. The cis-racemic material was separated into its enantiomers using preparative chiral column

chromatography according to the conditions described below:

Preparative Chiral Method:

Column: OD (250x30 mm, 10 micron); Mobile phase: 35% MeOH in NH3/H,O

Flow rate: 80 mL/min

QC Analytical LCMS Method:

Column: Chiralcel™ OD-3 150x4.6 mm, 3 micron; Mobile phase: MeOH (0.05% DEA) in CO, from
5-40%; Flow rate: 2.5 mL/min

The two enantiomers were arbitrarily assigned absolute stereochemistry:

First eluting isomer: Example 2

CA 2984183 2019-04-04
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2-{[(3S,4R)-1-acryloyl-4-methoxypiperidin-3-yl]Jamino}-N-[(2S)-1-methoxypropan-2-yl]-5H-pyrrolo[2, 3-
b]pyrazine-7-carboxamide; Rt = 7.55 minutes MS m/z 439 [M+Na]"
Second eluting isomer: Example 3

2-{[(3R,4S)-1-acryloyl-4-methoxypiperidin-3-ylJamino}-N-[(2S)-1-methoxypropan-2-yl]-5H-pyrrolo[2,3-
b]pyrazine-7-carboxamide; Rt = 8.62 minutes MS m/z 439 [M+Na]"

Example 4
2-{[(cis-racemic)-1-acryloyl-4-methoxypiperidin-3-yllamino}-N-[ (2R)-1-methoxypropan-2-yl}-5H-pyrrolo[2.3-

blpyrazine-7-carboxamide

The title compound was prepared and purified according to the method described for Example 1 Steps 5-7

using tert-butyl (cis—racemic)—4-methoxy—3-[(7—[((R)-1—methoxyprbpan-2-yl)carbamoyl]-5-{[2-
{trimethylsilyl)ethoxylmethyl}-5H-pyrrolo[2,3-b]pyrazin-2-yl)amino]piperidine-1-carboxylate (Example 4
Step 4) and an HPLC gradient of from 19-39% MeCN in water, both mobile phases modified with ammonia
{pH=10).
'H NMR (400MHz, DMSO-ds): 8 ppm 12.11 (br s, 1H), 8.29-8.26 (m, 1H), 7.89-7.85 (m, 2H), 6.94-6.84 (m,
2H), 6.14-6.10 (m, 1H), 5.71-5.67 (m, 1H), 4.69-4.66 (m, 0.5H), 4.33-4.11 (m, 3.5H), 3.70-3.60 (m, 2H),
3.45-3.34 (m, 5H), 3.00-2.80 (m, 4H), 1.78-1.63 (m, 2H), 1.22 (d, 3H).

Rt = 3.31 minutes MS m/z 439 [M+Na]"

The cis-racemic material was separated into its enantiomers using preparative chiral column
chromatography according to the conditions described below;

Column: OD (250x30 mm, 10 micron); Mobile phase; 25% MeOH in NH/H,O

Flow rate: 70 mL/min ’

QC Analytical LCMS Method:

Column: Chiralpak™ AD-H 250x4.6 mm, 5 micron; Mobile phase: IPA (0.05% DEA) in CO, from 5-40%;
Flow rate: 2.5 mL/min

The two enantiomers were arbitrarily assigned absolute stereochemistry:

First eluting isomer: Example §

2-{[(38,4R)-1-acryloyl-4-methoxypiperidin-3-yl}lamino}-N-[(2R)-1-methoxypropan-2-yl]-5H-pyrrolo[2,3-
b]pyrazine-7-carboxamide; Rt = 8.57 minutes MS m/z 439 [M+Na]"
Second eluting isomer: Example 6

2-{[(3R,45)-1-acryloyl-4-methoxypiperidin-3-ylJamino}-N-[(2R)- 1-methoxypropan-2-yi]-5H-pyrrolo[2,3-
blpyrazine-7-carboxamide; Rt = 8.99 minutes MS m/z 439 [M+Na]"

Example 7
Racemic-2-[(1-acryloylpyrrolidin-2-ylymethoxy]-N-[(28)-1-methoxypropan-2-yl]-56H-pyrrolo[2, 3-b]pyrazine-7-

carboxamide

The title compound was prepared and purified according to the method described for Example 1 Steps 5-7

using racemic-tert-butyl 2-{{(7-[({S)-1-methoxypropan-2-yl)carbamoyl]-5-{[2-(trimethylsilyl)ethoxy]methyl}-
5H-pyrrolo{2,3-b]pyrazin-2-ylhoxy]methyl}pyrrolidine-1-carboxylate (Example 7 Step 4) and an HPLC
gradient of from 29-49% MeCN in water, both mobile phases modified

CA 2984183 2019-04—0’4
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with ammonia (pH=10). "H NMR (400MHz, DMSO-dg): 5 ppm 12.48 (br s, 1H), 8.20-8.18 (m, 1H),
8.11-7.99 (m, 2H), 6.75-6.60 (m, 0.5H), 6.58-6.56 (m, 0.5H), 6.16-6.12 (m, 1H), 5.69-5.66 (m, 1H),
4.59-4.18 (m, 4H), 3.70-3.27 (m, 7H), 2.09-1.91 (m, 4H), 1.23 (d, 3H).

The racemic material was separated into its enantiomers using preparative chiral column chromatog-
raphy according to the conditions described below;

Column: WEEK-1 (300x25mm, 5 micron); Mobile phase: 20% MeOH in NH3/H,O

Flow rate: 60 mL/min

QC Analytical LCMS Method:

Column: Whelk-O1 (250x4.6mm, 5 micron); Mobile phase: 50% EtOH with 5% DEA in CO,.

Flow rate: 2 mL/min

The two enantiomers were arbitrarily assigned absolute stereochemistry:

First eluting isomer: Example 8

2-{[(2S)-1-acryloylpyrrolidin-2-ylJmethoxy}-N-[(28)-1-methoxypropan-2-yl]-5H-pyrrolo[2,3-b]pyrazine-7-
carboxamide; Rt = 5.53 minutes MS m/z 410 [M+Na]"
Second eluting isomer: Example 9

2-{[(2R)-1-acryloylpyrrolidin-2-ylimethoxy}-N-[(2S)-1-methoxypropan-2-yl]-5H-pyrrolo[2,3-b]pyrazine-
7-carboxamide; Rt = 6.51 minutes MS m/z 410 [M+Na]”

Example 10
Racemic-2-[(1-acrylovlpyrrolidin-3-yl)methoxy]-N-[(28)-1-methoxypropan-2-yll-5H-pyrrolo[2 3-

blpyrazine-7-carboxamide

The title compound was prepared and purified according to the method described for Example 1 us-
ing racemic-tert-butyl 3-{[(7-[((S)-1-methoxypropan-2-yl)carbamoyl]-5-{[2-
(trimethylsilyl)ethoxy]methyl}-5H-pyrrolo[2,3-b]pyrazin-2-yl)oxy]methyl}pyrrolidine-1-carboxylate (Ex-
ample 10 Step 4). The residue was purified by silica gel column chromatography eluting with 5%
MeOH in DCM followed by preparative HPLC using a gradient of from 20-40% MeCN in water, both
mobile phases modified with ammonia (pH=10). 'H NMR (400MHz, DMSO-ds): & ppm 12.58 (br s,
1H), 8.19 (s, 1H), 8.11-8.09 (m, 1H), 8.04 (s, 1H), 6.62-6.56 (m, 1H), 6.16-6.11 (m, 1H), 5.68-5.63 (m,
1H), 4.42-4.39 (m, 2H), 4.25-4.15 (m, 1H), 3.85-3.32 (m, 10H), 2.16-2.06 (m, 1H), 1.88-1.74 (m, 1H),
1.21 (d, 3H). Rt = 3.34 minutes MS m/z 410 [M+Na]"

The racemic material was separated into its enantiomers using preparative chiral column chromatog-
raphy according to the canditions described below;

Column; AD (250x30mm), 5 micron

Mobile phase: 30% EtOH in NHs/H,O; Flow rate: 60 mL/min

QC Analytical LCMS Method:

Column: Chiralcel OD-H (250x4.6mm, 5 micron); Mobile phase: A/B=75/25 A:Hexane with 0.1%DEA
,B: Ethanol; Flow rate: 0.5 mL/min

The two enantiomers were arbitrarily assigned absolute stereochemistry:

First eluting isomer: Example 11
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2-{[(38)-1-acryloylpyrrolidin-3-ylmethoxy}-N-[(2S)-1-methoxypropan-2-yl]-5H-pyrrolo[2,3-b]pyrazine-7-
carboxamide

This isomer was purified for a second time using chiral preparative HPLC using column OD
(250x30mm, 5 micron) and eluting with 35% EtOH in NH3/H,O with a flow rate of 50 mL/min to obtain
the chirally pure title compound.

Rt = 21.64 minutes, 95% de; MS m/z 410 [M+Na]"

Second eluting isomer: Example 12
2-{[(3R)-1-acryloylpyrrolidin-3-ylimethoxy}-N-[(2S)-1-methoxypropan-2-yl]-5H-pyrrolo[2,3-b]pyrazine-
7-carboxamide

Rt = 23.87 minutes, 99% de; MS m/z 410 [M+Na]"

Example 13— intermediate
Racemic-2-[(1-acrylovlpyrrolidin-3-vl)methoxy]-N-[(2R)- 1-methoxypropan-2-vll-5H-pvyrrolo[2.3-

blpyrazine-7-carboxamide

The title compound was prepared and purified according to the method described for Example 1
Steps 5-7 using racemic-tert-butyl 3-{[(7-[((R)-1-methoxypropan-2-yl)carbamoyl]-5-{[2-
(trimethylsilyl)ethoxy]methyl}-5H-pyrrolo[2,3-b]pyrazin-2-yl)oxy]methyl}pyrrolidine-1-carboxylate
(Preparation 13 Step 4). The residue was purified by silica gel column chromatography eluting with
5% MeOH in DCM followed by preparative HPLC using a gradient of from 20-40% MeCN in water,
both mobile phases modified with ammonia (pH=10).

MS m/z 410 [M+Na]"

The racemic material was separated into its enantiomers using preparative chiral column chromatog-
raphy according to the conditions described below; Column: AD (250x30mm), 5 micron; Mobile
phase: 30% EtOH in NH3/H,O; Flow rate: 60 mL/min

QC Analytical LCMS Method:

Column: Chiralpak AD-3 (150x4.6mm, 3 micron); Mobile phase: 5-40% EtOH with 0.05% DEA in COy;
Flow rate: 2.5 mL/min

The two enantiomers were arbitrarily assigned absolute stereochemistry:

First eluting isomer: Example 14
2-{[(3R)-1-acryloylpyrrolidin-3-yljmethoxy}-N-[(2R)-1-methoxypropan-2-yl]-53H-pyrrolo[2,3-b]pyrazine-
7-carboxamide. 'H NMR (400MHz, DMSO-dg): 5 ppm 12.57 (br s, ‘1H), 8.19 (s, 1H), 8.12-8.09 (m,
1H), 8.04 (s, 1H), 6.62-6.58 (m, 1H), 6.16-6.11 (m, 1H), 5.68-5.65 (m, 1H), 4.43-4.39 (m, 2H), 4.25-
4.15 (m, 1H), 3.90-3.55 (m, 5H), 3.44-3.28 (m, 4H), 2.90-2.70 (m, 1H), 2.20-2.05 (m, 1H), 1.90-1.75
(m, 1H), 1.22 (d, 3H).

Rt = 5.04 minutes, 99% de; MS m/z 410 [M+Na]"

Second eluting isomer: Example 15

2-{[(38)-1-acryloylpyrrolidin-3-ylJmethoxy}-N-[(2R)-1-methoxypropan-2-yl]-5H-pyrrolo[2,3-b]pyrazine-
7-carboxamide 'H NMR (400MHz, DMSO-dg): 5 ppm 12.57 (br s, 1H),8.19 (s, 1H), 8.12-8.00 (m, 1H),
8.04 (s, 1H), 6.62-6.55 (m, 1H), 6.15-6.10 (m, 1H), 5.68-5.65 (m, 1H), 4.48-4.45 (m, 1H), 4.35-4.32
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(m, 1H), 4.19-4.17 (m, 1H), 3.90-3.55 (m, 3H), 3.50-3.30 (m, 6H), 2.84-2.74 (m, 1H), 2.14-2.00 (m,
1H), 1.87-1.75 (m, 1H), 1.20 (d, 3H). Rt = 5.44 minutes, 91% de; MS m/z 410 [M+Na]”
Example 16

blpyrazine-7-carboxamide

The title compound was prepared and purified according to the method described for Example 1 us-
ing racemic-tert-butyl 3-{[(7-[((S)-1-methoxypropan-2-yl)carbamoyl]-5-{[2-
(trimethylsilyl)ethoxy]methyi}-5H-pyrrolo[2,3-b]pyrazin-2-yl)amino]methyl}pyrrolidine-1-carboxylate
(Example 16 Step 4). The residue was purified by silica gel column chromatography eluting with 5%
MeOH in DCM followed by preparative HPLC using a gradient of from 19-39% MeCN in water, both
mobile phases modified with ammonia (pH=10).

MS m/z 409 [M+Nal"

The racemic material was separated into its enantiomers using preparative chiral column chromatog-
raphy according to the conditions described below;

Column: OJ (250x30mm), 5 micron; Mobile phase: 20% EtOH in NH3/H,O

Flow rate: 60 mL/min

QC Analytical LCMS Method:

Column: Chiralcel OJ-3 (150x4.6mm, 3 micron); Mobile phase: 5-40% EtOH with 0.05% DEA in COy;
Flow rate: 2.5 mL/min

The two enantiomers were arbitrarily assigned absolute stereochemistry:

First eluting isomer: Example 17

2-({{(3S)-1-acryloylpyrrolidin-3-ylJmethyl}amino)-N-[(2S)-1-methoxypropan-2-yl]-5H-pyrrolo[2,3-
blpyrazine-7-carboxamide. 'H NMR (400MHz, DMSO-dg): 6 ppm 12.08 (br s, 1H), 8.41-8.36 (m, 1H),
7.87 (s, 1H), 7.72 (m, 1H), 7.30-7.20 (m, 1H), 6.60-6.50 (m, 1H), 6.20-6.10 (m, 1H), 5.66-5.62 (m,
1H), 4.25-4.15 (m, 1H), 3.75-3.50 (m, 7H), 3.40-3.10 (m, 4H), 2.66-2.40 (m, 1H), 2.08-1.95 (m, 1H),
1.78-1.60 (m, 1H), 1.18 (d, 3H). Rt =4.22 minutes; 99% de; MS m/z 409 [M+Na]"

Second eluting isomer: Example 18
2-({[(3R)-1-acryloylpyrrolidin-3-ylJmethyl}amino)-N-[(28)-1-methoxypropan-2-yl]-5H-pyrrolo[2,3-
b]lpyrazine-7-carboxamide. 'H NMR (400MHz, DMSO-dg): 8 ppm 12.06 (brs, 1H), 8.42-8.38 (m, 1H),
7.86 (s, 1H), 7.72 (m, 1H), 7.25-7.23 (m, 1H), 6.57-6.52 (m, 1H), 6.14-6.09 (M, 1H), 5.66-5.62 (m,
1H), 4.21-4.18 (m, 1H), 3.67-3.17 (m, 10.5H), 2.67-2.50 (m, 1.5H), 2.08-1.98 (m, 1H), 1.78-1.60 (m,
1H), 1.18 (d, 3H). Rt = 4.63 minutes, 98% de; MS m/z 409 [M+Na]"

Example 19
Racemic-2-{[(1-acryloylpyrrolidin-3-yl)methyllamino}-N-(2R)-(1-methoxypropan-2-yl)-5H-pyrrolo[2 3-

blpyrazine-7-carboxamide
The title compound was prepared and purified according to the method described for Example 1

Steps 5-7 using racemic-tert-butyl 3-{[(7-[((R)-1-methoxypropan-2-yl)carbamoyl!]-5-{[2-
(trimethylsilyl)ethoxy]methyl}-5H-pyrrolo[2,3-b]pyrazin-2-yl)amino]methyl}pyrrolidine-1-carboxylate
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(Example 19 Step 4). The residue was purified by silica gel column chromatography eluting with 5%
MeOH in DCM followed by preparative HPLC using a gradient of from 15-35% MeCN in water, both
mobile phases modified with ammonia (pH=10).

MS nvz 409 [M+Na]"

The racemic material was separated into its enantiomers using preparative chiral column chromatog-
raphy according to the conditions described below;

Column: AD (250x30mm), 5 micron; Mobile phase: 30% IPA in NH3/H,O

Flow rate: 60 mL/min

QC Analytical LCMS Method:

Column:; Chiralcel OD-H (250x4.6mm, 5 micron)

Mobile phase: A/B=75/25 A:Hexane with 0.1%DEA ,B: Ethanol; Flow rate: 0.5 mL/min

The two enantiomers were arbitrarily assigned absolute stereochemistry:

First eluting isomer: Example 20
2-({{(3S)-1-acryloylpyrrolidin-3-ylJmethyl}amino)-N-[(2R)-1-methoxypropan-2-y!]- 5H-pyrrolo[2,3-
blpyrazine-7-carboxamide. 'H NMR (400MHz, DMSO-ds): 5 ppm 12.08 (brs, 1H), 8.41-8.36 (m, 1H),
7.86 (s, 1H), 7.72 (s, 1H), 7.22-7.21 (m, 1H), 6.57-6.49 (m, 1H), 6.13-6.08 (m, 1H), 5.66-5.62 (m, 1H),
4.25-4.15 (m, 1H), 3.80-3.20 (M, 11H), 2.70-2.40 (m, 1H), 2.08-1.98 (m, 1H), 1.98-1.75 (m, 1H), 1.18
(d, 3H). Rt=26.79 minutes, 98% de; MS m/z 409 [M+Na]"

Second eluting isomer: Example 21
2-({[(3R)-1-acryloylpyrrolidin-3-y/imethyl}amino)-N-[(2R)-1-methoxypropan-2-yl]-5H-pyrrolo[2,3-
b]pyrazine-7-carboxamide. 'H NMR (400MHz, DMSO-ds): & pom 12.08 (brs, 1H), 8.42-8.38 (m, 1H),
7.87 (s, 1H), 7.72 (s, 1H), 7.25-7.24 (m, 1H), 6.60-6.50 (m, 1H), 6.13-6.09 (m, 1H), 5.66-5.63 (M, 1H),
4.25-4.15 (m, 1H), 3.75-3.15 (m, 11H), 2.67-2.50 (m, 1H), 2.08-1.98 (m, 1H), 1.98-1.75 (m, 1H), 1.18
(d, 3H). Rt = 30.55 minutes, 89% de; MS m/z 409 [M+Na]*

Example 22
Cis-racemic_2-{[1-acryloyl-2-methyipiperidin-4-yllamino}-N-(3.3 3-trifluoropropyl)-5H-pyrrolo[2,3-

blpyrazine-7-carboxamide

The title compound was prepared and purified according to the method described for Example 1
Steps 5-7 using cis-racemic-tert-butyl 2-methyl-4-[(7-[(3,3, 3-trifluoropropylycarbamoyl]-5-{[2-
(trimethylsilyl)ethoxy]lmethyl}-5H-pyrrolo[2,3-b]pyrazin-2-yl)amino]piperidine-1-carboxylate (Example
22 Step 4). The residue was purified by silica gel column chromatography eluting with 0-10% MeOH
in DCM followed by preparative HPLC using a gradient of from 27-47% MeCN in water, both mobile
phases modified with ammonia (pH=10).

"H NMR (400MHz, DMSO-dg): 5 ppm 12.17 (brs, 1H), 8.40-8.37 (m, 1H), 7.92 (s, 1H), 7.97 (s, 1H),
7.09-7.07 (m, 1H), 6.82-6.75 (m, 1H), 6.14-6.09 (m, 1H), 5.68-5.65 (m, 1H), 4.40-4.38 (m, 1H), 4.10-
4.00 (m, 2H), 3.64-3.58 (m, 2H), 3.35-3.33 (m, 1H), 2.60-2.56 (m, 2H), 1.99-1.90 (m, 3H), 1.77-1.76
(m, 1H), 1.22 (d, 3H).
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The cis-racemic material was separated into its enantiomers using preparative chiral column chroma-
tography according to the conditions described below;

Column:; IC (250x50mm), 10 micron; Mobile phase: 45% EtOH in NH;/H,O

Flow rate: 80 mL/min

QC Analytical SFC Method:

Column: IC-3 (150x4.6mm, 3 micron); Mobile phase: 40% EtOH with 0.05% DEA in CO,

Flow rate: 2.35 mL/min

QC Analytical LC/MS Method:

Column: Ultimate XB-C18, 3um, 3x50mm; Rt =3.59 min. Mabile phase: 1% AcCN/H20 (0.1% TFA) to
100% ACCN/H20 (0.1% TFA);. =220 nM

The two enantiomers were arbitrarily assigned absalute stereochemistry

Example 23
2-{[(2R,4R)-1-acryloyl-2-methylpiperidin-4-yllJamino}-N-(3, 3, 3-trifluoropropyl)-5H-pyrrolo[2,3-
b]pyrazine-7-carboxamide. 'H NMR (400MHz, DMSO-dg). 6 ppm 12.17 (brs, 1H), 8.40-8.37 (m, 1H),
7.92 (s, 1H), 7.97 (s, 1H), 7.09-7.07 (m, 1H), 6.82-6.75 (m, 1H), 6.14-6.09 (m, 1H), 5.68-5.65 (M, 1H),
4.40-4.38 (m, 1H), 4.10-4.00 (m, 2H), 3.64-3.58 (m, 2H), 3.35-3.33 (m, 1H), 2.60-2.56 (m, 2H), 1.99-
1.90 (m, 3H), 1.77-1.76 (m, 1H), 1.22 (d, 3H).

Chiral SFC analysis: Rt = 3.63, >98% ee, SFC; MS m/z 447 (M+Na)*

Example 24
2-{[(2R,4R)-1-acryloyl-2-methylpiperidin-4-ylJamino}-N-(3,3,3-trifluoropropyl)-5H-pyrrolo[2,3-
blpyrazine-7-carboxamide. 'H NMR (400MHz, DMSO-dg): & ppm 12.17 (br's, 1H), 8.40-8.37 (m, 1H),
7.92 (s, 1H), 7.97 (s, 1H), 7.09-7.07 (m, 1H), 6.82-6.75 (m, 1H), 6.14-6.09 (M, 1H), 5.68-5.65 (M, 1H),
4.40-4.38 (m, 1H), 4.10-4.00 (m, 2H), 3.64-3.58 (m, 2H), 3.35-3.33 (m, 1H), 2.60-2.56 (m, 2H), 1.99-
1.90 (m, 3H), 1.77-1.76 (m, 1H), 1.22 (d, 3H).

Chiral SFC analysis: Rt =6.02, >98% ee, SFC; MS m/z 447 (M+Na)”

Example 25
Trans-racemic-2-{[1-acryloyl-3-methoxypiperidin-4-yllamino}-N-ethyl-5H-pyrrolo[2, 3-blpyrazine-7-

carboxamide

The title compound was prepared and purified according to the method described for Example 1
Steps 5-7 using trans-racemic-tert-butyl 4-{[7-(ethylcarbamoyl)-5-{[2-(trimethylsilyl)ethoxy]methyl}-5H-
pyrrolo[2,3-b]pyrazin-2-yllamino}-3-methoxypiperidine-1-carboxylate (Example 25 Step 4). The resi-
due was purified by silica gel column chromatography eluting with 2-10% MeOH in DCM followed by
preparative HPLC using a gradient of from 14-34% MeCN in water, both mobile phases modified with

ammonia (pH=10).
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"H NMR (400MHz, MeOH-d,): 3 ppm 8.63 (br s, 1H), 7.93 (s, 1H), 7.80 (s, 1H), 6.88-6.80 (m, 1H),
6.27-6.22 (m, 1H), 5.80-5.77 (m, 1H), 4.20-4.05 (m, 1.5H), 3.90-3.45 (m, 9.5H), 2.28-2.17 (m, 1H),
1.66-1.64 (m, 1H), 1.38-1.30 (m, 3H).

MS nvz 373 [M+H]

The trans-racemic material was separated into its enantiomers using preparative chiral column chro-
matography according to the conditions described below;

Column: OD (250x30mm), 10 micron; Mobile phase: 50% EtOH in NH;/H,O

Flow rate: 80 mL/min

QC Analytical LCMS Method:

Column: Chiralcel OD-H (150x4.6mm, 5 micron); Mobile phase: 40% MeOH with 0.05% DEA in COy;
Flow rate: 2.35 mL/min

The two isomers were arbitrarily assigned absolute stereochemistry

First eluting isomer: Example 26
2-{[(3R,4R)-1-acryloyl-3-methoxypiperidin-4-ylJamino}-N-ethyl-5H-pyrrolo[2,3-b]pyrazine-7-
carboxamide. Rt = 2.57 minutes, 100% de; MS m/z 373 [M+H]"

Second eluting isomer: Example 27
2-{[(38,43)-1-acryloyl-3-methoxypiperidin-4-ylJamino}-N-ethyl-5H-pyrrolo[2,3-b]pyrazine-7-
carboxamide. Rt = 5.28 minutes, 99% de, MS m/z 395 [M+Na]"

Example 28

Racemic-2-[(1-acrylovlpyrrolidin-3-y(methvl)amino]-N-ethvi-5H-pvrrolo[2, 3-blpyrazine-7-carboxamide

The title compound was prepared and purified according to the method described for Example 1
Steps 5-7 using racemic-tert-butyl 3-{[7-(ethylcarbamoyl)-5-{[2-(tri-methyIsilyl)ethoxy]methyl}-5H-
pyrrolo[2,3-b]pyrazin-2-yl[(methyl)amino}pyrrolidine-1-carboxylate (Example 28 Step 4). The residue
was purified by silica gel column chromatography eluting with 5% MeOH in DCM followed by prepara-
tive HPLC using a gradient of from 19-39% MeCN in water, both mobile phases modified with ammo-
nia (pH=10).

"H NMR (400MHz, DMSO-ds): 5 ppm 12.20 (br s, 1H), 8.11-8.02 (m, 3H), 6.67-6.59 (m, 1H), 6.18-
6.12 (m, 1H), 5.71-5.65 (m, 1H), 5.13-5.02 (m, 1H), 3.91-3.40 (m, 4H), 3.40-3.30 (m, 2H), 3.02 (s,
3H), 2.20-2.10 (M, 2H), 1.14 (t, 3H). MS m/z 343 [M+H]"

The racemic material was separated into its enantiomers using preparative chiral column chromatog-
raphy according to the canditions described below;

Column; AS (250x30mm), 5 micron; Mobile phase: 35% EtOH in NH;/H,O

Flow rate: 50 mL/min

QC Analytical LCMS Method:

Column: Chiralpak AS-H (250x4.6mm, 5 micron); Mobile phase: 5-40% EtOH with 0.05% DEA in CO;
Flow rate: 2.35 mL/min

The two isomers were arbitrarily assigned absolute stereochemistry

First eluting isomer: Example 29
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2-{[(3R)-1-acryloylpyrrolidin-3-ylj(methyl)amino}-N-ethyl-5H-pyrrolo[2,3-b]pyrazine-7-carboxamide. Rt
= 8.02 minutes MS m/z 343 [M+H]"

Second eluting isomer: Example 30
2-{[(3S)-1-acryloylpyrrolidin-3-yl[(methy)amino}-N-ethyl-5H-pyrrolo[2,3-b]pyrazine-7-carboxamide. Rt
= 8.32 minutes MS m/z 343 [M+H]"

Example 31
Trans-racemic-2-{[(3S,49)-1-acryloyl-3-hydroxypiperidin-4-yllamino}-N-ethyl-5H-pyrrolo[2 3-

blpyrazine-7-carboxamide

The title compound was prepared and purified according to the method described for Example 1
Steps 5-7 using trans-racemic-tert-butyl 4-{[7-(ethylcarbamoyl)-5-{[2-(trimethylsilyl)ethoxy]methyl}-5H-
pyrrolo[2,3-blpyrazin-2-yllamino}-3-hydroxypiperidine-1-carboxylate (Example 31 Step 4). The resi-
due was purified using silica gel column chromatography eluting with 0-10% MeOH in DCM followed
by preparative HPLC using a gradient of from 6-26% MeCN in water, both mobile phases modified
with ammonia (pH=10) using Kromasil Eternity XT18 (250x21.2 mm), 10 micron).

"H NMR (400MHz, DMSO-dg): & ppm 12.08 (br s, 1H), 8.20-8.17 (m, 1H), 7.87 (s, 1H), 7.76-7.75 (m,
1H), 7.01-6.96 (m, 1H), 6.84-6.80 (m, 1H), 6.13-6.08 (m, 1H), 5.69-5.66 (M, 1H), 5.17-5.15 4.37-4.35
(m, 0.5H), 4.00-3.75 (m, 3H), 3.60-3.20 (m, 5H), 2.80-2.75 (m, 0.5H), 2.30-2.10 (m, 1H), 1.40-1.30 (m,
1H), 1.19 (t, 3H). MS m/z 359 [M+H]"

The racemic material was separated into its enantiomers using preparative chiral column chromatog-
raphy according to the conditions described below;

Column: OJ (200x30mm), 5 micron. Mobile phase: 20% EtOH in NH;/H,O

Flow rate: 60 mL/min

QC Analytical LCMS Method:

Column: Chiralcel OJ-H (250x4.6mm, 5 micron); Mobile phase: 5-40% MeOH with 0.05% DEA in
CO,; Flow rate: 2.5 mL/min

The two isomers were arbitrarily assigned absolute stereochemistry

First eluting isomer: Example 32
2-{[(3S,4S)-1-acryloyl-3-hydroxypiperidin-4-ylJamino}-N-ethyl-5H-pyrrolo[2,3-b]pyrazine-7-
carboxamide. Rt = 6.93 minutes MS m/z 359 [M+H]"

Second eluting isomer: Example 33
2-{[(3R,4R)-1-acryloyl-3-hydroxypiperidin-4-ylJamino}-N-ethyl-5H-pyrrolo[2,3-b]pyrazine-7-
carboxamide. Rt = 7.43 minutes MS m/z 359 [M+H]"

Example 34
Racemic-2-[(1-acryloylpiperidin-3-y)amino]-N-ethyl-5H-pyrrolo[2,3-blpyrazine-7-carboxamide

The title compound was prepared and purified according to the method described for Example 1
Steps 5-7 using racemic-tert-butyl 3-{[7-(ethylcarbamoyl)-5-{[2-(trimethylsily})ethoxy]methyl}-5H-
pyrrolo[2,3-b]pyrazin-2-yllamino}piperidine-1-carboxylate (Example 34 Step 4). The residue was pu-
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rified using silica gel column chromatography eluting with 0-11% MeOH in DCM. "H NMR (400MHz,
DMSO-dg): & ppm 12.09 (br s, 1H), 8.19-8.05 (m, 1H), 7.91 (s, 1H), 7.77-7.74 (m, 1H), 7.10-7.00 (m,
1H), 6.91-6.85 (m, 1H), 6.59-6.54 (m, 0.5H), 6.17-6.07 (m, 1H), 5.72-5.52 (m, 1.5H), 4.77-4.75 (m,
1H), 3.98-3.80 (m, 3H), 3.19-3.16 (m, 1H), 2.09-2.06 (m, 1H), 1.84-1.83 (m, 1H), 1.63-1.51 (m, 2H),
1.15-1.12 (m, 3H).

The racemic material was separated into its enantiomers using preparative chiral column chromatog-
raphy.

SFC separation condition:

Column: OJ (250 x 30 mm, 5 um); Mobil Phase 25% EtOH/NH3/H20; Flow rate = 60 mL/min.

Prep HPLC:

Column: Kromasil Eternity XT C18 25*21.2*10um

Mobile Phase: 10% MeCN to 30% MeCN/H20O (0.225%FA)

LC/MS analysis:

Column: UltimateXB-C18, 3uym,3*50mm, Rt = 3.38 min

Mobile Phase 1% MeCN/H20 to 100% MeCN/H,O (0.1 % TFA); L =220 nm

Chiral SFC Analysis:

Column: Chiralpak AS-H 250*4.mm, ID 5uM; Rt = 6.92

Mobile Phase :EtOH (0.05% DEA) in CO2 from 5% to 40%; Flow rate: 2.35 mL/min; » =220 nm
The two isomers were arbitrarily assigned absolute stereochemistry.

Example 35
2-{[(3R)-1-acryloylpiperidin-3-yllJamino}-N-ethyl-5H-pyrrolo[2,3-b]pyrazine-7-carboxamide

1H NMR as above. Rt (chiral SFC) = 6.92; Rt (LC) = 3.38 ; MS m/z 365 (M+Na)®

Example 36
2-{[(3S)-1-acryloylpiperidin-3-ylJamino}-N-ethyl-5H-pyrrolo[2,3-b]pyrazine-7-carboxamide

1H NMR as above. Rt (chiral SFC) = 7.81 Rt (LC) = 3.38 ; MS m/z 365 (M+Na)*

Example 37
Cis-racemic-2-{[(3S 4R)-1-acryloyl-3-methylpiperidin-4-yllamino}-N-ethyl-5H-pyrrolo[2 3-b]pyrazine-7-

carboxamide

The title compound was prepared and purified according to the method described for Example 1
Steps 5-7 using cis-racemic-tert-butyl 4-{[7-(ethylcarbamoyl)-5-{[2-(trimethyIsilyl)ethoxy]methyl}-5H-
pyrrolo[2,3-b]pyrazin-2-yllamino}-3-methylpiperidine-1-carboxylate (Example 37 Step 4). The residue
was purified using silica gei column chromatography eluting with 2-10% MeOH in DCM followed by
preparative HPLC eluting with 19-39% MeCN in water modified with 0.05% ammonia. '"H NMR
(400MHz, DMSO-d;): 8 ppm 12.07 (br s, 1H), 8.20-8.17 (m, 1H), 7.87 (s, 1H), 7.72 (s, 1H), 6.99-6.82
(m, 2H), 6.14-6.10 {m, 1H), 5.70-5.67 (m, 1H), 4.39-4.37 (m, 1H), 4.12-4.09 (m, 1H), 3.71-3.68 (m,
1H), 3.41-3.16 (m, 3H), 2.97-2.83 (m, 1H), 2.14-2.10 (m, 1H), 1.64-1.62 (m, 1H), 1.31-1.18 (m, 4H),
0.98 (d, 3H).

MS m/z 357 [M+H]"
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The cis-racemic material was separated into its enantiomers using preparative chiral column chroma-
tography according to the conditions described below;

Column; OD (250x30mm), 5 micron; Mobile phase: 40% EtOH in NH3/H,O in supercritical CO»

Flow rate: 50 mL/min

QC Analytical LCMS Method:

Column: Chiralpak AS-H (250x4.6mm, 5 micron); Mobile phase: 5-40% MeOH with 0.05% DEA in
COg; Flow rate: 2.35 mL/min

The two isomers were arbitrarily assigned absolute stereochemistry

First eluting isomer: Example 38

2-{[(38,4R)-1-acryloyl-3-methylpiperidin-4-yllamino}-N-ethyl-5H-pyrrolo[2,3-b]pyrazine-7-carboxamide.
Rt = 5.99 minutes MS m/z 357 [M+H]"
Second eluting isomer: Example 39

2-{[(3R,48)-1-acryloyl-3-methylpiperidin-4-ylJamino}-N-ethyl-5H-pyrrolo[2,3-b]pyrazine-7-carboxamide.
Rt = 6.47 minutes. MS m/z 357 [M+H]"

Example 40
Trans-racemic-2-{[(2R, 4S)-1-acryloyl-2-methylpiperidin-4-yljamino}-N-ethyl-5H-pyrrolo[2 3-blpyrazine-

7-carboxamide

The title compound was prepared and purified according to the method described for Example 1
Steps 5-7 using trans-racemic-tert-butyl 4-{[7-(ethylcarbamoyl)-5-{[2-(trimethyIsilyl)ethoxy]methyl}-5H-
pyrrolo[2,3-b]pyrazin-2-yllamino}-2-methylpiperidine-1-carboxylate (Example 40 Step 4). The residue
was purified using silica gel column chromatography eluting with 0-12% MeOH in DCM.

"H NMR (400MHz, DMSO-ds): 8 ppm 12.08 (br s, 1H), 8.18-8.15 (m, 1H), 7.88 (s, 1H), 7.68 (m, 1H),
6.93-6.79 (m, 2H), 6.11-6.07 (m, 1H), 5.67-5.64 (m, 1H), 4.91 (br s, 0.5H), 4.49-4.44 (br m, 1H), 4.25-
4.17 (m, 1H), 4.05-3.95 (m, 0.5H), 3.42-3.39 (M, 2.5H), 2.95-2.85 (m, 0.5H), 2.11-1.97 (m, 2H), 1.50-
1.16 (m, 8H).

The trans-racemic material was separated into its enantiomers using preparative chiral column chro-
matography according to the conditions described below;

Column: OJ (250x30mm), 20 micron

Mobile phase: 35% MeOH in NH3/H,O; Flow rate: 80 mL/min

QC Analytical LCMS Method:

Column: Chiralcel OJ-H (250x4.6mm, 5 micron); Mobile phase: 5-40% MeOH with 0.05% DEA in
CO,; Flow rate: 2.5 mL/min

The two isomers were arbitrarily assigned absolute stereochemistry

First eluting isomer: Example 41
2-{[(2R,48)-1-acryloyl-2-methylpiperidin-4-ylJamino}-N-ethyl-5H-pyrrolo[2,3-b]pyrazine-7-carboxamide.
Rt = 6.83 minutes MS m/z 357 [M+H]*

Second eluting isomer: Example 42
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2-{[(2S,4R)-1-acryloyl-2-methylpiperidin-4-ylJamino}-N-ethyl-5H-pyrrolo[2, 3-b]pyrazine-7-carboxamide.
Rt = 7.83 minutes MS m/z 357 [M+H["
Example 43

7-carboxamide

The title compound was prepared and purified according to the method described for Example 1
Steps 5-7 using trans-racemic-tert-butyl 4-{{7-(ethylcarbamoyl)-5-{[2-(trimethylsilyl)ethoxy]lmethyl}-5H-
pyrrolo[2,3-b]pyrazin-2-yllamino}-3-methylpiperidine-1-carboxylate (Example 43 Step 4). The residue
was purified using silica gel column chromatography eluting with 7% MeOH in EtOAc followed by pre-
parative HPLC eluting with 25-45% MeCN in water modified with ammonia to pH=10. "H NMR
(400MHz, DMSO-dg): & ppm 12.06 (br s, 1H), 8.17-8.15 (m, 1H), 7.87 (s, 1H), 7.81-7.79 (m, 1H),
6.98-6.96 (m, 1H), 6.87-6.81 (m, 1H), 6.13-6.08 (m, 1H), 5.68-5.65 (m, 1H), 4.20-4.10 (m, 1.5H), 3.82-
3.78 (m, 1.5H), 3.45-3.16 (m, 4H), 2.33-2.30 (m, 1H), 1.77-1.67 (m, 2H), 1.20-1.17 (m, 3H), 0.85-0.81
(m, 3H).

MS m/z 357 [M+H]"

The trans-racemic material was separated into its enantiomers using preparative chiral column chro-
matagraphy according to the conditions described below;

Column: OD (250x30mm), 10 micron; Mobile phase: 50% MeOH in NH3/H,0O

Flow rate: 70 mL/min

QC Analytical LCMS Method:

Column: Chiralcel OD-H (250x4.6mm, 5 micron); Mobile phase: 40% MeOH with 0.05% DEA in CO,;
Flow rate: 2.35 mL/min

The two isomers were arbitrarily assigned absolute stereochemistry

First eluting isomer: Example 44

2-{[(3R,4R)-1-acryloyl-3-methylpiperidin-4-yllJamino}-N-ethyl-5H-pyrrolo[2,3-b]pyrazine-7-
carboxamide. Rt = 4.24 minutes MS m/z 357 [M+H]"

Second eluting isomer: Example 45
2-{[(3S,48)-1-acryloyl-3-methylpiperidin-4-ylJamino}-N-ethyl-5H-pyrrolo[2,3-b]pyrazine-7-carboxamide.
Rt =6.76 minutes MS m/z 357 [M+H]"

carboxamide

The title compound was prepared and purified according to the method described for Example 1
Steps 5-7 using trans-racemic-tert-butyl 4-{[7-(ethylcarbamoyl)-5-{[2-(trimethylsilyl)ethoxy]methyl}-5H-
pyrrolo[2,3-b]pyrazin-2-ylloxy}-3-methylpiperidine-1-carboxylate (Example 46 Step 4). The residue
was purified using silica gel column chromatography eluting with 0-30% MeOH in DCM followed by
preparative HPLC eluting with 26-46% MeCN in water with ammonia to pH=10. 'H NMR (400MHz,
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DMSO-d;): & ppm 12.53 (br s, 1H), 8.25 (s, 1H), 8.13 (s, 1H), 7.82-7.79 (m, 1H), 6.93-6.82 (m, 1H),
6.15-6.11 (m, 1H), 5.71-5.68 (m, 1H), 5.00-4.94 (m, 1H), 4.24-4.19 (m, 1H), 4.03-3.99 (m, 1H), 3.47-
3.42 (m, 3.5H), 3.17-3.14 (m, 1H), 2.86-2.84 (m, 0.5H), 2.29-2.26 (m, 1H), 2.00-1.80 (m, 1H), 1.60-
1.40 (m, 1H), 1.23 (t, 3H), 1.00 (t, 3H). MS m/z 380 [M+Na]”

The trans-racemic material was separated into its enantiomers using preparative chiral column chro-
matography according to the conditions described below;

Column: Chiralcel-OD (250x30mm), 10 micron; Mobile phase: 35% EtOH in NH3/H,O

Flow rate: 70 mL/min

QC Analytical LCMS Method:

Column: Chiralcel OD-3 (150x4.6mm, 5 micron); Mobile phase: 5-40% MeOH with 0.05% DEA in
COq,; Flow rate: 2.5 mL/min

The two enantiomers were arbitrarily assigned absolute stereochemistry

First eluting isomer: Example 47
2-{[(3R,4R)-1-acryloyl-3-methylpiperidin-4-ylJoxy}-N-ethyl-5H-pyrrolo[2,3-b]pyrazine-7-carboxamide.
Rt =6.75 minutes MS m/z 380 [M+Na]”

Second eluting isomer: Example 48
2-{[(38,45)-1-acryloyl-3-methylpiperidin-4-ylJoxy}-N-ethyl-5H-pyrrolo[2,3-b]pyrazine-7-carboxamide.
Rt=7.57 minutes MS m/z 380 [M+Na]"

The following Examples were prepared according to the methods described for Example 1 Steps 5-7
using the appropriate pyrrolopyrazine. The steps may be carried out in any order to maximize yield.
Prep HPLC Method A: Column: Kromasil Eternity XT C18 250x21.2 mm, 10 micron.

Mobile phase: From 9-29% MeCN in water, both mobile phases modified with 0.05% ammonia

QC Analytical LCMS Method:

Column: Xterra, 4.6x150 mm, 3.5 micron

Mobile phase: From 0-60% MeCN in 20 mM ammonium carbonate in water, over 10 minutes, hold at
60% for 5 minutes, flow rate 1 mL/min.

Purification Method B: Silica gel column chromatography eluting with 7% MeOH in EtOAc followed
by preparative HPLC eluting with 20-40% MeCN in water modified with ammonia to pH=10.
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Example Name/Structure SM Data

49 2-{[(3R)-1-acryloylpiperidin-3- | tert-butyl (R)-3-[(7-[((S)- | '"H NMR (400MHz, DMSO-dg):
ylloxy}-N-[(28)-1- 1-methoxypropan-2- ¢ ppm 12.58 (br s, 1H), 8.20
methoxypropan-2-yl]-5H- yl)carbamoyl]-5-{[2- (s, 1H), 8.03-7.92 (m, 2H),
pyrrolo[2,3-b]pyrazine-7- (trimethylsi- 6.87-6.83 (m, 0.5H), 6.55-6.53
carboxamide lyhethoxy]methyl}-5H- (m, 0.5H), 6.09-5.99 (m, 1H),
\i pyrrolo[2,3-b]pyrazin-2- | 5.70-5.67 (m, 0.5H), 5.48-5.46
NNy e yhoxy]piperidine-1- (m, 0.5H), 5.18-5.10 (m, 1H),

Q o 7/\OMe carboxylate (Example | 4.22-4.19 (m, 2H), 3.99-3.96
N 49 Step 4). (m, 0.5H), 3.80-3.75 (m,
NP 1.5H), 3.75-3.70 (m, 0.5H),
\[ P D 3.42-3.29 (m, 5.5H), 2.12-1.75
NN (m, 3H), 1.60-1.50 (br m, 1H),

1.20 (d, 3H).
25-45% MeCN in water (with

ammonia pH=10).

Rt = 3.49 minutes MS m/z

410 [M+Na]’

50 2-{[(35)-1-acryloylpiperidin-3- | tert-butyl (S)-3-[(7-[((S)- | "H NMR (400MHz, DMSO-dg):
ylloxy}-N-[(2S)-1- 1-methoxypropan-2- & ppm 12.58 (br s, 1H), 8.20
methoxypropan-2-yl]-5H- yl)carbamoyl]-5-{[2- (s, 1H), 8.05-793 (m, 2H),
pyrrolo[2,3-b]pyrazine-7- (trimethylsi- 6.80-6.86 (m, 0.5H), 6.58-6.57
carboxamide lyhethoxy]methyl}-5H- (m, 0.5H), 6.09-6.00 (m, 1H),

2 pyrrolo[2,3-b]pyrazin-2- 5.70-5.67 (m, 0.5H), 5.50-5.48
\)J\N e yl)oxy]piperidine-1- (m, 0.5H), 5.14-5.08 (m, 1H),
O ° \7/\0Me carboxylate (Example | 4.24-4.22 (m, 1H), 4.01-3.96
Y N 50 Step 4). (m, 1H), 3.80-3.70 (m, 2H),
O My 3.43-3.28 (m, 6H), 2.18-2.12
\[/ D (m, 1H), 1.95-1.75 (m, 2H),
NN 1.58-1.50 (m, 1H), 1.58-1.50
(or m, 1H), 1.20 (m, 3H).
23-43% MeCN in water (with
ammonia pH=10).
Rt = 3.53 minutes MS m/z
410 [M+Na]"
51 Racemic-2-[(1- Racemic-tert-butyl-3-[(7- | '"H NMR (400MHz, DMSO-dg):

acryloylpiperidin-3-yl)oxy]-N-
[(28)-1-methoxypropan-2-yl]-
5H-pyrrolo[2,3-blpyrazine-7-

carboxamide
Q

\)J\N Ve
(‘j 0, ’\?/\OMe
O My A
188
NTOH

H

[((S)-1-methoxypropan-
2-yl)carbamoyl]-5-{[2-
(trimethylsi-
lyDethoxy]methyl}-5H-
pyrrolo[2,3-b]pyrazin-2-
yl)oxy]piperidine-1-
carboxylate (Example
51 Step 4).

¢ ppm 12.59 (br s, 1H), 8.20
(s, 1H), 8.05-7.93 (m, 2H),
6.88-6.87 (m, 0.5H), 6.57-6.55
(m, 0.5H), 6.11-6.00 (m, 1H),
5.70-5.68 (m, 0.5H), 5.48-5.45
(m, 0.5H), 5.15-5.09 (m, 1H),
4.22-419 (m, 1H), 3.99-3.70
(m, 4H), 3.42-3.29 (m, 5H),
2.14-1.70 (m, 3H), 1.57-1.50
(m, 1H), 1.20 (d, 3H).
Rt = 3.95 minutes
410 [M+Na]"

MS m/z
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52 2-{[(3S)-1-acryloylpyrrolidin- | tert-butyl (S)-3-[(7-[((S)- | '"H NMR (400MHz, MeOH-d,):
3-ylloxy}-N-[(2S)-1- 1-methoxypropan-2- ¢ ppm 8.53-8.48 (m, 1H), 8.14
methoxypropan-2-yl]-5H- yl)carbamoyl]-5-{[2- (s, 1H), 7.99 (s, 1H), 6.71-6.57
pyrrolo[2,3-b]pyrazine-7- (trimethylsi- (m, 1H), 6.32-6.28 (m, 1H),
carboxamide ly)ethoxylmethyl}-5H- 579-572 (m, 2H), 4.40-4.30

\ 7 pyrrolo[2,3-blpyrazin-2- | (m, 1H), 4.10-3.75 (m, 4H),
y e yl)oxy]pyrrolidine-1- 3.80-3.53 (m, 3H), 3.31 (s,
Q *7/\ carboxylate  (Example | 3H), 2.45-2.37 (m, 2H), 1.34

. Ny O™ | 52Step 4). (d, 3H).
S N : 18-38% MeCN in water (with
\[ TN ammonia pH=10).
N MS m/z 396 [M+Na]"

53 2-{[(3R)-1-acryloylpyrrolidin- | tert-butyl (R)-3-[(7-[((S)- | '"H NMR (400MHz, MeOH-d,):
3-ylloxy}-N-[(2S)-1- 1-methoxypropan-2- ¢ ppm 8.53-8.48 (m, 1H), 8.16
methoxypropan-2-yl]-5H- yl)carbamoyl]-5-{[2- (s, 1H), 8.01 (s, 1H), 6.73-6.56
pyrrolo[2,3-b]pyrazine-7- (trimethylsi- (m, 1H), 6.33-6.29 (m, 1H),
carboxamide lyDethoxy]methyl}-5H- 5.81-5.72 (m, 2H), 4.40-4.35
\ / pyrrolo[2,3-blpyrazin-2- | (m, 1H), 4.20-4.15 (m, 0.5H),
\’4 e ylhoxylpyrrolidine-1- 4.00-3.80 (m, 3.5H), 3.75-3.65

Q? \7/\ carboxylate (Example | (m, 0.5H), 3.60-3.50 (m,
°y_of ©°" | 53Stepa) 2.5H), 343 (s, 3H), 2.48-2.40
L . (m, 2H), 1.38 (d, 3H).
\[ N 18-38% MeCN in water (with
N ammonia pH=10).
MS m/z 396 [M+Nal’

54 2-{[(3S)-1-acryloylpyrrolidin- | tert-butyl (S)-3-[(7-[((R)- | "H NMR (400MHz, MeOH-d,):
3-ylloxy}-N-[(2R)-1- 1-methoxypropan-2- 3 ppm 8.53-8.48 (m, 1H), 8.16
methoxypropan-2-yl]-5H- yl)carbamoyl]-5-{[2- (s, 1H), 8.01 (s, 1H), 6.70-6.58
pyrrolo[2,3-b]pyrazine-7- (trimethylsi- (m, 1H), 6.34-6.29 (m, 1H),
carboxamide lyhethoxy]methyl}-5H- 5.81-5.72 (m, 2H), 4.40-4.30
N\ 2 pyrrolo[2,3-b]pyrazin-2- (m, 1H), 4.20-4.15 (m, 0.5H),

) " yloxy]pyrrolidine-1- 4.00-3.80 (m, 3.5H), 3.75-3.65
Q — carboxylate (Example | (m, 0.5H), 3.60-3.50 (m,
. ol o™ | 54 Step 4). 2.5H), 3.43 (s, 3H), 2.50-2.39

Y . (m, 2H), 1.38 (d, 3H).
\[ A 18-38% MeCN in water (with

NN ammonia pH=10).

MS m/z 396 [M+Na]’

55 2-{[(28,48)-1-acryloyl-2- tert-butyl (28,4S)-4-[(7- | "H NMR (400MHz, DMSO-ds):

methylpiperidin-4-yljJamino}-
N-[(2S)-1-methoxypropan-2-
yl]-5H-pyrrolo[2,3-b]pyrazine-
7-carboxamide

Me
o] Y\OMB
N
Me, R Ny
SRS
(o)

[((S)-1-methoxypropan-
2-yl)carbamoyl]-5-{[2-
(trimethylsi-
lyDethoxy]methyl}-5H-
pyrrolo[2,3-b]pyrazin-2-
yl)amino]-2-
methylpiperidine-1-
carboxylate (Example
55 Step 4).

¢ ppm 12.09 (br s, 1H), 8.30-
8.28 (m, 1H), 7.87 (s, 1H),
7.78 (s, 1H), 7.06-7.04 (m,
1H), 6.81-6.75 (m, 1H), 6.13-
6.03 (m, 1H), 5.67-564 (m,
1H), 4.41-4.40 (m, 1H), 4.20-
3.94 (m, 3H), 3.20-3.15 (m,
6H), 2.10-1.90 (m, 3H), 1.80-
170 (m, 1H), 1.22-1.14 (m,
6H).

24-44% MeCN in water (with
ammonia pH=10).

MS m/z 400 [M+Na]"
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56 2-{[(2R,4R)-1-acryloyl-2- tert-butyl (2R,4R)-4-[(7- | 'H NMR (400MHz, DMSO-dg):
methylpiperidin-4-yllamino}- [((S)-1-methoxypropan- | & ppm 12.08 (br s, 1H), 8.39-
N-[(28)-1-methoxypropan-2- | 2-yl)carbamoyl]-5-{|2- 8.37 (m, 1H), 7.86 (s, 1H),
yl-5H-pyrrolo[2,3-b]pyrazine- | (trimethylsi- 7.77 (s, 1H), 7.10-7.08 (m,
7-carboxamide ly)ethoxylmethyl}-5H- 1H), 6.81-6.75 (m, 1H), 6.13-

M7/\ pyrrolo[2,3-b]pyrazin-2- | 6.09 (m, 1H), 5.67-5.64 (m,
°sn o[ yhamino]-2- 1H), 4.45-4.40 (m, 1H), 4.20-
N Ny . methylpiperidine-1- 4.00 (m, 3H), 3.40-3.20 (m,
\[/ D carboxylate (Example | 6H), 2.10-1.70 (m, 4H), 1.21-
NN 56 Step 4). 1.15 (m, 6H).
21-41% MeCN in water (with
ammonia pH=10).

MS m/z 423 [M+Na]"

57 2-{[(2S,48)-1-acryloyl-2- tert-butyl (2S,4S)-4-[(7- | 'H NMR (400MHz, DMSO-ds):
methylpiperidin-4-ylJamino}- [((R)-1-methoxypropan- | ¢ ppm 11.94 (br s, 1H), 8.39-
N-[(2R)-1-methoxypropan-2- | 2-yl)carbamoyl]-5-{[2- 8.37 (m, 1H), 7.88 (s, 1H),
yl-5H-pyrrolo[2,3-b]pyrazine- | (trimethylsi- 7.77 (s, 1H), 7.09-7.07 (m,
7-carboxamide lyhethoxy]methyl}-5H- 1H), 6.81-6.75 (m, 1H), 6.13-

pyrrolo[2,3-b]pyrazin-2- 6.08 (m, 1H), 5.67-5.64 (m,
f/\owb yl)amino]-2- 1H), 4.45-4.40 (m, 1H), 4.20-
N methylpiperidine-1- 3.99 (m, 3H), 3.40-3.20 (m,
\E \ carboxylate (Example | 6H), 2.04-1.75 (m, 4H), 1.21-
57 Step 4). 1.15 (m, 6H).
MS m/z 401 [M+H]*
100% ee.
25-45% MeCN in water (with
ammonia pH=10).

58 2-{[(2R,4R)-1-acryloyl-2- tert-butyl (2R,4R)-4-[(7- | '"H NMR (400MHz, DMSO-dg):
methylpiperidin-4-yllamino}- [((R)-1-methoxypropan- | & ppm 12.02 (br s, 1H), 8.39-
N-[(2R)-1-methoxypropan-2- 2-yl)carbamoyl]-5-{[2- 8.37 (m, 1H), 7.88 (s, 1H),
yl-5H-pyrrolo[2,3-b]pyrazine- | (trimethylsi- 7.77 (s, 1H), 7.08-7.07 (m,
7-carboxamide lyhethoxy]methyl}-5H- 1H), 6.81-6.75 (m, 1H), 6.13-

pyrrolo[2,3-b]pyrazin-2- 6.08 (m, 1H), 5.67-5.64 (m,
//\OMe yl)amino]-2- 1H), 4.45-4.35 (m, 1H), 4.25-
N methylpiperidine-1- 4.00 (m, 3H), 3.40-3.25 (m,
Cl \E \ carboxylate (Example | 6H), 2.10-1.70 (m, 4H), 1.21-
58 Step 4). 1.15 (m, 6H).
MS m/z 401 [M+H]*
98% ee.
22-42% MeCN in water (with
ammonia pH=10).

59 2-{3- tert-butyl {1-[7- | Rt = 7.50 minutes MS m/z
[acrylo- (ethylcarbamoyl)-5-{[2- 329 [M+H]"
yl{methyl)amino]azetidin-1- (trimethylsi- Using Prep HPLC Method A.

yl}-N-ethyl-5H-pyrrolo[2,3-
b]pyrazme -7-carboxamide

/\I(\C\ w
\[\\

lyDethoxy]methyl}-5H-
pyrrolo[2,3-b]pyrazin-2-
yllazetidin-3-
yl}methylcarbamate
(Example 59 Step 4).

"H NMR (400MHz, DMSO-dg):
& ppm 12.28 (br s, 1H), 8.15-
8.13 (m, 1H), 8.05 (s, 1H),
7.73 (s, 1H), 6.82-6.75 (m,
1H), 6.18-6.09 (m, 1H), 5.75-
572 (m, 1H), 5.34-5.16 (m,
1H), 4.35-4.34 (m, 2H), 4.21-
413 (m, 2H), 3.40-3.06 (m,
5H), 1.34 (1, 3H).
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(methoxymethyl)-3-
methylpiperazin-1-yl)-N-((R)-
1-methoxypropan-2-yl)-5H-
pyrrolo[2,3-b]pyrazine-7-

carboxamide
|
-0 o K
\\( 0O ?[N (o]
g
|
N

HN
4 A

N
H

(methoxymethyl)-4-(7-
(((R)-1-methoxypropan-
2-yl)carbamoyl)-5-((2-
(trimethylsi-
lyDethoxy)methyl)-5H-
pyrrolo[2,3-b]pyrazin-2-
yl)-2-methylpiperazine-
1-carboxylate (Example
63 Step 4).

58

60 2-[(1-acryloylpiperidin-4- tert-butyl 4-{[7- | PM B.
yl)(methyl)amino]-N-ethyl-5H- | (ethylcarbamoyl)-5-{[2- "H NMR (400MHz, DMSO-dg):
pyrrolo[2,3-b]pyrazine-7- (trimethylsi- ¢ ppm 12.15 (br s, 1H), 8.13-
carboxamide lyDethoxy]methyl}-5H- 8.11 (m, 1H), 8.03 (s, 1H),
/\(" pyrrolo[2,3-b]pyrazin-2- 7.99 (s, 1H), 6.89-6.82 (m,

N yll{methyl)amino}piperidi | 1H), 6.14-6.09 (m, 1H), 5.70-
Q . ne-1-carboxylate  (Ex- | 5.67 (m, 1H), 4.63-4.55 (m,
N ample 60 Step 4). 1H), 4.23-4.20 (m, 1H), 3.41-
RGNS N 2\ 3.33 (m, 2H), 3.21-3.15 (m,
\[N/ N 1H), 2.94 (s, 3H), 2.77-2.71
" (m, 1H), 1.74-1.64 (m, 4H),
1.21-1.18 (m, 3H).
MS m/z 357 [M+H]"

61 2-[(1-acryloyl-4- tert-butyl 4-{[7- | "H NMR (400MHz, DMSO-d):
methylpiperidin-4-yl)oxy]-N- (ethylcarbamoyl)-5-{]2- 3 ppm 12.71 (br s, 1H), 8.20
ethyl-5H-pyrrolo[2,3- (trimethylsi- (s, 1H), 8.01 (s, 1H), 7.73-7.70
blpyrazine-7-carboxamide lyhethoxy]methyl}-5H- (m, 1H), 6.86-6.79 (m, 1H),
/\(° pyrrolo[2,3-blpyrazin-2- | 6.13-6.08 (m, 1H), 5.69-5.66

N ylloxy}-4- (m, 1H), 4.16-4.13 (m, 1H),
Q — methylpiperidine-1- 3.88-3.85 (m, 1H), 3.31-3.11
Me N carboxylate (Example | (m, 4H), 2.39-2.33 (m, 2H),
AN A 61 Step 4). 1.83-1.68 (m, 5H), 1.22-1.15
\[N/ W (m, 3H).

H MS m/z 380 [M+Na]"
31-51% MeCN in water with

ammonia to pH=10.

62 1-(4-{[7-(azetidin-1- tert-butyl 4-{[7-(azetidin- | '"H NMR (400MHz, DMSO-d):
ylcarbonyl)-5H-pyrrolo[2,3- 1-ylcarbonyl)-5-{[2- & ppm 12.15 (br s, 1H), 7.95-
blpyrazin-2- (trimethylsi- 7.94 (m, 2H), 6.90-6.83 (m,
yll(methyl)amino}piperidin-1- lyyethoxy]methyl}-5H- 1H), 6.15-6.10 (m, 1H), 5.71-
yl)prop-2-en-1-one pyrrolo[2,3-b]pyrazin-2- 568 (m, 1H), 4.70-4.60 (m,
/\(0 yll{methyl)amino}piperidi | 2H), 4.60-4.40 (br m, 2H),

14 ne-1-carboxylate  (Ex-| 4.22-4.19 (m, 1H), 4.10-3.95
ample 62 Step 4). (m, 2H), 3.22-3.18 (m, 1H),
o 291 (s, 3H), 2.80-2.70 (m,
NQ 1H), 2.30-2.22 (m, 2H), 1.70-

NN 1.63 (m, 4H).

e \[\ N MS m/z 369 [M+H]"
N 10-30% MeCN in water with
ammonia to pH=10, PM A.

63 2-(4-acryloyl-3- tert-butyl 2- | "H NMR (400MHz, DMSO-ds):

& ppm 12.18 (br s, 1H), 8.40-
8.37 (m, 1H), 8.00 (s, 1H),
7.91 (s, 1H), 6.81-6.75 (m,
1H), 6.06-6.01 (m, 1H), 5.66-
583 (m, 1H), 4.18-3.62 (m,
gH), 3.44-3.40 (m, 2H), 3.31
(s, 3H), 3.19 (s, 1H), 1.42 (s,
3H), 1.22 (s, 3H).

MS m/z 431 [M+H]

20-40% MeCN in water with
ammonia to pH=10.
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59

64 2-[(1-acryloylpiperidin-4-
yl}(methyl)amino]-N-(propan-
2-yl)-5H-pyrrolo{2,3-
blpyrazine-7-

carboxamide

(0]
/Y
N Me
>/Me
0
N
H
N N
Me” \[

N/
Iz

N

tert-butyl 4-((7-
(isopropylcarbamoyl)-5-
((2-
(trimethylisilyl)ethoxy)me
thyl}-5H-pyrrolo[2, 3-
blpyrazin-2-
yl)(methyl)amino)piperidi
ne-1-carboxylate
(Example 64 Step 4).

'H NMR (400MHz, DMSO-de):
O ppm 8.09-8.07 (m, 1H), 8.02
(s, 1H), 7.97 (s, 1H), 6.89-6.82
(m, 1H), 6.14-6.09 (m, 1H),
5.70-5.67 (m, 1H), 4.64-4.56
(m, 2H), 4.24-421 (m, 1H),
4.12-4.05 (m, 1H), 3.19-3.16
(m, 1H), 2.92 (s, 3H), 2.74-
2.68 (m, 1H), 1.74-1.61 (m,
4H), 1.23 (s, 3H), 1.22 (s, 3H).
MS m/z 393 [M+Na]"

22-42% MeCN in water with
ammonia to pH=10.

Example 65

Cis-racemic-2-{[1-acryloyl-6-methylpiperidin-3-ylJamino}-N-[(28)-1-methoxypropan-2-yl]-5H-

pyrrolo[2,3-blpyrazine-7-carboxamide

To a solution of cis-racemic-benzy! -5-[(7-[((S)-1-methoxypropan-2-yl)carbamoyl]-5-{[2-

{trimethylsilyl)ethoxylmethyl}-5H-pyrrolo[2,3-blpyrazin-2-yl)amino]-2-methylpiperidine-1-carboxylate
(Example 65 Step 4, 620 mg, 1.02 mmol) in MeOH (20 mL)was added palladium on carbon (100

mg) and the reaction was stirred at room temperature under a balloon of hydrogen for 18 hours.

CA 2984183 2019-04-04

Further palladium on carbon (200 mg) was added and the reaction continued at 30°C for 4 hours. The
reaction was filtered through Celite™ and the filtrate concentrated in vacuo. The residue was dissolved
in THF/water (20 mL/5 mL) and treated with DIPEA (262 mg, 2.03 mmol) followed by acryloyl chicride
(138 mg, 1.52 mmol) at 0°C. The reaction was stirred at this temperature for 4 hours. Additional
acryloyl chloride (46 mg) was added and the reaction stirred at room temperature for 3 hours. The
reaction was diluted with EtOAc and concentrated in vacuo. The residue was purified using silica gel
column chromatography eluting with 5% MeOH in DCM before dissclving in DCM (15 mL) and treating
with TFA (4 mL). The reaction was stirred at room temperature for 5 hours, concentrated in vacuo and
dissolved in MeOH. Ammonia(4 mL) was added and the mixture stirred at room temperature for 4
hours. The solution was concentrated in vacuo and purified using silica gel column chromatography
eluting with 5% MeOH in DCM to afford the title compound as a yellow solid (230 mg, 73%). "H NMR
(400MHz, DMSO-dg): 8 ppm 12.11 (br s, 1H), 8.30-8.10 (br m, 1H), 7.89 (s, 1H), 7.70 (s, 1H), 7.05-
7.04 (m, 1H), 6.90-8.60 (m, 1H), 6.11-6.05 (m, 1H), 5.70-5.60 (m, 1H), 4.80-4.60 (m, 1H), 4.50-4.30
(m, 1H), 4.20-3.70 (m, 2H), 3.36-3.22 (m, 3H), 3.00-2.85 (m, 1H), 1.99-1.94 (m, 2H), 1.80-1.55 (m,
4H), 1.30-1.10 (m, 6H). MS m/z 401 [M+H]"

The cis-racemic material was separated into its enantiomers using preparative chiral column
chromatography according to the conditions described below;

Column: AD (250x30mm), 5 micron; Mobile phase: 25% MeOH in NH3/H,O; Flow rate: 60 mL/min

QC Analytical LCMS Method:
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Column: Chiralpak AD-3 (150x4.6mm, 3 micron); Mobile phase: 5-40% MeOH with 0.05% DEA in
CO,; Flow rate: 2.5 mL/min

The two enantiomers were arbitrarily assigned absolute stereochemistry

First eluting isomer: Example 66
2-{[(3R,6S)-1-acryloyl-6-methylpiperidin-3-yllamino}-N-[(2S)-1-methoxypropan-2-yl]-5H-pyrrolo[2,3-
b]pyrazine-7-carboxamide. Rt = 4.64 minutes MS m/z 401 [M+H]"

Second eluting isomer: Example 67
2-{[(3S,6R)-1-acryloyl-6-methylIpiperidin-3-yllamino}-N-[(2S)-1-methoxypropan-2-yl]-5H-pyrrolo[2, 3-
b]pyrazine-7-carboxamide. Rt = 4.97 minutes MS m/z 401 [M+H]"

Example 68
Cis-racemic-2-{[1-acryloyl-6-methvlpiperidin-3-yllamino}N-[(2R)-1-methoxypropan-2-yl]-5H-

pvrrolo[2,3-blpvrazine-7-carboxamide

The title compound was prepared according to the method described for Example 65 using cis-
racemic-benzyl-5-[(7-[((R)-1-methoxypropan-2-yl)carbamoyl]-5-{[2-(trimethylsilyl)ethoxy]methyl}-5H-
pyrrolo[2,3-b]pyrazin-2-yl)amino]-2-methylpiperidine-1-carboxylate (Example 68 Step 4).The residue
was purified using silica gel column chromatography eluting with 5% MeOH in DCM followed by pre-
parative HPLC (Phenomenex Gemini C18 (250x21.2, 10 micron), gradient time 10 minutes, flow rate
30 mL/min) using a gradient of 27-57% MeCN in water modified with 0.225% formic acid. 'H NMR
(400MHz, DMSO-ds): 8 ppm 8.31-8.24 (brm, 1H), 7.93 (s, 1H), 7.72 (s, 1H), 7.06-7.04 (m, 1H), 6.90-
6.65 (br m, 1H), 6.15-6.05 (m, 1H), 5.70-5.60 (m, 1H), 4.85-4.60 (m, 1H), 4.50-4.40 (m, 1H), 4.20-3.60
(m, 3H), 3.22 (s, 3H), 3.05-2.60 (m, 2H), 2.05-1.90 (m, 1H), 1.75-1.55 (m, 3H), 1.25-1.05 (m, 6H). MS
m/z 423 [M+Na]

During the purification of the cis-racemic material, the corresponding cis enantiomers were also iso-
lated: SFC analysis: Chiralcel OD-3, 150x4.6 mm, 3 micron

Mobile phase: 5-40% MeOH with 0.05% DEA in CO,, flow rate2.5 mL/min.

The two enantiomers were arbitrarily assigned absolute stereochemistry.

First eluting isomer: Example 69
2-{[(3R,68)-1-acryloyl-6-methylpiperidin-3-yllamino}-N-[(2R)-1-methoxypropan-2-yl]-5H-pyrrolo[2,3-
b]pyrazine-7-carboxamide

Rt = 7.83 minutes MS m/z 423 [M+H]"

Second eluting isomer: Example 70
2-{[(38,6R)-1-acryloyl-6-methylpiperidin-3-ylJamino}-N-[(2R)-1-methoxypropan-2-yl]-
SH-pyrrolo[2,3-blpyrazine-7-carboxamide

Rt = 8.69 minutes. MS m/z 423 [M+H]"

Example 71
Trans-racemic-2-{[1-acryloyl-2-methylpiperidin-4-ylloxy}-N-[(2S)-1-methoxypropan-2-y|]-5H-

pyrrolo[2 3-blpyrazine-7-carboxamide




wn

10

20

30

WO 2016/178110

CA 02984183 2017-10-27

PCT/IB2016/052220

61

The title compound was prepared according to the method described for Example 65 using trans-
racemic-benzyl-4-[(7-[((S)-1-methoxypropan-2-yl)carbamoyl]-5-{[2-(trimethylsilyl)ethoxy]methyl}-5H-
pyrrolo[2,3-b]pyrazin-2-yl)oxy]-2-methylpiperidine-1-carboxylate (Example 71 Step 4). The residue
was purified using silica gel column chromatography eluting with 0-5% MeOH in DCM followed by
preparative HPLC eluting with 25-45% MeCN in water modified with 0.1% TFA. LCMS analysis: Ulti-
mate XB-C-18 (50x3 mm, 3 micron); 1-100% MeCN in water with 0.1% TFA. Rt = 3.46 minutes MS
m/z 402 [M+H]"

"H NMR (400MHz, MeOH-d,): & ppm 8.13 (s, 1H), 7.91 (s, 1H), 6.85-6.78 (M, 1H), 6.23-6.19 (m, 1H),
5.77-5.74 (m, 1H), 5.57-5.50 (m, 1H), 5.15-5.00 (m, 1H), 4.70-4.55 (m, 1H), 4.45-4.40 (m, 1H), 4.20-
4.10 (br m, 0.5H), 3.60-3.50 (m, 2H), 3.40 (s, 3H), 3.15-3.05 (br m, 0.5H), 2.50-2.40 (m, 1H), 2.20-
2.10 (m, 1H), 2.00-1.80 (brm, 1H), 1.70-1.55 (br m, 1H), 1.45-1.30 (m, 6H).

The trans-racemic material was separated into its enantiomers using preparative chiral column chro-
matography according to the conditions described below;

Column: AS (250x30mm), 5 micron; Mobile phase: 25% MeOH in NH4/H,O

Flow rate: 50 mL/min

QC Analytical LCMS Method:

Column: Chiralpak AS-H (250x4.6mm, 5 micron); Mobile phase: 5-40% MeOH with 0.05% DEA in
CO,; Flow rate: 2.35 mL/min

The two enantiomers were arbitrarily assigned absolute stereochemistry

First eluting isomer: Example 72
2-{[(2R,48)-1-acryloyl-2-methylpiperidin-4-ylloxy}-N-[(2S)-1-methoxypropan-2-yl]-5H-pyrrolo[2,3-
blpyrazine-7-carboxamide. Rt = 5.80 minutes. MS m/z 402 [M+H]"

Second eluting isomer: Example 73
2-{[(2S,4R)-1-acryloyl-2-methylpiperidin-4-ylJoxy}-N-[(2S)-1-methoxypropan-2-yl]-5H-pyrrolo[2,3-
blpyrazine-7-carboxamide. Rt = 6.10 minutes. MS m/z 402 [M+H]"

Example 74
Cis-racemic-2-{[1-acryloyl-6-methylpiperidin-3-ylJamino}N-ethyl-5H-pyrrolo[2,3-b]pyrazine-7-

carboxamide

The title compound was prepared according to the method described for Example 65, using Cis-
racemic-benzyl 5-{[7-(ethylcarbamoyl)-5-{[2-(trimethylsilyl)ethoxy]methyl}-5H-pyrrolo[2,3-b]pyrazin-2-
yllamino}-2-methylpiperidine-1-carboxylate (Example 74, Step 4). The residue was purified using sili-
ca gel column chromatography eluting with 5% MeOH in DCM followed by preparative HPLC eluting
with 21-41% MeCN in water modified with ammonia to pH=10. 'H NMR (400MHz, DMS8O-dg): & ppm
11.87 (brs, 1H), 8.06 (brs, 1H), 7.86 (s, 1H), 7.74 (s, 1H), 6.78-6.71 (m, 2H), 6.11-6.06 (m, 1H), 5.66-
5.63 (m, 1H), 4.55 (br m, 2H), 3.80-3.70 (br m, 1H), 3.50-3.30 (m, 2H), 2.75-2.60 (m, 1H), 2.00-1.90
(m, 1H), 1.78-1.72 (m, 3H), 1.24-1.12 (m, 6H). MS m/z 357 [M+H]"

The cis-racemic material was separated into its enantiomers using preparative chiral column chroma-

tography according to the conditions described below;
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Column: OJ (250x30mm), 20 micron; Mobile phase: 40% MeOH in NH;/H,O

Flow rate: 80 mL/min

QC Analytical LCMS Method:

Column: Xtimate C18 (5x30mm, 3 um); Mobile phase: 1% - 100% MeCN/H,O (0.05% TFA)
Rt =3.33 min. The two enantiomers were arbitrarily assigned absolute stereochemistry.
First eluting isomer: Example 75

2-{[(38,6R)-1-acryloyl-6-methylpiperidin-3-yllamino}-N-ethyl-5H-pyrrolo[2, 3-b]pyrazine-7-carboxamide.
Rt = 5.97 minutes. MS m/z 357 [M+HJ*

Second eluting isomer: Example 76

2-{[(3R,6S)-1-acryloyl-6-methylpiperidin-3-yllamino}-N-ethyl-5H-pyrrolo[2,3-b]pyrazine-7-carboxamide.
Rt = 6.32 minutes. MS m/z 357 [M+H]"

Example 77
Trans-racemic-2-{[1-acrylovl-2-methylpiperidin-4-ylloxy}-N-ethyl-5H-pyrrolo[2 3-blpyrazine-7-

carboxamide

The title compound was prepared according to the method described for Example 65 using trans-
racemic-benzyl 4-{[7-(ethylcarbamoyl)-5-{[2-(trimethylsilyl)ethoxy]methyl}-5H-pyrrolo[2,3-b]pyrazin-2-
ylloxy}-2-methylpiperidine-1-carboxylate (Example 77 Step 4). The residue was purified using silica
gel column chromatography eluting with 10% MeOH in DCM followed by preparative HPLC eluting
with 26-46% MeCN in water with ammonia to pH=10.

"H NMR (400MHz, DMSO-ds): & ppm 12.60 (br s, 1H), 8.20 (s, 1H), 7.97 (s, 1H), 7.85-7.82 (m, 1H),
6.87-6.81 (m, 1H), 6.13-6.09 (m, 1H), 5.70-5.67 (m, 1H), 5.56-5.52 (m, 1H), 5.00-4.90 (br m, 1H),
4.60-4.40 (br m, 1H), 4.20-4.00 (br m, 1H), 3.10-2.90 (br m, 1H), 2.30-2.17 (m, 3H), 1.85-1.50 (br m,
2H), 1.32-1.22 (m, 3H), 1.20 (t, 3H). MS m/z 380 [M+Na]"

QC Analytical LCMS Method:

Column: XB-C18, 3um (3x50mm); Mobile phase: 1% - 100% MeCN/H,O (0.1% TFA)

Rt = 3.50 min

The trans-racemic material was separated into its enantiomers using preparative chiral column chro-
matography according to the conditions described below;

Prep SFC Method

ChiralPak AS (250x30mm), 5 micron; Mobile phase: 20% MeOH with 0.1% NH,.H,O in supercritical
CO,; Flow rate: 60 mL/min

Chiral SFC Analysis Method:

Column: Chiralpak AS-H (250x30mm), 5 micron; Mobile phase: 5-40% MeOH with 0.05% DEA in
CO,; Flow rate: 2.5 mL/min

The two enantiomers were arbitrarily assigned absolute stereochemistry.

First eluting isomer: Example 78
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2-{[(2R,4S)-1-acryloyl-2-methylpiperidin-4-ylJoxy}-N-ethyl-5H-pyrrolo[2,3-b]pyrazine-7-carboxamide.
Rt = 6.22 minutes MS m/z 380 [M+Na]"

Second eluting isomer: Example 79
2-{[(2S,4R)-1-acryloyl-2-methylpiperidin-4-ylJoxy}-N-ethyl-5H-pyrrolo[2,3-b]pyrazine-7-carboxamide.
Rt = 6.55 minutes MS m/z 380 [M+Na]"

Example 80
Cis-racemic-2-{[1-acryloyl-6-methyIpiperidin-3-yljoxy}-N-[(2S)-1-methoxypropan-2-yl]-5H-pyrrolo[2. 3-

blpyrazine-7-carboxamide

The title compound was prepared according to the method described for Example 65 using cis-
racemic-benzyl 5-[(7-[(1-methoxypropan-2-yl)carbamoyl]-5-{[2-(trimethylsilyl)ethoxy]methyl}-5H-
pyrrolo[2,3-b]pyrazin-2-yl)oxy]-2-methylpiperidine-1-carboxylate (Example 80 Step 4). The residue
was purified using preparative HPLC eluting with 25-45% MeCN in water with 0.05% ammonia. 'H
NMR (400MHz, DMSO-ds): 6 ppm 12.60 (br s, 1H), 8.21 (s, 1H), 8.01 (s, 1H), 7.97-7.85 (m, 1H), 6.90-
6.83 (M, 1H), 6.13-6.09 (m, 1H), 5.75-5.60 (m, 1H), 5.10-4.70 (M, 2H), 4.50-4.40 (m, 0.5H), 4.30-4.10
(m, 1.5H), 3.23 (s, 3H), 2.90-2.50 (m, 2H), 2.20-2.10 (m, 1H), 1.90-1.70 (M, 3H), 1.30-1.10 (m, 6H).
MS mv/z 402 [M+H]"

QC Analytical LCMS Method:

Column: Ultimate XB-C18, 3um, 3x 50mm; Mobile phase: 1-100% CH,CN/H20 (0.1% TFA)

Flow rate: 2.35 mL/min. Rt = 3.60 min.

The cis-racemic material was separated into its enantiomers using preparative chiral column chroma-
tography according to the conditions described below;

Column: OJ (250x30mm), 5 micron; Mobile phase: 20% EtOH in NH;.H,O

Flow rate: 60 mL/min

Chiral SFC Analysis Method:

Column: Chiralpak AS-H (250x30mm), 5 micron; Mobile phase: 5-40% EtOH with 0.05% DEA in COy;
Flow rate: 2.35 mL/min

The two enantiomers were arbitrarily assigned absolute stereochemistry.

First eluting isomer: Example 81
2-{[(3R,6S)-1-acryloyl-6-methylpiperidin-3-ylJoxy}-N-[(2S)-1-methoxypropan-2-yl]-5Hpyrrolo|
2,3-b]pyrazine-7-carboxamide

Rt=5.74 minutes. MS m/z 402 [M+H]"

Second eluting isomer: Example 82
2-{[(3S,6R)-1-acryloyl-6-methylpiperidin-3-ylJoxy}-N-[(2S)-1-methoxypropan-2-yl]-SHpyrrolo[
2,3-b]pyrazine-7-carboxamide. Rt = 6.78 minutes. MS mv/z 402 [M+H]"

Examples 83-87 were prepared as described in the Scheme below:
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Example 83 Step 1
2-Bromo-5H-pyrrolof[2 3-blpyrazine-7-carboxylic acid

wn

To a solution of 2-bromo-5H-pyrrolo[2,3-b]pyrazine-7-carbaldehyde (75 g, 333 mmol) and sulfamic
acid (163 g, 1667 mmol) in dioxane and water (1.5 L, viv 4:1) was added a solution of NaClO, (36.4 g,
400 mmol) and KH,PO, (227 g, 1667 mol) in water (0.5 L) dropwise over 40 minutes followed by stir-
ring at room temperature far 18 hours. The reaction was partitioned between EtOAc (2 L) and water (1
L). The aqueous layer was further extracted with EtOAc (1.5 L) and the organic layers were com-

10 bined, washed with water (1 L), dried over sodium sulphate and concentrated in vacuo to afford the
title compound as a yellow solid (120 g, 75%).

MS m/z 507 [2M+Na]"

Example 83 Step 2
Methyl 2-bromo-5H-pyrrolo[2.3-b]pyrazine-7-carboxylate

15 To a suspension of 2-bromo-5H-pyrrolo[2,3-b]pyrazine-7-carboxylic acid (Example 83 Step 1, 145 g,
602 mmol) in MeOH (1.5 L) at 0°C was added thionyl chloride (93 g, 781 mmol) dropwise over 40
minutes. The reaction was heated to reflux for 4 hours before cooling and concentrating in vacuo. The
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resulting solid was triturated with TBME to afford the title compound as a yellow solid (109 g, 71%)

that was taken directly on to the next step.

Example 83 Step 3

To a suspension of NaH (60% dispersion in oil, 11.9 g, 297 mmol) in DMF (500 mL) at 0°C was added
methyl 2-bromo-5H-pyrrolo[2,3-b]pyrazine-7-carboxylate (Example 83 Step 2, 55 g, 228 mmol). The
reaction was stirred at 0°C for 10 minutes followed by the addition of SEMCI (49.3 g, 251 mmol) and
stirring at room temperature for 3 hours. The reaction was poured into ice-water (1.5 L) and extracted
into EtOAc (3 x 1.5 L). The combined organic layers were washed with water (2 L), brine (3 x 1.5 L),
dried over sodium sulphate and concentrated in vacuo. The residue was triturated with TBME to af-
ford the title compound as a white solid (105 g, 60%). 'H NMR (400MHz, DMSO-ds): 5 ppm 8.88 (s,
1H), 8.61 (s, 1H), 5.70 (br s, 2H), 3.86 (br s, 3H), 3.58-3.54 (m, 2H), 0.85-0.81 (m, 2H), -0.09 (s, 9H).
Example 83 Step 4

Methyl 2-(4-(tert-butoxycarbonyl)-3 3-dimethylpiperazin-1-yl)-5-((2-(trimethyisilyl)ethoxy)methyl)-5H-

pyrrolo[2 3-blpyrazine-7-carboxylate
To a solution of methyl 2-bromo-5-((2-(trimethylsilyl)ethoxy)methyl)-5H-pyrrolo[2,3-b]pyrazine-7-

carboxylate (Example 83 Step 3, 4.51 g, 11.7 mmol) and tert-butyl 2,2-dimethylpiperazine-1-
carboxylate (5 g, 23.33 mmol) in anhydrous toluene (100 mL) was added dppf (420 mg, 0.758 mmol)
followed by cesium carbonate (7.6 g, 23.33 mmol). The reaction was degassed and purged with nitro-
gen before the addition of Pd,(dba)s (534 mg, 0.583 mmol) and heating to 100°C for 12 hours. The
reaction was cooled, filtered and the filtrate concentrated in vacuo. The residue was purified using
silica gel column chromatography eluting with 10-80% EtOAc in petroleum ether to afford the title

compound as a red oil (5.24 g, 86%). MS m/z 520 [M+H]"
Example 83 Step §

rrolo[2, 3-blpyrazine-7-carboxylic acid
To a solution of methyl 2-(4-(tert-butoxycarbonyl)-3,3-dimethylpiperazin-1-yl)-5-((2-
(trimethylsilyl)ethoxy)methyl)-5H-pyrrolo[2,3-b]pyrazine-7-carboxylate (Example 83 Step 4,5.24 g,
10.08 mmol) in THF (100 mL) and water (30 mL) was added sodium hydroxide (3.23 g, 80.7 mmol)
and the reaction was heated to 70°C for 12 hours. Further sodium hydroxide (3.23 g, 80.7 mmol) was
added and the reaction continued heating at 70°C for 16 hours followed by heating at 75°C for 60
hours. The reaction was cooled and acidified with 0.5M HCI (100 mL) to pH=5-6. The solution was
extracted into EtOAc (2 x 50 mL), the organic layers were combined, washed with brine (100 mL),
dried over sodium sulphate and concentrated in vacuo. The residue was purified using silica gel col-
umn chromatography eluting with 30-80% EtOAc in petroleum ether to afford the title compound as a
yellow solid (3.4 g, 67%). '"H NMR (400MHz, DMSO-dg): 3 ppm 12.02 (br's, 1H), 8.34 (s, 1H), 7.96 (s,
1H), 5.58 (s, 2H), 3.83-3.78 (m, 4H), 3.60-3.51 (m, 4H), 1.44 (s, 9H), 1.36 (s, 6H), 0.86-0.80 (m, 2H), -
0.09 (s, 9H).
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MS m/z 506 [M+H]"

The following Preparations were prepared according to the methods described for Example 83
Steps 4 and 5 using methyl 2-bromo-5-((2-(trimethylsilyl)ethoxy)methyl)-5H-pyrrolo[2,3-b]pyrazine-7-
carboxylate (Example 83 Step 3) and the appropriate amine or alcohol.

Prep No. Name Structure Data/SM
84 Steps 4 e i o tert-butyl azetidin-3-
and 5 2-(3-((tert- Meﬁ/ O\n’N\E\N oH ¥I(methy|)carbamate
butoxycarbon- Mo O \( S\ H NMR (400MHz, DMSO-dg):
y(methylamino)azetidin-1- #~{ | &ppm 12.08 (br s, 1H), 837
yh-5-((2- sem | (s, 1H), 7.71 (s, 2H), 4.28-4.24
(trimethylsilyl)ethoxy)methyl)- (m, 2H), 4.10-4.01 (m, 2H),
5H-pyrrolo[2,3-b]pyrazine-7- 3.54-3.51 (m, 2H), 2.89 (s,
carboxylic acid 3H), 1.41 (s, 9H), 0.84-0.80
(m, 2H), -0.08 (s, 9H).0k
MS m/z 478 [M+H]"
87 Steps 4 | (R)-2-((1-(tert- w tert-butyl (R)-3-
and 5 butoxycarbonyl)pyrrolidin-3- | ™ N:/\oﬂ//\ hydroxypyrrolidine-1-
ylhoxy)-5-((2- I carboxylate
(trimethylsilyl)ethoxy)methyl)- 7 D\\rOH Taken on directly to the next
5H-pyrrolo[2,3-b]pyrazine-7- PN step.
carhoxylic acid T IN\/
kEM

Example 83 Steps 6-9

2-(4-acryloyl-3 3-dimethylpiperazin-1-yl)-N-(prop-2-yn-1-yl)-5H-pyrrolo[2,3-blpyrazine-7-carboxamide

To a solution of 2-(4-(tert-butoxycarbonyl)-3,3-dimethylpiperazin-1-yl)-5-((2-
(trimethylsilyl)ethoxy)methyl)-5H-pyrrolo[2,3-b]pyrazine-7-carboxylic acid (Example 83 Steps 4 and
5, 0.6 g, 1.19 mmol) and 2-propynylamine (196 mg, 3.56 mmol) in DMF (10 mL) was added HATU
(0.902 mmol, 2.37 mmol) followed by triethylamine (360 mg, 3.56 mmol). The reaction was stirred at
room temperature for 12 hours. The reaction was diluted with water (20 mL) and extracted into EtOAc
(3 x20 mL). The combined organic layers were concentrated in vacuo and purified using silica gel
column chromatography eluting with 50-100% EtOAc in petroleum ether. The residue was dissolved
in DCM (6 mL) and treated with TFA (2 mL) at 0°C. The reaction was stirred at room temperature for
12 hours before concentrating in vacuo and azeotroping with MeOH. The residue was dissolved in
MeOH (6 mL) and treated with aqueous ammonia (3 mL) at 0°C. The reaction was stirred at room
temperature for 2 hours, concentrated in vacuo and dissolved in THF (5 mL) and water (5 mL). DIPEA
(186 mg, 1.44 mmol) followed by acryloyl chloride (64.8 mg, 0.72 mmol) were added and the reaction
stirred at room temperature for 2 hours. Additional DIPEA (186 mg, 1.44 mmol) and acryloyl chloride
(64.8 mg, 0.72 mmol) were added and the reaction continued for 6 hours. The reaction was concen-
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trated in vacuo and purified using silica gel column chromatography eluting with 0-20% MeOH in DCM

followed by preparative HPLC to afford the title compound as a yellow solid (72 mg, 41%).

Preparative HPLC conditions:
Column: YMC-Actus Triart C18 150x30mmx5um; Mobile phase: 26-46% MeCN in water modified with
0.225% formic acid. 'H NMR (400MHz, DMSO-ds): 5 ppm 12.31 (br s, 1H), 8.40-8.38 (m, 1H), 8.08
(s, 1H), 7.99 (s, 1H), 6.80-6.73 (m, 1H), 6.06-6.02 (m, 1H), 5.65-5.62 (m, 1H), 4.19-4.18 (m, 2H),
3.96-3.88 (m, 4H), 3.69-3.67 (m, 2H), 3.27 (s, 1H), 1.54 (s, 6H).
MS mvz 389 [M+Na]*

Examples 84-87 were prepared according to the method described for Example 83 Steps 6-9 using

the appropriate acid and amine as described below:
Prep Method A (PM A): Kromasil Eternity XT C18 250x21.2x10 micron, mobile phase: 9-29% MeCN
in water modified with ammonia to pH=10.
Prep Method B (PM B): Phenomenex Gemini C18 250x21.2x10 micron, mobile phase 26-46% MeCN
in water modified with ammonia to pH=10.

Example Name/Structure SM Data
84 2-{3- 2-{3-[(tert- PM A'H NMR (400MHz,
[acrylo- butoxycarban- DMSO-dg): & ppm 1225 (br s,
yl{methyl)amino]azetidin-1- yh)(methyl)amino]azetidi | 1H), 8.42 (br s, 1H), 8.07 (s,
yl}-N-(2-methoxyethyl)-5H- n-1-yl}-5-{[2- 1H), 7.72 (s, 1H), 6.81-6.74
pyrrolo[2,3- (trimethylsi- (m, 1H), 6.17-6.13 (m, 1H),
blpyrazine-7-carboxamide lylethoxy]methyl}-5H- 5.74-5.71 (m, 1H), 5.27 (br s,
” e pyrrolo[2,3-blpyrazine-7- | 1H), 4.35-4.33 (m, 2H), 4.19-
o o, / carboxylic acid (Exam- | 4.05 (m, 2H), 3.54-3.37 (m,
YO R ple 84 Steps 4 and 5) | 7H), 3.35-3.16 (m, 3H).
° h \EL Y and 2- | MS m/z 359 [M+H]"
Ny methoxyethylamine.
85 2-{3- 2-{3-[(tert- PM A with 11-31% MeCN.
[acrylo- butoxycarbon- "H NMR (400MHz, DMSO-dg):

yl{methyl)amino]azetidin-1-
y}-N-[(2S)-1-methoxypropan-
2-yl]-5H-pyrrolo[
2,3-b]pyrazine-7-
carboxamide

Me

|
N
//\ e \\/\
) A/N\/

yl){methyl)amino]azetidi
n-1-yl}-5-{[2-
(trimethylsi-
lyDethoxy]methyl}-5H-
pyrrolo[2,3-b]pyrazine-7-
carboxylic acid (Exam-
ple 85 Steps 4 and 5)
and (S)-1-
methoxypropan-2-
amine.

& ppm 12.27 (br's, 1H), 8.37-
8.35 (m, 1H), 8.04 (s, 1H),
7.71 (s, 1H), 6.80-6.74 (m,
1H), 6.16-6.08 (m, 1H), 5.76-
571 (m, 1H), 5.30-5.24 (m,
1H), 4.31-4.25 (m, 2H), 4.20-
4.05 (m, 3H), 3.44-3.30 (m,
5H), 3.16-3.04 (m, 3H), 1.22-
1.18 (m, 3H).

MS m/z 373 [M+H]"
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yl)oxy]-N-ethyl-5H-
pyrrolo[2,3-b]pyrazine-7-
carboxamide

N g

butoxycarbon-
yl)pyrrolidin-3-yl)oxy)-5-
[2-

(trimethylsi-
lyl)ethoxy)methyl]-5H-
pyrrolo[2,3-b]pyrazine-7-
carboxylic acid (Exam-
ple 87 Steps 4 and 5).

68
86 2-{3- 2-{3-[(tert- PM B.

[acrylo- butoxycarbon- "H NMR (400MHz, DMSO-ds):
yl(methyl)amino]azetidin-1- yl)(methyl)amino]azetidi | & ppm 12.27 (br s, 1H), 8.37-
yl}-N-[(2R)-1-methoxypropan- | n-1-yl}-5-{[2- 8.35 (m, 1H), 8.04 (s, 1H),
2-yl]-5H-pyrrolo[ (trimethylsi- 7.71 (s, 1H), 6.80-6.73 (m,
2,3-blpyrazine-7- lyl)ethoxy]methyl}-5H- 1H), 6.22-6.08 (m, 1H), 5.73-
carboxamide pyrrolo[2,3-b]pyrazine-7- | 5.71 (m, 1H), 5.30-5.24 (m,
" Mc,ay“"e carboxylic acid (Exam- | 1H), 4.33-4.30 (m, 2H), 4.25-
/‘N\ N ple 86 Steps 4 and 5) | 4.05 (m, 3H), 3.41-3.30 (m,
/A( :\N‘ W /R and 5H), 3.29-3.04 (m, 3H), 1.21-

° T (R)-1-methoxypropan-2- | 1.18 (m, 3H).

SN amine MS m/z 373 [M+H]"

87 (R)-2-[(1-acryloylpyrrolidin-3- | (R)-2-((1-(tert- "H NMR (400MHz, DMSO-dg):

& ppm 12.56 (br s, 1H), 8.19
(s, 1H), 8.00 (s, 1H), 7.86-7.82
(m, 1H), 6.63-6.55 (m, 1H),
6.18-6.13 (m, 1H), 5.71-5.64
(M, 2H), 3.98-3.68 (M, 3.5H),
3.50-3.38 (m, 2.5H), 2.36-2.22
(m, 2H), 1.22-1.18 (m, 3H).

Examples 88-90 were prepared as described in the Scheme below:
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Example 88 Step 1
Racemic benzyl 5-((tert-butoxycarbonyl)amino)-2-(hydroxymethylpiperidine-1-carboxylate

To a solution of tert-butyl (6-(hydroxymethy))pyridin-3-yl)carbamate (25 g, 0.11 mol) in EtOH (200 mL)
and acetic acid (25 mL) was added PtO, (2.6 g, 11.5 mmol). The reaction was degassed under vacu-
um and purged with hydrogen three times before stirring under 55 psi of hydrogen at 50°C for 72

hours. The reaction was cooled, filtered, and the filtrate neutralised with saturated aqueous NaHCO;
solution. The solution was concentrated in vacuo and the residue extracted into EtOAc (5 x100 mL).
The combined organic layers were washed with brine (200 mL), dried over sodium sulphate and con-
centrated in vacuo. Part of the residue (5 g, 0.022 mmol) was dissolved in THF (100 mL) and water
(50 mL). NaHCO; (3.7 g, 0.044 mmol) was added followed by CbzCl (4.4 g, 0.026 mmol) and the re-
action was stirred at room temperature for 2 hours. The reaction was concentrated in vacuo and ex-
tracted into EtOAc (3 x 200 mL). The organic layers were washed with brine (2 x 200 mL) and con-



wn

10

20

30

WO 2016/178110

CA 02984183 2017-10-27

PCT/IB2016/052220

70

centrated /n vacuo. The residue was purified using silica gel column chromatography eluting with 20-
30% EtOAc in petroleum ether to afford the title compound as a colorless oil (3 g, 67% over 2 steps).
"H NMR (400MHz, CDCl3): 8 ppm 7.27-7.19 (m, 5H), 5.06-5.02 (m, 2H), 4.54-4 52 (m, 1H), 4.25-3.95
(m, 2H), 3.69-3.30 (m, 3H), 3.10-3.05 (m, 1H), 2.65-2.50 (m, 1H), 1.70-1.28 (m, 12H).

MS m/z 751 [2M+Na]"

Example 88 Step 2

Cis-racemic-benzyl 5-((tert-butoxycarbony)amino)-2-(hydroxymethyl)piperidine-1-carboxylate and

trans-racemic benzyl 5-((tert-butoxycarbonyl)amino)-2-(hydroxymethyl)piperidine-1-carboxylate.

The cis and trans racemic benzyl 5-((tert-butoxycarbonyl)amino)-2-(hydroxymethyl)piperidine-1-
carboxylate were separated using preparative HPLC using the conditions below:

Column: Phenomenex Synergi C18 (250x77x10 micron).

Mobile phase: 35-53% MeCN in water modified with 10 mM ammonium carbonate

Gradient time: 25 minutes; Flow rate: 140 mL/min

HPLC QC: WatersXbridge 2.1x50mmx5micron, 0-60% MeCN in water modified with 0.05% ammonia.
The two enantiomers were assigned stereochemistry.

First eluting isomers: trans racemic benzyl 5-((tert-butoxycarbonyl)amino)-2-
(hydroxymethyl)piperidine-1-carboxylate. Rt = 3.55 minutes MS m/z 387 [M+Na]"

Second eluting isomers: cis racemic benzyl 5-((tert-butoxycarbonyl)amino)-2-

(hydroxymethyl)piperidine-1-carboxylate. Rt = 3.59 minutes MS m/z 387 [M+Na]"

Example 88 Step 3
Cis-racemic-benzyl-5-((2-chloro-7-tosyl-7H-pyrrolo[2 3-d]pyrimidin-4-y)amino)-2-

(hydroxymethyDpiperidine-1-carboxylate

To a solution of cis racemic benzyl 5-((tert-butoxycarbonyl)amino)-2-(hydroxymethyl)piperidine-1-
carboxylate (Example 88 Step 2, 30 g, 82 mmol) in DCM (200 mL) was added 4M HCI in dioxane
(150 mL) at 0°C and the reaction was stirred at this temperature for 2 hours. The reaction was con-
centrated in vacuo and part of the residue (14 g, 46 mmol) was dissolved in n-BuOH (200 mL). DIPEA
(13.2 g, 102 mmol) followed by 2,4-dichloro-7-tosyl-7H-pyrrolo[2,3-d]pyrimidine (16 g, 47 mmol) were
added and the reaction heated to 50°C for 18 hours. The reaction was cooled, concentrated in vacuo
and partitioned between EtOAc (200 mL) and water (200 mL). The aqueous layer was backwashed
with EtOAc (2 x 200 mL) and the organic layers were combined, washed with brine, dried over sodium
sulphate and concentrated in vacuo. The residue was purified using preparative HPLC as described
below to afford the title compound as a white solid (19 g, 73%).

Column: Gemini 250x50mm x10 micron; Mobile Phase: 563-100% MeCN in water modified with am-
monia pH=10. Flow rate: 80 mL/min. MS m/z 570 [M**CI+H|"

Example 88 Step 4
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Cis-racemic-tert-buty! 5-((2-chloro-7-tosyl-7H-pyrrolo[2 3-d]pyrimidin-4-yl)amino)-2-

(hydroxymethyDpiperidine-1-carboxylate

To a solution of cis-racemic-benzyl 5-((2-chloro-7-tosyl-7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)-2-
(hydroxymethyl)piperidine-1-carboxylate (Example 88 Step 3, 7.91 g, 13.9 mmol) and di-tert-butyl
dicarbonate (3.94 g, 18 mmol) in EtOH (100 mL) and THF (100 mL) was added wet palladium on car-
bon (800 mg). The reaction was stirred under an atmosphere of hydrogen (hydrogen balloon) for 3
hours. The reaction was filtered through Celite™ and the filtrate concentrated in vacuo. The residue
was purified using silica gel column chromatography eluting with 1:1 petroleum ether and EtOAc to
afford the title compound as a white solid (5.6 g, 75%).

"H NMR (400MHz, DMSO-dg): 5 ppm 8.10-8.08 (m, 2H), 7.44-7.43 (m, 1H), 7.34-7.27 (m, 2H), 6.44
(brs, 1H), 5.19 (brs, 1H), 4.32-4.28 (M, 2H), 4.10 (br m, 1H), 3.80-3.79 (M, 1H), 3.67-3.64 (m, 1H),
2.75-2.69 (m, 1H), 2.41 (s, 3H), 2.50-2.30 (m, 1H), 2.05-1.97 (m, 1H), 1.83-1.80 (m, 2H), 1.48-1.44
(m, 1H), 1.44 (s, SH).

Example 88 Step 5
Cis-racemic-tert-butyl 2-(acetamidomethyl)-5-((2-chloro-7-tosyl-7H-pyrrolo[2 3-d]pyrimidin-4-

Damino)piperidine-1-carboxylate
To a solution of cis-racemic-tert-butyl 5-((2-chloro-7-tosyl-7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)-2-
(hydroxymethyl)piperidine-1-carboxylate (Example 88 Step 4, 4.3 g, 8 mmol) in DCM (85 mL) was
added TEMPO (250 mg, 1.6 mmol) and PhI(OAc), (2.97 g, 9.2 mmol) and the reaction was stirred at
room temperature for 18 hours. The reaction was washed with ether (100 mL), brine (100 mL), dried
over sodium sulphate and concentrated in vacuo. The residue was purified using silica gel column
chromatography eluting with 2-50% EtOAc in petroleum ether to afford the aldehyde intermediate as a
white solid (1.81 g, 42%).
The solid was dissolved in MeOH (340 mL) and treated with ammonium acetate (26.13 g, 339 mmol)
followed by sodium cyanoborohydride (3.41 g, 54 mmol). The reaction was stirred at room tempera-
ture for 18 hours. The reaction was diluted with EtOAc (400 mL) and washed with water (200 mL),
saturated aqueous NaHCO; (200 mL), brine (300 mL) dried over sodium sulphate and concentrated in
vacuo. The residue was purified using silica gel column chromatography eluting with 0-15% MeOH in
DCM to afford the amino intermediate as a white solid (615 mg, 34%).
The solid was dissolved in THF (15 mL) and DCM (15 mL) and treated with triethylamine (363 mg, 3.6
mmol). Acetic anhydride (123 mg, 1.2 mmol) was added and the reaction stirred at room temperature
for 2 hours. The reaction was concentrated in vacuo to afford the title compound as a yellow solid
(700 mg, 100%). MS m/z 577 [M+H]"

Example 88 Step 6
rac-N-(((2R,5R)-5-((7H-pyrrolo[2,3-d]pyrimidin-4-ylamino)-1-acryloylpiperidin-2-ymethyl)acetamide

To a solution of cis-racemic-tert-butyl 2-(acetamidomethyl)-5-((2-chloro-7-tosyl-7H-pyrrolo[2,3-

d]pyrimidin-4-yl)amino)piperidine-1-carboxylate (Example 88 Step 5, 700 mg, 1.2 mmol) in MeOH
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(15 mL) and water (3 mL) was added lithium hydroxide (151 mg, 3.6 mmol) and the reaction was
stirred at room temperature for 12 hours. The reaction was concentrated in vacuo and the residue
purified using 0-15% MeOH in DCM. The residue was dissolved in MeOH (20 mL) and treated with
10% Pd/C {100 mg). The reaction was hydrogenated at 45 psi at 35°C for 16 hours. The reaction was
filtered through Celite and the filtrate concentrated in vacuo. The residue was dissolved in DCM (5
mL) and treated with 4M HCI in dioxane (5 mL) at 0°C. The reaction was stirred at room temperature
for 8 hours. The reaction was concentrated /n vacuo and dissolved in THF (5 mL) and water (5 mL).
DIPEA (464 mg, 3.6 mmol) was added followed by acryloyl chloride at 0°C and the reaction was
stirred at 0°C for 2 hours. The reaction was concentrated in vacuo and purified using silica gel column
chromatography eluting with 10-30% MeOH in DCM to afford the title compound as a white solid (100
mg, 25% over 4 steps).

"H NMR (400MHz, DMSO-ds): 8 pom 11.52 (br's, 1H), 8.12-8.04 (m, 2H), 7.34-7.32 (m, 1H), 7.09 (s,
1H), 6.76-6.69 (m, 1H), 6.56 (s, 1H), 6.13-6.08 (m, 1H), 5.67-5.64 (m, 1H), 4.61-4.57 (m, 1H), 4.61-
4.57 (m, 1H), 4.16-4.06 (m, 2H), 3.29-3.02 (m, 1H), 2.66-2.55 (m, 2H), 1.82-1.59 (m, 7H). LCMS (Ul-
timate XB-C18 3x50mm x 3 micron); 1-100% MeCN in water modified with 0.1% TFA. Rt =2.46
minutes MS m/z 343 [M+H]+

The cis-racemic material was separated into its enantiomers using preparative chiral column chroma-
tography according to the conditions described below;

Column: Chiralcel OD-H 21x250 mm, 5uM

Mobile phase:90:10 CO2/MeOH for 10 min, flow rate 75 mL/min.

The two enantiomers were arbitrarily assigned absolute stereochemistry.

First eluting isomer: Example 89

N-{[(2R,5R)-1-acryloyl-5-(7H-pyrrolo[2,3-d]pyrimidin-4-ylamino)piperidin-2-ylJmethyl}acetamide
Rt = 5.84 minutes MS m/z 343 [M+H]"
Second eluting isomer: Example 90

N-{[(2S,5S)-1-acryloyl-5-(7H-pyrrolo[2,3-d]pyrimidin-4-ylamino)piperidin-2-ylimethyl}acetamide
Rt = 7.05 minutes MS m/z 343 [M+H]"

Examples 91-93 were prepared as described in the Scheme below:
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Example 91 Step 1
Cis-racemic-benzyl-5-((2-chloro-7-tosyl-7H-pyrrolo[2 3-d]pyrimidin-4-yl)amino)-2-

methoxymethyl) piperidine-1-carboxylate

To a solution of cis-racemic-benzyl 5-((2-chloro-7-tasyl-7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)-2-
(hydroxymethyl)piperidine-1-carboxylate (Example 88 Step 3, 1 g, 1.76 mmol) in anhydrous DMF
(15 mL) was added Ag.O (815 mg, 3.51 mmol) followed by methyl iodide (500 mg, 3.51 mmol) and
the reaction was stirred at room temperature for 18 hours. Additional methyl iodide (500 mg, 3.51
mmol) was added and the reaction continued for 6 hours. The reaction was concentrated in vacuo
and purified using silica gel column chromatography eluting with 0-80% EtOAc in petroleum ether to
afford the title compound as a white solid (469 mg, 46%).

Taken on directly to the next step.

Example 91 Step 2
Cis-race mic-tert-butyl-5-((2-chloro-7-tosyl-7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)-2-

(methoxymethyl)piperidine-1-carboxylate

The title compound was prepared according to the method described for Example 88 Step 4 using
cis-racemic-benzyl-5-((2-chloro-7-tosyl-7H-pyrrolo[2, 3-d]pyrimidin-4-yl)amino)-2-
(methoxymethyl)piperidine-1-carboxylate (Example 91 Step 1) under 20 psi of hydrogen and taken
on directly to the next step.

Example 91 Step 3
Cis-racemic-1-[2-(methoxymethy)-5-(7H-pyrrolo[2 3-d]pyrimidin-4-ylamino)piperidin-1-yljprop-2-en-1-

one
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The title compound was prepared according to Example 88 Step 6 above using cis-racemic-tert-
butyl-5-((2-chloro-7-tosyl-7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)-2-(methoxymethyl)piperidine-1-
carboxylate (Example 91 Step 2). MS m/z 316 [M+H]”

The cis-racemic material was separated into its enantiomers using preparative chiral column chroma-
tography according to the conditions described below;

Column: AD 250x30mm, 10 micron; Mobile phase: 45% MeOH in water modified with ammonia.
Flow rate: 80 mL/min. LCMS QC: Chiralpak AD-3 150x4.6mm, 3 micron

Mobile phase: 40% MeOH with 0.05% DEA in CO;; Flow rate: 2.5 mL/min.

The two enantiomers were arbitrarily assigned absolute stereochemistry.

First eluting isomer: Example 92

1-[(2R,5R)-2-(Methoxymethyl)-5-(7H-pyrrolo[2,3-d]pyrimidin-4-ylamino)piperidin-1-yl]prop-2-en-1-one.
Rt = 2.48 minutes MS m/z 316 [M+H]"

"H NMR (400MHz, DMSO-dg): 5 ppm 11.65 (brs, 1H), 8.10 (s, 1H), 7.14 (s, 1H), 6.85-6.78 (m, 1H),
6.56 (s, 1H), 6.10-6.05 (m, 1H), 5.65-5.62 (m, 1H), 4.90-4.75 (m, 1H), 4.67-4.60 (M, 1.3H), 4.38-4.37
(m, 1H), 4.11-4.09 (m, 0.7H), 3.80-3.50 (m, 1H), 3.45-3.23 (M, 4.3H), 2.93-2.87 (m, 0.7H), 1.98-1.89
(m, 2H), 1.71-1.60 (m, 2H).

Second eluting isomer: Example 93

1-[(2S,58)-2-(Methoxymethyl)-5-(7H-pyrrolo[2,3-d]pyrimidin-4-ylamino) piperidin-1-yljprop-2-en-1-one.
Rt = 3.92 minutes MS m/z 316 [M+H]"

"H NMR (400MHz, DMSO-ds): 8 ppm 11.65 (br's, 1H), 8.10 (s, 1H), 7.14 (s, 1H), 6.85-6.78 (m, 1H),
6.56 (s, 1H), 6.10-6.05 (m, 1H), 5.65-5.62 (m, 1H), 4.90-4.75 (m, 1H), 4.67-4.60 (M, 1.3H), 4.38-4.37
(m, 1H), 4.11-4.09 (m, 0.7H), 3.80-3.50 (m, 1H), 3.45-3.23 (M, 4.3H), 2.93-2.87 (m, 0.7H), 1.98-1.89
(m, 2H), 1.71-1.60 (m, 2H).

Examples 94-96 were prepared according to the following Scheme:



v

20

CA 02984183 2017-10-27

Example 94 Step 1

Cis-racemic-1-(tert-butyl)-3-methyl 5-((2-chloro-7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)piperidine-1,3-
dicarboxylate

To a solution of cis-racemic-1-tert-butyl 3-methyl-5-aminopiperidine-1,3-dicarboxylate (WO
200906112, 5 g, 19.3 mmol) in n-BuOH (100 mL) was added 2,4-dichloro-7H-pyrrolo[2,3-d]pyrimidine
(4 9, 21.2 mmol) followed by DIPEA (7.47 g, 58 mmol). The reaction was heated to 130°C for 48
hours. The reaction was cooled, concentrated in vacuo and partitioned between EtOAc (100 mL) and

water (100 mL). The organic layer was collected, washed with water (100 mL), brine (100 mL), dried
over sodium sulphate and concentrated in vacuo. The residue was purified using silica gel column
chromatography eluting with 10-50% EtOAc in petroleum ether to afford the title compound as a white
solid (4.4 g, 56%) that was taken directly on to the next step.

Example 94 Step 2

Cis-racemic-1-(tert-butoxycarbonyl)-5-((2-chloro- 7H-pyrrolo[2,3-d]pyrimidin-4-y)amino)piperidine-3-

carboxylic acid
To a solution of cis-racemic-1-(tert-butyl) 3-methyl 5-((2-chloro-7H-pyrrolo[2,3-d]pyrimidin-4-

yl)amino)piperidine-1,3-dicarboxylate (Example 94 Step 1,4.4 g, 10.73 mmol) in MeOH (50 mL) was
added 1M agueous NaOH solution (43 mL, 43 mmol) dropwise. The reaction was stirred at room tem-
perature for 18 hours before diluting with water (20 mL) and extracting into EtOAc (100 mL). The
aqueous phase was acidified with 1M HCI (ag) until pH=5-6. The aqueous layer was extracted into
EtOAc (2 x 100 mL), the organic layers combined washed with brine, dried over sodium sulphate and
concentrated in vacuo to afford the title compound as a white solid (3.7 g, 87%). 'H NMR (400MHz,
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75
(@] OMe
O._ _OMe cl
Step 1 Step 2
+ NI NN —— - BN —
/l\ 2~  NBUOH, DIPEA NH NaOH, MeOH
BocN A c” N N
2 N* I \
)\\
N
c” NN
R® 2
O.__OH o ,{J D
\R1 O N\R1
Step 3 Step4
BocN
BocN -
NH HATU, DMF NH i) HCI AN NH
inPd/C s
~ .
/L I > )N\/l A iiiy Acryloy! chioride Nk/l N
N Y
Cl N H cl N H \1“ ﬁ



wn

10

20

30

CA 02984183 2017-10-27

WO 2016/178110 PCT/IB2016/052220

76

DMSO-ds): & ppm 11.72 (br s, 1H), 7.79-7.78 (m, 1H), 7.11 (s, 1H), 6.58 (s, 1H), 4.24-4.01 (m, 3H),
2.72-2.22 (m, 4H), 1.65-1.59 (m, 1H), 1.43 (s, 9H).

Example 94 Step 3
Cis-racemic-tert-butyl-3-({2-chloro-7H-pyrrolo[2 3-dlpyrimidin-4-yDamino)-5-

(dimethylcarbamoyl)piperidine-1-carboxylate

To a solution of cis-racemic-1-(tert-butoxycarbonyl)-5-((2-chloro-7H-pyrrolo[2,3-d]pyrimidin-4-
yl)amino)piperidine-3-carboxylic acid {(Example 94 Step 2, 1 g, 2.53 mmol) in DMF (15 mL) was
added HATU (1.15 g, 3.04 mmol) and the mixture ws stirred under nitrogen for 30 minutes. Dimethyl-
amine hydrochloride (415 mg, 5.06 mmol) and triethylamine (766 mg, 7.59 mmol) were added and the
reaction stirred at room temperature for 18 hours. The reaction was partitioned between EtOAc (20
mL) and water (20 mL). The organic layer was collected, washed with brine, dried over sodium sul-
phate and concentrated in vacuo. The residue was purified using silica gel column chromatography
eluting with 5-10% MeOH in DCM to afford the title compound as a white solid (650 mg, 61%). 'H
NMR (400MHz, DMSO-dg): 6 ppm 11.71 (br s, 1H), 7.96-7.84 (m, 1H), 7.11 (s, 1H), 6.58 (s, 1H), 4.23-
3.96 (M, 3H), 3.17 (s, 3H), 2.95-2.93 (m, 1H), 2.84 (s, 3H), 2.60-2.50 (m, 2H), 2.04-2.00 (m, 1H), 1.80-
1.70 (m, 1H), 1.43 (s, 9H).

Example 94 Step 4
Cis-racemic-1-acryloyl-N.N-dimethyl-5-(7H-pyrrolo[2 . 3-d]pyrimidin-4-ylamino)piperidine-3-

carboxamide

To a solution of cis-racemic-tert-butyl 3-((2-chloro-7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)-5-
(dimethylcarbamoyl)piperidine-1-carboxylate (Example 94 Step 3, 65 mg, 1.53 mmol) in MeCOH (20
mL) was added 10% Pd/C (200 mg). The reaction was purged with argon before hydrogenating at 35
psi at 35°C for 18 hours. The reaction was filtered though Celite™ and concentrated in vacuo to give
a residue that was dissolved in DCM (15 mL) and treated with 4M HCI in dioxane (4 mL). The reaction
was stirred at room temperature for 3 hours before concentrating in vacuo and azeotroping with DCM.
The residue was dissolved in THF (15 mL) and water (15 mL). DIPEA was added (1.12 g, 8.64 mmol)
and the mixture cooled to 0°C. Acryloyl chloride (235 mg, 2.59 mmol) was added and the reaction
stirred at 0°C for 1 hour. The reaction was partitioned between water (10 mL) and EtOAc (10 mL).
The aqueous layer was collected, concentrated /n vacuo and purified using preparative HPLC as de-
scribed below to afford the title compound as a white solid (140 mg, 19% over three steps).

Column: Agela Durashell C18 250x21.2mm x 5 micron

Mobile phase: 2-20% MeCN in water modified with 0.225% formic acid; Flow rate: 30 mL/min.

LCMS QC: HPLC-AE Ultimate XB-C18 3 x 50 mm x 3micron

Mobile phase: 1-100% MeCN in water modified with 0.1% TFA.

Rt = 2.58 minutes MS m/z 343 [M+H]" "H NMR (400MHz, DMSO-dg): & ppm 11.53 (s, 1H), 8.17-8.10
(m, 1H), 7.43-7.31 (m, 1H), 7.09 (s, 1H), 6.88-6.82 (m, 1H), 6.56 (s, 1H), 6.20-6.14 (m, 1H), 5.76-5.67
(m, 1H), 4.73-4.70 (m, 0.5H), 4.49-4.35 (m, 2.5H), 3.50-3.40 (br m, 1H), 3.08-2.84 (m, 7H), 2.83-2.80
(m, 1H), 2.07-2.04 (m, 1H), 1.89-1.76 (m, 1H).
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The cis-racemic material was separated into its enantiomers using preparative chiral column chroma-
tography according to the conditions described below;

Column; AD 250x30mm, 10 micron; Mobile phase: 40% MeOH in water with NH5:H>O in supercritical
COy; Flow rate; 70 mL/min. LCMS QC. Chiralpak AD-3 150x4.6mm, 3 micron

Mobile phase: 40% MeOH with 0.05% DEA in COy; Flow rate: 2.5 mL/min.

The two enantiomers were arbitrarily assigned absolute stereochemistry.

First eluting isomer: Example 95
1-[(2R,5R)-2-(Methoxymethyl)-5-(7H-pyrrolo[2,3-d]pyrimidin-4-ylamino)piperidin-1-yllprop-2-en-1-one;
Rt = 1.43 minutes MS m/z 343 [M+H]"

Second eluting isomer: Example 96

1-[(2S,58)-2-(Methoxymethyl)-5-(7H-pyrrolo[2,3-d]pyrimidin-4-ylamino) piperidin-1-yljprop-2-en-1-one;
Rt = 2.58 minutes MS m/z 343 [M+H]"

Examples 97-99 were prepared according to the following Scheme:

Oy OMe Os_OMe OH
Step 1 Step 2
BocN _ —_— BocN
BocN
NH H,, Pd/C NH LiAIH, NH
cd =
i\ L > N/l N ’\ll\ >
c” N7 N N S N
H NT N H
OH
Step 3
N
i) HCI /\n/ NH
i) Acryloyl chloride o
S
>
N
N H

Example 97 Step 1
Cis-racemic-1-(tert-butyl) 3-methyl 5-((7H-pyrrolo[2 3-d]pyrimidin-4-y)amino)piperidine-1,3-

dicarboxylate
The title compound was prepared according to the hydrogenation method described above in Exam-

ple 88 Step 4 using cis-racemic-1-(tert-butyl) 3-methyl 5-((2-chloro-7H-pyrrolo[2,3-d]pyrimidin-4-
yl)amino)piperidine-1,3-dicarboxylate (Example 94 Step 1).
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"H NMR (400MHz, DMSO-d5): 5 ppm 12.50 (br s, 1H), 9.10 (m, 1H), 8.33 (s, 1H), 7.36 (s, 1H), 6.93
(s, 1H), 4.25-4.15 (m, 3H), 3.68 (s, 3H), 2.80-2.60 (m, 3H), 2.38-2.35 (m, 1H), 1.71-1.62 (m, 1H), 1.42
(s, 9H).

Example 97 Step 2
Cis-racemic-tert-butyl 3-((7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)-5-(hydroxymethyl)piperidine-1-

carboxylate
To a solution of LiAIH, (388 mg, 10.2 mmol) in anhydrous THF (20 mL), was added a solution of 1-

(tert-butyl) 3-methyl 5-((7H-pyrralo[2,3-d]pyrimidin-4-yl)amino)piperidine-1 3-dicarboxylate (Example
97 Step 1, 480 mg, 1.28 mmol) in THF (30 mL) dropwise at 0°C under nitrogen. The reaction was
stirred at room temperature for 18 hours. The reaction was cooled to 0°C and quenched by the addi-
tion of water (0.4 mL) followed by 15% agueous NaOH solution (0.4 mL). Water was then added (1.2
mL) and the mixture stirred at room temperature for 15 minutes. Anhydrous MgSO, was added and
the reaction stirred for 15 minutes followed by filtration through Celite ™. The filtrate was concentrated
in vacuo to afford the title compound as a colourless solid (120 mg, 27%). MS m/z 348 [M+H]"

Example 97 Step 3
racemic-1-((3R 58)-3-((7H-pyrrolo[2 3-d]pyrimidin-4-yhamino)-5-(hydroxymethy)piperidin-1-yprop-2-

en-1-oneThe title compound was prepared according to the acid deprotection method and acylation
method as described in Example 94 Step 4 above using cis-racemic-tert-butyl 3-((7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)-5-(hydroxymethyl) piperidine-1-carboxylate (Example 97 Step 2). "HNMR
(400MHz, DMSO-dg): © ppm 11.51 (br s, 1H), 8.13-8.09 (m, 1H), 7.34-7.26 (m, 1H), 7.08 (s, 1H),
6.87-6.81 (M, 1H), 6.57 (s, 1H), 6.15-6.08 (m, 1H), 5.72-5.69 (m, 1H), 4.68-4.59 (M, 1H), 4.37-4.33
(m, 1H), 4.15-4.00 (m, 1H), 3.41-3.39 (m, 2H), 2.79-2.68 (m, 1H), 2.33-2.26 (m, 1H), 2.08-2.02 (m,
1H), 1.75-1.65 (m, 1H), 1.38-1.32 (m, 1H). MS m/z 302 [M+H]"

The cis-racemic material was separated into its enantiomers using preparative chiral column chroma-
tography according to the conditions described below; Column: AD 250x30mm, 5 micron

Mobile phase: 30% MeOH in water with NH;:H,O in supercritical CO,; Flow rate: 60 mL/min.

LCMS QC: Chiralpak AD-3 150x4.6mm, 3 micron; Mobile phase: 5-40% MeOH with 0.05% DEA in
CO,; Flow rate: 2.5 mL/min.

The two enantiomers were arbitrarily assigned absolute stereochemistry.

First eluting isomer: Example 98

1-[(3S,5R)-3-(hydroxymethyl)-5-(7H-pyrrolo[2,3-d]pyrimidin-4-ylamino)piperidin-1-yl]prop-2-en-1-one.
Rt = 5.05 minutes. MS m/z 302 [M+H]"
Second eluting isomer: Example 99
1-[(8R,58)-3-(hydroxymethyl)-5-(7H-pyrrolo[2,3-d]pyrimidin-4-ylamino)piperidin-1-yl]prop-2-en-1-one.
Rt = 5.48 minutes. MS m/z 302 [M+H]"

Examples 100-101 were prepared according to the following Scheme:
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Example 100 Step 1
Cis-raccmic-tert-butyl 3-amino-5-({(tcrt-butyldimcthylsilyhoxy)methyl)pipcridinc-1-carboxylate

OTBDMS

BocN
NH,

To a solution of LiAlH, (664 mg, 17.5 mmol) in anhydrous THF (60 mL) was added a solution of cis-
racemic-1-tert-butyl 3-methyl-5-aminopiperidine-1,3-dicarboxylate (W0200905112, 4.1 g, 16 mmol) in
anhydrous THF (10 mL) dropwise at -10°C. The reaction was stirred at this temperature for 30
minutes before the addition of water (0.7 mL), followed by 15% NaOH (aq) solution (0.7 mL) followed
by water (2.1 ml). MgSQO, (3 g) was added and the mixture stirred at room temperature for 30 minutes
before filtering and concentrating in vacuo. The residue was dissolved in THF (100 mL) and treated
with imidazole (2.3 g, 34 mmol) followed by TBDMSCI (5 g, 34 mmol). The reaction was stirred at
50°C for 3 hours before concentrating in vacuo. The residue was partitioned between EtOAc (200 mL)
and water (100 mL). The organic layer was collected, washed with 0.5M HCI (aqg) (200 mL), brine (100
mL) and concentrated in vacuo to afford the title compound as a yellow oil (5.5 g, 94% over 2 steps)

that was taken directly on to the next step.

Example 100 Step 2
Cis-racemic-tert-butyl-3-({(tert-butyldimethylsilyoxy)methyl)-5-((1 -trityl- 1H-pyrrolo[2 3-d]pyrimidin-4-

lamino)piperidine-1-carboxylate
A solution of cis-racemic-tert-butyl 3-amino-5-(((tert-butyldimethylsilyl)oxy)methyl)piperidine-1-
carboxylate (Example 100 Step 1, 5.5 g, 16 mmol), DIPEA (6.2 g, 48 mmol) and 4-chloro-1-trityl-1H-
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pyrrolo[2,3-d]pyrimidine (see below) , 7 g, 17.6 mmol) in nBuOH (100 mL) was heated to 135°C for 5
days. The reaction was cooled, concentrated in vacuo and purified using silica gel column chromatog-
raphy eluting with 30-60% EtOAc in petroleum ether to afford the title compound as a yellow solid (5.5
g, 65%).

"H NMR (400MHz, DMSO-ds): 8 ppm 7.71 (s, 1H), 7.37-7.26 (m, 10H), 7.10-7.09 (m, 6H), 6.84 (s,
1H), 6.68 (s, 1H), 4.25-4.11 (m, 2H), 3.58-3.54 (m, 1H), 2.37-2.33 (m, 2H), 2.00-1.90 (m, 1H), 1.75-
1.65 (m, 1H), 1.39 (s, 9H), 1.25-1.20 (m, 1H), 0.88-0.75 (m, 11H), -0.05 (s, 6H).

The cis-racemic compound was separated into its enantiomers using the following column conditions:
Column: 300x50mm, 10 micron. Mobile phase: 25% EtOH with 0.1% NH3.H,O in supercritical CO,;
Flow rate: 200 mL/min.

The two enantiomers were arbitrarily assigned absolute stereochemistry:

First eluting isomer: tert-butyl (3S,5R)-3-(((tert-butyldimethylsilyl)oxy)methyl)-5-((1-trityl-1H-
pyrrolo[2,3-d]pyrimidin-4-ylJamino)piperidine-1-carboxylate. Rt = 3.77 minutes

Second eluting isomer: tert-butyl (3R,5S)-3-(((tert-butyldimethylsilyl)oxy)methyl)-5-((1-trityl-1H-
pyrrolo[2,3-d]pyrimidin-4-ylJamino)piperidine-1-carboxylate. Rt = 4.74 minutes

Preparation of 4-chloro-7-trityl-7H-pyrrolo[2 3-d]pyrimidine

To a stirred solution of 4-chloro-7H-pyrrolo[2,3-d]pyrimidine (25 g,130 mmol) in DMF (1L) was added
Cs,C05 (128 g, 390 mmol) and trityl chloride (40g,143.2mmol) in portions. After the addition, the
mixture was stirred at 40 °C for 4 hours, TLC (petroleum/ EtOAc = 10:1) indicated the starting material
was consumed completely. The reaction was filtered and the filtrate was diluted with water (500 mL)
and then extracted with EtOAc¢ (600 mL x 3). The combine organic layers were washed with water (1

Lx 5) and brine (1 L) successively, dried over Na2SO4 and concentrated to dryness. The crude prod-
uct was triturated with MTBE to give desired product (50g, 75%) as a white solid. "H NMR (400MHz,
CHCI;-d) d = 8.31 (d, J=1.0 Hz, 1H), 7.37 - 7.21 (m, 10H), 7.18 - 7.07 (m, 6H), 6.58 (dd, J=0.8, 3.8
Hz, 1H)

Example 100 Step 3

carboxylate

To a solution of tert-butyl (3S,5R)-3-(((tert-butyldimethylsilyl)oxy)methyl)-5-((1-trityl-1H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)piperidine-1-carboxylate (Example 100 Step 2, 2.26 g, 3.2 mmol) in THF (50
mL) was added TBAF (1.67 g, 6.4 mmol) dropwise at 45°C followed by stirring at this temperature for
3 hours. The reaction was cooled, washed with water (200 mL) and concentrated in vacuo. The resi-
due was purified using silica gel column chromatography eluting with 1:1 EtOAc in petroleum ether to
afford the title compound as a white solid (1.9 g, 100%). "HNMR (400MHz, DMSO-ds): & ppm 7.82-
7.72 (m, 1H), 7.40-7.22 (m, 10H), 7.10-7.09 (m, 6H), 6.85-6.83 (m, 1H), 6.68-6.67 (m, 1H), 4.64-4.62
(M, 1H), 4.30-4.07 (m, 4H), 3.32-3.19 (m, 1H), 2.34 (br m, 1H), 1.97 (br m, 2H), 1.63 (br m, 1H), 1.40
(s, 9H). MS m/z 590 [M+H]
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Example 101 Step 3

tert-butyl (3R,58)-3-(hydroxymethyl)-5-((7-trityl-7H-pyrrolo[2,3-d] pyrimidin-4-yl)amino)piperidine-1-

carboxylate

The title compound was prepared as described for Example 100 Step 3 using tert-butyl (3R,58)-3-

(((tert-butyldimethylsilyl)oxy)methyl)-5-((7-trityl- 7H-pyrrolo[2,3-d ]pyrimidin-4-yl)amino) piperidine-1-

carboxylate (Example 100 Step 2).

Example 100 Step 4

tert-butyl (3S,5R)-3-((2-cyanoethoxy)methyl)-5-((7-trityl-7H-pyrrolo[2, 3-d]pyrimidin-4-

yl)amino)piperidine-1-carboxylate

To a solution of tert-butyl (3S,5R)-3-(hydroxymethyl)-5-((7-trityl-7H-pyrrolo[2,3-d]pyrimidin-4-

yl)amino)piperidine-1-carboxylate (Step 3(i), 300 mg, 0.5 mmol) in anhydrous THF (5 mL) was added

NaH (67 mg, 1.75 mmol) at 0°C under nitrogen and the reaction was stirred at this temperature for 1

hour. Acrylonitrile (93 mg, 1.75 mmol) was added and the reaction stirred at room temperature for 3

hours. The reaction was quenched by the addition of water (2 mL) and concentrated in vacuo. The

residue was purified using silica gel column chromatography eluting with 20-80% EtOAc in petroleum

ether to afford the title compound as a white solid (190 mg, 60%). 1H NMR (400 MHz, DMSC-d6) d

ppm 1.21-129 (m, 1 H) 140 (s, 11 H) 1.57-1.90 (m, 1 H) 2.77 (t, J=5.90 Hz, 2 H) 3.53 - 3.63 (m, 2

H) 4.10 (br.s., 1 H) 4.19-4.29 (m, 1 H) 6.68 (d, J=3.76 Hz, 1 H) 6.84 (d, J=3.76 Hz, 1 H) 7.10 (d,

J=7.03Hz, 7H)7.23-7.43(m,12H) 7.72-7.84 (m, 1 H)

Example 101 Step 4

tert-Butyl-(3R 5 8)-3-((2-cyanoethoxy)methy)-5-((7-trityl-7H-pyrrolo[2 3-d]pyrimidin-4-
Damino)piperidine-1-carboxylate

The title compound was prepared according to the method described for Example 100 Step 4 using
tert-butyl (3R,5S8)-3-(hydroxymethyl)-5-((7-trityl-7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)piperidine-1-
carboxylate (Example 101 Step 3).

Example 100 Step 5:

To a solution of tert-butyl (3S,5R)-3-((2-cyanoethoxy)methyl)-5-((7-trityl-7H-pyrrolo[2,3-d]pyrimidin-4-
yl)amino)piperidine-1-carboxylate (Example 100 Step 4, 190 mg, 0.32 mmol) in DCM (5 mL) was
added TFA (0.3 mL) at 0°C and the reaction was stirred at room temperature for 12 hours. The reac-
tion was concentrated in vacuo and dissolved in THF (5 mL) and water (5 mL). The solution was
treated with DIPEA (181 mg, 1.4 mmol) followed by acryloyl chloride (63 mg, 0.7 mmol) dropwise at
0°C. The reaction was stirred at 0°C for 2 hours before concentrating in vacuo and purifying using
silica gel column chromatography eluting with 0-20% MeOH in DCM. The residue was dissolved in
TFA (5 mL) and stirred at 35°C for 3 hours. The reaction was concentrated in vacuo and purified us-
ing preparative HPLC as described below to afford the title compound as an off-white solid (19 mg,

16% over three steps). Column: Phenomenex Gemini C18 250x21.1mm, 24 micron. Mobile phase:
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21-41% MeCN in water modified with ammonia to pH=10. "H NMR (400MHz, DMSO-dg): & ppm 11.53
(brs, 1H), 8.13-8.10 (m, 1H), 7.38-7.30 (m, 1H), 7.09 (s, 1H), 6.88-6.80 (m, 1H), 6.58 (s, 1H), 6.16-
6.10 (m, 1H), 5.73-5.71 (m, 1H), 4.73-4.58 (m, 1H), 4.35-4.05 (m, 2H), 3.62-3.59 (M, 2H), 3.43-3.40
(m, 2H), 2.80-2.77 (m, 3H), 2.45-2.33 (m, 1H), 2.08-2.05 (m, 1H), 1.87-1.80 (m, 1H), 1.44-1.35 (m,
1H).

MS m/z 355 [M+H]"

Example 101 Step 5.
3-{[(3R,58)-1-Acryloyl-5-(7H-pyrrolo[2,3-d]pyrimidin-4-ylamino)piperidin-3-ylimethoxylpropanenitrile

The title compound was prepared according to the method described for Example 100 Step 5 using
tert-butyl (3R,5S8)-3-((2-cyanoethoxy)methy))-5-((7-trityl-7H-pyrrolo[2, 3-d]pyrimidin-4-
yl)amino)piperidine-1-carboxylate (Example 101 Step 4) using 27-47% MeCN in water modified with
ammonia to pH=10. "H NMR (400MHz, DMSO-ds); 5 pom 11.52 (br s, 1H), 8.13-8.10 (m, 1H), 7.38-
7.30 (m, 1H), 7.08 (s, 1H), 6.85-6.81 (m, 1H), 6.57 (s, 1H), 6.16-6.10 (m, 1H), 5.73-5.71 (m, 1H), 4.71-
4.58 (m, 1H), 4.35-4.05 (m, 2H), 3.62-3.59 (m, 2H), 3.43-3.40 (m, 2H), 2.80-2.77 (m, 3H), 2.45-2.33
(m, 1H), 2.08-2.05 (m, 1H), 1.87-1.80 (m, 1H), 1.44-1.35 (m, 1H).

MS mv/z 355 [M+H]"

Examples 102-107 were prepared according to the following Scheme:

a
OTBDMS R

[
{)\ 6\ Boct /\n/N NH
BocN Step 1 BocN Step 2 NH Step 3 a
NZ NN
NZ N |) Boc,0 N “TeAR Y )TFART s |
ii) TBAF A\ k\ N, i acryloyl XN N

I
l\\N \ iii) MsCl k\Nl N N \ chloride

Tr \Tr Tr i) TFA 35C

Example 102 Step 1
Cis-racemic-tert-butyl-3-({tert-butoxycarbonyl) (7-trityl-7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)-5-

(((methvlsulfonyhoxy)methyl)piperidine-1-carboxylate

A mixture of cis-racemic-tert-butyl-3-(((tert-butyldimethylsilyl)oxy)methyl)-5-((7-trityl-7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)piperidine-1-carboxylate (cis-racemic Example 100 Step 2, 2 g, 2.84 mmol)
in di-tert-butyl dicarbonate (10 mL) was heated to 100°C for 1 hour. The reaction was cooled, concen-
trated in vacuo and purified using silica gel column chromatography eluting with 0-40% EtOAc in pe-
troleum ether. The residue was dissolved in THF (30 mL) and treated with TBAF (1.3 g, 5 mmol). The
reaction was stirred at 45°C for 12 hours. The reaction was cooled, washed with brine and concen-
trated in vacuo. The residue was purified using silica gel column chromatography eluting with 30-70%
EtOAc in petroleum ether. Part of the residue (1 g, 1.45 mmol) was dissolved in DCM (10 mL) and
treated with TEA (440 mg, 4.35 mmol) followed by mesyl chloride (332 mg, 2.90 mmol) at 0°C, and
the reaction was stirred at this temperature for 2 hours. The reaction was quenched by the addition of
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water (10 mL) and extracted into DCM (20 mL). The organic layer was dried over sodium sulphate,
concentrated in vacuo to afford the title compound that was used directly in the next step.

Example 102 Step 2
Cis-racemic-tert-butyl-3-({tert-butoxycarbonyl) (7-trityl-7H-pyrrolo[2,3-d]pyrimidin-4-yl) amino)-5-

(fluoromethyl)piperidine-1-carboxylate

To a solution of cis-racemic-tert-butyl-3-((tert-butoxycarbonyl)(7-trityl-7H-pyrrolo[2,3-d]pyrimidin-4-
yl)amino)-5-(((methylsulfonyl)oxy)methyl)piperidine-1-carboxylate (Example 102 Step1,1.08g, 1.4
mmol) in THF (30 mL) was added TBAF (1.47 g, 5.62 mmol).and the reaction was heated at 80°C for
12 hours. The reaction was cooled, concentrated in vacuo and purified using silica gel column chro-
matography eluting with 0-60% EtOAc in petroleum ether to afford the title compound as a white solid
(650 mg, 67%). 'H NMR (400MHz, CDCls): & pom 8.38 (s, 1H), 7.28-7.27 (m, 6H), 7.17-7.15 (m, 7H),
6.36-6.35 (m, 1H), 4.34-4.25 (m, 4H), 3.38-3.12 (m, 2H), 2.43-2.40 (m, 1H), 2.17-2.01 (m, 1H), 1.88-
1.71 (m, 2H), 1.45 (s, 9H), 1.39 (s, 9H).

Example 102 Step 3:

Cis-racemic-1-[3-(fluoromethy)-5-(7H-pyrrolo[2 3-d]pyrimidin-4-ylamino)piperidin-1-yllprop-2-en-1-one

The title compound was prepared according to the method described for Example 100 Step 5 using
cis-racemic-tert-butyl-3-((tert-butoxycarbonyl)(7-trityl-7H-pyrrolo[2,3-d Jpyrimidin-4-yl)amino)-5-
(fluoromethyl)piperidine-1-carboxylate (Example 102 Step 2). The residue was purified using silica
gel column chromatography eluting with 0-20% MeOH in DCM followed by preparative HPLC as de-
scribed below: Column: Phenomenex Gemini C18 250x21.2mm, 10 micron. Mobile phase: 16-36%
MeCN in water modified with ammonia to pH=10.

"H NMR (400MHz, DMSO-dg): & ppm 11.55 (br s, 1H), 8.13-8.10 (m, 1H), 7.40-7.32 (m, 1H), 7.11-
7.10 (m, 1H), 6.89-6.82 (m, 1H), 6.58-6.57 (m, 1H), 6.18-6.10 (m, 1H), 5.75-5.70 (m, 1H), 4.74-4.30
(m, 4H), 4.17-4.05 (m, 1H), 2.89-2.76 (m, 1H), 2.45-2.42 (m, 1H), 2.05-1.99 (m, 2H), 1.51-1.42 (m,
1H). MS m/z 326 [M+Na]"

The cis-racemic material was separated into its enantiomers using preparative chiral column chroma-
tography according to the conditions described below; Column: Chiralcel AD (250x30mm, 10 micron).
Mobile phase: 35% MeOH in NH3.H,O. Flow rate: 80 mL/min

The two enantiomers were arbitrarily assigned absolute stereochemistry

First eluting isomer: Example 103

1-[(3S,5R)-3-(fluoromethyl)-5-(7H-pyrrolo[2,3-d]pyrimidin-4-ylamino)piperidin-1-yl]prop-2-en-1-one. Rt
= 7.87 minutes MS m/z 326 [M+Na]"

Second eluting isomer: Example 104
1-[(3R,58)-3-(fluoromethyl)-5-(7H-pyrrolo[2,3-d]pyrimidin-4-ylamino)piperidin-1-yl]prop-2-en-1-one. Rt
=9.08 minutes MS m/z 326 [M+Na]"

Example 105 Step 2
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Cis-racemic-tert-butyl-3-({tert-butoxycarbonyl)(7-trityl-7H-pyrrolo[2, 3-d]pyrimidin-4-yl)amino)-5-

(cyanomethyl)piperidine-1-carboxylate

To a solution of cis-racemic-tert-butyl-3-((tert-butoxycarbonyl)(7 -trityl-7H-pyrrolo[2,3-d]pyrimidin-4-
yl)amino)-5-(((methylsulfonyl)oxy)methyl)piperidine-1-carboxylate (Example 102 Step 1, 1.8 g, 2.3
mmol) in DMSO (30 mL) was added potassium cyanide (450 mg, 6.9 mmol) and the reaction was
heated to 80°C for 12 hours. The reaction was cooled, diluted with water (30 mL) and extracted into
EtOAc (50 mL). The organic layer was collected, concentrated in vacuo and purified using silica gel
column chromatography eluting with 0-50% EtOAc in petroleum ether to afford the title compound as
a white solid (1.3 g, 81%).

MS m/z 599 [M-Boc+H]"

Example 105 Step 3
Cis-racemic-[1-acrvlovl-5-(7H-pvyrrolo[2.3-dlovrimidin-4-ylamino)piperidin-3-yllacetonitrile

The title compound was prepared according to the method described for Example 100 Step 5 using
cis-racemic-tert-butyl 3-((tert-butoxycarbonyl)(7-trityl-7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)-5-
(cyanomethyl)piperidine-1-carboxylate. The residue was purified using silica gel column chromatog-
raphy eluting with 0-20% MeOH in DCM followed by preparative HPLC as described below: Column:
Phenomenex Gemini C18 250x21.2mm, 10 micron

Mobile phase: 12-32% MeCN in water modified with ammonia to pH=10. 'H NMR (400MHz, DMSO-
ds): & ppm 11.55 (br s, 1H), 8.14-8.10 (m, 1H), 7.43-7.36 (m, 1H), 7.10 (s, 1H), 6.89-6.79 (m, 1H),
6.57 (s, 1H), 6.18-6.12 (m, 1H), 5.75-5.73 (m, 1H), 4.74-4.13 (m, 3H), 2.81-2.68 (m, 4H), 2.41-1.93
(m, 2H), 1.53-1.44 (m, 1H). MS m/z 333 [M+Na]"

The cis-racemic material was separated into its enantiomers using preparative chiral column chroma-
tography according to the conditions described below; Column: AD (250x30mm, 5 micron). Mobile
phase: 35% MeOH in NH;.H,O. Flow rate: 50 mL/min

The two enantiomers were arbitrarily assigned absolute stereochemistry

First eluting isomer: Example 106

[(3R,5R)-1-acryloyl-5-(7H-pyrrolo[2,3-d]pyrimidin-4-ylamino)piperidin-3-yl]acetonitrile
Rt = 7.79 minutes MS m/z 333 [M+Na]”
Second eluting isomer: Example 107

[(38,5S)-1-acryloyl-5-(7H-pyrrolo[2,3-d]pyrimidin-4-ylamino)piperidin-3-yl]acetonitrile
Rt = 8.35 minutes MS m/z 333 [M+Na]"

Example 108 was prepared according to the following Scheme:
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Example 108 Step 1

tert-butyl (38,58)-3-(((S)-3-cyanopyrrolidin-1-yhmethyl)-5-((7-trityl-7H-pyrrolo{2 3-d]pyrimidin-4-
yhamino)piperidine-1-carpoxylate

To a solution of tert-butyl (3R,58)-3-(hydroxymethyl)-5-((7-trityl-7H-pyrrolo[2,3-d]pyrimidin-4-
yl)amino)piperidine-1-carboxylate (Example 100 Step 3, 800 mg, 1.36 mmol), in anhydrous DCM (80

mL) was added Dess-Martin reagent (1.03 g, 2.44 mmol) at 0°C and the reaction was stirred at room
temperature for 4 hours. Na,S,03 (300 mg) and saturated agqueous NaHCO; seolution (50 mL) were
added and the mixture stirred for 10 minutes. The solution was partitioned between EtOAc (§0 mL)
and water (50 mL), the organic layer collected, washed with brine, dried over sodium sulphate and
concentrated in vacuo. The residue was purified using silica gel column chromatography eluting with
0-80% EtOAc in petroleum ether. The residue was dissolved in DCM (30 mL) with (S)-pyrrolidine-3-
carbonitrile (147 mg, 1.53 mmol) and treated with NaBH(OACc); (162 mg, 0.766 mmol) and AcOH (61
mg, 1 mol) at 0°C. The reaction was stirred at room temperature for 48 hours before the addition of
further NaBH(OAC); (162 mg, 0.766 mmol) and AcOH (61 mg, 1 mol) at 0°C with further stirring for 5
hours. The reaction was quenched by the addition of saturated agueous NaHCO- solution (20 mL)
and extracied into EtOAc (2 x 30 mL). The combined organic layers were washed with brine, dried
over sodium sulphate and concentrated in vacuo. The residue was purified using silica gel column
chromatography eluting with 0-60% EtOAc in petroleum ether to afford the title compound as an oil
(230 mg, 26% over 2 steps). MS m/z 668 [M+H]"

Example 108 Step 2:

carbonitrile
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The title compound was prepared according to the methods described for Example 100 Step 5 using
tert-butyl (3S,55)-3-(((S)-3-cyanopyrrolidin-1-yl)methyl)-5-((7-trityl-7 H-pyrrolo[2,3-d]pyrimidin-4-
yl)amino)piperidine-1-carboxylate (Example 108 Step 1).

"H NMR (400MHz, DMSO-dg): 5 ppm 11.50 (br s, 1H), 8.12-8.08 (m, 1H), 7.35-7.27 (m, 1H), 7.08 (s,
1H), 6.83-6.80 (m, 1H), 6.56 (s, 1H), 6.16-6.06 (m, 1H), 5.73-5.65 (m, 1H), 4.74-4.57 (m, 1H), 4.37-
4.12 (m, 2H), 3.27-3.24 (m, 1H), 2.75-2.70 (m, 5H), 2.62-2.32 (m, 6H), 2.11-1.92 (m, 1H), 1.80-1.70
(m, 1H), 1.31-1.22 (m, 1H). MS m/z 380 [M+H]"

Examples 109-112 were prepared according to the Scheme below:
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Example 109 Step 1
Racemic-tert-butyl (6-(1-({tert-butyldimethylsilyl)oxy)ethyl)pyridin-3-yl)carbamate

OTBDMS
Me ~
\ NP~

NHBoc
To a solution of tert-butyl (6-formylpyridin-3-yl)carbamate (8.5 g, 38 mmol) in anhydrous THF (400
mL) was added methyl magnesium bromide (76.5 mL, 229 mmol) at 0°C. The reaction was stirred at

room temperature for 18 hours. The reaction was poured into ice-water (1000 mL) and extracted into
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EtOAc (3 x600 mL). The combined organic layers were dried over sodium sulphate and concentrated
in vacuo to afford a brown solid as the hydroxyl intermediate. To a solution of this hydroxyl interme-
diate (26.5g, 0.11 mol) in THF (400 mL) was added imidazole (15.1 g, 0.223 mmol) followed by
TBDMSCI (25 g, 0.17 mmol) at 0°C. The reaction was heated to 70°C for 5 hours before pouring into
ice-water (200 mL) and extracting with EtOAc (2 x 500 mL). The organic layers were combined,
washed with brine (200 mL), dried over sodium sulphate and concentrated in vacuo. The residue was
purified using silica gel column chromatography eluting with 0-18% EtOAc in petroleum ether to afford
the title compound as a white solid (36 g, 92% over 2 steps). H NMR (400MHz, DMSO-d;): 3 ppm
9.49 (brs, 1H), 8.49 (s, 1H), 7.86-7.84 (m, 1H), 7.36-7.34 (m, 1H), 4.85-4.80 (m, 1H), 1.41 (s, 9H),
1.35-1.33 (d, 3H), 0.86 (s, 9H), -0.04 (s, 3H), -0.05 (s, 3H).

Example 109 Step 2

The racemate (36 g) was separated into its enantiomers (18 g, and 17.62 g) using the following pre-
parative chiral HPLC: Column: IC (300x50mm, 10 micron. Mobile phase: 20% IPA in NH;H,O. Flow
rate: 200 mL/min

The two enantiomers were arbitrarily assigned absolute stereochemistry.

to afford (R)-tert-butyl (6-(1-((tert-butyldimethylsilyl)oxy)ethy)pyridin-3-yl)carbamate and (S)- tert-butyl
(6-(1-((tert-butyldimethylsilyl)oxy)ethyl)pyridin-3-yl)carbamate.

Example 109 Steps 3 and 4

Cis/trans-racemic-benzyl-5-((tert-butoxycarbonyllamino)-2-((R)-1-((tert-

butyldimethvisilyl)oxy)ethvlipiperidine-1-carboxylate

To a solution of (R)-tert-butyl (6-(1-((tert-butyldimethylsilyl)oxy)ethyl)pyridin-3-yl)carbamate (Example
109 Step 2, 18 g, 51 mmol) in EtOH (260 mL) and AcOH (130 mL) was added 10% PtO, and the re-
action was hydrogenated under 55 psi at 65°C for 18 hours. The reaction was filtered through Celite
and concentrated in vacuo. The residue was dissolved in THF (300 mL) and treated with saturated
aqueous NaHCO; solution (300mL). CbzCl (13.3 g, 93 mmol) was added at 0°C and the reaction
stirred at this temperature for 1.5 hours. The reaction was extracted with EtOAc (3 x 300 mL), the or-
ganic layers were combined, dried over sodium sulfate and concentrated in vacuo to afford the title
compound that was separated into its cis-racemic and trans-racemic isomers using silica gel column
chromatography eluting with 0-10% MeOH in DCM:
Cis-racemic-benzyl-5-((tert-butoxycarbonyl)amino)-2-((R)-1-((tert-butyldimethylsilyl)oxy)eth-
yl)piperidine-1-carboxylate (7.9 g). "H NMR (400MHz, DMSO-dg): & ppm 7.35-7.21 (m, 5H), 6.85-6.84
(m, 1H), 5.17-4.96 (m, 2H), 4.49-4.48 (m, 2H), 4.06-3.89 (m, 3H), 3.26-3.24 (m, 0.5H), 1.67-1.47 (m,
2.5H), 1.36-1.34 (m, 9H), 1.18-1.08 (m, 4H), 0.84 (s, 9H), 0.04- -0.01 (m, 6H).
Trans-racemic-benzyl-5-((tert-butoxycarbonyl)amino)-2-((R)-1-((tert-butyldimethylsilyl)oxy)eth-
yl)piperidine-1-carboxylate (6 g). 'H NMR (400MHz, DMSO-dg): 3 ppm 7.34-7.30 (m, 5H), 6.81-6.79
(m, 1H), 5.16-4.97 {m, 2H), 4.06-3.99 (m, 3H), 3.80-3.74 (m, 1H), 3.25-3.15 (m, 0.5), 2.41-2.32 (m,
0.5H), 1.81-1.52 (m, 3H), 1.37-1.33 (m, 10H), 1.00-0.83 (m, 3H), 0.83 (s, 9H), 0.06- -0.02 (m, 6H).
Example 112 Steps 3 and 4
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Cis/trans-racemic-benzyl-5-((tert-butoxycarbonyl)amino)-2-((S)-1-((tert-

butyldimethylsily)oxy)ethyl)piperidine-1-carboxylate

The title compounds were prepared according to the method described for Example 109 Steps 3
and 4 using (R)-tert-butyl (6-(1-((tert-butyldimethylsilyl)oxy)ethyl)pyridin-3-yl)carbamate (Example
109 Step 2). The title compound that was separated into its cis-racemic and trans-racemic isomers
using silica gel column chromatography eluting with 0-10% MeOH in DCM:
Cis-racemic-benzyl-5-((tert-butoxycarbonyl)amino)-2-((S)-1-({tert-butyldimethylsilyl) oxy)eth-
yl)piperidine-1-carboxylate. '"H NMR (400MHz, DMSO-d,): & ppm 7.35-7.21 (m, 5H), 6.85-6.84 (m,
1H), 5.17-4.96 (m, 2H), 4.49-4.48 (m, 2H), 4.06-3.89 (m, 3H), 3.26-3.24 (m, 0.5H), 1.67-1.47 (m,
2.5H), 1.36-1.34 (m, 9H), 1.18-1.08 (m, 4H), 0.84 (s, 9H), 0.04- -0.01 (m, 6H).

Trans-racemic-benzyl-5-((tert-butoxycarbonyl)amino)-2-((S)-1-((tert-butyldimethylsilyl)oxy)eth-
yl)piperidine-1-carboxylate. "H NMR (400MHz, DMSO-ds): 8 ppm 7.34-7.30 (m, 5H), 6.81-6.79 (m,
1H), 5.14-4.97 (m, 2H), 4.06-3.99 (m, 3H), 3.80-3.74 (M, 1H), 3.25-3.15 (M, 0.5), 2.41-2.32 (M, 0.5H),
1.81-1.52 (m, 3H), 1.37-1.33 (m, 10H), 1.00-0.83 (m, 3H), 0.83 (s, 9H), 0.06- -0.02 (m, 6H).

Example 109 Step &
Trans-racemic-benzyl 2-((R)-1-((tert-butyldimethylsily)oxy)ethyl)-5-((2-chloro-7H-pyrrolo[2 3-

dlpyrimidin-4-yDamino)piperidine-1-carboxvlate

To a solution of trans-racemic-benzyl 5-((tert-butoxycarbonyl)amino)-2-((R)-1-((tert-
butyldimethylsilyl)oxy)ethyl)piperidine-1-carboxylate (Example 109 Step 3 and 4, 7.0 g, 14.2 mmol)
in DCM (400 mL) was added zinc bromide (18.1.g, 81 mmol) at 0°C and the reaction was stirred at
room temperature for 4 hours. The reaction was poured into ice and saturated aqueous NaHCO; solu-
tion (160 mL) and extracted into DCM (4 x 500 mL). The organic layers were combined, dried over
sodium sulphate and concentrated in vacuo. The residue was purified using silica gel column chroma-
tography using 0-15% MeQOH with ammonia in DCM. The residue (2.5 g, 6.3 mmol) was dissolved in
nBuOH (60 mL) and treated with DIPEA (4.13 g, 32 mmol). 2,4-dichloro-7H-pyrrolo[2,3-d]pyrimidine
(1.26 g, 6.7 mmol) was added and the reaction heated to 130°C for 24 hours. The reaction was
cooled, concentrated in vacuo and partitioned between EtOAc (150 mL) and water (100 mL). The or-
ganic layer was washed with brine, dried over sodium sulphate and concentrated in vacuo. The resi-
due was purified using silica gel column chromatography eluting with 10-20% EtOAc in petroleum
ether to afford the title compound as a white solid (2.2 g, 64% over 2 steps). "H NMR (400MHz,
CDCl;): 6 ppm 10.33 (brs, 1H), 7.39-7.02 (m, 7H), 5.23-5.01 (m, 2.5H), 4.58-4.00 (m, 4.5H), 3.50-
3.39 (m, 1H), 2.75-2.60 (m, 0.5H), 2.30-1.90 (M, 1.5H), 1.75-1.60 (m, 1.5H), 1.28-1.14 (m, 3.5H), 0.90
(s, 9H), 0.09-0.04 (m, 6H).

Example 112 Step 6

Cis-racemic-benzyl 2-((S)-1-((tert-butyldimethylsily)oxy)ethyl)-5-((2-chloro-7H-pyrrolo[2, 3-d]pyrimidin-

4-yl)amino)piperidine-1-carboxylate
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The title compound was prepared according to the method described for Example 109 Step 5 using
Cis/trans-racemic-benzyl-5-((tert-butoxycarbonyl)amino)-2-((S)-1-((tert-
butyldimethylsily)oxy)ethyl)piperidine-1-carboxylate(Example 112 Steps 3 and 4). 'H NMR
(400MHz, DMSO-dg): & ppm 11.75 (br s, 1H), 7.74-7.73 (m, 1H), 7.38-7.25 (m, 4H), 7.12-7.10 (m,
1H), 6.67-6.55 (m, 1H), 5.10-4.98 (m, 2H), 4.30-4.00 (m, 5H), 2.77-2.68 (m, 1H), 1.75-1.50 (m, 2H),
1.20-1.16 (m, 4H), 0.82 (s, 9H), 0.07-0.01 (m, 6H).

Example 109 Step 6
Trans-racemic-1-[2-[(1R)-1-hydroxyethyl]-5-(7H-pyrrolo[2 3-d]pyrimidin-4-ylamino)piperidin-1-yliprop-

2-en-1-one

To a solution of trans-racemic-benzyl 2-((R)-1-((tert-butyldimethylsilyl) oxy)ethyl)-5-((2-chloro-7H-
pyrrolo[2,3-d]pyrimidin-4-yl)amino)piperidine-1-carboxylate (Example 109 Step 5, 2.9 g, 5.34 mmol)
in MeOH (100 mL) was added 10% Pd/C (600 mg) and the reaction was hydrogenated under 45 psi
hydrogen at 40°C for 4 days. The reaction was filtered and concentrated in vacuo to afford a white
solid (1.9 g, 95%). The intermediate (1 g, 2.66 mol) was dissolved in THF (25 mL) and water (25 mL)
and treated with DIPEA (1.38 g) dropwise. To the reaction was added acryloyl chloride with stirring at
0°C for 3 hours. The reaction was extracted into EtOAc (2 x 20 mL), the organic layers combined,
dried over sodium sulphate and concentrated in vacuo. The residue was purified using silica gel col-
umn chromatography eluting with 1-10% MeOH in DCM to afford a white solid (600 mg, 53%). This
intermediate (380 mg, 0.884 mmol) was dissolved in THF (15 mL) and treated with TBAF (463 mg,
1.77 mmol) and stirred at 45°C for 18 hours. The reaction was concentrated in vacuo and purified us-
ing silica gel column chromatography eluting with 1-10% MeOH in DCM (280 mg, 50% over three
steps).

"H NMR (400MHz, DMSO-d;): 5 ppm 11.52-11.48 (br m, 1H), 8.13-8.09 (m, 1H), 7.31-7.23 (m, 1H),
7.09-7.06 (m, 1H), 6.86-6.54 (M, 2H), 6.25-6.09 (m, 1H), 5.83-5.69 (m, 1H), 4.32-4.04 (m, 4H), 2.86-
2.80 (m, 1H), 2.34-1.55 (m, 4H), 1.00-0.99 (m, 3H). MS m/z 316 [M+H]"

The cis-racemic material was separated into its enantiomers using preparative chiral column chroma-
tography according to the conditions described below; Column: YMC-Actus Triart C18 150x30mm, 5
micron. Mobile phase: 2-22% MeCN in water modified with 0.225% formic acid.

QC Analytical LCMS Method:

Column: Chiralcel OJ-H (250x4.6mm, 5 micron); Mobile phase: 5-40% MeOH with 0.05% DEA in
CO,; Flow rate: 2.35 mL/min

The two enantiomers were arbitrarily assigned absolute stereochemistry

First eluting isomer: Example 110
1-[(2S,5R)-2-[(1R)-1-Hydroxyethyl]-5-(7H-pyrrolo[2,3-d]pyrimidin-4-ylamino)piperidin-1-yl]prop-2-en-1-
one. Rt = 464 minutes MS m/z 316 [M+H]"

Second eluting isomer: Example 111
1-[(2R,58)-2-[(1R)-1-Hydroxyethyl]-5-(7H-pyrrolo[2,3-d]pyrimidin-4-ylamino)piperidin-1-ylJprop-2-en-1-
one. Rt=5.19 minutes MS m/z 316 [M+H]"
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Example 112 Step 6
Cis-racemic-1-[2-[(1S)-1-hydroxyethyl]-5-(7H-pyrrolo[2 3-d]pyrimidin-4-ylamino)piperidin-1-yllprop-2-

en-1-one

The title compound was prepared according to the method described for Example 109 Step 6 using
cis-racemic-benzyl 2-((S)-1-((tert-butyldimethylsilyl)oxy)ethyl)-5-((2-chloro-7H-pyrrolo[2,3-d]pyrimidin-
4-yl)amino)piperidine-1-carboxylate (Example 112 Step 5). The residue was purified using silica gel
column chromatography eluting with 20-100% EtOAc in petroleum ether followed by preparative
HPLC as described below:

Column: Phenomenex Gemini C18 250x21.2mm, 8 micron

Mobile phase: 0-20% MeCN in water modified with ammonia to pH=10.

"H NMR (400MHz, DMSO-ds): 8 ppm 11.52 (br's, 1H), 8.15-8.09 (m, 1H), 7.28-7.26 (m, 1H), 7.09-
7.08 (m, 1H), 6.84-6.80 (m, 1H), 6.54 (br s, 1H), 6.07-6.02 (m, 1H), 5.61-5.58 (m, 1H), 4.64-4.60 (m,
2H), 4.12-4.04 (m, 2H), 3.75-3.70 (m, 1H), 3.20-3.10 (m, 1H), 2.66-2.60 (m, 1H), 1.85-1.81 (m, 2H),
1.65-1.63 (M, 1H), 1.16-1.13 (m, 3H). MS m/z 316 [M+H]"

Example 113 was prepared according to the Scheme below:

OTBDMS
OTBDMS OTBDMS
Step 1
ep Step 2 BocN Step 3
Tomscl i) NBUOH, DIPEA NH NIS, DMF
BocN i) NaN, BocN al
OH iy PPh NH, N=" N\
LI g
\Y N\ N N\
Tr Tf
OTBDMS OTBDMS
OH
BocN
NH | BocN NH
CN
Step 4 Step 5 /\ﬂ/ NH N
NZ = — >
| N pd,dba), N | N\ DTFA NZ
N N Zn(CNy, k\ ii) Acryloyl | A\
N \ N N\ Chloride k\
Tr Tr N ”

Example 113 Step 1
tert-Butyl (3R, 58)-3-amino-5-((tert-butyldimethylsilyoxy)piperidine-1-carboxylate

To a solution of (38, 5R)-tert-butyl 3-((tert-butyldimethylsilyl)oxy)-5-hydroxypiperidine-1-carboxylate

(W02011029046, 3.5 g, 10.55 mmol) in DCM (25 mL) was added TEA (4 4 mL, 31.6 mmol) followed
by mesyl chloride (1.06 mL, 13.72 mmol) at 0°C. The reaction was stirred at room temperature for 4

hours before quenching with water and extracting into DCM (2 x 75 mL). The organic layers were
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combined, dried over sodium sulphate and concentrated in vacuo. The residue was dissolved in DMF
(35 mL) and treated with sodium azide (2.05 g, 31.63 mmol). The reaction was heated to 100°C for 16
hours before cooling and concentrating in vacuo. The residue was dissolved in EtOAc (200 mL) and
washed with water (3 x 50 mL), dried over sodium sulphate and concentrated in vacuo. The residue
was purified using silica gel column chromatography eluting with 0-20% EtOAc in heptanes to afford
the azide intermediate (1.9 g, 51%). The azide intermediate was dissolved in THF (100 mL) and treat-
ed with water (0.67 mL) followed by triphenylphosphine (2.01 g, 7.9 mmol). The reaction was heated
to reflux for 16 hours, cooled and concentrated in vacuo. The residue was purified using silica gel col-
umn chromatography eluting with 0-5% MeOH in DCM to afford the title compound as a light yellow oil
(1.52 g, 86%). MS m/z 331 [M+H]"

Example 113 Step 2
tert-butyl (38, 5R)-3-((tert-butyldimethylsilylloxy)-5-((7-trityl-7H-pyrrolo[2,3-d]pyrimidin-4-
Namino)piperidine-1-carboxylate

To a solution of tert-butyl (3R, 5S)-3-amino-5-({tert-butyldimethylsily)oxy)piperidine-1-carboxylate
(Example 113 Step 1, 9 g, 27.23 mmol) in n-BuOH (140 mL) was added 4-chloro-7-trityl-7H-
pyrrolo[2,3-d]pyrimidine (16.17 g, 41 mmol) followed by DIPEA (10.54 g, 82 mmol). The reaction was
heated to 120°C for 72 hours. The reaction was cooled and concentrated in vacuo. The residue was
partitioned between EtOAc (200 mL) and brine (200 mL), the organic layer was collected, washed
with further brine (200 mL), dried over sodium sulphate and concentrated in vacuo. The residue was
purified using silica gel column chromatography eluting with 10-30% EtOAc in petroleum ether to af-
ford the title compound as a yellow solid (18 g, 95%) that was taken on directly to the next step.
Example 113 Step 3
tert-Butyl (3S, 5R)-3-(({tert-butyldimethylsilyl)oxy)-5-((5-iodo-7-trityl-7H-pyrrolo[2,3-d]pyrimidin-4-
Damino)piperidine-1-carboxylate
To a solution of tert-butyl (3S, 5R)-3-((tert-butyldimethylsilylyoxy)-5-((7-trityl-7TH-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)piperidine-1-carboxylate (Example 113 Step 2, 1.6 g 2.3 mmol) in DMF (30

mL) was added NIS (1.05 g, 4.6 mmol) and the reaction was stirred at room temperature for 2 hours.

The reaction was filtered and the filtrate washed with water (20 mL) and concentrated in vacuo. The

residue was purified using silica gel column chromatography eluting with 20-80% EtOAc in petroleum

ether to afford the title compound as a yellow solid (1.2 g, 64%).

MS m/z 816 [M+H]"

Example 113 Step 4

tert-butyl (3S,5R)-3-((tert-butyldimethylsilyl)oxy)-5-((5-cyano-7H-pyrrolo[2,3-d]pyrimidin-4-
hamino)piperidine-1-carboxylate

To a solution of tert-butyl (3S, 5R)-3-((tert-butyldimethylsilyljoxy)-5-((5-iodo-7-trityl-7H-pyrrolo[2,3-

d]pyrimidin-4-yl)amino)piperidine-1-carboxylate (Example 113 Step 3, 500 mg, 0.6 mmol) in anhy-

drous DMF (10 mL) was added zinc cyanide (80 mg, 0.72 mmol) followed by dppf (66 mg, 0.12
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mmol). The reaction was degassed under argon and purged with nitrogen. To the reaction was added
Pd,(dba); (55 mg, 0.06 mmol) and the reaction heated to 130°C for 18 hours. The reaction was
cooled, concentrated in vacuo and purified using silica gel column chromatography eluting with 20-
80% EtOAc in petroleum ether to afford the title compound as a brown solid (130 mg, 45%). "H NMR
(400MHz, DMSO-dg): & ppm 12.76 (br s, 1H), 8.29 (s, 1H), 8.17 (s, 1H), 6.31-6.26 (m, 1H), 4.30-4.25
(m, 1H), 4.00-3.60 (m, 4H), 3.10-2.90 (m, 1H), 2.15-2.08 (m, 1H), 1.77-1.70 (m, 1H), 1.41-1.20 (m,
9H), 0.88 (s, 9H), 0.107-0.04 (m, 6H).

Example 113 Step 5

4-{[(3R,5S)-1-Acryloyl-5-hydroxypiperidin-3-yllamino}-7H-pyrrolo[2 3-d]pyrimidine-5-carbonitrile

To a solution of tert-butyl (3S,5R)-3-((tert-butyldimethylsilyl)oxy)-5-((5-cyano-7-trityl-7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)piperidine-1-carboxylate (Example 113 Step 4, 130 mg, 0.28 mmol) in DCM

(5 mL) was added TFA (1 mL) and the reaction was stirred at room temperature for 4 hours. The reac-
tion was concentrated in vacuo and dissolved in THF (5 mL) and water (5 mL). To the solution was
added DIPEA (108 mg, 0.84 mmol) followed by acryloyl chloride (51 mg, 0.56 mmol) at 0°C. The re-
action was stirred at 0°C for 2 hours, then additional water was added (5 mL). The reaction was puri-
fied using preparative HPLC as described below to afford the title compound as a yellow solid (15 mg,
18%). Column: Phenomenex Gemini C18 250x21.2mm, 24 micron. Mobile phase: 5-25% MeCN in
water modified with ammonia to pH=10. "H NMR (400MHz, DMSO-ds): & ppm 12.59 (br s, 1H), 8.30-
8.27 (m, 1H), 8.14-8.10 (m, 1H), 7.23-7.11 (m, 1H), 6.82-6.78 (m, 0.5H), 6.46-6.42 (m, 0.5H), 6.01-
5.90 (m, 1H), 5.65-5.40 (m, 2H), 4.47-4.23 (m, 1.5H), 3.88-3.72 (m, 3H), 3.68-3.50 (m, 0.5H), 3.10-
2.90 (br m, 1H), 2.12-2.04 (m, 1H), 1.85-1.76 (m, 1TH). MS m/z 335 [M+Na]’

Example 114 was prepared as described in the Scheme below:
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blpyrazine-7-carboxylic acid

The title compound was prepared according to the method described for Example 83 Step 4 to af-
ford methyl 2-{[1-(tert-butoxycarbonyl)piperidin-4-ylJoxy}-5-{[2-(trimethylsilyl)ethoxy]methyl}-5H-
pyrrolo[2,3-b]pyrazine-7-carboxylate using methyl 2-bromo-5-((2-(trimethyl-silyl)ethoxy)methyl)-5H-
pyrrolo[2,3-b]pyrazine-7-carboxylate (Example 83 Step 3) and tert-butyl 4-hydroxypiperidine-1-

10 carboxylate followed by the method described for Example 83 Step 5. 'H NMR (400MHz, DMSO-dg):
O ppm 12.26 (br s, 1H), 8.48 (s, 1H), 8.00 (s, 1H), 5.62 (s, 2H), 5.30-5.27 (m, 1H), 3.66-3.63 (M, 2H),
3.54-3.50 (t, 2H), 3.34-3.26 (m, 2H), 2.02-1.98 (m, 2H), 1.66-1.60 (m, 2H), 1.41 (s, 9H), 0.82-0.78 (1,
2H), -0.11 (s, 9H). MS m/z 515 [M+Na]"

15 Example 114 Step 2
tert-Butyl 4-[(7-carbamoyl-5-{[2-(trimethylsilyDethoxylmethyl}-5H-pyrrolo[2,3-blpyrazin-2-

yl)oxy]piperidine-1-carboxylate

To a solution of 2-{[1-(tert-butoxycarbonyl)piperidin-4-ylJoxy}-5-{[2-(trimethylsilyl)ethoxy]methyl}-5H-
pyrrolo[2,3-b]pyrazine-7-carboxylic acid (Example 114 Step 1, 1 g, 2 mmol) and TBTU (785 mg, 2.4
20 mmol) in DMF (10 mL) was added DIPEA (1 g, 8 mmol) followed by ammonium chloride (573 mg, 10
mmol) and the reaction was stirred at room temperature for 3 hours. The reaction was partitioned be-
tween EtOAc (20 mL) and water (20 mL), the organic layer collected, washed with brine (50 mL),

dried over sodium sulphate and concentrated /n vacuo. The residue was purified using silica gel col-
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umn chromatography eluting with 5-15% MeOH in DCM to afford the title compound (832 mg, 83%)

that was taken directly on to the next step.

Example 114 Step 3

1-carboxylate
A mixture of tert-butyl 4-[(7-carbamoyl-5-{[2-(trimethylsilyl)ethoxy]lmethyl}-5H-pyrrolo[2,3-b]pyrazin-2-

yl)oxy]piperidine-1-carboxylate (Example 114 Step 2, 300 mg, 0.61 mmol) and tosyl chloride (350
mg, 1.83 mmol) in pyridine (5 mL) was stirred at room temperature for 4 hours. The reaction was par-
titioned between EtOAc (20 mL) and water (20 mL). The organic layer was collected, concentrated in
vacuo and purified using silica gel column chromatography eluting with 20-80% EtOAc in petroleum
ether to afford the title compound as a white solid (645 mg, 81%). MS m/z 496 [M+Na]"

Example 114 Step 4
2-[(1-Acryloyipiperidin-4-yloxy]-5H-pyrrolo[2 3-blpyrazine-7-carbonitrile

The title compound was prepared according to the method described for Example 1 Steps 5-7 using
tert-butyl 4-[(7-cyano-5-{[2-(trimethyIsilyl)ethoxy]methyl}-5H-pyrrolo[2, 3-b]pyrazin-2-yl)oxy]piperidine-
1-carboxylate (Example 114 Step 3). The residue was purified using silica gel column chromatog-
raphy eluting with 2-15% MeOH in DCM followed by preparative HPLC as described below: Column:
Phenomenex Gemini C18 250x21.2mm, 24 micron

Mobile phase: 17-37% MeCN in water modified with 0.225% formic acid. "HNMR (400MHz, DMSO-
ds): & ppm 8.55 (s, 1H), 8.07 (s, 1H), 6.88-6.82 (m, 1H), 6.15-6.10 (m, 1H), 5.71-5.68 (m, 1H), 5.36-
5.34 (m, 1H), 4.00-3.80 (m, 3H), 3.60-3.40 (m, 3H), 2.10-2.00 (M, 2H), 1.75-1.65 (m, 2H). MS m/z
320 [M+Na]"

Examples 115-116 were prepared as described in the Scheme below:
boc
| boc o
N & R 455\\T§;
) ~
NH
N 4 |
Step 1 —N
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—_—

CN
O _N CN
AN oL _N
| A\ j’\ N i) TFA O._N
2y R N, [ if) NH, H,0MeOH I TN
" Sem N N 7N
SEM N H

iiiy Acryloyl chloride

Example 115 Step 1
tert-Butyl 4-{[7-(5-methyl-1H-1,2 4-triazol-3-y)-5-{[2- (trimethylsilyDethoxy]methyl}-5H-pyrrolo[2,.3-
blpyrazin-2-ylloxylpiperidine-1-carboxylate

To a solution of tert-butyl 4-[(7-cyano-5-{[2-(trimethylsilyl)ethoxy]lmethyl}-5H-pyrrolo[2,3-b]pyrazin-2-
yl)oxy]piperidine-1-carboxylate (Example 114 Step 3, 500 mg, 1.06 mmol) in nBuOH (15 mL) was
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added acetohydrazide (258 mg, 3.48 mmol) and potassium carbonate (292 mg, 2.11 mmol). The re-
action was heated to 130°C for 48 hours. The reaction was cooled, concentrated in vacuo and purified
using silica gel column chromatography eluting with 50-100% EtOAc in petroleum ether to afford the
title compound as a yellow solid (270 mg, 48%) that was taken directly on to the next step.

Example 115 Step 2
1-(4-{[7-(5-Methyl-1H-1,2 4-triazol-3-yN-5SH-pyrrolo[2 3-blpyrazin-2-ylloxy}ipiperidin-1-yhprop-2-en-1-

one

The title compound was prepared according to the method described for Example 1 Steps 5-7 using
tert-butyl 4-{[7-(5-methyl-1H-1,2,4-triazol-3-yl)-5-{[2-(trimethylsily)ethoxy]methyl}-5H-pyrrolo[2,3-
blpyrazin-2-ylJoxy}piperidine-1-carboxylate (Example 115 Step 1). The residue was purified using
silica gel column chromatography eluting with 0-10% MeOH in DCM followed by preparative HPLC as
described below: Column: Phenomenex Gemini C18 250x21.2mm, 24 micron. Mobile phase: 17-37%
MeCN in water modified with ammonia to pH=10.

"H NMR (400MHz, DMSO-dg): & ppm 13.24 (br m, 1H), 12.46 (br m, 1H), 8.30-7.90 (m, 2H), 6.80-6.80
(m, 1H), 6.15-6.05 (m, 1H), 5.74-5.39 (m, 3H), 4.00-3.80 (m, 1H), 3.56-3.45 (m, 2H), 2.40 (s, 3H),
2.10-2.00 (m, 2H), 1.80-1.60 (m, 2H).

Example 116 Steps 1 and 2

1-[4-({7-[5-{Propan-2-yD-1H-1.2 4-triazol-3-y[]-5H-pyrrolo[2 3-blpyrazin-2-yltoxy) piperidin-1-vljprop-2-

en-1-one

The title compound was prepared according to the method described for Example 115 Step 1 and
Step 2 using isobutyrohydrazide. The residue was purified using silica gel column chromatography
eluting with 0-10% MeOH in DCM followed by preparative HPLC as described below: Column: Phe-
nomenex Gemini C18 250x21.2mm, 24 micron. Mobile phase: 21-41% MeCN in water modified with
ammonia to pH=10. 'H NMR (400MHz, DMSO-ds): & ppm 13.43-13.16 (br m, 1H), 12.45-12.34 (br m,
1H), 8.22 (br s, 1H), 7.96 (s, 1H), 6.90-6.83 (m, 1H), 6.14-6.10 (m, 1H), 5.78-5.67 (m, 2H), 3.97-3.89
(m, 2H), 3.55-3.41 (m, 2H), 3.05-3.00 (m, 1H), 2.10-2.00 (m, 2H), 1.80-1.60 (br m, 2H), 1.32-1.30 (d,
6H). MS miz 382 [M+H]”

Examples 117-119 were prepared as described in the Scheme below:
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1-carboxylate
To a solution of 2-{[1-(tert-butoxycarbonyl)piperidin-4-ylloxy}-5-{[2-(trimethylsilyethoxylmethyl}-5H-
pyrrolo[2,3-b]pyrazine-7-carboxylic acid (Example 114 Step 1, 520 mg, 1.06 mmol), and TBTU (407
mg, 1.27 mmol) in DMF (30 mL) was added DIPEA (409 mg, 3.17 mmol) followed by N,O-
dimethylhydroxylamine (206 mg, 3.17 mmol) at 0°C. The reaction was stirred at room temperature for
10 2 hours, quenched by the addition of water and extracted into EtOAc. The organic layer was collect-
ed, washed with brine, dried over sodium sulphate and concentrated in vacuo. The residue was puri-
fied using silica gel column chromatography eluting with 1-30% EtOAc in petroleum ether. The resi-
due (600 mg, 1.12 mmol) was dissolved in THF (20 mL) and treated with methyl magnesium bromide
(3M solution in THF, 0.75 mL, 2.24 mmol) at 0°C under nitrogen. The reaction was stirred for 2 hours
15  before quenching with water and extracting into EtOAc. The organic layer was collected, washed with
brine, dried over sodium sulphate and concentrated in vacuo. The residue was purified using silica gel
column chromatography eluting with 1-20% EtOAc in petroleum ether to afford the title compound as
a colourless oil (350 mg, 64%). MS m/z 513 [M+Na]"
Example 117 Step 2
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1-{4-[(7-Acetyl-5H-pyrrolo[2 3-b]pyrazin-2-yhoxylpiperidin-1-yl}prop-2-en-1-one

The title compound was prepared according to the method described for Example 1 Steps 5-7 using
tert-butyl 4-[(7-acetyl-5-{[2-(trimethylsilyl)ethoxy]methyl}-5H-pyrrolo[2,3-b]pyrazin-2-yl)oxy]piperidine-
1-carboxylate (Example 117 Step 1). The residue was purified using silica gel column chromatog-
raphy eluting with 5% MeOH in DCM. MS m/z 315 [M+H]"

Example 117 Step 3
Racemic-1-(4-{[7-(1-hydroxyethyl)-5H-pyrrolo[2,3-blpyrazin-2-ylloxylpiperidin-1-y)prop-2-en-1-one

To a solution of 1-{4-[(7-acetyl-5H-pyrrolo[2,3-b]pyrazin-2-yl)oxy]piperidin-1-yl}prop-2-en-1-one (Ex-
ample 117 Step 2, 220 mg, 0.7 mmol) in MeOH (30 mL) was added sodium borohydride (106 mg,
2.8 mmol) at 0°C and the reaction was stirred for 2 hours. The reaction was concentrated in vacuo
and purified using silica gel column chromatography eluting with 5-10% MeOH in DCM followed by
preparative HPLC as described below to afford the title compound as a white solid (100 mg, 45%).
Column: Phenomenex Gemini C18 250x21.2mm, 10 micron

Mobile phase: 17-37% MeCN in water modified with ammonia to pH=10. "HNMR (400MHz, DMSO-
de): © ppm 11.65 (brs, 1H), 7.84 (s, 1H), 7.55 (s, 1H), 6.89-6.82 (m, 1H), 6.14-6.10 (m, 1H), 5.70-5.67
(m, 1H), 5.26-5.24 (m, 1H), 5.04-5.02 (m, 1H), 4.95-4.94 (m, 1H), 4.00-3.80 (m, 2H), 3.52-3.41 (m,
2H), 2.05-1.95 (m, 2H), 1.69-1.65 (m, 2H), 1.54-1.52 (d, 3H). MS m/z 339 [M+Na]"

The racemate was separated into its enantiomers using the following chiral chromatography:
Column: Chiral Pak AD 250x30mm, 5 micron; Mobile phase A: 35% MeOH with 0.1% NH3.H,O in su-
percritical CO,.; Flow rate: 50 mL/min. LCMS QC: Column: Chiralpak AD-H 250x4.6mm, 5 micron.
Mobile phase: 5-40% MeOH with 0.05% DEA in supercritical CO,

Flow rate: 2.35 mL/min

The enantiomers were assigned arbitrarily:

First eluting isomer: Example 118

1-[4-({7-[(13)-1-hydroxyethyl]-5H-pyrrolo[2,3-b]pyrazin-2-yl}oxy)piperidin-1-ylJprop-2-en-1-one.
Rt = 8.35 minutes MS m/z 339 [M+H]"

Second eluting isomer: Example 119
1-[4-({7-[(1R)-1-hydroxyethyl]-5H-pyrrolo[2,3-b]pyrazin-2-yl}oxy)piperidin-1-ylJprop-2-en-1-one.
Rt = 8.68 minutes MS m/z 339 [M+H]"

Examples 120-470 were prepared as described in the Scheme:
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Example 120 Step 1
tert-Butyl 4-{[7-(4H-1,2 4-triazol-3-y))-5-{[2-(trimethylsily)ethoxy]methyl}-5H-pyrrolo[2,3-b]pyrazin-2-
ylloxy}piperidine-1-carboxylate

A solution of tert-butyl 4-[(7-carbamoyl-5-{[2-(trimethylsilyl)ethoxy]methyl}-5H-pyrrolo[2,3-b]pyrazin-2-
yhoxy]piperidine-1-carboxylate (Example 114 Step 2, 800 mg, 1.63 mmol) in DMF-DMA (10 mL) was
heated to 80°C for 1 hour. The reaction was cooled and concentrated in vacuo. The residue was dis-
solved in AcOH (20 mL) and treated with hydrazine acetate (1.35 g, 14.65 mmol) the solution was
heated to 95°C for 40 minutes before cooling, concentrating in vacuo and neutralising to pH=6-7 with
saturated aqueous NaHCO; solution. The mixture was extracted into EtOAc (2 x 30 mL), the organic
layers combined, washed with brine, dried over sodium sulphate and concentrated in vacuo. The res-
idue was purified using silica gel column chromatography eluting with 0-12% MeOH in DCM to afford

the title compound as an oil (500 mg, 68%).
MS m/z 538 [M+Na]"

Example 120 Step 2

The title compound was prepared according to the method described for Example 1 Steps 5-7 using
tert-butyl 4-{[7-(4H-1,2 4-triazol-3-yl)-5-{[2-(trimethylsilyl)ethoxy]methyl}-5H-pyrrolo[2,3-b]pyrazin-2-
ylloxy}piperidine-1-carboxylate (Example 120 Step 1). The residue was purified using preparative
HPLC. Column: Phenomenex Gemini C18 25x21.2mm™8uM. Mobile Phase: 10%-30% MeCN in wa-
ter with 0.05% ammonia. 'H NMR (400MHz, DMSO-dg): & pom 8.22 (s, 1H), 8.12 (s, 1H), 7.96 (s, 1H),
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6.88-6.81 (m, 1H), 6.14-6.09 (m, 1H), 5.69-5.66 (m, 2H), 4.00-3.86 (m, 2H), 3.60-3.40 (m, 4H), 2.10-
1.95 (m, 2H), 1.75-1.55 (m, 2H). MS m/z 362 [M+Na]+
Example 121 Step 3

blpyrazin-2-ylloxylpiperidine-1-carboxylate

To a solution of tert-butyl 4-{[7-(4H-1,2,4-triazol-3-yl)-5-{[2-(frimethylsilyl)ethoxy]methyl}-5H-
pyrrolo[2,3-b]pyrazin-2-ylloxy}piperidine-1-carboxylate (Example 120 Step 1, 500 mg, 0.97 mmol) in
anhydrous DMF (15 mL) was added sodium hydride (77 mg, 1.94 mmol) at 0°C. Ethyl iodide (227 mg,
1.45 mmol) was added and the reaction stirred at room temperature for 18 hours. The reaction was
poured into ice-water (30 mL) and extracted into EtOAc (2 x 30 mL). The combined organic layers
were washed with brine (30 mL), dried over sodium sulphate and concentrated in vacuo. The residue
was purified using silica gel column chromatography eluting with 0-5% MeOH in DCM to afford the
title compound as an oil (230 mg, 44%).

Example 121 Step 2
1-(4-((7-(1-ethyl-1H-1,2 4-triazol-5-y)-5H-pyrrolo[2, 3-b|pyrazin-2-yloxy) piperidin-1-yl)prop-2-en-1-one

The title compound was prepared according to the method described for Example 1 Steps 5-7 using
tert-butyl 4-{[7-(1-ethyl-1H-1,2 4-triazol-5-yl)-5-{[2-(trimethylsily)ethoxy]methyl}-5H-pyrrolo[2,3-
blpyrazin-2-ylloxy}piperidine-1-carboxylate (Example 120 Step 3). The residue was purified using
silica gel column chromatography eluting with 2-10% MeOH in DCM followed by preparative HPLC as
described below: Column: Phenomenex Gemini C18 250x21.2 mm, 8 micron. Mobile phase: 15-35%
MeOH in water modified with 0.05% ammonia. 'H NMR (400MHz, DMSO-ds): & ppm 8.87 (br s, 1H),
8.26 (s, 1H), 8.02 (s, 1H), 8.00 (s, 1H), 6.88-6.84 (m, 1H), 6.14-6.09 (m, 1H), 5.70-5.67 (m, 1H), 5.30-
5.26 (m, 1H), 4.55-4.50 (m, 2H), 4.00-3.88 (m, 2H), 3.50-3.40 (m, 2H), 2.10-1.95 (m, 2H), 1.75-1.60
(m, 2H), 1.43-1.39 (t, 3H).

MS m/z 390 [M+Na["

HMBC NMR confirms no coupling from ethyl CH, to the outer carbon of the triazole.

Example 122 Step 3 (ii)

blpyrazin-2-yljoxyipiperidine-1-carboxylate

The title compound was prepared according to the method described for Example 121 Step 3 using

methyl iodide. NOe and HMBC confirm the 1-isomer was isolated.

Example 122 Step 2

one

The title compound was prepared according to the method described for Example 1 Step 5-7 using
tert-butyl 4-{[7-(1-methyl-1H-1,2,4-triazol-5-yl)-5-{[2- (trimethylsilyl)ethoxy]methyl}-5H-pyrrolo[2,3-
b]pyrazin-2-yljoxy}piperidine-1-carboxylate (Example 122 Step 3). The residue was purified using
silica gel column chromatography eluting with 2-10% MeOH in DCM followed by preparative HPLC as
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described below: Column: Phenomenex Gemini C18 250x21.2 mm, 8 micron. Mobile phase: 14-34%
MeOH in water modified with 0.05% ammonia. "H NMR (400MHz, DMSO-d): 3 ppm 12.65 (br s, 1H),
8.19 (s, 1H), 8.02 (s, 1H), 7.98 (s, 1H), 6.88-6.81 (m, 1H), 6.14-6.09 (m, 1H), 5.70-5.67 (M, 1H), 5.31-
5.28 (m, 1H), 4.10 (s, 3H), 3.92-3.85 (m, 2H), 3.54-3.42 (m, 2H), 2.05-2.00 (m, 2H), 1.70-1.60 (m,
2H). MS m/z 376 [M+Na]’

Example 123 Step 3

tert-Butyl 4-[(7-[1-(propan-2-yN-1H-1,2 4-triazol-5-yl]-5-{[2-(trimethylsily)ethoxy]methyl}-5H-

pyrrolo[2, 3-b]pyrazin-2-yhoxylpiperidine-1-carboxylate and tert-butyl 4-[(7-[1-(propan-2-yN)-1H-1,2.4-

triazol-3-yl]-5-{[2-(trimethylsilyl)ethoxy]methyl}-5H-pyrrolo[2 3-b]pyrazin-2-yNoxy]piperidine-1-

carboxylate
The title compounds were prepared according to the method described for Example 121 Step 3 using

isopropyl iodide. The two isomers were separated using silica gel column chromatography eluting with
0-10% MeOH in DCM and structure elucidation was performed using NOe.
tert-butyl-4-[(7-[1-(propan-2-yl)-1H-1,2,4-triazol-5-yl]-5-{|2-(trimethylsilyl)ethoxy]methyl}-5H-
pyrrolo[2,3-b]pyrazin-2-yloxy]piperidine-1-carboxylate. 'H NMR (400MHz, DMSO-ds): 5 ppm 8.36 (s,
1H), 8.08 (s, 1H), 8.04 (s, 1H), 5.67 (s, 2H), 5.23-5.14 (m, 2H), 3.70-3.67 (m, 2H), 3.58-3.55 (t, 2H),
3.17-3.15 (m, 2H), 2.00-1.97 (m, 2H), 1.65-1.40 (m, 2H), 1.44-1.40 (m, 14H), 0.83-0.80 (t, 2H), -0.11
(s, 9H).

tert-butyl-4-[(7-[1-(propan-2-yl)-1H-1,2 4-triazol-3-yl]-5-{[2-(trimethylsily)ethoxy]methyl}-5H-
pyrrolo[2,3-b]pyrazin-2-yl)oxy]piperidine-1-carboxylate

"H NMR (400MHz, DMSO-ds): 8 ppm 8.55 (s, 1H), 8.30 (s, 1H), 8.04 (s, 1H), 5.67 (s, 1H), 5.23-5.19
(m, 1H), 4.67-4.60 (m, 1H), 3.78-3.74 (m, 2H), 3.54-3.50 (m, 2H), 3.25-3.10 (M, 2H), 2.15-2.10 (m,
2H), 1.75-1.60 (m, 2H), 1.51 (d, BH), 1.41 (s, 9H), 0.84-0.80 (t, 2H), -0.11 (s, 9H).

Example 123 Step 2

en-1-one

The title compound was prepared according to the method described for Example 1 Step 5-7 using
tert-butyl 4-[(7-[1-(propan-2-yl)-1H-1,2,4-triazol-5-yl]-5-{[2-(trimethylsilyl)ethoxy]methyl}-5H-
pyrrolo[2,3-b]pyrazin-2-yl)oxy]piperidine-1-carboxylate (Example 123 Step 3). The residue was puri-
fied by preparative HPLC as described below: Column: Phenomenex Gemini C18 250x21.2 mm, 8
micron. Mabile phase: 27-47% MeOH in water modified with 0.05% ammonia

NOe and HMBC confirm the title isomer was isolated. "H NMR (400MHz, DMSO-dg): 3 ppm 12.61 (br
s, 1H), 8.15 (s, 1H), 8.01 (s, 1H), 8.00 (s, 1H), 6.88-6.80 (m, 1H), 6.13-6.08 (m, 1H), 5.69-5.65 (m,
1H), 5.29-5.18 (m, 2H), 3.95-3.90 (m, 2H), 3.50-3.43 (m, 2H), 2.00-1.90 (m, 2H), 1.70-1.60 (m, 2H),
1.44-1.43 (m, 6H). MS m/z 382 [M+H]"*

Example 124 Step 2
1-[4-({7-[1-(Propan-2-yD-1H-1.2 4-triazol-3-yl]-5H-pyrrolo[2 3-blpyrazin-2-ylloxy) piperidin-1-yljprop-2-

en-1-one
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The title compound was prepared according to the method described for Example 1 Steps 5-7 using
tert-butyl 4-[(7-[1-(propan-2-yl)-1H-1,2 4-triazol-3-yl]-5-{[2-(trimethylsilyl)ethoxy]methyl}-5H-
pyrrolo[2,3-b]pyrazin-2-yl)oxy]piperidine-1-carboxylate (Example 123 Step 3). The residue was puri-
fied by preparative HPLC as described below:

Column: Phenomenex Gemini C18 250x21.2 mm, 8 micron

Mobile phase: 19-39% MeOH in water modified with 0.05% ammonia

"H NMR (400MHz, DMSO-d;): 5 ppm 8.53 (s, 1H), 8.09 (s, 1H), 7.93 (s, 1H), 6.90-6.83 (m, 1H), 6.14-
6.10 (m, 1H), 5.70-5.67 (M, 1H), 5.29-5.25 (m, 1H), 4.65-4.60 (m, 1H), 4.05-3.92 (m, 2H), 3.49-3.43
(m, 2H), 2.19-2.17 (m, 2H), 1.70-1.65 (m, 2H), 1.52-1.50 (d, 6H). MS m/z 382 [M+H]'Example 125
Step 3

tert-Butyl 4-{[7-(1-ethyl-1H-1.2 4-triazol-3-yl)-5-{[2- (trimethylsilyDethoxylmethyl}-5H-pyrrolo[2. 3-
blovrazin-2-ylloxv}piperidine-1-carboxvlate

To a solution of tert-butyl 4-{[7-(4H-1,2,4-triazol-3-yl)-5-{|2-(frimethylsilyl)ethoxy]|methyl}-5H-
pyrrolo[2,3-b]pyrazin-2-ylloxy}piperidine-1-carboxylate (Example 120 Step 1, 300 mg, 0.582 mmol)
in anhydrous THF (10 mL) was added LIHMDS (1M in THF, 2.33 mL, 2.33 mmol). The reaction was

stirred at room temperature for 30 minutes before the addition of ethyl iodide (272 mg, 1.75 mmol)

and stirring at room temperature for 18 hours. Additional LIHMDS (1.16 mL, 1.16 mmol) was added
followed by ethyl iodide (136 mg, 0.873 mmol) and the reaction was stirred at room temperature for 18
hours. Further equivalents of LIHMDS (1.16 mL, 1.16 mmol) followed by ethyl iodide (136 mg, 0.873
mmol) were added and the reaction was stirred at room temperature for 18 hours.

The reaction was poured onto ice-water (20 mL) and extracted into EtOAc (2 x 20 mL). The organic
layers were combined, washed with brine (20 mL), dried over sodium sulphate and concentrated in
vacuo. The residue was purified using silica gel column chromatography eluting with 20-100% EtOAc
in petroleum ether to afford the title compound (60 mg, 22%).

Example 125 Step 2
1-(4-{[7-(1-Ethyl-1H-1,2 4-triazol-3-y)-5H-pyrrolo[2,3-blpyrazin-2-ylloxy}piperidin-1-y)prop-2-en-1-one

The title compound was prepared according to the method described for Example 1 Step 5-7 using
tert-butyl 4-{[7-(1-ethyl-1H-1,2 4-triazol-3-yl)-5-{[2-(trimethylsilyl)ethoxy]methyl}-5H-pyrrolo[2,3-
b]pyrazin-2-yljoxy}piperidine-1-carboxylate (Example 125 Step 3The residue was purified by prepar-
ative HPLC as described below: Column: Phenomenex Gemini C18 250x21.2 mm, 8 micron. Mobile
phase: 12-42% MeOH in water modified with 0.05% ammonia

HMBC confirms the title isomer was isolated. (CH, of ethyl signals with C in triazole).

"H NMR (400MHz, DMSO-ds): & ppm 12.28 (br s, 1H), 8.50 (s, 1H), 8.23 (s, 1H), 7.93 (s, 1H), 6.89-
6.82 (m, 1H), 6.14-6.09 (m, 1H), 5.70-5.67 (m, 1H), 5.31-5.28 (m, 1H), 4.26-4.21 (m, 2H), 4.00-3.80
(m, 2H), 3.50-3.46 (m, 2H), 2.10-2.00 (m, 2H), 1.80-1.60 (m, 2H), 1.31-1.29 (t, 3H).

MS m/z 390 [M+Na]"

Example 121 Step 3
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tert-Butyl 4-{[7-(1-methyl-1H-1,2 4-triazol-3-y|)-5-{|2-(trimethylsily)ethoxy]methyl}-5H-pyrrolo[2,3-
blpyrazin-2-yljoxylpiperidine-1-carboxylate

The title compound was prepared according to the method described for Example 125 Step 3 using
methyl iodide and taken on directly to the next step.

Example 126 Step 2

1-(4-{[7-(1-Methyl-1H-1,2 4-triazol-3-yl)-5H-pyrrolo[2, 3-b]pyrazin-2-yljoxy}piperidin-1-y)prop-2-en-1-
one

The title compound was prepared according to the method described for Example 1 Steps 5-7 using
tert-butyl 4-{[7-(1-methyl-1H-1,2 4-triazol-3-yl)-5-{[2-(trimethylsilyl)ethoxy]methyl}-5H-pyrrolo[2,3-
blpyrazin-2-ylJoxy}piperidine-1-carboxylate (Example 126 Step 3). The residue was purified by pre-
parative HPLC as described below: Column: Phenomenex Gemini C18 250x21.2 mm, 8 micron. Mo-
bile phase: 10-40% MeOH in water modified with 0.05% ammonia

HMBC and NOe confirms the title isomer was isolated. (CH; of methyl signals with C in triazole).

"H NMR (400MHz, DMSO-ds): 8 ppm 8.45 (s, 1H), 8.10 (s, 1H), 7.93 (s, 1H), 6.89-6.82 (M, 1H), 6.14-
6.10 (m, 1H), 5.70-5.67 (m, 1H), 5.34-5.32 (m, 1H), 3.91-3.80 (m, 5H), 3.60-3.50 (br m, 2H), 2.20-2.00
(m, 2H), 1.75-1.60 (m, 2H). MS m/z 376 [M+Na]"

Example 127 was prepared as described in the foIIowing Scheme:

Me
0 >—Me o >—I\I|e
g Y N s N
H
N i) HOSO,Cl N TrCI Br N
~N
H NH, \( \ | N\
P >
Me”™ "Me N N\
Tr
?00 /YO
N
HzN_CNBOC, Ve Step 4 N Me
Pd.(dba),, tBUONa Ol Me

N ) oxll
dppf, tolusne H :i))-,l;\Fcer\yloyl chloride H
Step 4 \E = N " N\ N
N> N \[ =
\ §

Example 127 Step 1
2-Bromo-N-isopropyl-5H-pyrrolo[2 3-b]pyrazine-7-sulfonamide

2-bromo-5H-pyrrolo[2,3-blpyrazine (5 g, 25 mmol) was added to chlorosulfonic acid (20 mL) at 0°C.
The reaction was heated to 100-120°C for 2.5 hours before cooling and pouring into ice-water (80
mL). The solution was extracted into EtOAc (2 x 100 mL), the organic layers combined, washed with

brine, dried over sodium sulphate and concentrated in vacuo. The residue was added to a solution of
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isopropylamine (881 mg, 15 mmol) and triethylamine (2.66 g, 26 mmol) in DCM (60 mL) at 0°C. The
reaction was stirred at 0°C for 3 hours, diluted with water (50 mL) and extracted into EtOAc (2 x 80
mL). The organic layers were combined, washed with brine, dried over sodium sulphate and concen-
trated in vacuo. The solid was triturated with TBME to afford the title compound (2 g, 49% over 2
steps) as a brown solid that was used directly in the next step.

Example 127 Step 2
2-Bromo-N-isopropyl-5-trityl-5H-pyrrolo[2 3-b]pyrazine-7-sulfonamide

Me
O M
Ol > ©
—N
H

~s
Br\[N\ \
| =
NN
Tr
To a solution of 2-bromo-N-isopropyl-5H-pyrrolo[2,3-b]pyrazine-7-sulfonamide (Example 127 Step 1,
1.7 g, 5.33 mmol) and cesium carbonate (5.21 g, 16 mmol) in anhydrous DMF (45 mL) was added
trityl chloride (1.51 g, 5.43 mmol) at room temperature and the reaction was stirred at 40°C for 18
hours. The reaction was diluted with water (30 mL) and extracted into EtOAc¢ (2 x 30 mL). The organic
layers were combined, washed with brine, dried over sodium sulphate and concentrated in vacuo.

The residue was purified using silica gel column chromatography eluting with 0-30% EtOAc in petro-
leum ether to afford the title compound as an off-yellow solid (2.8 g, 94%) that was taken on directly to

the next step.
Example 127 Step 3

carboxylate

A suspension of 2-bromo-N-isopropyl-5-trityl-5H-pyrrolo[2 3-b]pyrazine-7-sulfonamide (Example 127
Step 2, 500 mg, 0.89 mmo)), tert-butyl 4-aminopiperidine-1-carboxylate (357 mg, 1.78 mmol) and ce-
sium carbonate (580 mg, 1.78 mmol) in toluene (20 mL) was purged with nitrogen 4 times. Dppf (99
mg, 0.178 mmol) and Pd,(dba); (163 mg, 0.178 mmol) was added and the reaction was heated at
110°C for 18 hours. The reaction was concentrated in vacuo and purified using silica gel column
chromatography eluting with 0-100% EtOAc in petroleum ether to afford the title compound as a
brown solid (500 mg, 83%). 'H NMR (400MHz, DMSO-dg): & ppm 7.40-7.30 (m, 11H), 7.14-6.90 (m,
8H), 3.90-3.81 (m, 4H), 3.00-2.80 (br m, 2H), 1.89-1.86 (m, 2H), 1.39 (s, 9H), 1.31-1.23 (m, 2H), 0.98-
0.97 (d, 6H).

Example 127 Step 4

2-[(1-AcryloyIpiperidin-4-yamino]-N-(propan-2-y-5H-pyrrolo[2, 3-b]pyrazine-7-sulfonamide

tert-butyl 4-((7-(N-isopropylsulfamoyl)-5-trityl-5H-pyrrolo[2,3-b]pyrazin-2-yl)amino)piperidine-1-
carboxylate (Example 127 Step 3, 400 mg, 0.587 mmol) was dissolved in DCM (32 mL) and treated
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with TFA (10 mL) at 0°C. The reaction was stirred at room temperature for 18 hours and concentrated
in vacuo. The residue was dissolved in THF (20 mL) and water (20 mL) and treated with DIPEA (229
mg, 1.77 mmol) followed by acryloyl chloride (91 mg, 1 mmol) at 0°C. The reaction was stirred at 0°C
for 2 hours and then extracted into EtOAc three times. The organic layers were combined, washed
with brine, dried over sodium sulphate and concentrated in vacuo. The residue was purified using sili-
ca gel column chromatography eluting with 0-10% MeOH in DCM followed by preparative HPLC to
afford the title compound as a yellow solid (110 mg, 47%). Column: Phenomenex Gemini
C18*21.2mm*8um; Mobile Phase: 24%-44% MeCN/ H20 (0.05 % ammonia). "H NMR (400MHz,
DMSO-ds): & ppm 12.20 (br s, 1H), 7.80 (s, 1H), 7.70 (s, 1H), .96 -6.82 (m, 3H), 6.12-6.08 (m, 1H),
5.68-5.65 (m, 1H), 4.30-4.27 (m, 1H), 4.10-4.01 (m, 2H), 3.81-3.76 (m, 1H), 3.25-3.20 (M, 1H), 2.96-
2.90 (m, 1H), 2.00-1.90 (m, 2H), 1.40-1.30 (m, 2H), 1.01-1.00 (d, 6H). MS m/z 415 [M+Na]

Example 128 was prepared as described in the following Scheme:

tl)oc /YO
N

N
(o) |
OMe —=N o

Step 1 Step 2

O M O _N
\[ N i) NH,NH, H.O | TN VTR X \
= AT _
N N\ iy HC(OMe), N N iy NH,.H,O/MeOH \[
SEM

\ ii Acr loyl chloride
NEM i) Acryloyl

Example 128 Step 1
2-(2-(piperidin-4-yloxy)-5-((2-(trimethylsilyethoxy)Ymethy)-5H-pyrrolo[2 3-blpyrazin-7-yh-1.3 4-

o N
=N
O _N
e
N N
SEM

To a solution of methyl 2-{[1-(tert-butoxycarbonyl)piperidin-4-ylJoxy}-5-{[2-(trimethyl-

oxadiazole

silyl)ethoxy]methyl}-5H-pyrrolo[2,3-b]pyrazine-7-carboxylate (Example 108 Step 1 intermediate, 500
mg, 0.66 mol) in EtOH (6 mL) was added hydrazine hydrate (414 mg, 6.61 mmol) and the reaction
was heated to 110°C under microwave irradiation for 1 hour. The reaction was cooled, concentrated
in vacuo and dissolved in CH(OMe), (8 mL). To the solution was added p-toluenesulfonic acid (22.6
mg, 0.119 mmol) and the reaction was heated to 140°C under microwave irradiation for 1 hour. The
reaction was cooled, concentrated in vacuo and purified using silica gel column chromatography elut-
ing with 12-50% EtOAc in petroleum ether to afford the title compound as a yellow oil (90% over 2
steps).
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MS mv/z 417 [M+H]"

Example 128 Step 2

1-(4-{[7-(1.3 4-Oxadiazol-2-y))-5H-pyrrolo[2 3-b]lpyrazin-2-ylloxylpiperidin-1-yprop-2-en-1-one

The title compound was prepared according to the method described for Example 127 Step 4 using
2-(2-(piperidin-4-yloxy)-5-((2-(trimethylsilyl ethoxy)methyl)-5H-pyrrolo[2, 3-blpyrazin-7-yl)-1,3 4~

oxadiazole (Example 128 Step 1). The residue was purified using silica gel column chromatography

eluting with 0-8% MeOH in DCM followed by preparative HPLC as described below: Column: Phe-
nomenex Gemini C18 250x21.2 mm, 8 micron. Mobile phase: 16-36% MeCN in water modified with
0.05% ammonia. 'H NMR (400MHz, DMSO-dg): & ppm 12.86 (br s, 1H), 9.26 (s, 1H), 8.50 (s, 1H),
8.05 (s, 1H), 6.90-6.80 (m, 1H), 6.14-6.10 (m, 1H), 5.70-5.67 (m, 1H), 5.40-5.30 (m, 1H), 4.00-3.80 (br
m, 2H), 3.55-3.45 (m, 2H), 2.10-2.00 (m, 2H), 1.80-1.60 (m, 2H). MS m/z 363 [M+Na]"
Examples 129-131 were prepared as described in the following Scheme:
CBz
OTBDMS Me |!1

OTBDMS
cl cl U OTBDMS
N Step 1 N A Step 2 NH

N| A\ NaH, TsCl [I\ _ =

k P N Dy A N7 X N\

NN \
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Example 129 Step 1

5-(2-((tert-Butyldimethylsilydoxy)ethyl)-4-chloro-7-tosyl-7H-pyrrolo[2 3-d]pyrimidine
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To a solution of 5-(2-{[tert-butyl(dimethyl)silylJoxy}ethyl)-4-chloro-7H-pyrrolo[2,3-d]pyrimidine

(WO 2005021568, 6 g, 19.24 mmol) in DMF (50 mL) at 0°C was added sodium hydride (769 mg, 19.2
mmol) and the reaction was stirred at 0°C for 10 minutes. Tosyl chloride (3.67 g, 19.2 mmol) was
added and the reaction stirred at room temperature for 3 hours. The reaction was quenched by the
addition of ice-water (100 mL) and extracted into EtOAc (2 x 100 mL). The combined organic layers
were washed with brine (200 mL), dried over sodium sulphate and concentrated in vacuo. The resi-
due was purified using silica gel column chromatography eluting with 5-35% EtOAc in petroleum ether

to afford the title compound as a colourless oil (7.3 g, 81%). MS m/z 466 [M+H]*
Example 129 Step 2

yhamino)-2-methvlpiperidine-1-carboxylate

To a solution of 5-(2-((tert-butyldimethylsilyl)oxy)ethyl)-4-chloro-7-tosyl-7H-pyrrolo[2,3-d]pyrimidine
(Example 129 Step 1, 2.25 g, 4.83 mmol) in nBuOH (30 mL) was added benzyl (28,5R)-5-amino-2-
methylpiperidine-1-carboxylate (1 g, 4.02 mmol) followed by DIPEA (1 ¢, 16.1 mmol). The reaction
was heated at 135°C for 96 hours. The reaction was cooled and partitioned between EtOAc (30 mL)
and water (20 mL). The agueous layer was extracted with EtOAc (30 mL) and the organic layers were
combined, washed with water and brine (30 mL), dried over sodium sulphate and concentrated in
vacuo. The residue was purified using silica gel column chromatography eluting with 30-100% EtOAc
in petroleum ether to afford benzyl 5-((5-(2-hydroxyethyl)-7-tosyl-7H-pyrrolo[2,3-d]pyrimidin-4-
yl)amino)-2-methylpiperidine-1-carboxylate. The intermediate (900 mg, 1.6 mmol) was re-protected by
dissolving in THF (10 mL) and treating with imidazole (217 mg, 3.19 mmol) followed by TBDMSCI
(479 mg, 3.19 mmol) and the reaction was stirred at room temperature for 24 hours. The reaction was
concentrated in vacuo and partitioned between EtOAc (20 mL) and water (10 mL). The organic layer
was washed with 0.5M HCI (aq), brine (100 mL) and concentrated in vacuo. The residue was purified
using silica gel column chromatography eluting with 0-50% EtOAc in petroleum ether to afford the title

compound as a colourless oil (900 mg, 60% over 2 steps) that was taken on directly to the next step.
Example 129 Step 3

yhamino)-2-methyipiperidine-1-carboxylate

The title compound was prepared according to the method described for Example 91 Step 2 using
tert-butyl (2S,5R)-5-((5-(2-((tert-butyldimethylsily)oxy)ethyl)-7-tosyl-7H-pyrrolo[2,3-d]pyrimidin-4-
yl)amino)-2-methylpiperidine-1-carboxylate (Example 129 Step 2).

MS m/z 644 [M-Boc+H]"

Example 129 Step 4

tert-Butyl (28 5R)-5-((tert-butoxycarbonyl) (5-(2-hydroxyethyl)-7-trityl-7H-pyrrolo[2. 3-d]pyrimidin-4-
yhamino)-2-methylipiperidine-1-carboxylate

To a solution of tert-butyl (2S,5R)-5-((5-(2-((tert-butyldimethylsilyl)oxy)ethyl)-7-tosyl-7H-pyrrolo[2,3-

d]pyrimidin-4-yl)amino)-2-methylpiperidine-1-carboxylate (Example 129 Step 3, 450 mg, 0.6 mmol)
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in THF (10 mL) was added TBAF (316 mg, 1.21 mmol) dropwise at 35°C. The reaction was stirred at
this temperature for 12 hours before being washed with brine (2 x 30 mL) and concentrating in vacuo.
The residue was purified using silica gel column chromatography eluting with 30-70% EtOAc in petro-
leum ether. The residue was dissolved in DMF (5 mL) and treated with cesium carbonate (452 mg,
1.39 mmol) followed by trityl chloride (155 mg, 0.55 mmol). The reaction was stirred at room tempera-
ture for 12 hours and filtered. The filtrate was partitioned between water (20 mL) and EtOAc (20 mL).
The aqueous layer was washed with EtOAc (2 x 30 mL), the organic layers were combined, washed
with brine (50 mL), dried over sodium sulphate and concentrated in vacuo. The residue was purified
using silica gel column chromatography eluting with 0-20% MeOH in DCM to afford the title compound
as a yellow solid (350 mg, 80% over 2 steps). MS m/z 717 [M+H]

Example 129 Step 5

tert-Butyl (28 ,5R)-5-({tert-butoxycarbonyl) (5-(2-(prop-2-yn-1-yloxy)ethyl)-7-trityl-7H-pyrrolo[2,3-
dlpyrimidin-4-ylYamino)-2-methylpiperidine-1-carboxylate

To a solution of tert-butyl (2S,5R)-5-((tert-butoxycarbonyl)(5-(2-hydroxyethyl)-7-trityl-7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)-2-methylpiperidine-1-carboxylate_ (Example 473 Step 4, 300 mg, 0.418 mmol)

in anhydrous THF (10 mL) was added sodium hydride (60% dispersion in oil, 50 mg, 1.25 mmol) at
0°C. The reaction was stirred at this temperature for 30 minutes before the addition of propargy! bro-
mide (99 mg, 0.84 mmol). The reaction was stirred at room temperature for 12 hours. The reaction
was quenched with water (2 mL), concentrated in vacuo and purified using silica gel column chroma-
tography eluting with 0-80% EtOAc in petroleum ether to afford the title compound as a yellow solid
(160 mg, 51%). MS m/z 756 [M+H]"

Example 129 Step 6

1-((2S 5R)-2-Methyl-5-((5-(2-(prop-2-yn-1-yloxy)ethy)-7H-pyrrolo[2,3-d]pyrimidin-4-yhamino)piperidin-
1-yhprop-2-en-1-one

The title compound was prepared according to the method described for Example 100 Step 5 using
tert-butyl (2S,5R)-5-((tert-butoxycarbonyl)(5-(2-(prop-2-yn-1-yloxy)ethyl)-7-trityl-7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)-2-methylpiperidine-1-carboxylate (Example 129 Step 5). The residue was
purified using silica gel column chromatography eluting with 0-10% MeOH in DCM.

Example 131
1-[(2S,5R)-2-Methyl-5-({5-[2-(prop-2-yn-1-yloxy) ethyl]-7H-pyrrolo[2, 3-d]pyrimidin-4-yl}amino)piperidin-
1-yl]prop-2-en-1-one. 'H NMR (400 MHz, DMSO-ds) d ppm 1.22 (br. s., 3 H) 1.56 - 1.98 (m, 4 H) 2.68
(br.s., 1H)3.05 (br.s.,2H) 3.41-3.51 (m, 1H) 3.70 (t, J=6.27 Hz, 2 H) 4.07 (br.s., 1 H) 422 - 4 24
(m, 2H) 4.34 - 4.90 (M, 2 H) 5.68 (d, J=8.53 Hz, 1 H) 6.10 (dd, J=16.81, 2.26 Hz, 1 H) 6.27 (br. s., 1
H) 6.80 (br.s., 1 H) 6.94 (s, 1 H) 8.09 (br. s, 1 H) 11.37 (br. s., 1 H). Rt=3.12 minutes (HPLC) MS
m/z 390 [M+Nal"; Rt = 4.28 (Chiral-SFC)

Example 132 was prepared as described in the following Scheme:
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Example 132 Step 1
Benzyl (23.5R)-5-((2-chloro-7H-pyrrolo[2 .3-d]pyrimidin-4-y)amino)-2-methvlipiperidine-1-carb-oxylate

The title compound was prepared according to the method described for Example 94 Step 1 using
benzyl (28,5R)-5-amino-2-methylpiperidine-1-carboxylate (WO2010016005). The residue was tritu-
rated with TBME and taken on directly to the next step.

Example 132 Step 2
N-((3R,68)-6-Methylpiperidin-3-yl)-7H-pyrrolo[2 3-d]pyrimidin-4-amine (example 5, step 7

To a solution of benzyl (23,5R)-5-((2-chloro-7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)-2-
methylpiperidine-1-carboxylate (Example 132 Step 1, 39 g, 0.097 mol) in MeOH (1 L) and THF (300
mL) was added Pd/C (8 g) and the reaction was hydrogenated under 50 psi at 35°C for 5 days. The
reaction was filtered through Celite™ and re-hydrogenated with further Pd/C (8 g) under 50 psi at
35°C for 5 days. The reaction was filtered through Celite™ and concentrated in vacuo to afford the
title compound as a white solid (31 g, 90%). "H NMR (400MHz, D,0O): & ppm 7.93 (s, 1H), 7.05-7.04
(m, 1H), 6.45-6.40 (m, 1H), 4.21-4.19 (m, 1H), 3.55-3.51 (m, 1H), 3.29-3.14 (m, 2H), 1.93-1.73 (m,
4H), 1.24-1.23 (d, 3H).

Example 132 Step 3

Racemic-[(2S 5R)-2-methyl-5-(7H-pyrrolo[2,3-d]pyrimidin-4-ylamino)piperidin-1-yl](oxiran-2-
yhmethanone

To a solution of racemic oxirane-2-carboxylic acid (114 mg, 0.89 mmol) in DCM (5 mL) was added a
solution of oxalyl chioride (0.45 mL, 0.90 mmol) in DCM (2 mL) followed by DMF (1 drop). The reac-

tion was stirred at room temperature for 30 minutes before the addition of a solution of N-((3R,6S)-6-

methylpiperidin-3-yl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine (see Example 132; Step 2, 200 mg, 0.86

mmol) and DIPEA (0.6 mL, 3.46 mmol) in DCM (2 mL). The reaction was stirred at room temperature
for 1 hour before pouring into saturated aqueous NaHCOs solution and DCM. The organic layer was
collected, dried over sodium sulphate and concentrated in vacuo. The residue was purified using sili-

ca gel column chromatography eluting with 5-30% MeOH in DCM to afford the title compound (60 mg,
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23%). "H NMR (400 MHz, DMSO-dg) d ppm 1.13 - 1.37 (m, 3 H) 1.59 - 1.95 (m, 3 H) 2.57 - 3.06 (m, 3
H) 3.74 - 397 (m, 1 H) 3.99 - 4.30 (m, 2 H) 4.47 (br. s., 1 H) 4.72 (br. s., 1 H) 6.56 (d, J=6.63 Hz, 1 H)
7.10 (d, J=2.73 Hz, 1 H) 7.20 - 7.39 (m, 1 H) 7.98 - 8.18 (m, 1 H) 11.52 (br. s., 1 H). MS m/z 302
M+H]"

Example 133 was prepared as described in the following Scheme:

step 2

step1
TBSCI
Imidazol
Y\OH midazole
—
0 NH

T

0
step3 \[<
O, _Si
s Y\O ™~
OWN
© (e]
step 6
DBU/THF
Yo
O\n/N
0 (o]
step8 OTBS
a) NaBH4
——
N
z OH

Example 133 Step 1

o NH Br .
hig

0

step4

N HCI

THF ) T\OH

T
0

OTBS

OH
\(\J\/\L step?
TBSOTf
O N
DO

0
Step 9-12 2-N
a) MsCl
b) Bu,NCI, DMF
c) NaN;

d) PPh,, THF:H,0

NaH, DMF
Q YO,S\I\
O

~<
T

step 5

Swern oxidation
—

OTBS

Benzyl (S)-(1-((tert-butyldimethylsily)oxy)propan-2-yly\carbamate

To a round bottom flask containing (benzyl (S)-(1-hydroxypropan-2-yl)carbamate (5g, 23.9 mmol) dis-
solved in 50 mL of DCM was added imidazole (1.79 g, 26.3 mmol) and TBDMS-CI (3.7 g, 23.9 mmol).
The reaction was stirred at room temperature overnight. LCMS indicated the reaction was com-
plete. The reaction was diluted with water (100mL) and the mixture separated. The organic layer
was collected and concentrated to give the desired product as a clear oil (8.2 g, 100%). 'H NMR
(CDCls): d 7.33-7.30 (5H, m), 5.06 (2H, s), 3.80-3.71(1H, m), 3.59-3.47(2H, m), 1.12(2H, d), 0.85 (9H,
s), 0.00(s, 6H). Rt=1.14 minutes MS m/z 324.3 [M+H]"
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Example 133 Step 2
Benzyl (S)-(1-((tert-butyldimethylsily) oxy)propan-2-y))(2-methylally))carbamate

To a round bottom flask containing (Example 133, Step 1, 7.7 g, 23.8 mmol) in DMF (100 mL) at 0
°C was added NaH (60% in mineral oil, 1.9 g, 47.6 mmol) in portions. After 30 min, 3-bromo-2-
methyl-propene (6.6 g, 47.6 mmol) was added. After stirring for 1.5 h, NH,CI (10%, 100 mL) was
added and the aqueous mixture was extracted with EtOAc (3x). The combined organic extracts were
washed with brine, dried (Na,SO,) and solvent removed to give crude product (3 g). The crude mate-
rial was purified by chromatography (silica gel (combiflash, 80g gold column, 0 to 10% EA in Hept) to
give 6.1 g (68 %) of desired product. 'H NMR (CDCl,) ,d 7.33-7.30 (5H, m), 5.15-5.05 (2H, m)4.79
(2H, s), 4.0-3.43(5H, m), 1.74-1.62 (3H, m), 1.21-1.09(2H, m), 0.85 (9H, s), 0.00(s, 6H). LCMS =
378.4 [M+H]" (1.28 minutes)

Example 133 Step 3

Benzyl (S)-(1-((tert-butyldimethylsilyl) oxy)propan-2-y)(2-oxopropyl)carbamate

To a round bottom flask containing (Example 133, Step 2, 6.1 g, 16.2 mmol) in DCM/MeOH (50
mL:50 mL) at -78 -C was bubbled O,. After 5.5 hr, the solution became a light blue color and then

Me,S (3.6 mL, 48.5 mmol) was added and the mixture allowed to warm to room temperature over-
night. The solvent was removed in vacuo to give the crude product (7 g, 110%) which was taken di-
rectly to the next step. LC/MS: Rt =1.14 min; MS m/z 380.4 [M+H]+

Example 133 Step 4

Benzyl (S)-(1-hvdroxypropan-2-yI)(2-oxopropyhcarbamate

To a solution of (Example 133, Step 3, 9.95 ¢, 26.21 mmol) in THF (400 mL) was added HCI (1N,
105 mL, 105mmol, 4 eq). The reaction was stirred for 3 hrs and then concentrated in vacuo. The

aqueous mixture was extracted with DCM (3x). The organic extracts were collected and washed
with NaHCO, (aq), dried (Na,SO,) and filtered. The filtrate was concentrated to give 4.3 g of crude
alcohol, which was purified by combiflash (40 g gold column, 10 to 50% EA in Hept) to give 3.6 g
(51%) of desired product as an oil. LC/MS; Rt = 0.71 minutes. MS m/z 288.34 [M+Na]” GCMS: Rt =
3.91 MS m/z 265 [M+1]

Example 133 Step 5
Benzyl (S)-(1-oxopropan-2-yl)(2-oxopropyl)carbamate

To a solution of DMSO (5.02 ml, 70 mmaol) in anhydrous DCM (100 mL) was added dropwise (at -78°
C.) oxalyl chloride (2.61 ml, 30.1 mmol) under an atmosphere of nitrogen. The resulting mixture was
stirred for 15 minutes. A solution of (Example 133, Step 4, 6.95 g, 26.22 mmol) in DCM (10 ml) was
then added dropwise over a period of 30 minutes. After 2 h, triethylamine (18 mL, 130 mmol) was
added slowly. The reaction was stirred at -78 °C for 30 minutes, then the acetone-dry ice bath was
removed. The reaction mixture was cooled with an ice bath for 30 min. The ice bath was removed
and the reaction was stirred for 60 min. The reaction was then quenched with water. The aqueous

mixture was extracted (DCM, 3x) and the organic extracts collected, dried (Na,SO,) and the solvent
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removed in vacuo. The residue was dissolved in ethyl acetate and the solution was washed with 10%
NH4CI x2, 50% brine x 3, brine and dried over Na,SO,. The solution was concentrated to give 6.9 g
desired product as a yellow oil, which was taken on to next step without purification. GCMS: m/z= 263
[M] (4.39min).

Example 133 Step 6

Benzyl (2S,38)-3-hydroxy-2-methyl-5-oxopiperidine-1-carboxylate

To a solution of (Example 133, Step 5, 6900 mg, 26.21 mmol) in THF (250mL ) at 0 °C was added
DBU. After 48 hr the reaction mixture was treated with 10% NH,CI (100 mL). The organic layer was
separated. The agueous layer was extracted with ethyl acetate. The combined organic layers were
washed with 10% NH,CI, water, dried (Na,SO,4) and the solvent removed to give 6 g of crude product.
The crude product was purified by combiflash (80g gold column, 10 to 50 to 100% EA in hept) to

give 1.8g (25%) of desired product. 1H NMR (CDCl,) , 7.43-7.27 (5H, m), 5.18 (2H, s) 4.56-4.31 (3H,
m), 4.30-4.13(2H, m), 3.9 (1H, d,), 2.73-2.58 (2H, m), 1.33 (3H, d,), GCMS, m/z =263.1[M+1](5.010
min)

Example 133 Step 7

Benzyl (2S,3S)-3-((tert-butyldimethylsilyl)oxy)-2-methyl-5-oxopiperidine-1-carboxylate

To a flask containing (Example 133, Step 6, 870 mg, 3.30 mmaoal) and DCM (30 mL) at 0 °C was add-
ed 2,6-lutidine (673 mg, 6.15) followed by TBDMSOTf (1.22 g, 4.61 mmol). After 3.5 hr, the TLC indi-
cated the reaction was complete. The reaction was treated with Na,COs(aq) and the mixture separat-
ed. The ice bath was removed after 15 min. The mixture was stirred an additional 30 min. before the
organic layer was separated and concentrated in vacuo. The residue was purified by combiflash (40 g
gold column, 5 to 20% EA in Hept) to give 800 mg desired product. 1H NMR (CDCl;) d 7.35-7.22 (5H,
m), 5.18-5.00 (2H, m) 4.56-4.31 (1H, m), 4.30-4.13(2H, m), 3.65-3.46 (1H, m), 2.54-2.45 (2H, m), 1.19
(3H, s), 0.81 (9H, s), 0.00(6H, s). GCMS,m/z =320.2 [M-t-Bu ] (5.58min)

Example 133 Step 8

Benzyl (2S,3S,5R)-3-((tert-butyldimethylsilyl)oxy)-5-hydroxy-2-methylpiperidine-1-carboxylate

To a stirred solution of (Example 133, Step 7, 430 mg, 1.14 mmol) in 20 mL of MeOH at 0 °C, was

added NaBH, ((129 mg, 3.42 mmol) in 3 portions over 10 min. After 30 min. the solvent was removed

and the residue dissolved in ethyl acetate. The organic mixture was washed with Na2C03(aq) , dried
(Na,S0,) and the solvent removed to give the desired product (420 mg, 97%). 'H NMR (CDCl,) ,
7.33-7.23 (5H, m), 5.07 (2H, q, 11.32Hz), 429 (1H, br), 4.11-4.02(1H, m), 3.70-3.63 (1H, m), 3.62-
3.53 (1H, m), 2.58 (1H, dd,), 1.97-1.91(1h, m), 1.51 (1H, q,), 1.05 (3H, d.), 0.82 (8H, s), 0.00(6H, s).
GCMS, m/z=322.2 [M-t-Bu | (5.657min)

Example 133, Step 9/10
Benzyl (28.3S,58)-3-

To a solution of (Example 133, Step 8, 430mg, 1.23 mmol) in 20 mL of dichloromethane at 0 °C was
added triethylamine (3 eq) and methanesulfony! chloride (0.13 ml, 1.7 mmol, 1.5 eq). The reaction

mixture was allowed to stir at room temperature for 2 hours. The reaction mixture was diluted with 30
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mL of EtOAc, washed with sodium carbonate, brine and then dried over anhydrous MgSO,. The or-
ganic extracts were filtered and concentrated in vacuo to give 550 mg of mesylate. The oil was dis-
solved in DMF (20 mL) and BusNCI (3.5 g, 11.3 mmol, 10eq) was added. The reaction was heated to
90 °C for 5 hr and then stirred overnight at room temperature. The reaction was then diluted with 15
mL of ethyl acetate, washed with brine, dried (Na,S0O,), and the solvent removed to give an oil (406
mg, 90 %). GCMS, m/z =397 [M](5.59min)
Example 133, Step 11
Benzyl (2S,3S,5R)-5-azido-3-((tert-butyldimethylsilyl)oxy)-2-methylpiperidine-1-carboxylate
To a solution of (Example 133, Step 9/10, 400 mg, 1.0 mmol) in 20 mL of DMSO at room tempera-
ture was added NaN;. The reaction mixture was then heated to 90 °C over the weekend. The reac-
tion was then allowed to cool to room temperature and diluted with 15 mL of ethyl acetate. The solu-
tion was washed with brine, dried (Na,SQO,) and the solvent removed to give the crude product, which
was purified by combiflash (12g gold column 0 to 10% ethyl acetate in heptane) to give 170 mg of
desired product (42% yield) . 'H NMR (CDCl,) , 7.35-7.24 (5H, m), 5.17-5.01 (2H, m), 4.39 (0.5H, t,)
4.28(0.5H,1,), 4.18 (0.5H, dd) ), 4.03 (0.5H, dd,), 2.26 (1H, q,), 1.99-1.89 (1H, m) 1.56(1H, q,), 1.05
(3H, d,), 0.83 (9H, s), 0.00(BH, d,). LCMS, m/z=377.5 [M-N; ] (1.27min)
Example 133, Step 12
Benzyl (23,3S,5R)-5-amino-3-((tert-butyldimethylsilyl)oxy)-2-methylpiperidine-1-carboxylate
To a flask containing (example 477, step 11, 170 mg, 0.42 mmol) was added THF:H,O (10:1, 5 mL)
and PPh; (124 mg, 0.462 mmol). The reaction was heated to 50 °C overnight and then allowed to
cool to room temperature. The solvent was removed in vacuo to give a white solid, which was taken
directly to the next step. MS m/z =379.5 [M+1] (0.76min).

OTBDMS

OTBDMS
[o]] Me
Me
. N Step 1
N

CBzN )|\ N CBzN \H

NH, ci N/ N nBuOH, DIPEA

H

N7 | A
)\\ N
H

Cl N
OTBDMS OH
Me M
e
Step 2 HN Step 3 N
—_— NH > /\"/ NH
H,, Pd/C i) Acryloyl chloride
N I
N
N H k\ N

Example 133 Step 13
(28,38 ,5R)-Benzyl 3-(tert-butyldimethylsilyloxy)-5-(2-chloro-7H-pyrrolo[2, 3-d]pyrimidin-4-ylamino)-2-
methylpiperidine-1-carboxylate
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The title compound was prepared according to the method described for Example 94 Step 1 using
benzyl (2S.38,5R)-5-amino-3-((tert-butyldimethylsilyl)oxy)-2-methylpiperidine-1-carboxylate. The res-
idue was purified using silica gel column chromatography eluting with 5-50% EtOAc in heptanes. MS
m/z 530 [M+H]"

Example 133 Step 14

N-((3R,58 68)-5-(tert-Butyldimethylsilyloxy)-6-methylpiperidin-3-yl)-7H-pyrrolo[2 3-d]pyrimidin-4-

amine

The title compound was prepared according to the method described for Example 132 Step 2 using
benzyl (2S 5R)-3-((tert-butyldimethylsilyl)oxy)-5-((2-chloro-7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)-2-
methylpiperidine-1-carboxylate (Example 133 Step 1).

MS m/z 362 [M+H]"

Example 133 Step 15
1-((28,38 5R)-5-(7H-pyrrolo[2.3-d]pyrimidin-4-ylamino)-3-hydroxy-2-methylpiperidin-1-yl)prop-2-en-1-

one
To a solution of N-((3R,6S)-5-((tert-butyldimethylsilyl)oxy)-6-methylpiperidin-3-yl)-7H-pyrrolo[2,3-
d]pyrimidin-4-amine (81 mg, 0.22 mmol) in THF (5 mL) and saturated aqueous NaHCO; solution (5
mL) at 0°C was added acryloyl chloride (0.022 mL, 0.27 mmol) and the reaction was stirred at 0°C for
1 hour. Further acryloyl chloride was added (0.011 mL, 0.14 mmol) with further stirring. The reaction
was quenched by the addition of water (20 mL) and extracted into EtOAc (3 x 10 mL). The combined
organic layers were washed with brine, dried over sodium sulphate and concentrated in vacuo. The
residue was purified using silica gel column chromatography eluting with 0-10% MeOH in DCM. The
residue was dissolved in THF and treated with a 1M solution of TBAF in THF (0.18 mL, 0.18 mmol) at
0 °C and the reaction was stirred at room temperature for 3 hours. Further TBAF was added (0.2 mL)
and the reaction continued for 1.5 hours. The reaction was quenched by the addition of water (10 mL)
and extracted into EtOAc (3 x 10 mL). The organic layers were collected, dried over sodium sulphate.
The residue was purified by RP-HPLC: Column: Waters Sunfire C18 (19x100, 5um); CH;CN:H,O
(0.05% TFA), 95:5 to 70:30 in 8.5 min then 100% CH;CN to 9 min, hold @100% AcCN for 1 min, flow
= 25 mL/min to give (1-[(2S,3S,5R)-3-hydroxy-2-methyl-5-(7H-pyrrolo[2,3-d]pyrimidin-4-
ylamino)piperidin-1-yiJorop-2-en-1-one, 27.6 mg). LC/MS: Rt = 1.10, MS m/z 302 [M+H]" ; Col-
umn:Waters-Atlantis C18 (4.6x50mm, 5um), 95:5 to 5:95 H,Of CH;CN (5 min), Flow: 2.0 mL/min

Examples 134-169 were prepared according to Library Protocol 1 below:
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BooN/\ BocN/\ NRR,
Step 1
—p> Me%\/N N\ \
\[ R,R,NH Me \[
HBTU, DIPEA N N
SEM

——

Steps 2-4 \)j\ 0]
N/ﬁ NRR,

i) TFA/DCM MeJ\/ N

iy NH,.H,0 Me | N

iii) Acryloyl chioride Z~N
N~ H

Library Protocol 1
Step 1

To a 0.25M solution of 2-(4-(tert-butoxycarbonyl)-3,3-dimethylpiperazin-1-yl)-5-((2-
(trimethylsily)ethoxy)methyl)-5H-pyrrolo[2,3-b]pyrazine-7-carboxylic acid (Example 83 Step 5, 400
pL, 100 pmol) in DMF were added amines of formula R{R;NH (120 pmol) followed by DIPEA (33 mg,
300 pmol) and a 0.3M solution of HBTU in DMF (400 yL, 120 ymaol). The reactions were shaken at
60°C for 16 hours before cooling and concentrating in vacuo. The residues were washed with water (1
mL) and extracted into EtOAc (3 x 1 mL). The combined organic layers were concentrated in vacuo to
afford the Step 1 intermediates.

Steps 2-4

To the Step 1 intermediates was added a solution of TFA in DCM (1.2 mL, viv 1:5) and the reactions
were shaken at 30°C for 4 hours before concentrating in vacuo. The residues were treated with am-
monium hydroxide in MeOH (1.6 mL, v:v 1:3) and shaken at 30 °C for 2 hours before concentrating in
vacuo. The residues were treated with a saturated solution of NaHCO; in water (1 mL). To the solu-
tions was added EtOAc (1 mL) followed by acryloyl chloride (18 mg, 200 umol) and the reactions were
shaken at 30 °C for 2 hours. The reactions were concentrated in vacuo and purified using preparative
HPLC as described below to afford the following Examples:

Preparative HPLC:

Column: Phenomenex Gemini C18 250x21.2 mm, 8 micron; Mobile phase: Acetonitrile:ammonium
hydroxide (pH=10); Gradient time: 8 minutes; Hold time: 1 minute at 100% organic; Flow rate: 35
mb/min.

QC Method 1:
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Column: Xbridge C18 2.1x50 mm; 5 micron; Mobile phase A: 0.0375% TFA in water; Mobile phase B:
0.01875% TFA in MeCN. Gradient: initial-1% B; 0.6 minutes-5% B; 4 minutes—100% B; 4.3

minutes—1% B; 4.7 minutes—-1% B. Flow rate: 0.8 mL/min

QC Method 2:

Column: Xbridge C18 2.1x50 mm; 5 micron. Mobile phase A: 0.05% NH,OH in water; Mobile phase B:
100% MeCN. Gradient: initial-5% B; 0.5 minutes—-5% B; 3.4 minutes—100% B, 4.2 minutes—-100% B;

4.21 minutes-5% B; 4.7 minutes—-5% B.

Flow rate: 0.8 mL/min

Ex.
No. Name Structure Data/% Organic Eluant
134 | 2-(4-acryloyl-3,3- OBn MS m/z 477 [M+HT
dimethylpiperazin-1-yl)-N- o S Me Rt = 2.87 minutes
[(28)-1-(benzyloxy)propan-2- \)l\ e} QC Method 1
yl-5H-pyrrolo[2,3-b]pyrazine- j‘\/) ﬁ Prep HPLC gradient 35-
7-carboxamide Ve~ N | NS 75% organic.
P
N
135 | 2-(4-acryloyl-3,3- /OMe MS m/z 415 [M+H]
dimethylpiperazin-1-yl)-N- o Rt = 2.61 minutes
[(2S)-1-methoxybutan-2-yl]- \)LN o) '\{/\ Me QC Method 1
5H-pyrrolo[2,3-b]pyrazine-7- /ﬁ H Prep HPLC gradient 25-
carboxamide Me™ | NS A 65% organic.
NN
136 | Racemic-2-(4-acryloyl-3,3- MS m/z 467 [M+H]
dimethylpiperazin-1-yl)-N-[1- E Rt = 2.60 minutes
(3-fluorophenyl)-2- e QC Method 1
hydroxyethyl]-5H-pyrrolo[2,3- \)I\N/\ Ny oM Prep HPLC gradient 25-
blpyrazine-7-carboxamide N, ‘Z/H 65% organic.
s
H
137 | 2-(4-acryloyl-3,3- [°H Me MS m/z 443 [M+H]"
dimethylpiperazin-1-yl)-N- [ Rt = 2.68 minutes
[(2S)-3-ethyl-1- \)]\N Nt Me QC Method 1
hydroxypentan-2-yl}-5H- Ve Ne _N Prep HPLC gradient 30-
pyrrolo[2,3-b]pyrazine-7- Me | TN 70% organic.
carboxamide NN
138 | 2-(4-acryloyl-3,3- MS m/z 463 [M+H]
dimethylpiperazin-1-yl)-N- Rt = 2.77 minutes
[(1R)-2-methoxy-1- \j\ ------ N QC Method 1
phenylethyl]-5H-pyrrolo[2,3- = N/\| © N OMe Prep HPLC gradient 30-
blpyrazine-7-carboxamide Vie N Njiiz 70% organic.
Ve
H
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139 | 2-(4-acryloyl-3,3- o) MS m/z 439 [M+H]"
dimethylpiperazin-1-yl)-N- \)CI)\ [> <‘ J Rt = 2.57 minutes
[(38,4R)-4- x 0 QC Method 1
cyclopropyltetrahydrofuran-3- N/m N ” Prep HPLC gradient 25-
yl-5H-pyrrolo[2,3-b]pyrazine- e \[ N\ 65% organic.
7-carboxamide P
140 | Racemic-2-(4-acryloyl-3,3- OMe MS m/z 431 [M+H]"
dimethylpiperazin-1-yl)-N- o S/\ Rt = 2.29 minutes
(1,3-dimethoxypropan-2-yl)- \)I\N Oy OMe QC Method 2
5H-pyrrolo[2,3-b]pyrazine-7- J\ NN H Prep HPLC gradient 20-
carboxamide Mo/~ ] TN 60% organic.
7N
N
141 | Racemic-2-(4-acryloyl-3,3- OMe MS m/z 415 [M+H]
dimethylpiperazin-1-yl)-N-(1- o S/\ Rt = 2.61 minutes
methoxybutan-2-yl)-5H- \/U\N/\ o Me QC Method 1
pyrrolo[2,3-b]pyrazine-7- %/N N N Prep HPLC gradient 25-
carboxamide ane | SN 65% organic.
o
NN
142 | 2-(4-acryloyl-3,3- Me MS m/z 455 [M+H]"
dimethylpiperazin-1-yl)-N- Me o} Rt = 2.78 minutes
[(38,4R)-4-(2- O QC Method 1
methylpropyl)tetrahydrofuran- \)I\N Q d Prep HPLC gradient 30-
3-yl-5H-pyrrolo[2,3- J\/N N H 70% organic.
blpyrazine-7-carboxamide Me N
Me |
o
143 | 2-(4-acryloyl-3,3- o MS m/z 493 [M+H]"
dimethylpiperazin-1-yl)-N-|4- Q FQ <;| Rt = 2.68 minutes
(a- A o QC Method 1
fluorophenyltetrahydrofuran- J\/N N H Prep HPLC gradient 30-
3-yl-5H-pyrrolo[2,3- Me N 70% organic.
blpyrazine-7-carboxamide Me | NP N
H
144 | Racemic-2-(4-acryloyl-3,3- MS m/z 461 [M+H]"
dimethylpiperazin-1-yl)-N- o Rt = 2.69 minutes
(3,4-dihydro-1H-isochromen- \)OI\ QC Method 1
4-yl)-5H-pyrrolo[2,3- x N/ﬁ RN Prep HPLC gradient 30-
blpyrazine-7-carboxamide Me/)\/'\' Ny 4 H 70% organic.
Me | N/ )
H
145 | 2-(4-acryloyl-3,3- Me Me  on MS m/z 429 [M+H]

dimethylpiperazin-1-yl)-N-
[(28,38)-1-hydroxy-3-
methylpentan-2-yl]-5H-
pyrrolo[2,3-b]pyrazine-7-
carboxamide

Rt = 2.58 minutes

QC Method 1

Prep HPLC gradient 25-
65% organic.
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146 | 2-(4-acryloyl-3,3- F MS m/z 467 [M+H]"
dimethylpiperazin-1-yl)-N- Rt = 2.56 minutes
[(1R)-1-(4-fluorophenyl)-2- H QC Method 1
hydroxyethyl]-5H-pyrrolo[2,3- \j\ 0 OH Prep HPLC gradient 25-
blpyrazine-7-carboxamide J‘\/)\‘ N N 65% organic.
e \[ TN
N N
147 | 2-(4-acryloyl-3,3- OPh MS m/z 463 [M+H]"
dimethylpiperazin-1-yl)-N- o Me Rt = 2.88 minutes
[(28)-1-phenoxypropan-2-yl]- \)LN/\ O W QC Method 1
5H-pyrrolo[2,3-b]pyrazine-7- 4\/'\‘ N H Prep HPLC gradient 35-
carboxamide ""ﬁ,,e | A 75% organic.
NN
148 | Racemic-2-(4-acryloyl-3,3- OMe MS m/z 401 [M+H]"
dimethylpiperazin-1-yl)-N-(1- Q S/Me Rt = 2.52 minutes
methoxypropan-2-yl)-5H- \)I\N/ﬁ o N QC Method 1
pyrrolo[2,3-b]pyrazine-7- /)\/N N H Prep HPLC gradient 25-
carboxamide Me | TN 65% organic.
N N
149 | Racemic-2-(4-acryloyl-3,3- Qo MS m/z 413 [M+H]
dimethylpiperazin-1-yl)-N- 0 Rt = 2.28 minutes
(tetrahydro-2H-pyran-3-yi)- NG § o QC Method 2
5H-pyrrolo[2,3-b]pyrazine-7- J‘\/j N Prep HPLC gradient 20-
carboxamide M- N | N\ 60% organic.
N N
150 | 2-(4-acryloyl-3,3- o) MS m/z 399 [M+H]"
dimethylpiperazin-1-yl)-N- > </:1 Rt = 2.18 minutes
[(3S)-tetrahydrofuran-3-yl}- \)J\N/ﬁ © QC Method 2
5H-pyrrolo[2,3-b]pyrazine-7- N H Prep HPLC gradient 20-
carboxamide Mﬁ.e | TN 60% organic.
-
NN
151 | 2-(4-acryloyl-3,3- OMe MS m/z 415 [M+H]"
dimethylpiperazin-1-yl)-N-(1- o Me Rt = 2.65 minutes
methoxy-2-methylpropan-2- \)LN/\ Ox e QC Method 1
yl)-5H-pyrrolo[2,3-b]pyrazine- Ne N H Prep HPLC gradient 25-
7-carboxamide Me™ | TN 65% organic.
NN
162 | 2-(4-acryloyl-3,3- CN MS m/z 396 [M+H]
dimethylpiperazin-1-yl)-N- o Ve Rt = 2.25 minutes
[(2R)-1-cyanopropan-2-yl]- \)J\N/\ o N QC Method 2
5H-pyrrolo[2,3-b]pyrazine-7- 4\/,\‘ N H Prep HPLC gradient 20-
carboxamide Me \[ TN 60% organic.
o
NN
163 | 2-(4-acryloyl-3,3- MS m/z 461 [M+H]"

dimethylpiperazin-1-yl)-N-
[(3R)-3,4-dihydro-2H-
chromen-3-yl]-5H-pyrrolo[2,3-
blpyrazine-7-carboxamide

Rt = 2.78 minutes

QC Method 1

Prep HPLC gradient 30-
70% organic.
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154 | Racemic-2-(4-acryloyl-3,3-
dimethylpiperazin-1-yl)-N-[1-
(2-fluorophenyl)-2-

hydroxyethyl]-5H-pyrrolo[2,3-
blpyrazine-7-carboxamide

MS m/z 467 [M+H]"

Rt = 2.58 minutes

QC Method 1

Prep HPLC gradient 25-
65% organic.

155 | Racemic-2-(4-acryloyl-3,3-
dimethylpiperazin-1-yl)-N-(1-
hydroxyhexan-2-yl)-5H-
pyrrolo[2,3-b]pyrazine-7-
carboxamide

MS m/z 429 [M+H]"

Rt = 2.61 minutes

QC Method 1

Prep HPLC gradient 26-
66% organic.

156 | 2-(4-acryloyl-3,3-
dimethylpiperazin-1-yl)-N-
[(1R,28)-1-hydroxy-1-
phenylpropan-2-yl]-5H-
pyrrolo[2,3-b]pyrazine-7-
carboxamide

MS m/z 463 [M+H]"

Rt = 2.66 minutes

QC Method 1

Prep HPLC gradient 25-
65% organic.

187 | 2-(4-acryloyl-3,3-
dimethylpiperazin-1-yl)-N-
[(2R)-1-(3-cyanophenyl)-3-
hydroxypropan-2-ylJ-5H-
pyrrolo[2,3-b]pyrazine-7-
carboxamide

MS m/z 488 [M+H]

Rt = 2.53 minutes

QC Method 1

Prep HPLC gradient 25-
65% organic.

158 | Methyl N-{[2-(4-acryloyl-3,3-
dimethylpiperazin-1-yl)-5H-
pyrrolo[2,3-b]pyrazin-7-
ylJcarbonyl}-L-alaninate

MS m/z 415 [M+H]"

Rt = 2.32 minutes

QC Method 2

Prep HPLC gradient 25-
65% organic.

159 | 2-(4-acryloyl-3,3-
dimethylpiperazin-1-yl)-N-
[(38,4R)-4-(4-fluoro-1H-

MS m/z 483 [M+H]
Rt = 2.48 minutes
QC Method 1

[(2S)-1-hydroxypentan-2-yl]-
5H-pyrrolo[2,3-b]pyrazine-7-
carboxamide

pyrazol-1-yl)tetrahydrofuran- We N N Prep HPLC gradient 20-
3-yl-5H-pyrrolo[2,3- Me T TN F 60% organic.
b]pyrazine-7-carboxamide NN

160 | 3-({[2-(4-acrylayl-3,3- o) MS m/z 413 [M+H]
dimethylpiperazin-1-yl)-5H- 2 <:J\ Rt = 2.45 minutes
pyrrolo[2,3-b]pyrazin-7- \)J\N SN Me QC Method 1
yllcarbonyl}amino)-2,5- Me No_Ny a Prep HPLC gradient 20-
anhydro-1,3,4-trideoxy-D- Ve | N 60% organic.
erythro-pentitol N N

161 | 2-(4-acryloyl-3,3- Me MS m/z 415 [M+H]
dimethylpiperazin-1-yl)-N- /| on Rt = 2.50 minutes

QC Method 1
Prep HPLC gradient 20-
60% organic.




WO 2016/178110

CA 02984183 2017-10-27

PCT/IB2016/052220

120
162 | 2-(4-acryloyl-3,3- Me>/°"' MS m/z 477 [M+H]
dimethylpiperazin-1-yl)-N- e We //O Rt = 2.68 minutes
[(18)-2-hydroxy-2-methyl-1- \)LN/H o QC Method 1
phenylpropyl]-5H-pyrrolo[2,3- Me,)\/N Ny . Prep HPLC gradient 30-
blpyrazine-7-carboxamide Me \[ P N 70% organic.
NN
163 | 2-(4-acryloyl-3,3- o Me,ﬁ” MS m/z 429 [M+H]
dimethylpiperazin-1-yl)-N-[3- Rt = 2.62 minutes
(hydroxymethyl)pentan-3-yl]- \)LN’\ Ny QC Method 1
5H-pyrrolo[2,3-b]pyrazine-7- NN N Prep HPLC gradient 26-
carboxamide Ve \[N/j:; 66% organic.
H
164 | Racemic-2-(4-acryloyl-3,3- 0 MS m/z 399 [M+H]
dimethylpiperazin-1-yl)-N- 2 Q Rt = 2.21 minutes
(tetrahydrofuran-3-yl)-5H- \)LN N QC Method 2
pyrrolo[2,3-b]pyrazine-7- Ve Ne N H Prep HPLC gradient 20-
carboxamide Ve \[ B N 60% organic.
N N
165 | Racemic-2-(4-acryloyl-3,3- N MS m/z 467 [M+H]"
dimethylpiperazin-1-yl)-N-[1- L ;7 on Rt = 2.60 minutes
(4-fluorophenyl)-2- o \:\A\/J QC Method 1
hydroxyethyl]-5H-pyrrolo[2,3- \)LN/\ o Prep HPLC gradient 25-
blpyrazine-7-carboxamide g 1‘ N /[‘H 65% organic.
Me 7 e
Me ﬂ /I >>
NN
166 | 3-({{2-(4-acryloyl-3,3- o) MS m/z 413 [M+H]"
dimethylpiperazin-1-yl)-5H- 2 g\/J\ Rt = 2.43 minutes
pyrrolo[2, 3-b]pyrazin-7- A o J M QC Method 1
yl]carbonyl}amino)-2,5- e Na Ny H Prep HPLC gradient 20-
anhydro-1,3,4-trideoxy-L- Me | N 60% organic.
threo-pentitol NN
167 | 2-(4-acryloyl-3,3- oPh MS m/z 463 [M+H]
dimethylpiperazin-1-yl)-N- Q Me Rt = 2.87 minutes
[(2R)-1-phenoxypropan-2-yl]- \)LN/\ RNV QC Method 1
SH-pyrrolo[2,3-b]pyrazine-7- Me%\/N N H Prep HPLC gradient 35-
carboxamide Me | : N 75% organic.
NN
168 | 2-(4-acryloyl-3,3- N, MS m/z 461 [M+H]"
dimethylpiperazin-1-yl)-N- - Rt = 2.76 minutes
[(38)-3,4-dihydro-2H- ° Z/\/O QC Method 1
chromen-3-yll-5H-pyrrolo[2,3- | . I o I Prep HPLC gradient 30-
b]pyrazine-7-carboxamide e e 70% organic.
M&:/\/N\[N\\ A
169 | 2-(4-acryloyl-3,3- PBn MS m/z 477 [M+H]
dimethylpiperazin-1-yl)-N- 9 Me Rt = 2.87 minutes
[(2R)-1-(benzyloxy)propan-2- \)I\N/\ SN QC Method 1
yl]-5H-pyrrolo[2,3-blpyrazine- MeJ\/N N H Prep HPLC gradient 35-
7-carboxamide Me \E : N 75% organic.
NN

Examples 170-196 were prepared according to Library Protocol 2 below:
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Step 1
To a 0.25M solution of 2-[{1-{tert- butoxycarbonyl)piperidin-d-ylyamino}-5-({2-
(trimethylsilyl}sthoxy)methyl}-5H-pyrrolof2, 3-bjpyrazine-7-carboxylic acid in DMF (Prepared in the
same way as for Example 83 Steps 4 and 5 using tert-butyl-4-aminopiperidine-1-carboxylate |
400 L, 100 pymoly were added amines of formula R,R,MNH (120 umol) followed by DIPEA {70 pL, 400
pmol) and a 0.2M solution of HMBTUW in DMF (800 pL, 120 pmel). The reaclions were shaken at §0°C
for 16 hours before cooling and concentrating in vacuo to afferd the Step 1 intermediates.

Steps 2-4

To the Step 1 intermediates was added a solution of TFA in DCM {1 mL, vv 1:3) and the reactions
ware shaken at 30°C for 4 hours before concentrating in vacuo. The residuss were tregted with am-

monium hydroxide in MeOH (1 mL, vw:v 1:1) and shaken at 30°C for 16 hours before concentrating in
vacuo, The residues weare treated with a saturated solution of NaHCO, in water {1 mL). To the solu-
tions was added EtOAc (1 mL) followed by acryloyl chloride (18 mg, 200 uymol) and the reaclions were
shaken at 30°C for 2 hours. The reactions were concentrated in vacuo and purified using preparative
HPLE as described below to afford the following Examples:

Preparative HPLC:

Column: Phenomenex Gemini C18 280x21.2 mm, 8 micron. Mobile phase: Acetonitrile:ammonium

hydroxide (pH=10). Gradient time: 8 minutes; Hold time: 1 minute at 100% organic; Flow rate: 35
mL/min.

QC Method:

Column: Xbridge C18 2.1x50 mm; & micron. Mobile phase A 0.0375% TFA in water, Mobile phase B:
0.01875% TFA in MeCN. Gradient: initial-1% B; 0.6 minutes-5% B; 4 minutes—100% B; 4.3
minutes-1% B; 4.7 minutes-1% B. Flow rate: 0.8 mL/min

Date Regue/Date Received 2021-03-26
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Ex. No. Name Structure Data/% Organic Eluant

170 2-[(1-acryloylpiperidin-4- MS m/z 357 [M+H]"
yl)amino]-N-propyl-5H- Rt = 2.44 minutes
pyrrolo[2,3-b]pyrazine-7- Prep HPLC gradient 15-
carboxamide 55% organic.

171 2-[(1-acryloylpiperidin-4- MS m/z 489 [M+H]"
yl)amino]-N-{[4-methyIl-6- Rt = 2.60 minutes
(trifluoromethyl)pyrimidin-2- Prep HPLC gradient 21-
yllmethyl}-5H-pyrrolo[2,3- 51% organic.
b]pyrazine-7-carboxamide

172 2-[(1-acryloylpiperidin-4- MS m/z 369 [M+H]
yl)aminao]-N- Rt = 2.48 minutes
(cyclopropylmethyl)-5H- Prep HPLC gradient 16-
pyrrolo[2,3-b]pyrazine-7- 56% organic.
carboxamide

173 2-[(1-acryloylpiperidin-4- MS m/z 463 [M+H]"
yl)amino]-N-[(3-cyclobutyl-1- Rt = 2.57 minutes
methyl-1H-pyrazol-5- Prep HPLC gradient 19-
yl)methyl]-5H-pyrrolo[2,3- 59% organic.
b]pyrazine-7-carboxamide

174 2-[(1-acryloylpiperidin-4- MS m/z 453 [M+H]"
yl)amino]-N-(4-fluoro-3- Rt = 2.64 minutes
methoxybenzyl)-5H- Prep HPLC gradient 19-
pyrrolo[2,3-b]pyrazine-7- 59% organic.
carboxamide

175 2-[(1-acryloylpiperidin-4- MS m/z 438 [M+H]"
ylamino]-N-{[3-(prapan-2-yl)- Rt = 2.62 minutes
1,2-oxazol-5-yljmethyl}-5H- Prep HPLC gradient 26-
pyrrolo[2,3-b]pyrazine-7- 66% organic.
carboxamide

176 2-[(1-acryloylpiperidin-4- MS m/z 423 [M+H]"
yl)amino]-N-(3-fluorobenzyl)- Rt = 2.66 minutes
5H-pyrrolo[2,3-b]pyrazine-7- Prep HPLC gradient 21-
carboxamide 61% organic.

Date Recue/Date Received 2020-12-18
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177

2-[(1-acryloylpiperidin-4-
yl)amino]-N-[(5-fluoro-1,3-
benzoxazol-2-ylymethyl]-5H-
pyrrolo[2,3-b]pyrazine-7-
carboxamide

MS m/z 464 [M+H]"

Rt = 2.65 minutes

Prep HPLC gradient 20-
60% organic.

178

2-[(1-acryloylpiperidin-4-
yl)amino]-N-(2-
cyclopropylethyl)-5H-
pyrrolo[2,3-b]pyrazine-7-
carboxamide

MS m/z 383 [M+H]"

Rt = 2.59 minutes

Prep HPLC gradient 19-
59% organic.

179

2-[(1-acryloylpiperidin-4-
yl)amino]-N-(2,2,3,3,3-
pentafluoropropyl)-5H-
pyrrolo[2,3-b]pyrazine-7-
carboxamide

MS m/z 447 [M+H]"

Rt = 2.66 minutes

Prep HPLC gradient 21-
61% organic.

180

2-[(1-acryloylpiperidin-4-
ylamino]-N-{[4-methyl-2-
(trifluoromethyl)-1,3-thiazol-5-
ylmethyl}-5H-pyrrolo[2,3-
b|pyrazine-7-carboxamide

MS m/z 494 [M+H]

Rt =2.76 minutes

Prep HPLC gradient 24-
64% organic.

181

2-[(1-acryloylpiperidin-4-
ylamino]-N-[4-
(difluoromethoxy)benzyl]-5H-
pyrrolo[2,3-b]pyrazine-7-
carboxamide

MS m/z 471 [M+H]"

Rt = 2.75 minutes

Prep HPLC gradient 23-
63% organic.

182

2-[(1-acryloylpiperidin-4-
yl)amino]-N-[2-(6,7-difluoro-
1,3-benzoxazol-2-yl)ethyl]-
5H-pyrrolo[2,3-b]pyrazine-7-
carboxamide

MS m/z 496 [M+H]"

Rt =2.73 minutes

Prep HPLC gradient 23-
63% organic.

183

2-[(1-acryloylpiperidin-4-
yl)amino]-N-[4-(1H-pyrazol-1-
yhbenzyl]-5H-pyrrolo[2,3-
b]pyrazine-7-carboxamide

MS m/z 471 [M+H]"

Rt = 2.59 minutes

Prep HPLC gradient 19-
59% organic.

Date Recue/Date Received 2020-12-18
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184

2-[(1-acryloylpiperidin-4-
yl)amino]-N-[(5-ethyl-6-
methylpyridin-2-yl)methyl]-
5H-pyrrolo[2,3-b]pyrazine-7-
carboxamide

MS m/z 448 [M+H]"

Rt = 2.23 minutes

Prep HPLC gradient 19-
59% organic.

185

2-[(1-acryloylpiperidin-4-
yl)amino]-N-{[4-
(trifluoromethyl)-1,3-thiazol-5-
yllmethyl}-5H-pyrrolo[2,3-
b]pyrazine-7-carboxamide

MS m/z 480 [M+H]"

Rt = 2.59 minutes

Prep HPLC gradient 19-
59% organic.

186

2-[(1-acryloylpiperidin-4-
ylamina]-N-[(5-chloropyridin-
2-yl)methyl]-5H-pyrrolo[2,3-
b]pyrazine-7-carboxamide

MS m/z 440 [M+H]"

Rt = 2.53 minutes

Prep HPLC gradient 18-
58% organic.

187

2-[(1-acryloylpiperidin-4-
yl)amino]-N-benzyl-5H-
pyrrolo[2,3-b]pyrazine-7-
carboxamide

MS m/z 405 [M+H]"

Rt =2.62 minutes

Prep HPLC gradient 20-
60% organic.

188

2-[(1-acryloylpiperidin-4-
yl)amino]-N-(4-fluorobenzyl)-
5H-pyrrolo[2,3-b]pyrazine-7-
carboxamide

MS m/z 423 [M+H]"

Rt = 2.66 minutes

Prep HPLC gradient 21-
61% organic.

189

2-[(1-acryloylpiperidin-4-
yl)amino]-N-(3-cyano-4-
fluorobenzyl)-5H-pyrrolo[2,3-
blpyrazine-7-carboxamide

MS m/z 448 [M+H]"

Rt = 2.63 minutes

Prep HPLC gradient 20-
60% organic.

190

2-[(1-acryloylpiperidin-4-
ylamino]-N-(3-fluoro-4-
methoxybenzyl)-5H-
pyrrolo[2,3-b]pyrazine-7-
carboxamide

MS m/z 453 [M+H]

Rt = 2.63 minutes

Prep HPLC gradient 20-
60% organic.

191

2-[(1-acryloylpiperidin-4-
yl)amino]-N-(4-
methoxybenzyl)-5H-
pyrrolo[2,3-b]pyrazine-7-
carboxamide

MS m/z 435 [M+H]"

Rt = 2.60 minutes

Prep HPLC gradient 20-
60% organic.

Date Recue/Date Received 2020-12-18
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192 2-[(1-acryloylpiperidin-4- MS m/z 489 [M+H]"
ylamino]-N-{[1-(3- Rt = 2.70 minutes
fluorophenyl)-1H-pyrazol-4- Prep HPLC gradient 22-
yllmethyl}-5H-pyrrolo[2,3- 62% organic.
blpyrazine-7-carboxamide

193 2-[(1-acryloylpiperidin-4- MS m/z 383 [M+H]"
yl)amino]-N- Rt =2.61 minutes
(cyclobutylmethyl)-5H- Prep HPLC gradient 20-
pyrrolo[2,3-b]pyrazine-7- 60% organic.
carboxamide

194 2-[(1-acryloylpiperidin-4- MS m/z 464 [M+H]"
yl)amina]-N-[(6-fluoro-1,3- Rt = 2.65 minutes
benzoxazol-2-yl)methyl]-5H- Prep HPLC gradient 21-
pyrrolo[2,3-b]pyrazine-7- 61% organic.
carboxamide

195 2-[(1-acryloylpiperidin-4- MS m/z 494 [M+H]"
ylamino]-N-{[2-methyl-4- Rt = 2.65 minutes
(trifluoromethyl)-1,3-thiazol-5- Prep HPLC gradient 20-
yllmethyl}-5H-pyrrolo[2,3- 60% organic.
blpyrazine-7-carboxamide

196 2-[(1-acryloylpiperidin-4- MS m/z 423 [M+H]"
yl)amino]-N-(2-fluorobenzyl)- Rt = 2.65 minutes
5H-pyrrolo[2,3-b]pyrazine-7- Prep HPLC gradient 21-
carboxamide 61% organic.

Examples 197-230 were prepared according to Library Protocol 3 below:
(0]

OH
Step 1

0Ny
O/ \[ A\ TRRANH 5 U \[
BocN N N HBTU, DIPEA  ~°°

SEM

Steps 2-4

iy TFA/DCM \[
ii) NH,.H,0 /\WN
iii) Acryloyl chloride

Date Recue/Date Received 2020-12-18
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Library Protocol 3
Step 1
To a 0.1M solution of 2{[1-(tert-butoxycarbonyl)piperidin-4-ylJoxy}-5-{[2-(trimethylsilyl)ethoxylmethyl}-

SH-pyrrolo[2,3-b]pyrazine-7-carboxylic acid in DMF (Preparation 114 Step1, 1.2 mL, 125 umol)
were added amines of formula R4R,NH (187 umol) followed by DIPEA (500 umol) and HBTU (212
pmol). The reactions were shaken at 30°C for 16 hours before cooling and concentrating in vacuo. To
the residues was added saturated aqueous NaHCO; (1 mL) and the solutions were extracted into
EtOAc (3 x 1 mL). The organic layers were collected, dried over sodium sulphate and concentrated in
vacuo to afford the Step 1 intermediates.

Steps 2-4

To the Step 1 intermediates was added a solution of TFA in DCM (1.2 mL, v.v 1:4) and the reactions
were shaken at 30°C for 4 hours before concentrating in vacuo. The residues were treated with am-
monium hydroxide in MeOH (1.2 mL, v:v 1:3) and shaken at 30°C for 16 hours before concentrating in
vacuo. The residues were treated with a saturated solution of NaHCO; in water (800 uL). To the solu-
tions was added EtOAc (800 L) followed by acryloyl chloride (250 pmol) and the reactions were
shaken at 30°C for 2 hours. The reactions were concentrated in vacuo and purified using preparative
HPLC as described below to afford the following Examples:

Preparative HPLC:

Column: Phenomenex Gemini C18 250x21.2 mm, 8 micron. Mobile phase: Acetonitrile:ammonium
hydroxide (pH=10). Gradient time: 8 minutes; Hold time: 1 minute at 100% organic; Flow rate: 35
mL/min.

QC Method 1:

Column: Xbridge C18 2.1x50 mm; 5 micron. Mobile phase A: 0.0375% TFA in water; Mobile phase B:
0.01875% TFA in MeCN. Gradient: initial-1% B; 0.6 minutes-5% B; 4 minutes—100% B; 4.3
minutes—1% B; 4.7 minutes—1% B. Flow rate: 0.8 mL/min

QC Method 2:

Column: Xbridge C18 2.1x50 mm; 5 micron. Mobile phase A: 0.05% NH,OH in water; Mobile phase B:
100% MeCN. Gradient: initial-5% B; 0.5 minutes-5% B; 3.4 minutes—100% B; 4.2 minutes-100% B;
4.21 minutes-5% B; 4.7 minutes—5% B. Flow rate: 0.8 mL/min

QC Method 1 was used unless otherwise specified:

Ex. No. Data/% Organic El-

Name Structure uant/QC Method
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197 2-[(1-acryloylpiperidin-4- F MS m/z 420 [M+H]
yloxy]-N-[(3,3- F Rt = 2.75 minutes
difluorocyclobutyl)methyl]-5H- Prep HPLC gradient
pyrrolo[2,3-b]pyrazine-7- o) 21-61% organic.
carboxamide o N N

ShSS
o)

198 2-[(1-acryloylpiperidin-4- oF MS m/z 412 [M+HT
yl)oxy]-N-(3,3,3- o Rt = 2.71 minutes
trifluoropropyl)-5H- H Prep HPLC gradient

0. N,
pyrrolo[2,3-b]pyrazine-7- O/ \[ N 21-61% organic.
carboxamide /\"/N N
H
o]

199 2-[(1-acryloylpiperidin-4- R MS m/z 402 [M+H]
yloxy]-N-[(1R,3S)-3- Rt = 2.64 minutes
fluorocyclopentyl]-5H- Prep HPLC gradient
pyrrolo[2,3-b]pyrazine-7- SN 18-58% organic.
carboxamide 0. N H

SR
/\"/N N/ N
o]

200 2-[(1-acryloylpiperidin-4- jj MS m/z 382 [M+H]’
yhoxy]-N-(bicyclo[1.1.1]pent- o Rt = 2.79 minutes
1-yl)-5H-pyrrolo[2,3- N Prep HPLC gradient
b]pyrazine-7-carboxamide O/O\[N\ A 32-72% organic.

/\"/N N/ N
O

201 Racemic-2-[(1- Ho \,/“"e MS m/z 428 [M+H]
acryloylpiperidin-4-yl)oxy]-N- o f&&* Rt = 2.71 minutes
[(1-hydroxy-3- SN Prep HPLC gradient
methylcyclopentyl)methyl]- rA O Ny (H 20-60% organic.
5H-pyrrolo[2 3-blpyrazine-7- | . N\/\( iy IN\/‘
carboxamide I N H

202 2-[(1-acryloylpiperidin-4- j"e cF, MS m/z 470 [M+H]
yloxy]-N-[(2R,3R)-1,1,1- Mo, L Rt = 2.78 minutes
trifluoro-2-hydroxy-4- O\xﬁﬁ on Prep HPLC gradient
methylpentan-3-yl]-5H- O N 4\ 21-61% organic.
pyrrolo[2,3-blpyrazine-7- . ,E T U\ ,;I s
carboxamide T N

203 2-[(1-acryloylpiperidin-4- *B/\/ MS m/z 400 [M+HT
yl)oxy]-N-[(1- o { Y Rt = 2.24 minutes
hydroxycyclobutyl)methyl]- o N H Prep HPLC gradient
5H-pyrrolo[2,3-b]pyrazine-7- . j/ E Y 23-63% organic.
carboxamide A NN Method 2.

QO

204 Racemic-2-[(1- /j MS m/z 384 [M+H]
acryloylpiperidin-4-yl)oxy]-N- o \> Rt = 2.74 minutes
cyclopentyl-5H-pyrrolo[2,3- SN Prep HPLC gradient

bpyrazine-7-carboxamide

31-71% organic.
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205 2-[(1-acryloylpiperidin-4- (Me MS m/z 372 [M+H]
yhoxy]-N-[(2S)-butan-2-yl]- o e Rt = 2.71 minutes
5H-pyrrolo[2,3-b]pyrazine-7- NN Prep HPLC gradient
carboxamide (/\T/O\T/N\ 4\ 30-70% arganic.

Y
N “\N'//T' N
Nl A

o]

206 Racemic-2-[(1- HO /™™ MS m/z 414 [M+HT
acryloylpiperidin-4-yl)oxy]-N- o N Rt = 2.59 minutes
[(1- TTH Prep HPLC gradient
hydroxycyclopentyl)methyl]- TO\[NT\\ 14-44% organic.
5H-pyrrolo[2,3-b]pyrazine-7- ™ N NG H/
carboxamide o

207 2-[(1-acryloylpiperidin-4- HO\//\/\’FF MS m/z 464 [M+H]
yl)oxy]-N-[(4,4-difluoro-1- o Nﬁ N Rt = 2.70 minutes
hydroxycyclohexyl)methyl]- o N (”H Prep HPLC gradient
5H-pyrrolo[2,3-b]pyrazine-7- [ T T T\> 30-70% organic.
carboxamide AN N SN

0]

208 2-[(1-acryloylpiperidin-4- Fc/,ﬂ\ MS m/z 446 [M+H]
yhoxy]-N-{[(2R)-2-fluoro-1- //f\// Rt = 2.64 minutes
hydroxycyclohexylimethyl}- O\\“H OH Prep HPLC gradient
5H-pyrrolo[2,3-b]pyrazine-7- O N J\ 28-68% organic.
carboxamide LTy

LFT e N N N
g H

209 2-[(1-acryloylpiperidin-4- /""e MS m/z 386 [M+H]
ylh)oxy]-N-(2-methylbutan-2- \/<Me Rt = 2.85 minutes
yl)-5H-pyrrolo[2,3-b]pyrazine- Ou o Me Prep HPLC gradient
7-carboxamide (»\/o\/N\ { 34-74% organic.

\ b
/\W/N\VJ LN/ H
o

210 2-[(1-acryloylpiperidin-4- F} MS miz 402 [M+H]
yhoxy]-N-[(18,3S)-3- / Rt = 2.66 minutes
fluorocyclopentyl]-5H- o \j Prep HPLC gradient
pyrrolo[2,3-b]pyrazine-7- SN 29-69% organic.
carboxamide T O N A

AT
g H

211 2-[(1-acryloylpiperidin-4- Ve MS m/z 374 [M+H]
yl)oxy]-N-(2-methoxyethyl)- N Rt = 2.71 minutes
5H-pyrrolo[2,3-b]pyrazine-7- 0\;,& Prep HPLC gradient
carboxamide [/—\/O\/N\\\/\(\ 21-61% organic.

P y Ay Method 2.
E H

212 2-[(1-acryloylpiperidin-4- ka MS m/z 406 [M+H]
yh)oxy]-N-(3,3- < Rt = 2.43 minutes
difluorocyclobutyl)-5H- . ,>/ Prep HPLC gradient
pyrrolo[2,3-blpyrazine-7- o E\FH 29-69% organic.
carboxamide TN A Method 2.
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213 Racemic-2-[(1- e MS m/z 428 [M+H]"
acryloylpiperidin-4-yl)oxy]-N- o | Rt = 2.61 minutes
[1-(1- . X\\VN Prep HPLC gradient
hydroxycyclobutyl)propyl]-5H- (AJ/ \H/ = N 28-68% arganic.
pyrrolo[2,3-b]pyrazine-7- '//AT N N N
carboxamide o

214 2-[(1-acryloylpiperidin-4- Me . MS m/z 388 [M+H]
yl)oxy]-N-[(2R)-1- NN ‘OMe Rt = 2.32 minutes
methoxypropan-2-yl}-5H- ~ 0N A Prep HPLC gradient
pyrrolo[2,3-b]pyrazine-7- PN /,( j \[ _ D 26-66% organic.
carboxamide - I NN Method 2.

215 2-[(1-acryloylpiperidin-4- Me MS m/z 394 [M+H]
yl)oxy]-N-(2,2-difluoropropyl)- o /% F Rt = 2.65 minutes
5H-pyrrolo[2,3-b]pyrazine-7- o >VH Prep HPLC gradient
carboxamide r T T = \\> 28-68% organic.

Ty

216 2-[(1-acryloylpiperidin-4- (Dl MS miz 424 [M+H]
yhoxy]-N-[(1R,2R)-2- oN N Rt = 2.80 minutes
(trifluoromethyl)cyclopropyl]- - _o. N ’ Prep HPLC gradient
5H-pyrrolo[2,3-b]pyrazine-7- r ] LTy 32-72% organic.
carboxamide S NN

=}

217 2-[(1-acryloylpiperidin-4- We cF, MS m/z 470 [M+H]
yl)oxy]-N-[(2S,38)-1,1,1- Me 1 Rt = 2.76 minutes
trifluaro-2-hydroxy-4- Ox/ﬂ OH Prep HPLC gradient
methylpentan-3-yl]-5H- ~ O N 29-69% organic.
pyrrolo[2,3-b]pyrazine-7- P j/ T >
carboxamide Q -

218 2-[(1-acryloylpiperidin-4- ﬁCN MS m/z 383 [M+H]
yl)oxy]-N-(3-cyanopropyl)-5H- o I Rt = 2.23 minutes
pyrrolo[2,3-b]pyrazine-7- o SN Prep HPLC gradient
carboxamide ™ \ 23-63% organic.

,/AH/N\VI TN/ H> Method 2.
O

219 2-[(1-acryloylpiperidin-4- Fo/ ™ MS m/z 420 [M+HT
yhoxy]-N-(2,2- OF \;J Rt = 2.75 minutes
difluorocyclopentyl)-5H- SN Prep HPLC gradient
pyrrolo[2,3-blpyrazine-7- r O N { 31-71% organic.
carboxamide N /T T\ I Y

T v

220 Racemic-2-[(1- (‘\ MS m/z 384 [M+H]
acryloylpiperidin-4-yl)oxy]-N- Me Rt = 2.74 minutes
(1-cyclopropylethyl)-5H- Oy N Prep HPLC gradient
pyrrolo[2,3-b]pyrazine-7- O N 31-71% organic.
carboxamide //AYLVI EN;L N>

O

221 2-[(1-acryloylpiperidin-4- M&Me MS m/z 386 [M+H]
yloxy]-N-(2,2- M\, Rt = 2.82 minutes
dimethylpropyl)-5H- O\sff/l@: Prep HPLC gradient

33-73% organic.
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222 2-[(1-acryloylpiperidin-4- J"e MS m/z 372 [M+H]
yl)oxy]-N-(2-methylpropyl)- Me— Rt = 2.71 minutes
5H-pyrrolo[2,3-b]pyrazine-7- O\xﬁﬁ Prep HPLC gradient
carboxamide O N 30-70% organic.

LT nry
= \ﬂ/ ~ N7 H
o}

223 Racemic-2-[(1- o TN MS m/z 464 [M+H]
acryloylpiperidin-4-yl)oxy]-N- o [ e Rt = 2.65 minutes
[(3,3-difluoro-1- o N A\k H F Prep HPLC gradient
hydroxyeyclohexyl)methyl]- ¢ j \[ l> 29-69% arganic.
5H-pyrrolo[2,3-b]pyrazine-7- AN NN
carboxamide o

224 Racemic-2-[(1- NN MS m/z 446 [M+H]
acryloylpiperidin-4-yl)oxy]-N- /’<J Rt = 2.71 minutes
{[(28)-2-fluoro-1- O\\V,J OH Prep HPLC gradient
hydroxycyclohexyllmethyl}- O N A 30-70% organic.
5H-pyrrolo[2,3-b]pyrazine-7- N ,\E I E P \}>
carboxamide N NN

[}

225 2-[(1-acryloylpiperidin-4- F MS m/z 402 [M+H]
yloxy]-N-[(1S,3R)-3- /j Rt = 2.63 minutes
fluorocyclopentyl]-5H- o \/ Prep HPLC gradient
pyrrolo[2,3-b]pyrazine-7- SN 28-68% organic.
carboxamide r \J/O\ ‘/“x \

//A\W/N\v N'/ H
s}

226 Racemic-2-[(1- &\\\M MS m/z 428 [M+HT
acryloylpiperidin-4-yl)oxy]-N- o 7 we | Rt=2.71minutes
{[(3R)-1-hydroxy-3- o N " Prep HPLC gradient
methylcyclopentylimethyl}- ,L L /L » 20-60% organic.
5H-pyrrolo[2,3-b]pyrazine-7- | < 7 NN
carboxamide °©

227 2-[(1-acryloylpiperidin-4- 2"'9 MS m/z 372 [M+H]
yhoxy]-N-[(2R)-butan-2-yl]- o ‘YMe Rt = 2.71 minutes
5H-pyrrolo[2,3-b]pyrazine-7- NN Prep HPLC gradient
carboxamide r SO e 30-70% organic.

P \ /LN/
1 s

228 2-[(1-acryloylpiperidin-4- ""e>/\ MS m/z 388 [M+H]
yhoxy]-N-[(2S)-1- O oM Rt = 2.33 minutes
methoxypropan-2-yl}-5H- (\/0\/'{\/{ i Prep HPLC gradient
pyrrolo[2,3-bjpyrazine-7- PR P N, 26-66% organic.
carboxamide T NooH Method 2.

229 2-[(1-acryloylpiperidin-4- el MS m/z 402 [M+H]
yloxy]-N-[(1R,2R)-2- o \f Rt = 2.75 minutes
fluorocyclopentyl]-5H- SN Prep HPLC gradient
pyrrolo[2,3-b]pyrazine-7- (’\KOW/N\ & 30-70% organic.
carboxamide N N~ \N7\N/

o

230 2-[(1-acryloylpiperidin-4- el MS m/z 402 [M+HT
yloxyl-N-[(1R,2S)-2- o \f/ Rt = 2.72 minutes
fluorocyclopentyl]-5H- SN Prep HPLC gradient

pyrrolo[2,3-b]pyrazine-7-
carboxamide

31-71% organic.
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Examples 231-264were prepared according to Library Protocol 4 below:

R,

°§—oH ° '\{ o
Br NS S Step 1 o " \R2 BooNH™ " “NH,
\[ P HBTU, DMF, TEA \[ TN Pd,(dba),, tBuONa or Cs,CO,
N '\{ HNR,R, N/ N RuPhos or tBuONa, toluene
SEM \em Step 2A or 2B

R H o R,
1
BoeNH ] o N/ Steps 3-5 AI/ Ng? N/
A \
| \ ) TFA | R
HN N R, iiy NH,.H,O/MeOH o N NS ?
BB . \[ \
_ ii) DIPEA, THF 7N
NN cl VoA
SEM /\ﬂ/
o)

Library Protocol 4
Step 1

wn

To a 0.2M solution of 2-bromo-{[2-(trimethylsilyl)ethoxy]methyl}-5H-pyrrolo[2,3-b]pyrazine-7-carboxylic
acid in DMF (Example 1 Step 2, 1 mL, 200 pmol) was added lhe appropriale amine (300 pmol) lol-
lowed by DIPEA (77.4 mg, 600 umol) and a 0.22M solution of HBTU in DMF (1 mL, 220 ymol). The
reactions were shaken at 60°C for 16 hours before cooling and concentrating in vacuo. The residues
10 were purified using preparative TLC to afford the Step 1 amide intermediate.
Either step 2A or Step 2B was employed for the Buchwald step:
Step 2A
To the Step 1 amide intermediate (100 umol) was added cesium carbonate (65 mg, 200 umol), a
0.25M solution of the appropriate Boc-protected amine in toluene (800 pL, 200 pmol), Pd,dbas; (4.6
15 mg, 5 ymol) and Ruphos (2.8 mg, 6 ymol) under nitrogen. The reactions were capped and shaken at
100°C for 16 hours before cooling and concentrating in vacuo. The residue was washed with water (1
mL) and extracted into EtOAc (3 x 1 mL). The organic layers were collected and concentrated in vac-
uo to afford the Step 2 intermediate.
Step 2B
20 To the amide intermediate (100 umol) was added sodium tert-butoxide (19.2 mg, 200 ymol), a 0.25M
solution of the appropriate Boc-protected amine in toluene (800 pL, 200 uymol), Pd.dbas (4.6 mg, 5
pmol) and Ruphos (2.8 mg, 6 pmol) under nitrogen. The reactions were capped and shaken at 65°C

for 40 hours before cooling and concentrating in vacuo. The residue was washed with water (1 mL)
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and extracted into EtOAc (3 x 1 mL). The organic layers were collected and concentrated in vacuo to
afford the step 2 intermediate.

Steps 3-5

To the Step 2 intermediates was added a solution of TFA in DCM (1 mL, v:v 1:6) and the reactions
were shaken at 30°C for 16 hours before concentrating in vacuo. The residues were treated with am-
monium hydroxide in MeOH (1.5 mL, v:v 1:4) and shaken at 30°C for 2 hours before concentrating in
vacuo. The residues were treated with a saturated solution of NaHCO; in water (1 mL). To the solu-
tions was added EtOAc (1 mL) followed by acryloyl chloride (200 pmol) and the reactions were shak-
en at 30°C for 2 hours. The reactions were concentrated in vacuo and purified using preparative
HPLC as described below to afford the following Examples:

Preparative HPLC:

Column: Phenomenex Gemini C18 250x21.2 mm, 8 micron. Mobile phase: Acetonitrile:ammonium
hydroxide (pH=10). Gradient time: 8 minutes; Hold time: 1 minute at 100% organic; Flow rate: 35
mL/min.

QC Method 1:

Column: Xbridge C18 2.1x50 mm; 5 micron. Mobile phase A: 0.0375% TFA in water; Mobile phase B:
0.01875% TFA in MeCN. Gradient: initial-1% B; 0.6 minutes-5% B; 4 minutes—100% B; 4.3
minutes—1% B; 4.7 minutes-1% B. Flow rate: 0.8 mL/min

QC Method 2:

Column: Xbridge C18 2.1x50 mm; 5 micron. Mobile phase A: 0.05% NH,OH in water; Mobile phase
B: 100% MeCN. Gradient: initial-5% B; 0.5 minutes—5% B; 3.4 minutes—-100% B; 4.2 minutes—100%
B; 4.21 minutes-5% B; 4.7 minutes-5% B. Flow rate: 0.8 mL/min

QC Method 1 was used unless otherwise specified:

Ex. No. Data/% Organic
Name Structure Eluant/QC Method

231 2-{[(3S)-1-acryloylpyrrolidin-3- SN MS m/z 383 [M+H]
yllamino}-N-(2,2,2- Q HH N \—CF, Rt = 2.55 minutes
trifluoraethyl)-5H-pyrrolo[2,3- JNU \[ T Prep HPLC gradient
blpyrazine-7-carboxamide N N 18-58% organic.

232 2-{[(3R,4S)-1-acryloyl-4- Ve SN MS m/z 388 [M+H]
cyano-4-methylpyrrolidin-3- N RN Mo Rt = 2.33 minutes
yllamino}-N-(2-methoxyethyl)- \[ TN ¢ Prep HPLC gradient
5H-pyrrolo[2,3-b]pyrazine-7- N N N 5-45% organic.
carboxamide o H

Vi

233 2-{[(3R,59)-1-acryloyl-5- OyN MS m/z 417 [M+H]"
(etho>_<ymethyl)pyrrolidin-3- BQ R Ny \/\OMG Rt = 2.54 minutes_
yllamino}-N-(2-methoxyethyl)- | ™" \[ P N Prep HPLC gradient
5H-pyrrolo[2,3-b]pyrazine-7- N N 18-58% organic.
carboxamide °:>
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234 2-{[(3R)-1-acryloylpyrrolidin- OuR MS m/z 329 [M+H]”
3-yllamino}-N-ethyl-5H- Q Iy \—Me Rt = 2.33 minutes
pyrrolo[2,3-b]pyrazine-7- :)\—NG \[ TN Prep HPLC gradient
carboxamide 7 N 5-45% organic.

235 2-{[(38)-1-acryloylpyrrolidin-3- ENGY MS m/z 397 [M+H]"
yllamino}-N-(3,3,3- o 530 N Z Rt = 2.55 minutes
trifluoropropyl)-5H- \}NO’ \[ R Prep HPLC gradient
pyrrolo[2,3-b]pyrazine-7- NN CFy 18-58% organic.
carboxamide

236 2-[(5-acryloyl-5- O e MS m/z 383 [M+H]"
azaspiro[2.4]hept-7-y)amino]- NN " Rt = 2.72 minutes
N-(2-methylpropyl)-5H- \[ TN ¢ Prep HPLC gradient
pyrrolo[2,3-b]pyrazine-7- \ N N7 N 16-56% organic.
carboxamide 5

237 2-{[(3S)-1-acryloylpyrrolidin-3- O R MS m/z 411 [M+H]"
yllamino}-N-(4,4 4- HH W Rt = 2.64 minutes
trifluorobutyl)-5H-pyrrolo[2,3- (j/ \[ jg LCF Prep HPLC gradient
blpyrazine-7-carboxamide \ N N~ N : 21-61% organic.

o]

238 2-{[(3S,4S)-1-acryloyl-4- J o, H MS m/z 369 [M+H]"
cyclopropylpyrrolidin-3- H N Rt = 2.58 minutes
yllamino}-N-ethyl-5H- (\ NN A Prep HPLC gradient
pyrrolo[2,3-b]pyrazine-7- NJ [ /j\N 12-52% organic.
carboxamide \ N" H

o]

239 2-{[(3R,58)-1-acryloyl-5- °u_H MS m/z 373 [M+H]"
(methoxymethyl)pyrrolidin-3- MeQ y Rt = 2.44 minutes
ylJaminn}-N-ethyl-5H- L(j’ \[ SN e Prep HPLC gradient
pyrrolo[2,3-b]pyrazine-7- \ N N N 8-48% organic.
carboxamide \—40

240 2-{[(3R,4S)-1-acryloyl-4- Ve O%u_R MS m/z 368 [M+H]"
cyano-4-methylpyrrolidin-3- NC Y ) Rt = 2.37 minutes
ylJamino}-N-ethyl-5H- ZH’ [ TN e Prep HPLC gradient
pyrrolo[2,3-bJpyrazine-7- N~ N N 6-46% organic.
carboxamide MO

241 2-{[(3S,4S)-1-acryloyl-4- /Me o, H MS m/z 357 [M+H]
ethylpyrrolidin-3-ylJamino}-N- ¥ Rt = 2.58 minutes
ethyl-5H-pyrrolo[2,3- (j \[ SN Me Prep HPLC gradient
blpyrazine-7-carboxamide \ N N N 12-52% organic.

o)

242 2-[(5-acryloyl-5- SNy MS m/z 409 [M+H]"
azaspiro[2.4]hept-7-y)amino]- BN \—-CF, Rt = 2.71 minutes
N-(2,2,2-trifluoroethyl)-5H- \[ TN Prep HPLC gradient
pyrrolo[2,3-b]pyrazine-7- N N NZ N 15-55% organic.
carboxamide 5

243 2-{[(3S)-1-acryloylpyrrolidin-3- SN MS m/z 329 [M+H]
ylJamino}-N-ethyl-5H- "R Rt = 2.34 minutes
pyrrolo[2,3-b]pyrazine-7- (j/ \[ TN e Prep HPLC gradient
carboxamide N N 7 N 4-44% organic.
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244 2-[(5-acryloyl-5- SN MS m/z 355 [M+H]”
azaspiro[2.4]hept-7-y)amino]- Y ‘7 Rt = 2.49 minutes
N-ethyl-5H-pyrrolo[2,3- \[ TN Me Prep HPLC gradient
blpyrazine-7-carboxamide \ N N© N 9-49% organic.

\,§o

245 2-{{(3R,4R)-1-acryloyl-4- Ve O R MS m/z 398 [M+H]”
cyano-4-methylpyrrolidin-3- NC BN Z Rt = 2.36 minutes
ylJamino}-N-(2-methoxyethyl)- 2]’ \[ TN Prep HPLC gradient
5H-pyrrolo[2,3-b]pyrazine-7- W N NN OMe 5-45% organic.
carboxamide 5

246 2-{[(3R,5R)-1-acryloyl-5- SN MS m/z 403 [M+H]”
(methoxymethyl)pyrrolidin-3- MeQ Y Z Rt = 2.16 minutes
yllamino}-N-(2-methoxyethyl)- \-(j’ \[ N Prep HPLC gradient
5H-pyrrolo[2,3-b]pyrazine-7- W N NN OMe 6-46% organic.
carboxamide \’QO Method 2.

247 2-{[(35,48)-1-acryloyl-4- <J o_ H MS m/z 399 [M+H]"
cyclopropylpyrrolidin-3- H N Rt = 2.54 minutes
ylJamino}-N-(2-methoxyethyl)- ON 2\ Z Prep HPLC gradient
5H-pyrrolo[2,3-b]pyrazine-7- N I AN OMe 11-51% organic.
carboxamide 2\ N

0

248 2-[(1-acryloyl-4- Ve o H MS m/z 343 [M+H]
methylpyrrolidin-3-yl)amino]- Y Rt = 2.45 minutes
N-ethyl-5H-pyrrolo[2,3- gj/ 1 TN Me Prep HPLC gradient
b]pyrazine-7-carboxamide \ N N N 8-48% organic.

\,Qo

249 2-[(5-acryloyl-5- O R MS m/z 437 [M+H]"
azaspiro[2.4]hept-7-y)amino]- BN Rt = 2.79 minutes
N-(4,4,4-trifluorobutyl)-5H- | TN oF Prep HPLC gradient
pyrrolo[2,3-b]pyrazine-7- \ N N7 N ¢ 8-48% organic.
carboxamide 5

250 2-{[(3R,55)-1-acryloyl-5- NG MS m/z 387 [M+H]"
(ethoxymethyl)pyrrolidin-3- EtO BN Rt = 2.59 minutes
ylJamino}-N-ethyl-5H- \G/N\[ TN e Prep HPLC gradient
pyrrolo[2,3-b]pyrazine-7- N N N N 19-59% organic.
carboxamide S

251 2-{[(3R,4R)-1-acryloyl-4- Ve SN MS m/z 368 [M+H]™
cyano-4-methylpyrrolidin-3- Ne o o Hd NG Rt = 2.38 minutes
yllamino}-N-ethyl-5H- Zj/N\[ /‘L\ Me Prep HPLC gradient
pyrrolo[2,3-b]pyrazine-7- \ NZ N 6-46% organic.
carboxamide \’{; H

252 2-[(5-acryloyl-5- SN MS m/z 423 [M+H]"
azaspiro[2.4]hept-7-yl)amino]- Y o Rt = 2.70 minutes
N-(3,3,3-trifluoropropyl)-5H- \[ TN ¢ Prep HPLC gradient
pyrrolo[2,3-b]pyrazine-7- N NE N 15-55% organic.
carboxamide MO H

253 2-[(1-acryloyl-4- Ve SNy MS m/z 373 [M+H]"
methylpyrrolidin-3-yl)amino]- Y \/\OM Rt = 2.41 minutes
N-(2-methoxyethyl)-5H- 1 TN ° Prep HPLC gradient
pyrrolo[2,3-b]pyrazine-7- N N TN 7-47% organic.
carboxamide M H
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254 2-{[(3R)-1-acryloylpyrrolidin- O N MS m/z 383 [M+H]”
3-yllamino}-N-(2,2,2- \.H Ne N\—-CF; Rt = 2.54 minutes
trifluoroethyl)-5H-pyrrolo[2,3- (j \[ N\ Prep HPLC gradient
blpyrazine-7-carboxamide \'{N NZ N 11-51% organic.

0

255 2-{[(3R)-1-acryloylpyrrolidin- SN MS m/z 397 [M+H]"
3-ylJamino}-N-(3,3,3- NN o Rt = 2.54 minutes
trifluoropropyl)-5H- (j | TN ¢ Prep HPLC gradient
pyrrolo[2,3-b]pyrazine-7- N N 10-50% organic.
carboxamide WO H

256 2-{[(3S)-1-acryloylpyrrolidin-3- O N e MS m/z 357 [M+H]”
ylJamino}-N-(2-methylpropyl)- H Y " Rt = 2.55 minutes
5H-pyrrolo[2,3-b]pyrazine-7- (j/ \[ TN e Prep HPLC gradient
carboxamide \ N 7z N 11-51% organic.

o]

257 2-{[(3R,4R)-1-acryloyl-4- Me O ome MS m/z 387 [M+H]
ethylpyrrolidin-3-yllJamino}-N- R Rt = 2.54 minutes
(2-methoxyethyl)-5H- \[ STTN Prep HPLC gradient
pyrrolo[2,3-b]pyrazine-7- N F=N 11-51% organic.
carboxamide N

0

258 2-{[(3R,58)-1-acryloyl-5- Oy N oMe | MS m/z 403 [M+H]
(methoxymethyl)pyrrolidin-3- MeQ LN Rt = 2.19 minutes
ylJamino}-N-(2-methoxyethyl)- \{j/\‘ 1 TN Prep HPLC gradient
5H-pyrrolo[2,3-b]pyrazine-7- N NZ N 7-47% organic.
carboxamide \—'40 H Method 2.

259 2-{[(3R,4R)-1-acryloyl-4- O H OMe MS m/z 399 [M+H]”
cyclopropylpyrrolidin-3- H N\// RL =2.55 minules
ylJamino}-N-(2-methoxyethyl)- Ny A Prep HPLC gradient
5H-pyrrolo[2,3-b]pyrazine-7- N I i 11-51% organic.
carboxamide \ Nh

0

260 2-[(1-acryloyl-4- Me O N MS m/z 343 [M+H]
methylpyrrolidin-3-yl)aminol- 5 NN N\—-Me Rt = 2.55 minutes
N-ethyl-5H-pyrrolo[2,3- (j \[ TN Prep HPLC gradient
blpyrazine-7-carboxamide \ N N N 11-51% organic.

o]

261 2-{[(3R,4R)-1-acryloyl-4- o_ H MS m/z 369 [M+H]”
cyclopropylpyrrolidin-3- H N Me Rt = 2.56 minutes
yllamino}-N-ethyl-5H- NS Prep HPLC gradient
pyrrolo[2,3-blpyrazine-7- \ N \[N/ N 12-52% organic.
carboxamide H

\_.QO

262 2-{[(3R,5R)-1-acryloyl-5- SN MS m/z 373 [M+H]”
(methoxymethyl)pyrrolidin-3- MeQ i Ne, N—Ve Rt = 2.42 minutes
yllamino}-N-ethyl-5H- L(j’N\[ I\ Prep HPLC gradient
pyrrolo[2,3-b]pyrazine-7- \ N N 7-47% organic.

carboxamide
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263 2-{[(3R 4R)-1-acryloy}-4- Ve o d MS m/z 357 [M+H]
ethylpyrrolidin-3-yllamino}-N- oo \—Me Rt = 2.58 minutes
ethyl-5H-pyrrolo[2,3- \[ TN Prep HPLC gradient
blpyrazine-7-carboxamide w N N 12-52% organic.
o]
264 2-{[(3S,4S)-1-acryloyl-4- MS m/z 373 [M+H]"

methylpyrrolidin-3-yllJamino}-
N-(2-methoxyethyl)-5H-
pyrrolo[2,3-b]pyrazine-7-
carboxamide

Me

Me ° H
j H N \/\o
ORPe
N N
\._QO H

Rt = 2.41 minutes
Prep HPLC gradient
7-47% organic.

Examples 265-337 were prepared according to Library Protocol 5 below:

N o I\{R1 .
Br N\ Step 1 . y \Rz BooNH™ "“NH,
\[ P N HBTU, DMF, TEA \[ N Pd,(dba)s, tBUONa or Cs,CO,
N \ HNR,R, & N RuPhos or tBuONa, toluene
SEM Yem Step 2A or 2B
R H R

N
- N/1 Steps 35 /\”/ g
| \ i) TFA | g

R I (o] HN N 2
HN N 2 ity NH,.H,O/MeOH
88 — v
— iiiy DIPEA, THF 7N
NN cl R
SEM Y
e}

Library Protocol §
Step 1

To a 0.4M solution of 2-bromo-{[2-(trimethylsilyl)ethoxy]methyl}-5H-pyrrolo[2,3-b]pyrazine-7-carboxylic

acid in DMF (Example 1 Step 2, 250 uL, 100 umol) was added the appropriate amine (120 umol)
followed by DIPEA (51 pL, 300 pmol) and a 0.48M solution of HBTU in DMF (250 uL, 120 pmol). The

reactions were shaken at 60°C for 16 hours before cooling and concentrating in vacuo. The residues

were purified using preparative TLC to afford the Step 1 amide intermediate.
Either step 2A or Step 2B was employed for the Buchwald step:
Step 2A

To a 0.2M solution of the Step 1 amide intermediate in toluene (500 uL, 75 pmol) was added cesium

carbonate (65 mg, 200 umol), the appropriate Boc-protected amine (150 ymol), Pd,dba; (4.6 mg, 5

pmol) and Ruphos (2.8 mg, 6 umol) under nitrogen. The reactions were capped and shaken at 120°C

for 16 hours before cooling and concentrating in vacuo. The residue was washed with water (1 mL)
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and extracted into EtOAc (3 x 1 mL). The organic layers were collected and concentrated in vacuo to
afford the Step 2 intermediate.

Step 2B

To a 0.2M solution of the amide intermediate in toluene (500 uL, 75 ymol) was added sodium tert-
butoxide (19.2 mg, 200 ymol), the appropriate Boc-protected amine (150 umol), Pd,dba; (4.6 mg, 5
ymol) and Ruphos (2.8 mg, 6 umol) under nitrogen. The reactions were capped and shaken at 65°C
for 48 hours before coaling and concentrating in vacuo. The residue was washed with water (1 mL)
and extracted into EtOAc (3 x 1 mL). The organic layers were collected and concentrated in vacuo to
afford the step 2 intermediate.

Steps 3-5

To the Step 2 intermediates was added a solution of TFA in DCM (1 mL, v:v 1:5) and the reactions
were shaken at 30°C for 4 hours before concentrating in vacuo. The residues were treated with am-
monium hydroxide in MeOH (1.5 mL, v:v 1:3) and shaken at 30°C for 2 hours before concentrating in
vacuo. The residues were treated with a saturated solution of NaHCO; in water (1 mL). To the solu-
tions was added EtOAc (1 mL) followed by acryloy! chloride (200 umol) and the reactions were shak-
en at 30°C for 2 hours. The reactions were concentrated in vacuo and purified using preparative
HPLC as described below to afford the following Examples:

Preparative HPLC Method 1:

Column: Phenomenex Gemini C18 250x21.2 mm, 8 micron

Mobile phase: Acetonitrile:ammonium hydroxide (pH=10) or Acetonitrile:formic acid (0.225%}).
Gradient time: 8 minutes; Hold time: 1 minute at 100% organic; Flow rate: 35 mL/min.

Preparative HPLC Method 2:

Column: DIKMA Diamonsil(2) C18 200x20 mm, 5 micron.

Mobile phase: Acetonitrile:formic acid (0.225%)

Gradient time: 8 minutes; Hold time: 1 minute at 100% organic; Flow rate: 35 mL/min.

QC Method 1:

Column: Xbridge C18 2.1x50 mm; 5 micron

Mobile phase A: 0.0375% TFA in water; Mobile phase B: 0.01875% TFA in MeCN.

Gradient: initial-1% B; 0.6 minutes—-5% B; 4 minutes-100% B; 4.3 minutes-1% B; 4.7 minutes-1% B.
Flow rate: 0.8 mL/min

QC Method 2:

Column: Xbridge C18 2.1x50 mm; 5 micron. Mobile phase A: 0.05% NH,OH in water; Mobile phase B:
100% MeCN. Gradient: initial-5% B; 0.5 minutes—5% B; 3.4 minutes—-100% B; 4.2 minutes-100% B,
4.21 minutes—5% B; 4.7 minutes—5% B. Flow rate: 0.8 mL/min

QC Method 1 was used unless otherwise specified:

Ex. No. Data/% Organic El-
Name Structure uant/QC Method
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265 2-(4-acryloyl-3,3- Q Me_ Ve MS m/z 387 [M+H]
dimethylpiperazin-1-yl)-N-(2- \)I\N ENY Rt = 2.58 minutes
methoxyethyl)-5H-pyrrolo[2,3- L M Nove | Prep HPLC gradient
blpyrazine-7-carboxamide \[ TN 18-58% organic.

N N

266 2-(4-acryloylpiperazin-1-yl)-N- Q MS m/z 383 [M+H]
(cyclopentylmethyl)-5H- \)I\N/\I oK Rt = 2.85 minutes
pyrrolo[2,3-b]pyrazine-7- l\/N N \—'O Prep HPLC gradient
carboxamide \[ TN 28-59% arganic.

N h|

267 Racemic-2-[(1-acryloyl-2- O N e MS m/z 399 [M+H]
methylpiperidin-4-yl)amino]- Mo~ N Z/ ~—<Me | Rt=282minutes
N-(2,2-dimethylpropyl)-5H- T T T Ty “ | Prep HPLC gradient
pyrrolo[2,3-b]pyrazine-7- f/”AH/N ~ N N 29-69% organic.
carboxamide O

268 2-{[(3S,4R)-1-acryloyl-3- o f\{ MS m/z 493 [M+HT
methoxypiperidin-4-ylJamino}- o /TS F Rt = 2.42 minutes
N-[(4,4-difluoro-1- Qhe b Prep HPLC gradient
hydroxycyclohexyl) [AJ . "'\‘/ N\\jj% 13-53% organic.
methyl]-5H-pyrrolo[2,3- //\W/N\v SN Method 2.
b]pyrazine-7-carboxamide o

269 Racemic-2-{[(3S,4R)-1- o n MS m/z 469 [M+HT
acryloyl-3-methoxypiperidin- OMe N\,2 Rt = 2.82 minutes
4-yllamino}-N-(4,4 4-trifluoro- O” S\ me | Prep HPLC gradient
2-methylbutyl)-5H-pyrrolo[2,3- /\"/N | PN 18-58% organic.
blpyrazine-7-carboxamide !

270 Racemic-2-[(1-acryloyl-4- o u MS mi/z 453 [M+H]
methylpiperidin-4-yhamino]- Ve H N Rt = 2.95 minutes
N-(4,4,4-trifluoro-2- O/N‘ N %( e Prep HPLC gradient
methylbutyl)-5H-pyrrolo[2,3- /\Il/N \EN/;[N 34-74% organic.
blpyrazine-7-carboxamide e H

271 2-{[(3R 48)-1-acryloyl-3- RC, MS m/z 453 [M+H]
methoxypiperidin-4-yllJamino}- v Rt = 2,50 minutes
N-[(1R,2R)-2- OMe °~‘\\/N/ Prep HPLC gradient
{trifluoromethyl)cyclopropy!]- A Ao T 16-56% organic.
5H-pyrrolo[2,3-b]pyrazine-7- ok f [ B Method 2.
carboxamide “ TJ ~ NN

272 2-(4-acryloyl-3,3- )OLMe Me MS m/z 439 [M+H]
dimethylpiperazin-1-yl)-N- S N*1 RN Rt = 2.64 minutes
(4,4 4-trifluorobutyl)-5H- Lv NN Z/ “\_.cr, |Prep HPLC gradient
pyrrolo[2,3-b]pyrazine-7- ﬂ /I§> 32-72% organic.
carboxamide NN Method 2.

273 2-[(3S)-4-acryloyl-3-(2- E MS m/z 447 [M+HT
methylpropyl)piperazin-1-yl}- 0 ¢ TMe Rt = 3.07 minutes
N-(3,3-difluorocyclobutyl)-5H- \\\/MN/'\ o Prep HPLC gradient
pyrrolo[2,3-blpyrazine-7- Lo T 36-76% organic.

carboxamide
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274 2-[(3S)-4-acryloyl-3-(2- j MS m/z 461 [M+H]
methylpropylpiperazin-1-yll- | w7y °y R~ | Rt=3.12minutes
N-[(3,3- l\/N\/N\\\ L O/ F | Prep HPLC gradient
difluorocyclobutylymethyl]-5H- \ \;> 39-79% arganic.
yclobutyl)methyl] 1 L g
pyrrolo[2,3-bloyrazine-7- Me™ “Me NN
carboxamide
275 2-(4-acryloyl-3,3- )OLMevMe MS m/z 407 [M+HT
dimethylpiperazin-1-yl)-N- S N/\1 O N R oF Rt = 2.78 minutes
(2,2-difluoropropyl)-5H- Lonon \/kMe Prep HPLC gradient
pyrrolo[2,3-b]pyrazine-7- \\ PR > 17-57% organic.
carboxamide NN
276 2-(4-acryloylpiperazin-1-yl)-N- . i o u ] MS m/z 405 [M+HT
[(3,3- RN NN N Rt = 2.71 minutes
difluorocyclobutylymethyl]-5H- L\/ll N A T~/ F | Prep HPLC gradient
pyrrolo[2,3-b]pyrazine-7- W ) 27-67% organic.
carboxamide NN
277 2-{[(3R ,48)-1-acryloyl-3- E/F MS m/z 435 [M+H]
methoxypiperidin-4-yllJamino}- < Rt = 2.41 minutes
N-(3,3-difluorocyclobutyl)-5H- o Y Prep HPLC gradient
pyrrolo[2,3-b]pyrazine-7- ?\""e H jﬂ 25-65% organic.
carboxamide r J/N\ ‘/N°j\ N, Method 2.
//AW,N — :N// H/
O
278 2-{[(3S ,4R)-1-acryloyl-3- £F MS m/z 441 [M+HT'
methoxypiperidin-4-yllamino}- o I Rt = 2.58 minutes
N-(3,3,3-trifluoropropyl)-5H- OMe oy bt Prep HPLC gradient
- ine-7- e NN A _A 650, H
pyrrolo[2,§ blpyrazine-7 ’L J U L \>> 25-65% organic.
carboxamide //A\W/ — - N
O
279 Racemic-2-(4- o % MS m/z 425 [M+H]
acryloylpiperazin-1-yl)-N- < o /r4\Me Rt = 2.85 minutes
(4,4 4-trifluoro-2-methylbutyl)- = T 1 SN Prep HPLC gradient
5H-pyrr0|q[2,3-b]pyrazine-?- \/N\‘/Nsﬁ> 25-55% organic.
carboxamide e N
280 2-[(1-acryloyl-2- N MS m/z 453 [M+H]
methylpiperidin-4-y)amino]- Ve [\ Rt = 2.89 minutes
N-[(2R)-4,4,4-trifluoro-2- o/ Prep HPLC gradient
methylbutyl]-5H-pyrrolo[2,3- " 0oy N 20-60% organic.
blpyrazine-7-carboxamide N AN
N /N\v /J\N’
J Lo
281 2-[(1-acryloyl-4- RN MS m/z 357 [M+H]
methylpiperidin-4-yl)amino]- M R N Me Rt = 2.35 minutes
N-ethyl-5H-pyrrola[2,3- o j T Iy Prep HPLC gradient
blpyrazine-7-carboxamide A NN 10-50% organic.
o Method 2.
282 Racemic-2-[(1-acryloyl-2- - MS m/z 439 [M+H]
methylpiperidin-4-yl)amino]- ° K/ Rt = 2.81 minutes
N-(4,4 4-trifluorobutyl)-5H- H JVH Prep HPLC gradient
pyrrolo[2,3-b]pyrazine-7- Me\T/\]/N\ ‘/N\s A 28-68% organic.
carboxamide A i N/J\N/
N
O
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283 2-(4-acryloylpiperazin-1-yl)-N- FF MS m/z 391 [M+H]
(3,3-difluorocyclobutyl)-5H- o N Rt = 2.65 minutes
pyrrolo[2,3-b]pyrazine-7- N R o } Prep HPLC gradient
carboxamide e \T/ 1 YN 24-64% arganic.

T N,
L

284 2-{[(3R,49)-1-acryloyl-3- /M MS m/z 427 [M+HT
methoxypiperidin-4-ylJamino}- o /N7 Rt = 2.54 minutes
N-(cyclopentylmethyl)-5H- T . ?’H Prep HPLC gradient
pyrrolo[2,3-b]pyrazine-7- [ j/ { r\> 30-70% organic.
carboxamide //A\H/N\v/ N H/ Method 2.

[}

285 2-(4-acryloyl-3,3- ) ﬁ Me Me MS m/z 399 [M+HT"
dimethylpiperazin-1-yl)-N- Sy | RN g Rt = 2.96 minutes
(2,2-dimethylpropyl)-5H- NN Z/ Ve Prep HPLC gradient
pyrrolo[2,3-b]pyrazine-7- [ P b 22-62% organic.
carboxamide Nl

286 2-(4-acryloyl-3,3- iMe Me MS m/z 411 [M+H]
dimethylpiperazin-1-yl)-N- Sy 1 RNt Rt = 2.58 minutes
(2,2,2-trifluoroethyl)-5H- NN Prep HPLC gradient
pyrrolo[2,3-b]pyrazine-7- | / S 19-59% organic.
carboxamide NTON Method 2.

287 2-(4-acryloylpiperazin-1-yl)-N- e, MS m/z 409 [M+H]
[(1R,2R)-2- i Rt = 2.52 minutes
(trifluoromethyl)cyclopropyl]- S O Prep HPLC gradient
5H-pyrrolo[2,3-b]pyrazine-7- 1\/N\ N, 17-57% organic.
carboxamide T P Method 2.

\\N/ H

288 2-[(3S)-4-acryloyl-3-(2- fite Me MS m/z 413 [M+H]'
methylpropyl)piperazin-1-yl}- o Me Me/g Rt = 3.10 minutes
N-(2-methylpropyl)-5H- \)LN N Prep HPLC gradient
pyrrolo[2,3-b]pyrazine-7- |\/N N H 39-79% organic.
carboxamide \[ TN

‘e N

289 2-(4-acryloyl-3,3- fLMe\ Me MS m/z 383 [M+H]
dimethylpiperazin-1-yl)-N- S \N/ﬁ RN Rt = 2.81 minutes
cyclobutyl-5H-pyrrolo[2,3- k NN I t Prep HPLC gradient
b]pyrazine-7-carboxamide | /L ;;> 29-69% organic.

NN

290 2-(4-acryloyl-3,3- Faca,\ MS m/z 437 [M+HT
dimethylpiperazin-1-yl)-N- ﬁ M&Me >/ Rt = 2.95 minutes
[(1R,2R)-2- Sy N O Prep HPLC gradient
(trifluoromethyl)cyclopropyl]- kv/N\ N 34-74% organic.
5H-pyrrola[2,3-b]pyrazine-7- Iy
carboxamide NN

291 2-(4-acryloyl-3,3- FL MS m/z 477 [M+HT
dimethylpiperazin-1-yl)-N- [ N Rt = 2.81 minutes
[(4,4-difluoro-1- O Me Me Lon Prep HPLC gradient
hydroxycyclohexyl)methyl]- Py o 29-69% organic.

5H-pyrrolo[2,3-b]pyrazine-7-
carboxamide
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292 Racemic-2-(4- J/ MS m/z 369 [M+H]
acryloylpiperazin-1-yl)-N- (U) \g Rt = 2.70 minutes
cyclopentyl-5H-pyrrolo[2,3- Sy \‘ R Prep HPLC gradient
blpyrazine-7-carboxamide V,N\T/N\\ (H 26-66% organic.

>

293 2-{[(3R,4S)-1-acryloyl-3- o [ MS m/z 427 [M+H]
methoxypiperidin-4-ylJamino}- (l"‘"e u 5N Rt = 2.64 minutes
N-(2,2,2-trifluoroethyl)-5H- - TNTN\ \ Prep HPLC gradient
pyrrolo[2,3-b]pyrazine-7- o N N 25-65% organic.
carboxamide !l H

294 2-[((3R,4S)-1-acryloyl-3- L. MS m/z 469 [M+H]
methoxypiperidin-4-yl)amino]- o { Rt = 2.83 minutes
N-([2R]-4,4 ,4-trifluoro-2- o ) Prep HPLC gradient
methylbutyl)-5H-pyrrolo[2,3- e o N 18-58% organic.
blpyrazine-7-carboxamide (- ‘ N <>

PNl e \N//\N’
I H

295 2-(4-acryloylpiperazin-1-yl)-N- MS m/z 373 [M+H]
[(2S)-1-methoxypropan-2-yl]- \\\(o Rt = 2.29 minutes
5H-pyrrolo[2,3-b]pyrazine-7- Prep HPLC gradient
carboxamide (worng struc- N\> 21-61% organic.
ture) <\N Method 2.

/N9
N== p N/('S)\/O\
I H
HN

296 2-[(1-acryloyl-4- ° R F. MS m/z 407 [M+H]
methylpiperidin-4-y)amino]- PR < Rt = 2.48 minutes
N-(2,2-difluoropropyl)-5H- ! j | ve Prep HPLC gradient
pyrrolo[2,3-b]pyrazine-7- “ NN 27-67% organic.
carboxamide © Method 2.

297 2-(4-acryloylpiperazin-1-yl)-N- o C/ MS m/z 355 [M+H]
cyclobutyl-5H-pyrrolo[2,3- L o/ Rt = 2.39 minutes
blpyrazine-7-carboxamide - "\‘ D N Prep HPLC gradient

\/N\l/“\\\ /<\ 24-84% organic.
oy Method 2.

298 2-(4-acryloyl-3,3- OMe MS m/z 401 [M+H]
dimethylpiperazin-1-yl)-N- )OLME Me b= Me Rt = 2.70 minutes
[(2S)-1-methoxypropan-2-yl]- Sy y O K Prep HPLC gradient
5H-pyrrolo[2,3-b]pyrazine-7- \\/N\/,N\\ H 25-65% organic.
carboxamide [

NN

299 Racemic-2-{[(3S,4R)-1- /j MS m/z 413 [M+H]
acryloyl-3-methoxypiperidin- o \> Rt = 2.67 minutes
4-yllamino}-N-cyclopentyl-5H- OMe SN Prep HPLC gradient

e NN 25-85% organic.
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300 2-{[(3S,4R)-1-acryloyl-3- Me Me MS m/z 415 [M+H]"
Me N

methoxypiperidin-4-yllJamino}- N Rt = 2.75 minutes
N-(2,2-dimethylpropyl)-5H- OMe O\s/u/ Prep HPLC gradient
pyrrolo[2,3-b]pyrazine-7- Ao NC NG %\\ 28-68% arganic.
carboxamide - \r LVJ UN/IN)

H

o)

301 2-[(1-acryloyl-4- O N me MS m/z 385 [M+H]"
methylpiperidin-4-yl)amino]- e M Ny Ve Rt =2.67 minutes
N-(2-methylpropyl)-5H- O/ \[ P p Prep HPLC gradient
pyrrolo[2,3-b]pyrazine-7- /\n/ NN 23-53% organic.
carboxamide o

302 2-[(3S)-4-acryloyl-3-(2- e MS m/z 505 [M+H]
methylpropyl)piperazin-1-ylJ- \7 Rt = 3.04 minutes
N-[(4,4-difluoro-1- Me N OH Prep HPLC gradient
hydroxycyclohexyl)methyl]- L\Me Oy J 36-76% organic.
5H-pyrrolo[2,3-b]pyrazine-7- LVH N /fH
carboxamide e Y

e NN
[s]

303 2-[(3S)-4-acryloyl-3-(2- RC. MS m/z 465 [M+H]"
methylpropyl)piperazin-1-yl}- e o F Rt = 2.78 minutes
N-[(1R,2R)-2- We N Prep HPLC gradient
{trifluoromethyl)cyclopropyl]- /E/H\ o " 37-67% organic.
5H-pyrrolo[2,3-b]pyrazine-7- oy Method 2.
carboxamide A N

O

304 2-(4-acryloylpiperazin-1-yl)-N- e Me MS m/z 371 [M+HT'
(2,2-dimethylpropyl)-5H- ) ﬁ Me/g Rt = 2.78 minutes
pyrrolo[2,3-b]pyrazine-7- Ny \} O N Prep HPLC gradient
carboxamide L_ N\\r\\ H 28-68% organic.

b
‘\N//\H/

305 2-{[(3R,4S)-1-acryloyl-3- oFs MS m/z 441 [M+H]
methoxypiperidin-4-yllJamino}- om o NH Rt = 2.41 minutes
N-(3,3,3-trifluoropropyl)-5H- '\e 0y H Prep HPLC gradient
pyrrolo[2,3-b]pyrazine-7- [/ J/ \‘/ = Y, 25-65% organic.
carboxamide //AWN ~ NN Method 2.

o]
306 2-[(1-acryloyl-4- F MS m/z 433 [M+HT
methylpiperidin-4-y)amino]- Fﬁ Rt = 2.69 minutes
" Prep HPLC gradient
difluorocyclobutyl)methyl]-5H- ve Of?/y? 26-56% organic.
pyrrolo[2,3-blpyrazine-7- fA AN AL
carboxamide N T\\ I >
,//\H/ . N H
[e]
307 2-(4-acryloyl-3,3- O Me Me Me. MS miz 433 [M+H]
)k /
dimethylpiperazin-1-yl)-N- S NXT 0\\/N/ Rt = 2.64 minutes
ethyl-5H-pyrrolo[2,3- _ {\/N\/N\\\ H Prep HPLC gradient
blpyrazine-7-carboxamide [ J\ ) 24-64% organic.
N




CA 02984183 2017-10-27

WO 2016/178110

PCT/IB2016/052220

143
308 2-{[(3S,4R)-1-acryloyl-3- ICFs MS m/z 455 [M+H]
methoxypiperidin-4-yllamino}- o / Rt = 2.64 minutes
N-(4,4,4-trifluorobutyl)-5H- ove SN Prep HPLC gradient
pyrrolo[2,3-b]pyrazine-7- (AT\N‘TN\ \ 24-B84% organic.
carboxamide ’//\H/N\/ N
O
309 2-{[(3S,4R)-1-acryloyl-3- FF MS m/z 449 [M+HT]
methoxypiperidin-4-yllJamino}- AD\ Rt = 2.64 minutes
N-[(3,3- o o, N/ Prep HPLC gradient
difluorocyclobutyl)methyl]-5H- PN J/H 23-53% organic.
pyrrolo[2,3-blpyrazine-7- PP RPN
carboxamide /Wo/ I
310 Racemic-2-[(1-acryloyl-2- CFs MS m/z 453 [M+H]
methylpiperidin-4-yl)amino]- ° ﬁ(Me Rt = 2.81 minutes
N-(4,4,4-trifluoro-2- H z/u Prep HPLC gradient
methylbutyl)-5H-pyrrolo[2,3- Ve~ AT/NTNT N 29-59% organic.
b]pyrazine-7-carboxamide _ - N H
O
311 2-[(3S)-4-acryloyl-3-(2- Me MS m/z 439 [M+HT
methylpropyl)piperazin-1-yl}- o “Me F,C Rt = 3.09 minutes
N-(2,2,2-trifluoroethyl)-5H- \/U\N/L o ’Z Prep HPLC gradient
pyrrolo[2,3-b]pyrazine-7- L ,L N 7TH 26-66% organic.
carboxamide he W -~ \/>
\N//’ \H
312 2-{[(3S,4R)-1-acryloyl-3- OMe MS m/z 417 [M+H]
methoxypiperidin-4-yllJamino}- ° K[Me Rt = 2.16 minutes
N-[(2S)-1-methoxypropan-2- ome SN Prep HPLC gradient
yl]-5H-pyrrolo[2,3-b]pyrazine- (A] “N‘H/N‘\ Y 13-53% organic.
7-carboxamide //ATNV W H Method 2.
O
313 2-{[(3S,4R)-1-acryloyl-3- \/2 MS m/z 427 [M+H]
methoxypiperidin-4-yllJamino}- Rt = 2.16 minutes
N-(cyclopentylmethyl)-5H- oMo 0\/12 Prep HPLC gradient
pyrrolo[2,3-b]pyrazine-7- PR H 13-53% organic.
carboxamide [ J H :L\};
//AWNV NN
O
314 2-[(3S)-4-acryloyl-3-(2- ﬁ NC'”/\ MS m/z 438 [M+H]'
methylpropyl)piperazin-1-yl}- S \N/AW O .y Me Rt = 2.88 minutes
N-[(2R)-1-cyanobutan-2-yl]- LN N /f H Prep HPLC gradient
5H-pyrrolo[2,3-b]pyrazine-7- 1 N v ;I D) 28-58% organic.
carboxamide Me™ “Me NN
315 2-(4-acryloylpiperazin-1-yl)-N- o ch — MS m/z 382 [M+H]
[(2R)-1-cyancbutan-2-yl]-5H- \VJL A O M Rt = 2.21 minutes
pyrrolo[2,3-b]pyrazine-7- NN, \Z/” Prep HPLC gradient
carboxamide Ty 16-46% organic.
NN Method 2.
316 2-{[(3S,4R)-1-acryloyl-3- RC. MS m/z 453 [M+H]
methoxypiperidin-4-yllJamino}- > Rt = 2.64 minutes
N-[(1R,2R)-2- OMe N N/ Prep HPLC gradient

(trifluoromethyl)cyclopropyl]-
5H-pyrrolo[2,3-b]pyrazine-7-
carboxamide

25-55% organic.
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317 2-{[(3S 4R)-1-acryloyl-3- 5 /o MS m/z 427 [M+H]
methoxypiperidin-4-yllamino}- OMe | 7”” Rt = 2.64 minutes
N-(2,2,2-trifluoroethyl)-5H- o ‘AN\U/N\} Y Prep HPLC gradient
pyrrolo[2,3-b]pyrazine-7- PN ,ij \N{LN/ 26-66% organic.
carboxamide I H

318 2-(4-acryloyl-3,3- 7 e, e N MS m/z 410 [M+H]
dimethylpiperazin-1-yl)-N- S \N/& O y Me Rt = 2.24 minutes
[(2R)-1-cyanobutan-2-yl]-5H- A Prep HPLC gradient
pyrrolo[2,3-b]pyrazine-7- o I Y 21-51% organic.
carboxamide NN

319 2-{[(3R,4S)-1-acryloyl-3- s MS miz 455 [M+H]
methoxypiperidin-4-ylJamino}- o Rt = 2.64 minutes
N-(4,4,4-trifluorobutyl)-5H- ?M"/H . /\fH Prep HPLC gradient

- i _7- PN SN _ [») i
gz%cggiﬁdk;]pyrazme 7 NS { /J\N\'\/ 21-51% organic.

320 Racemic-2-[(1-acryloyl-2- \ﬂ/ MS m/z 383 [M+H]
methylpiperidin-4-yf)amino]- o [ Rt = 2.42 minutes
N-cyclobutyl-5H-pyrrolo[2,3- H SN Prep HPLC gradient
b]pyrazine-7-carboxamide MeYAjNﬁNﬁ:g 26-66% organic.

////\H/N\v N N Method 2.
[s]

321 2-{[(38,4R)-1-acryloyl-3- r e MS m/z 423 [M+HT
methoxypiperidin-4-ylJamino}- o" ) Rt = 2.47 minutes
N-(2,2-difluoropropyl)-5H- ome \\ﬁH Prep HPLC gradient
pyrrolo[2,3-b]pyrazine-7- 7 N N A 20-50% organic.
carboxamide ’//AWNJ ‘\N’IH/>

O

322 2-{[(3R,4S)-1-acryloyl-3- S MS m/z 449 [M+H]
methoxypiperidin-4-ylJamino}- oo o, Nf\/ F Rt = 2.58 minutes
N-[(3,3- 1 H JH Prep HPLC gradient
difluorocyclobutyl)methyl]-5H- YT 23-53% organic.
pyrrolo[2,3-b]pyrazine-7- N N W
carboxamide o

323 2-{[(3S,4R)-1-acryloyl-3- =N MS m/z 469 [M+HT
methoxypiperidin-4-ylJamino}- Mew( Rt = 2.83 minutes
N-[(2R)-4,4,4-trifluoro-2- o ] Prep HPLC gradient
methylibutyl]-5H-pyrrolo[2,3- Mew N 30-70% organic.
b]pyrazine-7-carboxamide O 14>

o~ NS S N/

324 2-[(1-acryloyl-4- <”> MS m/z 383 [M+H]
methylpiperidin-4-yf)amino]- o [ Rt = 2.61 minutes
N-cyclobutyl-5H-pyrrolo[2,3- Mo H >/H Prep HPLC gradient
b]pyrazine-7-carboxamide [/\J/ \[N\\L/\ 21-51% organic.

///,\W/N\ N’/’ H’
o

325 2-(4-acryloyl-3,3- FF MS miz 419 [M+H]
dimethylpiperazin-1-yl)-N- O Me Me ; > Rt = 2.55 minutes
(3,3-difluorocyclobutyl)-5H- Y Y Prep HPLC gradient
pyrrolo[2,3-b]pyrazine-7- TN N 31-71% organic.

carboxamide

Method 2.
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326 2-{[(3R,4S)-1-acryloyl-3- o v MS m/z 373 [M+H]"
methoxypiperidin-4-yllamino}- e i 5N Rt = 2.42 minutes
N-ethyl-_5H-pyrr0Io[2,3-_ . j/ E = § Prep HPLC gradient
blpyrazine-7-carboxamide ,///\WN\ NN 18-58% organic.

O

327 2-(4-acryloyl-3,3- PMe MS m/z 401 [M+H]
dimethylpiperazin-1-yl)-N- lLMe Me >,Me Rt = 2.59 minutes
[(2R)-1-methoxypropan-2-yl]- Sy \T RN Prep HPLC gradient
5H-pyrrolo[2,3-b]pyrazine-7- l\/N\/N\\ [ H 23-53% organic.
carboxamide | j\ )

N

328 Racemic-2-{[(3R,45)-1- ﬁCFz MS m/z 469 [M+H]
acryloyl-3-methoxypiperidin- Me’\7 Rt = 2.73 minutes
4-yllamino}-N-(4,4 4-trifluoro- ?Me | 07,” Prep HPLC gradient
2-methylbutyl)-5H-pyrrolo[2,3- NN 27-57% organic.

4 . S
b]pyrazine-7-carboxamide /AH/N( j/ ‘\NIH
o]

329 2-[(38)-4-acryloyl-3-(2- Te CF, MS m/z 453 [M+H]
methylpropyl)piperazin-1-yl}- /( > Me Z\ Rt = 3.09 minutes
N-(3,3,3-trifluoropropyl)-5H- \\ka O\\\\/N/ Prep HPLC gradient
pyrrolo[2,3-b]pyrazine-7- | L N J H 37-77% organic.
carboxamide o~ \[ S,

‘N'/ H/

330 2-[(3S)-4-acryloyl-3-(2- fite Ve, Me MS miz 427 [M+H]
methylpropyl)piperazin-1-yl}- 0 Me Me% Rt = 3.01 minutes
N-(2,2-dimethylpropyl)-5H- \)LN o Prep HPLC gradient
pyrrolo[2,3-b]pyrazine-7- |\/N N H 29-69% organic.
carboxamide \[ TN

N N

331 2-{[(3S 4R)-1-acryloyl-3- P MS m/z 417 [M+HT
methoxypiperidin-4-yllJamino}- o \\74Me Rt = 2.37 minutes
N-[(2R)-1-methoxypropan-2- Ome \\ru' Prep HPLC gradient

- - - ine- e N NS -47Y i
yl]-5H pyrrol_o[2,3 blpyrazine [/\J« \l j\\\ 17-47% organic.
7-carboxamide e N Ay

I t

332 2-(4-acryloylpiperazin-1-yl)-N- pre MS m/z 373 [M+H]
[(2R)-1-methoxypropan-2-yl]- \)‘L o e Rt = 2.17 minutes
5H-pyrrolo[2,3-b]pyrazine-7- = T/\ ?/N Prep HPLC gradient
carboxamide N N\T\\\\ 14-44% organic.

L - Method 2.

333 2-[(1-acryloyl-4- SN MS m/z 439 [M+H]"
methylpiperidin-4-yl)amino]- / Rt = 2.75 minutes
N-(4,4,4-trifluorobutyl)-5H- o ] Prep HPLC gradient
pyrrolo[2,3-b]pyrazine-7- Me H \7/ﬂ 24-54% organic.
carboxamide ‘/ AN ‘/N\j\/k

///\W/N — \N'/ N/
3 H

334 2-(4-acryloyl-3,3- /j MS m/z 397 [M+H]
dimethylpiperazin-1-yl)-N- - ﬁ Me, Me o Y Rt = 2.88 minutes
cyclopentyl-5H-pyrrolo[2,3- e M YN Prep HPLC gradient
blpyrazine-7-carboxamide K/N\ e A 32-72% organic.

Ty
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335 2-[(1-acryloyl-4- Z"‘"e MS m/z 401 [M+H]
methylpiperidin-4-y)aminol- et Rt = 2.48 minutes
N-[(2R)-1-methoxypropan-2- _— N N Prep HPLC gradient
yl]-5H-pyrrolo[2,3-b]pyrazine- AN N Z/ 17-47% organic.
7-carboxamide .E f T‘\ j/\ >
= ﬁo( . N H
336 2-(4-acryloylpiperazin-1-yl)-N- FC MS m/z 425 [M+H]"
[(2R)-4 4 4-trifluoro-2- o Ve ,[\ Rt = 2.86 minutes '
methylbutyl]-5H-pyrrolo[2,3- \\)k . o Prep HPLC gradient
b]pyrazine-7-carboxamide e TI 1 SN 19-59% organic.
\/N /M
"
\LN/ H
337 Racemic-2-[(1-acryloyl-2- RC. MS m/z 437 [M+HT
methylpiperidin-4-yl)amino]- Ve Rt = 2.83 minutes
N-[(1R,2R)-2- N Prep HPLC gradient

(trifluoromethyl)cyclopropyl]-
5H-pyrrolo[2,3-b]pyrazine-7-
carboxamide

Mea H N A
Y
T
/\H/N\v N//\H
O

18-58% arganic.

Examples 338-348 were prepared according to the synthesis and Library Protocol 6 below:

Br\[ N\ \
| s

N
N" 4

0] N\
SRes
BocN N/ [\\I

Library Steps 2-4

i) TFADCM
i) NH;.H,O
i) Acryloyl chloride

) )
OH OMe
Intermediate
Steps 1-4 HO\[N\ \
Z
NN
SEM
O
OH
Library Step 1
R,R,NH
HBTU, DIPEA

SEM

Intermediate Steps 1-4

@)
NR1R2
@) N
T I\ﬁ
H‘/N N/ H
0]

Intermediate
Steps 5-6

——

OMs
Bcocl\(:r

(0]
NR,R,
(@] N\
SRSs
BocN N/ l\\l
SEM
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Methyl 5-hydroxy-1-((2-(trimethylsilyhethoxy)methyl-1H-pyrrolo[2 3-b]pyridine-3-carboxylate

To a solution of 5-bromo-1H-pyrrolo[2,3-b]pyridine-3-carboxylic acid (22 g, 92 mmol) in MeOH (220
mL) was added thionyl chloride (33 mL) and the reaction was heated to 70°C for 18 hours. The reac-
tion was concentrated in vacuo and the residue treated with saturated aqueous NaHCO; solution (200
mL) to afford a precipitate. The solid was filtered and dried to afford the methyl ester intermediate. A
solution of this intermediate (9.1 g, 35 mmol) in DMF (150 mL) was treated with sodium hydride (3.57
g, 89 mmol) and stirred at 0°C for 30 minutes. SEMCI (11.9 g, 71 mmol) was added and the reaction
stirred at room temperature for 2 hours. The reaction was quenched by the addition of ice-water (100
mL) and extracted into EtOAc (2 x 100 mL). The combined organic layers were washed with brine,
dried over sodium sulphate and concentrated in vacuo. The residue was purified using silica gel col-
umn chromatography eluting with 0-30% EtOAc in petroleum ether to afford the SEM protected inter-
mediate. To a solution of this intermediate (4.20 g, 10.9 mmol) in dioxane (100 mL) was added
bispinacolatodiborane (3.32 g, 13.1 mmol) and potassium acetate (3.21 g, 32 mmol). The reaction
was degassed with nitrogen before the addition of Pd(dppf)Cl, (798 mg, 1.09 mmol) and heating to
100°C for 18 hours. The reaction was cooled, concentrated in vacuo and purified using silica gel col-
umn chromatography eluting with 0-30% EtOAc in petroleum ether. The residue was dissolved in THF
(50 mL) and water (50 mL) and treated with NaBO3.4H,O (8.36 g, 54 mmol) at 10°C. The reaction
was stirred at room temperature for 2 hrs and then partitioned between EtOAc and water. The organic
layer was collected, washed with brine, dried over sodium sulphate and concentrated in vacuo to af-
ford the title compound (4 g, 90% over 4 steps) that was taken on directly to the next step.
Intermediate Steps 5-6

blpyridine-3-carboxylic acid

To a solution of methyl 5-hydroxy-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrrolo[2,3-b]pyridine-3-
carboxylate (Intermediate Steps 1-4, 4 g, 11 mmol) in DMF (50 mL) was added potassium carbonate
(5.41 g, 25 mmol) and the reaction was heated to 110°C for 5 minutes. tert-butyl 4-
({(methylsulfonyl)oxy)piperidine-1-carboxylate (2.5 g, 12.4 mmol) was added and the reaction was
heated at 70°C for 2 hours. Further tert-butyl 4-((methylsulfonyl)oxy)piperidine-1-carboxylate (2.5 g,
12.4 mmol) was added and the reaction heated to 110°C for 18 hours. The reaction was cooled and
partitioned between EtOAc (130 mL) and water (120 mL). The agueous layer was extracted with
EtOAc (50 mL) and the organic extracts were combined, dried over sodium sulphate and concentrat-
ed in vacuo. The residue was purified using silica gel column chromatography eluting with 0-20%
EtOAc in petroleum ether. The residue was dissolved in MeOH (50 mL) and treated with a solution of
sodium hydroxide (2.26 g, 56 mmol) in water (30 mL). The reaction was heated to 60°C for 18 hours.
The reaction was cooled, concentrated in vacuo, acidified to pH=4-5 with 1N HCI (aq) and extracted
into EtOAc (2 x 100 mL). The combined organic layers were washed with brine, dried over sodium
sulphate and concentrated in vacuo to afford the title compound as a white solid (4.2 g, 94 over 2

steps).
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"H NMR (400MHz, DMSO-dg):3 ppm 12.34 (br s, 1H), 8.32 (s, 1H), 8.15 (s, 1H), 7.90 (s, 1H), 5.63 (s,
2H), 4.62-4.59 (m, 1H), 3.68-3.65 (m, 2H), 3.56-3.53 (m, 2H), 3.30-3.20 (m, 2H), 1.98-1.90 (m, 2H),
1.61-1.55 (m, 2H), 0.84-0.81 (m, 2H), -0.09 (s, 9H). MS m/z 514 [M+Na]"

Library Protocol 6

Step 1

To a 0.25M solution of 5-((1-(tert-butoxycarbonyl)piperidin-4-yl)oxy)-1-((2-(tri-
methylsilyl)ethoxy)methyl)-1H-pyrrolo[2,3-b]pyridine-3-carboxylic acid (Intermediate Steps 5-6, 400
pL, 100 pmol) in DMF were added amines of formula R;R;NH (150 pmol) followed by DIPEA (39 mg,
300 pmol) and a 0.27M solution of HBTU in DMF (400 pL, 110 pmol). The reactions were shaken at
60°C for 16 hours before cooling and concentrating in vacuo. The residues were washed with water (1
mL) and extracted into EtOAc (3 x 1 mL). The combined organic layers were concentrated in vacuo to
afford the Step 1 intermediates.

Steps 2-4

To the Step 1 intermediates was added a solution of TFA in DCM (1.2 mL, viv 1:5) and the reactions
were shaken at 30°C for 4 hours before concentrating in vacuo. The residues were treated with am-
monium hydroxide in MeOH (1.6 mL, v:v 1:3) and shaken at 30°C for 6 hours before concentrating in
vacuo. The residues were treated with a saturated solution of NaHCO, in water (1 mL). To the solu-
tions was added EtOAc (1 mL) followed by acryloyl chloride (18 mg, 200 umol) and the reactions were
shaken at 30°C for 2 hours. The reactions were concentrated in vacuo and purified using preparative
HPLC as described below to afford the following Examples:

Preparative HPLC:

Column: Phenomenex Gemini C18 250x21.2 mm, 8 micron. Mobile phase: Acetonitrile:zammonium
hydroxide (pH=10). Gradient time: 8 minutes; Hold time: 1 minute at 100% organic; Flow rate: 35
mL/min.

QC Method:

Column: Xbridge C18 2.1x50 mm; 5 micron. Mobile phase A: 0.0375% TFA in water; Mobile phase B:
0.01875% TFA in MeCN. Cradient: initial-1% B; 0.6 minutes-5% B; 4 minutes—-100% B; 4.3

minutes—1% B; 4.7 minutes—-1% B. Flow rate: 0.8 mL/min
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Ex. No. Name Structure Eluant

338 5-[(1-acryloylpiperidin-4- CF, MS m/z 411 [M+H]
yhoxy]-N-(3,3,3- Rt = 2.56 minutes
trifluoropropyl)-1H- Oy o Prep HPLC gradient
pyrrolo[2,3-b]pyridine-3- o H 22-62% organic.
carboxamide O/ i N\

/\IrN N/ H
O

339 5-[(1-acryloylpiperidin-4- SN MS m/z 433 [M+H]
yl)oxy]-N-(3,3- O Rt = 2.65 minutes
difluorocyclohexyl)-1H- O/ ‘“\/j\\ Prep HPLC gradient
pyrrolo[2,3-b]pyridine-3- /\n/N N N L 25-65% organic.
carboxamide o)

340 5-[(1-acryloylpiperidin-4- J%] MS m/z 423 [M+H]"
yhoxy]-N-(3-fluorobenzyl)- o /TNA Rt = 2.70 minutes
1H-pyrrolo[2,3-b]pyridine-3- o N F Prep HPLC gradient
carboxamide ( J U TN 26-66% organic.

///\T/N\v \N'//\H/
(o)

341 5-[(1-acryloylpiperidin-4- JD MS m/z 423 [M+H]"
yl)oxy]-N-(3,3- Rt = 2.70 minutes
difluorocyclohexyl)-1H- o Prep HPLC gradient
pyrrolo[2,3-b]pyridine-3- PN H 26-66% organic.
carboxamide - /,L j l /L\/

= g ~ NN

342 5-[(1-acryloylpiperidin-4- J%? MS m/z 383 [M+H]
yhoxy]-N-benzyl-1H- o /TN Rt = 2.59 minutes
pyrrolo[2,3-bJpyridine-3- o b Prep HPLC gradient
carboxamide [ j’ \H \j\/\\ 28-68% organic.

AN NN
7; H

343 5-[(1-acryloylpiperidin-4- KIQ MS m/z 369 [M+H]"
yoxy]-N- O K Rt = 2.46 minutes
(cyclopropylmethyl)-1H- O~ \T“ Prep HPLC gradient
pyrrolo[2,3-b]pyridine-3- ,L T \ﬂ B \\/ 19-59% organic.
carboxamide S N

[e]

344 5-[(1-acryloylpiperidin-4- o N MS m/z 401 [M+H]"
yl)oxy]-N-[(18,3R)-3- O A\VJ: . Rt = 2.47 minutes
fluorocyclopentyl]-1H- PR L T ﬂ o S Prep HPLC gradient
pyrrolo[2,3-b]pyridine-3- - r NT R 19-59% organic.
carboxamide

345 5-[(1-acryloylpiperidin-4- % N ~ MS m/z 383 [M+H]
yhoxy]-N-(cyclobutylmethyl)- O A\VZ\V N Rt = 2.62 minutes
1H-pyrrolo[2,3-b]pyridine-3- PN ij ﬂ PN N/> Prep HPLC gradient
carboxamide TOT NT R 24-64% organic.

346 5-[(1-acryloylpiperidin-4- SN =\ MS myz 423 [M+H]
yl)oxy]-N-(2-fluorobenzyl)- O j\ N Rt = 2.69 minutes
1H-pyrrolo[2,3-b]pyridine-3- L /LN;> / Prep HPLC gradient
carboxamide I N 26-66% organic.

347 5-[(1-acryloylpiperidin-4- N MS m/z 357 [M+H]"
yhoxy]-N-propyl-1H- SN Rt = 2.41 minutes
pyrrolo[2,3-b]pyridine-3- N(j/ \[ a7 Prep HPLC gradient

! P . “ N .
carboxamide - N 18-58% organic.
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348 5-[(1-acryloylpiperidin-4- o i MS m/z 371 [M+H]
yhoxy]-N-butyl-1H- A0 A TN e Rt = 2.57 minutes
pyrrolo[2,3-bjpyridine-3- YRS Prep HPLC gradient
carboxamide Y R 23-63% organic.

[¢]

Example 349:
2-(((28,4S)-1-acryloyl-2-methylpiperidin-4-yl)amino)-N-ethyl-5H-pyrrolo[2,3-b]pyrazine-7-carboxamide
(cis racemic)

The title compound was prepared according to the method described for Example __ using cis-

racemic-benzy! 4-amino-2-methylpiperidine-1-carboxylate. The residue was purified using silica gel
column chromatography eluting with 5% MeOH in DCM followed by preparative HPLC eluting with 18-
38% MeCN in water modified with ammonia to pH=10. "H NMR (400 MHz, CHCl,-d) d ppm 9.69 (br.
s,TH)815(r.s.,1H)8.04 (br.s., 1 H) 760 -7.75 (m, 1 H) 6.59 (dd, J=16.56, 10.54 Hz, 1 H) 6.33
(d, J=17.07Hz, 1H)5.72 (d, J=11.04 Hz, 1 H) 4.73 (d, J=4.52 Hz, 1 H) 4.54 (br.s., 1 H) 4.15 (d,
J=4.52Hz,2H) 3.44-3.65(m, 2 H) 3.32 (t, J=11.54 Hz, 1 H) 2.06 - 2.26 (m, 2 H) 1.93 (d, J=13.05
Hz, 2 H) 1.26-1.40 (m, 6 H) MS m/z [M+H]+ = 357.0

QC Analytical LC Method

Column: Xtimate C18 (5x30mm, 3um). Mobile Phase: 1-100% MeCN/H,O (0.05% TFA)

Rt =3.19 min. LC/MS = 3.19 min (XTimate €18 5*30 mm, 3 um)

The cis-racemic material was separated into its enantiomers using preparative chiral chromatography
according to conditions described below:

Prep Chiral LC Method:

Column: AS-H (21x250mm, 5um); CO,/EtOH ; 85:15 A/B hold for 15 min, T = 40 °C, flow: 75 mL/min
Chiral LC QC Method:

Column: AS-H (4.6x 100 mm, 5um); CO,/EtOH ; 80:20 A/B hold for 15 min, T = 40 oC, flow: 1.5
mL/min

The two enantiomers were arbitrarily assigned absolute stereochemistry

First Eluting isomer: Example 350

2-(((2S,45)-1-Acryloyl-2-methylpiperidin-4-yl)amino)-N-ethyl-5-methyl-5H-pyrrolo[2,3-b]pyrazine-7-
carboxamide. Rt = 5.29 MS m/z 357 [M+H]+

Second eluting isomer: Example 351

2-(((2R 4R)-1-Acryloyl-2-methylpiperidin-4-yl)amino)-N-ethyl-5-methyl-5H-pyrrolo[2, 3-b]pyrazine-7-
carboxamide. Rt = 7.43 MS m/z 379 [M+H]+

Example 352
5-((1-Acryloylpiperidin-4-yhamino)-N-ethyl- 1-methyl-1H-pyrrolo[2,3-b]pyridine-3-carboxamide

Prepared according to scheme below
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o O _om ON—NHE
©®  Step3:NaOH p
OH ' Stept:MeOH g, Step 4: EtNH2 NS N\

Br N Step2: SEMCI |\ N\ ikl |

L~ N N" N N N‘SEM

N"H SEM

Step 5: Pd2(dba)3

0 o}
H NHEt  Step 6: TFA then NH3 H NHEt
I N Step 7: Acryl N
w0 SRS
H2N<<:>N—Boc NZ N N \

I-CI
7
SEM /\g/

Iz .

Example 352, Step 1
To a mixture of 5-bromo-1H-pyrrolo[2,3-b]pyridine-3-carboxylic acid (20 g, 82.99 mmol) in MeOH (200

mL) was added SOCI, (30ml) dropwise at room temperature. After addition, the resulting mixture was
heated to 70 <C and stirred overnight. TLC (EtOAc) showed the reaction was completed. The solvent
was removed in vacuo and then aqueous NaHCO; (20 mL) was added at which time a precipitate
formed. The solid was filtered and dried to give methyl 5-bromo-1H-pyrrolo[2,3-b]pyridine-3-
carboxylate (15.3g, 72.3%) as a brown solid.

Example 352 Step 2

To a solution of Example 352, step 1 (14.3 g, 56.1 mmol) in DMF (200 mL) at 0 °C was added NaH
(5.61qg, 140.25 mmol) in portions. After addition, the mixture was stirred at 8 °C for 0.5 then SEM-CI
(18.7¢g, 112.2 mmol) was added dropwise and the reaction stirred at room temperature for4 h. TLC
(Petroleum ether/ EtOAc=2/1) showed most of the starting material was consumed and the reaction
mixture was poured into ice-water and extracted with EtOAc (300 mL*2). The combined organic lay-
ers were washed with brine and dried over Na,SO,, filtered, and concentrated to give the crude prod-
uct, which was purified by silica-gel column (eluting with EtOAc/Petroleum ether=5%~10%) to obtain
methyl 5-bromo-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrrolo[2,3-b]pyridine-3-carboxylate (10.1g,
46.8%) as a white solid. 'H NMR (400 MHz, DMSO-ds) d ppm 8.33 - 8.61 (m, 3 H) 5.68 (s, 2 H) 3.87
(s, 3 H) 3.56 (t, J=8.03 Hz, 2 H) 0.82 (t, J=8.03 Hz, 2 H) -0.10 (s, 9 H).

Example 352 Step 3

To a solution of Example 352, Step 2 (5.0 g, 13.0 mmol) in THF (150 mL) was added a solution of
NaOH (2.6 g, 65.0 mmol) in H,O (50 mL) and the mixture refluxed overnight. TLC (EtOAc/Petroleum
ether = 1:2) showed the starting material was consumed completely. The solvent was removed and
the residue was diluted with H,O (30ml), the solution was adjusted to pH=6 with conc’d HCI. The solu-
tion was extracted with EtOAc (200mix2) and the combined organic layers were washed with brine,
dried over Na,SO,, filtered ,and concentrated to give 5-bromo-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-
pyrrolo[2,3-b]pyridine-3-carboxylic acid (4.2 g, 87.1%) as a white solid. '"H NMR (400 MHz, DMSO-ds)
d ppm 12.66 (br.s., 1 H) 8.22 - 8.65 (M, 3 H) 5.67 (s, 2 H) 3.55 (t, J=8.03 Hz, 2 H) 0.82 (t, J=8.03 Hz,
2H)-0.35-0.05 (m, 9 H)
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Example 352 Step 4
To a solution of Example 352, Step 3 (1.1 g, 2.96 mmol) in DMF (20 mL) was added Et;N (598 mg,

5.92 mmol) and HATU (1.35 g, 3.55 mmol), followed by EtNH, (267 mg, 5.92 mmol). The mixture was
stirred at room temperature overnight. TLC (EtOAc/Petroleum ether = 1:2) showed the starting mate-
rial was consumed completely. H,O (30 mL) was added and the mixture was extracted with EtOAc
(50 mLx2) and the combined organic layers were washed with H,O (30 mL), brine (50 mL), dried over
Na,SO,, filtered, and concentrated to give the crude material, which was purified by silica-gel column
eluting with EtOAc/Petroleum ether = 1/12~1/2 to provide 5-bromo-N-ethyl-1-((2-
(trimethylsilyl)ethoxy)methyl)-1H-pyrrolo[2,3-b]pyridine-3-carboxamide (1.02 g, 86.6%) as a white sol-
id. 1H NMR (400 MHz, DMSO- dg) d ppm 8.63 (s, 1 H) 8.44 (s, 1 H) 8.35 (s, 1 H), 8.22-8.19 (m, 1 H),
5.65 (s, 2 H), 3.54-3.51 (m, 2 H) 3.31-3.28 (m, 2 H) 1.16-1.12 (m, 3 H) 0.86-0.82 (m, 2 H) -0.09 (s, 9
H)

Example 352 Step 5

To a stirred solution of Example 352 Step 4 (700 mg, 1.75 mmol) in toluene (20 mL) was added tert-
butyl 4-aminopiperidine-1-carboxylate (700 mg, 3.5 mmol), and t-BuONa (504mg, 5.25 mmol) at room
temperature. The resulting mixture was degassed and purged with N, twice and then Pd,(dba); (320
mg, 0.35mmol) and X-phos (167 mg, 0.35 mmol) were added. The resulting mixture was degassed
and purged with N, again and stirred at 100°C overnight under N, atmosphere. TLC
(EtOAc/Petroleum ether = 1:1) showed the starting material was consumed completely. The solvent
was removed and the residue was diluted with H,O (20 mL) and extracted with EtOAc (40 mLx2).
The combined organic layers were washed with brine, dried over Na,SO,, filtered, and concentrated
in vacuo. The crude product was purified via Biotage SP1 (EtOAC/PE from 25% to 100% as eluent) to
give tert-butyl 4-((3-(ethylcarbamoyl)-1-((2-trimethylsilyl)ethoxy)methyl)-1H-pyrrolo[2,3-b]pyridin-5-
yl)amino)piperidine-1-carboxylate (422mg, 46.5%) as yellow oil. MS m/z 518 [M+H]+

Example 352 Step 6/7

To a solution of Example 352, Step 5 (422 mg, 0.82 mmol) in DCM (4 mL) at 0 -C was added TFA

(5 mL). The mixture was warmed to room temperature and stirred for 3 hours, after which LCMS

showed the reaction was completed. The mixture was evaporated to dryness to give crude product
(655 mg, 100%) as a yellow oil which was used in the next step. To the crude product (655 mg, 1.40
mmol) in MeOH (4 mL) at 0 -.C was added NH3/H,O (3 mL). The mixture was stirred at room tem-
perature for 2 hrs, after which LC/MS indicated no starting material remained. The reaction was
evaporated to give desired product (400 mg, 99.2%), which was taken directly to the next step.

MS m/z 288 [ M+H]+

Example 352 Step 8

To a stirred solution of Example 352, Step 7 (400 mg, 1.39 mmol,) in THF/H,O (3 mL/3 mL) was add-
ed DIPEA (360 mg, 2.78 mmol), followed by acryloyl chloride (252 mg, 2.78 mmol) dropwise at 0°C
carefully. After the addition, the resulting mixture was stirred at 0°C for 2 hours. LCMS showed the

start material had been consumed. The mixture was purified via Biotage SP1 (MeOH/DCM from
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0~10%) to give 5-((1-acryloylpiperidin-4-yl)amino)-N-ethyl-1H-pyrrolo[2,3-b]pyridine-3-carboxamide
(142mg, 35.5%) as a yellow solid, this was further purified by HPLC give desired product.

Prep HPLC

Column: Kromasil Eternity XT C18 250 *21.2* 10um. Mobile phase: 5% MeCN/H,O to 25%
MeCN/H,O , pH =10

QC Analytical HPLC

Column: Ultimate XB-C18, 3 uym, 3*50 mm. Mobile Phase 1% CH;CN/H,O to 100% CH;CN/H,O
(0.1% TFA). Rt = 2.63 min; MS m/z 342 [M+H]+. "H NMR (400 MHz, DMSO-d,) d ppm 11.59 (br. s, 1
H) 7.75- 802 (m, 3 H) 7.67 (br. s., 1 H) 6.85 (dd, J=16.56, 10.54 Hz, 1 H) 6.11 (d, J=16.06 Hz, 1 H)
5.68 (d, J=10.04 Hz, 1 H) 5.31 (d, J=8.03 Hz, 1 H) 4.30 (d, J=12.55 Hz, 1 H) 4.03 (d, J=13.05 Hz, 1 H)
351 (pr.s., 1H)3.15-3.31(m, 4 H) 2.95 (t, J=11.54 Hz, 1 H) 1.98 (br.s., 2H) 1.29 (br.s.,2H) 1.13
(t, J=7.03 Hz, 3H)

Example 353
2-(((28,48)-1-Acryloyl-2-methylpiperidin-4-yl)amino)-N-((S)-1-methoxypropan-2-yl)-5H-pyrrolo[2,3-
b]pyrazine-7-carboxamide (cis-racemic)

The title compound was prepared analogous to the method described for Example 71, using cis-
racemic benzyl (28,4S)-4-amino-2-methylpiperidine-1-carboxylate and (S)-2-bromo-N-(1-
methoxypropan-2-yl)-5-((2-(trimethylsilyl)ethoxy)methyl)-5H-pyrrolo[2,3-b]pyrazine-7-carboxamide.
The residue was purified using silica gel column chromatography eluting with 0 to 10% MeOH in DCM
followed by preparative HPLC eluting with 24-44% MeCN in water modified with ammonia to pH=10
(Phenomenex Gemini C18 250*211.2mm*8 um). LCMS analysis: Xtimate C18 5*30mm, 3 um; 1 to
100% MeCN/H,O in 0.1% TFA. Rt = 3.27 min MS m/z 423 [M+NaJ+. 'H NMR (400 MHz, DMSO-d;) d
ppm 1210 (br.s., 1 H) 8.21-8.53(m, 1 H)7.88 (s, 1H) 7.79 (s, 1 H) 7.09 (dd, J=14.31, 5.77 Hz, 1 H)
6.80 (dd, J=16.81, 10.29 Hz, 1 H) 6.12 (dd, J=16.81, 2.26 Hz, 1 H) 5.67 (dd, J=10.54, 2.51 Hz, 1 H)
441 (br.s.,1H)3.81-429(m,3H)3.10-3.30 (m, 6 H) 1.63-2.14 (m, 4 H) 1.05- 1.37 (m, 6 H)
Example 354

2-(((2S,4S)-1-Acryloyl-2-methylpiperidin-4-yl)amino)-N- ((R)-1-methoxypropan-2-yl)-5H-pyrrolo[2,3-
b]pyrazine-7-carboxamide (cis-racemic)

The title compound was prepared analogous to the method descriped for Example 71 using cis-
racemic benzyl (28,4S)-4-amino-2-methylpiperidine-1-carboxylate and (R)-2-bromo-N-(1-
methoxypropan-2-yl)-5-((2-(trimethylsilyl)ethoxy)methyl)-5H-pyrrolo[2,3-b]pyrazine-7-carboxamideThe
residue was purified using silica gel column chromatography eluting with 0 to 10% MeOH in DCM fol-
lowed by preparative HPLC eluting with 24-44% MeCN in water modified with ammonia to pH=10
(Phenomenex Gemini C18 250*211.2mm*8 um)

LCMS analysis: Xtimate C18 5*30mm, 3 um; 1 to 100% MeCN/H,O in 0.1% TFA. Rt = 3.25 min MS
m/z 423 [M+Nal+. 'H NMR (400 MHz, DMSO-ds) d ppm 8.20 - 8.44 (m, 1 H) 7.83 - 7.96 (m, 1 H) 7.79
(s, 1 H) 7.03 (dd, J=13.55,5.52 Hz, 1 H) 6.79 (dd, J=16.56, 10.54 Hz, 1 H) 6.12 (dd, J=16.56, 2.51
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Hz, 1 H) 5.87 (dd, J=10.54,2.51 Hz, 1 H) 4.41 (br. s., 1 H) 3.87 - 4.26 (m, 3 H) 3.09 - 3.49 (m, 9 H)
1.88-2.15(m, 3 H) 1.77 (br. s., 1 H) 0.97 - 1.40 (m, 6 H)

Example 355 and Example 356
2-(((3S,4R)-1-Acryloyl-3-methoxypiperidin-4-yl)amino)-N-((S)-1-methoxypropan-2-yl)-5H-pyrrolo[2,3-

wn

b]pyrazine-7-carboxamide
and
2-(((3R,4S)-1-Acryloyl-3-methoxypiperidin-4-yl)amino)-N-((S)-1-methoxypropan-2-yl)-5H-pyrrolo[2, 3-
blpyrazine-7-carboxamide
10 The title compounds were prepared analogous to the method described for Example 71, using cis-
racemic tert-butyl (3S,4R)-4-amino-3-methoxypiperidine-1-carboxylate and (S)-2-bromo-N-(1-
methoxypropan-2-yl)-5-((2-(trimethylsilyl)ethoxy)methy-5H-pyrrolo[2,3-blpyrazine-7-carboxamide.
The residue was purified using silica gel column chromatography eluting with 0 to 10% MeOH in DCM
(800 mg, 94%) followed by preparative HPLC eluting with 22-42% MeCN in water modified with am-
15 monia to pH=10 (Phenomenex Gemini C18 250*211.2mm*8 um) to give racemic-cis material (350
mg, 41%).
The rac-cis material was separated by chiral SFC to give the enantiomeric pair, stereochemistry arbi-
trarily assigned:
Prep SFC Conditions
20 Column: OD (250mm*30mm, 10 um); Mobile phase: 35% MeOH, NH3/H,0; Flow: 80 mL/min
Peak 1, Example 355
HPLC: Column: UltimateXB-C18, 3um, 3*50mm; Mobile phase 1-100% CH;CN/H,O (0.1% TFA); Rt =
3.71 min
Chiral SFC QC: Column: Chiralcel OD-3, 150*4.6 mm; Mobile phase: MeOH/CO, (0.05% DEA) 5-
25 40%; flow = 2.5 mL/min, Rt =7.55 min.
"H NMR (400 MHz, DMSO-dg) d pom 12.11 (br. s., 1 H) 8.15 - 8.39 (m, 1 H) 7.63 - 7.99 (m, 2 H) 6.67
-7.07 (m, 2H) 6.13 (d, J=16.56 Hz, 1 H) 5.69 (dd, J=10.29, 2.26 Hz, 1 H) 469 (d, J=12.55 Hz, 1 H)
3.93-449(m,4H)3.55-3.79 (m, 1 H) 3.46 (d, J=4.52 Hz, 1 H) 3.11-3.30 (m, 7 H) 2.67 - 3.02 (m, 1
H) 1.50 - 1.91 (M, 2 H) 1.22 (d, J=6.53 Hz, 3 H)
30  Peak 2. Example 356
HPLC: Column: UltimateXB-C18, 3um, 3*50mm; Mobile phase 1-100% CH;CN/H,O (0.1% TFA); Rt =
3.72 min
Chiral SFC QC: Column: Chiralcel OD-3, 150*4.6 mm; Mobile phase: MeOH/CO, (0.05% DEA) 5-
40%; flow = 2.5 mL/min, Rt=8.62 min. 'H NMR (400 MHz, DMSO-ds) d ppm 12.11 (br. s., 1 H) 8.15 -
35 839(M,1H)7.63-7.99(m, 2H)6.67-7.07 (m, 2H)6.13 (d, J=16.56 Hz, 1 H) 5.69 (dd, J=10.29,
2.26 Hz, 1 H) 4.69 (d, J=12.55 Hz, 1 H) 3.93 - 448 (m, 4 H) 3.55-3.79 (m, 1 H) 3.46 (d, J=4.52 Hz, 1
H) 3.11-330(m, 7 H) 267-3.02(m, 1 H) 1.50 - 1.91 (m, 2 H) 1.22 (d, J=6.53 Hz, 3 H)
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Biological Evaluation
JAK Caliper Enzyme Assay at 4 uM or 1mM ATP

Test article was solubilized in dimethyl sulfoxide (DMSO) to a stock concentration of 30 mM. An
11-point half log dilution series was created in DMSO with a top concentration of 600 uM. The test
compound plate also contained pasitive control wells containing a known inhibitor to define 100% inhibition
and negative control wells containing DMSO to define no inhibition. The compound plates were diluted 1 to
60 resulting in a top final assay compound concentration of 10 uM and a 2% DMSO concentration.

Test article and assay controls were added to a 384-well plate. Reaction mixtures contained 20
mM HEPES, pH 7.4, 10 mM magnesium chloride, 0.01% bovine serum albumin (BSA), 0.0005% Tween™
20, 4 uM or 1 mM ATP and 1 M peptide substrate. The JAK3 assays contained 1 1M of the JAKtide
peptide (FITC-KGGEEEEYFELVKK). The assays were initiated by the addition 1 nM JAK3 enzyme and
were incubated at room temperature 75 minutes for JAK3. Enzyme concentrations and incubation times
were optimized for each new enzyme preps and were modified slightly over time to ensure 20%-30%
phosphorylation. The assays were stopped with a final concentration of 10 mM EDTA, 0.1% Coating
Reagent and 100 mM HEPES, pH=7.4. The assay plates were placed on a Caliper Life Science Lab Chip
3000 (LC3000) instrument, and each well was sampled using appropriate separation conditions to measure
the unphosphorylated and phosphorylated peptide.

Stability of JAK3 Covalent Inhibitors in Rat and Human Whole Blood
Rat blood was collected from 3 male Sprague-Dawley rats (200-250g, Charles River Laboratories) and
pooled for each study. Human blood was collected from one male and one female healthy subjects at the
Occupational Health & Wellness Center at Pfizer, Groton, CT and pooled for each study. Both rat and
human blood was collected freshly into K,-EDTA tubes and kept on ice. An aliquot of the blood was
transferred to microtubes and pre-warmed for 10 min at 37°C using a heat block. The test compound was
then added (1 uM final concentration) and the incubation was continued for 180 min at 37 °C in duplicates.
An aliquot of the incubation mixture was removed at designated time points during the course of the
incubation, mixed with an aliquot of acetonitrile containing an internal standard,vortexed and centrifuged.
The resulting supernatants were removed and subjected to LC-MS/MS analyses to determine parent
compound concentrations. Peak area ratios of the parent compound vs the internal standard were used to
determine the % of parent compound remaining vs incubation time.

HWB IL-15 induced STAT5 phosphorylation Assay

After serial dilution of the test compounds 1:2 in DMSO at desired concentration (500X of final), the
compounds were further diluted in PBS (by adding 4 puL compound/DMSOQ in 96 uL PBS, [DMSO0]=4%, 20X
final). To 96-well polypropylene plates were added 90 pl HWB (heparin treated Human Whole Blood)/well,
followed by 5 pliwell 4% DMSO in D-PBS or various concentrations of 20X inhibitor in 4% DMSO in D-PBS
(w/o Ca™ or Mg™) to give 1X in 0.2% DMSO. After mixing and incubating for 45 minutes at 37°C, 5 pl D-
PBS (unstimulated control) or 20X stocks of 5yl human IL-15

CA 2984183 2019-04-04
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(final concentration is 50 ng/ml) were added, and mixed three times. After incubating 15 minutes at
37°C, 1X Lyse/Fix Buffer (BD Phosflow 5x Lyse/Fix Buffer) was added to all wells at 1000 plawell, then
incubated for 20 minutes at 37 °C and spun 5 mins at 1200 rpm. After washing in 1000 pl FACS
buffer 1X and spinning for 5mins at 1200 rpm, 400 ul ice cold Perm Buffer Il were added to each well.
After mixing gently (1-2X) and incubating on ice for 30 minutes, spinning for 5 mins at 1200 rpm with-
out interruption, and washing 1X in cold 1000 ml FACS buffer (D-PBS containing 0.1 % BSA and
0.1% sodium azide) 250 ulivell of the desired AlexaFluor647-conjugated anti-phospho STATS5 anti-
body at 1:125 dilution in FACS buffer was added. Following incubating at 4 °C over night, all the
samples were transferred to 96-well polypropylene U-bottom plate, and checked by flow cytometry

gated on total lymphocytes. I1C5, values obtained are listed in the Table.

PBMC IL-15 Induced P-STATS

Test compounds were serially diluted in DMSO, with further dilution of the compounds in RPMI
1640 medium (Invitrogen #72400) supplemented with 10 mM HEPES, pH 7.4, 1 mM sodium pyruvate,
and Penicillin/Streptomycin (by adding 5 uL compound/DMSO in 120 pL Dulbecco's Phosphate-
Buffered Saline (D-PBS, 1X), [DMSO]=4%, and mixing the solution by repeated pipetting, 6X). IL-15
was diluted to the concentration at 820 ng/mL in RPMI 1640 medium.

Frozen human PBMC (200-250 million cells/vial) was thawed at 37 °C. The cells were transferred
to 10 mL warm medium in a 50-mL conical tube, and centrifuged at 1,200 RPM at room temperature
for 5 min. The supernatant was aspirated. Cells were suspended in 3 mL warm human plasma and
incubated at 37 °C in a tissue culture incubator for 1.5 to 2 h. After adding 47 ml D-PBS (37 °C) to
PBMC/FBS suspension, centrifuging at 1,200 RPM at room temperature for 5 min, and aspirating the
supernatant, the cells were resuspended in 20 mL warm RPMI medium. Ninety pL of cell suspension
were pipetted per well in a 96-well, deep-well, V-bottom plate, and the plate was incubated at 37 °C
for 30 min. Five yL of compound were transferred to each well (final 0.2% DMSO), vortex gently and
incubate at 37°C for 15 min; 5 uL 4%DMSQO/PBS were added to the control wells. After adding 5 pL
820 ng/mL of human IL-15 (final 41 ng/mL) to each well (5 uL PBS to the control wells), vortexing
gently and incubating at 37 °C for 15 min, followed by 0.3 mL 1% paraformaldehyde/PBS (37 °C) to
each well, and incubating the plate at room temperature for 15 min, the plates were centrifuged at
1,200 RPM (Beckman GS-6R or Sorvall Legend) at room temperature for 5 min, and the supernatant
was aspirated using a 8-channel or 12-channel manifold. After adding 0.8 mL staining buffer per well,
the plates were centrifuged at 1,200 RPM (Beckman GS-6R or Sorvall Legend) at room temperature
for 5 min, and again the supernatant was aspirated using a 8-channel or 12-channel manifold. The
plate was vortexed, and 0.35 mL 90% methanol/10% H,O (-20°C) was added per well, and the plate
incubated on ice for 20 min. After again adding 0.8 mL staining buffer per well, the plates were
centrifuged at 1,200 RPM (Beckman GS-6R or Sorvall Legend) at room temperature for 5 min, and
again the supernatant was aspirated using a 8-channel or 12-channel manifold, and then 0.8 mL

Staining buffer was added per well. After once again adding 0.8 mL staining buffer per well, the
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plates were centrifuged at 1,200 RPM (Beckman GS-6R or Sorvall Legend) at room temperature for 5
min, and again the supernatant was aspirated using a 8-channel or 12-channel manifold. Then the
plate was vortexed, and 250 plL/well of Alexa Fluor® 647 conjugated anti-STAT5 antibody (1 to 125
dilution; 1 uL antibody per 250 L staining buffer) was added, and the plate was incubated at 4 °C

wn

overnight in the dark. Samples of 250 yL/well were transferred to a 96-well U-bottom plate, and the
FACS analysis was performed gating on total lymphocytes. Samples were analyzed using a BD Cali-
bur™ or BD FACSCanto™ fiow cytometer equipped with the BD High Throughput Sampler.

10
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Table I. Enzyme Assay and Blood Stability Data.

PCT/IB2016/052220

JAK3 JAK3 | PBMCILI5| HWB IL15 .
Ex :w IMMATP | pSTAT5_ | pSTATS ICs H”ma"tb'°°°.' stability

oy | 150 M) | TCoo (n) (nM1) vz (iR
5 0408 46
6 10.102 1,320
7 1485 106 | 403119 158
8 0.355 46 133.236 >360.000
9 8.862 1211
10 2766 632
11 1613 308 207.759
12 5281 766
12 54 789 3,008
15 31369 3,285
17 0319 37| 2561816 189.399
18 0491 96| 5985753 >360.000
20 5416 926
21 4604 633
22 1288 134
23 3582 651
24 1113 295
25 1332 92| 1603.173
26 1649 99| 1926549
27 0.468 19| 382483 >360.000
28 13.706 1,159
29 8307
30 6.865 865
31 0211 47| 3866.586 294
32 0848 138 | 9099464 >360.000
33 0.23 34 2812.08 208
34 0501 05|  580.327 >360.000
35 6768 621
36 0875 54 175.991 100217 >360.000
37 0375 51 675816 1942711 305
38 0.328 30 204.524 1161.485 263
39 1014 202 | 2376484 >360.000
40 0.384 24 134,246 841679 243
4 0159 22 146.605 515375 225
42 04 50|  356.609 1059.915 281
43 0.258 50 411.297 223.838
44 0.35 47| 315212 1233.751 256.048
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Ex ‘:tAuKN:I,’ JAK3 PBMC IL15 HWB _IL15 Human blood stability
ATP 1mM ATP | _pSTATS_ PSTATS5 IC4 t,2 (min)
IC, (M) ICs0 (NM) 1Cgo (NM) (nM)

45 0.39 57 459.995 202.192
46 3.381 209 870.704
47 1178 87 362.653 3577.789 108
48 49.105 3,061 6689.177
49 27.087 2101 196.039
50 1.089 91 430.547 >360.000
51 2932 212 998.72 158.879
52 1.023 153 626.827 167
63 31.168 4,003
54 2.486 345 1639.582
55 2213 192 2258.051 >360.000
56 0.927 70 1603.309 >360.000
57 4.446 241 3216.686 >360.000
58 277 282 4737.71 >360.000
59 6.265 1,196 4868.413
60 0448 130 379.473 178.134
61 3.394 564 2172.11
62 13.47 2,700
63 2.439 379
64 0.408 50 227.603 3128.272 265.131
65 1.024 53 585.305 >360.000
66 6.214 412 >360.000
67 0.511 25 439.296 >360.000
68 2172 247 4571172 >360.000
69 0.782 137 2607.954 >360.000
70 9.097 1,391 >360.000
4 1.129 54 260.396 931.362 309
72 1.134 80 415.042 166
73 0.971 33 173.619 738.297 >360.000
74 0.995 177 1180.961 >360.000
75 1.599 316 2276.87 >360.000
76 0.566 136 1147.608 >360.000
77 0.702 115 560.626 2450.401 >320.333
78 1.832 314 935.276 >360.000
79 0608 77 264.358 2711.879 329.878
80 1.32 160 828.951 288.261
81 76.9 >360
83 10.656 1,107
84 1.666 329 1223.734
85 2.906 467 83
86 0515 94 259.72 2917.627 100
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JAK3 JAKZ | PBMCILISE| HWB IL15 .
Ex t\#’r 1mM ATP | pSTATS_ | pSTATS ICs Huma"tb'°°q stability

ety | 1650 M) | oo (b (nM1) 2 (min)
87 14.002 1322 | 6485529 >360.000
88 15 137 3453 5048 >360.0
89 76 421 7673
90 1038 152 | 3220504
92 20 944 2436
93 71072 >3.160
94 0.8 148 1078.3
95 0.466 65|  478.942 804 421 188
96 432968 | >10,000
97 1.713 187 1063.965
98 1264 52| 932175 105.768
99 89 202 8,988
100 76 266 2661 | >10000.000 211
101 0219 28| 226783 703.427 114
102 1.899 142 236.784 1532.345 121
103 0.424 38 155243 658,882 137
105 0408 54| 324218 1069.197 138
106 0.125 25 191.916 287.035 112
107 11.807 1243 | 8260517
108 0.769 136 3260.465 3483.335 133.832
109 0713 155 | 320415 132.105
110 867417 |  >10,000
111 0858 771 536.695 172.108
112 1028 81| 1012124
113 2.395 589 1942.788 >360.000
114 19,662 3811
115 8315 929 226.018
116 14.665 2549
117 1872 1493
118 16.084 1892
119 34 246 3927 | 931019
120 4479 725 >360.000
121 6961 921 160212
122 5.968 1465
123 7649 1104 | 3043142 146,779
124 5891 1102 | 2430305 291.809
125 7816 1878
126 14918 3,527
127 9.426 1,083
128 6667 787 >360.000
129 0534 24 86.171 267.223
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JAK3 JAK3 | PBMCIL15 | HWB IL15 .
Ex t\#’r 1MMATP | _pSTAT5_ | pSTATSICs, H”ma"tb":;?ns)tab"'ty
IC. (NM) ICso (NM) ICsp (NM) (nM) 172
131 0182 33
132 1672 255 523.984
133 1111 76 302.319 238
134 12382 2.528
135 1489 168 759.164
136 582 632
137 28.077 3,024
138 46.72 4,839
139 1.57 109 711.345 >360.000
140 271 384 | 1707879
141 0794 103 346.533
142 60 402 4,432
143 22,609 1,020
144 3318 430
145 18372 1933
146 12.23 1,367
147 41719 3712
148 0773 11 312.169 >360.000
129 0565 134 163.308 4236 663
150 8,087 1,115
151 13 568 1515
152 1973 256 509.756
153 5207 538
154 4683 590
155 4916 721
156 28.9 4,089
157 20627 2,898
158 3.07 365 888.383
159 6.307 865
160 4.33 463
161 7348 1118
162 6192 581
163 1241 160 408.899
164 4338 726
165 10683 957
166 0667 58 167.842 1205.374 >360.000
167 4605 599
168 7756 769
169 7309 845
170 0508 ) 307.85
71 0928 55 946.664
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JAK3 JAK3 | PBMCIL15| HWB IL15 .
Ex t\#’r 1mM ATP | pSTATS_ | pSTATS ICs Huma"tbm::tab'"ty

IC,, (M) ICs (NM) ICs (NM) (nM) vz (min)
172 0448 5 81314 321.705 326
173 0681 43| 1415742
174 0368 13 161.927 1730.052
175 0426 8 77.33 1322.928
176 0437 3 23.956 318.21 ok291
177 0626 25| 420375
178 0.442 6 88.6 360.009 0k334.132
179 0596 18 94819 849.931
180 0.481 12| 203.604 944012
161 0379 5 159.435 1615479
182 2444 165 | >10000.000
183 1034 41| 1587.648
184 1394 68 1190.05
185 0372 6 73.025 541.837
136 0485 5] 212715 870.057
187 0503 6 54,697 24033 >360.0000K
188 0515 6 88.047 913.058 >360.000
189 0.689 6| 202772 1144.319 >360.000
190 0193 7 96.87 618.953
191 0484 ) 136,863 777.795
192 0627 29|  906.631
193 0393 5 68.408 637.257
194 0993 22
195 0494 7 82676 687.986
196 0479 5 54,667 362,206 >360.000
197 0.788 147 706.383
198 0.361 53| 249.879 1404.891
199 0414 47| 250.141 2020.346
200 0411 46 148.58 1520388 >360.000
201 3624 211
202 5311 697
203 2819 370 | 4462504
204 0272 49 130,142 1390.465 >360.000
205 0.138 16 92.35 513.012 250221
206 2788 325 | 3100582
207 4071 538
208 6987 734
209 0.609 64|  206.051 | >10000.000 267
210 0435 54| 325117
711 05 74| 395.002 1744.169
212 0922 328 1340.35
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JAK3 JAK3 | PBMCIL15 | HWB IL15 .
Ex t\#’r 1MMATP | _pSTAT5_ | pSTATSICs, H”ma"tb":;?ns)tab"'ty
IC,, (M) ICs (NM) ICs (NM) (nM) 172

213 3071 343 | 1724477
214 0209 20 56.941 194.733 0k287 .47
215 0782 97 618.746
216 3269 463
217 1.968 272 |  2093.153
218 0627 105 | 1202.186
219 0363 25 134.493 888.536 243
220 0211 18 100.287 1074161 222
221 44 713
222 036 53 280.092 1017.369
223 4134 344 | 3334709
224 3542 526
225 0233 25 170.257 772.383 236
226 2116 430
227 0279 22 145.723 681633 270,193
228 0229 18 93296 378.222 253.848
229 0582 60 220.861 2387.609 356
230 0305 34 155.156 1705.739 351124
231 0322 85 353117 321
232 2.497 606
233 6.789 1,095
234 17916 2.269
235 0304 37 20751 347
236 45087 6.550
237 025 56 780.068 259
238 9478 1,358
239 378 757
240 10 889 4,059
241 3795 857
242 62,118 | >10,000
243 0586 141 1731.02 >360.000
244 82.347 | >10,000
245 1775 297 | >10000.000
246 7792 1113
247 3337 829
248 48 658 5334
249 75293 | >10,000
250 4312 798
251 5118 1316
252 110446 | >10,000
253 72.015 7678
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JAK3 JAK3 | PBMCIL15 | HWB IL15 .
Ex t\#’r 1MMATP | _pSTAT5_ | pSTATSICs, H”ma"tb":;?ns)tab"'ty
IC,, (M) ICs (NM) ICs (NM) (nM) 172
254 17 204 2544
255 6.373 846
256 0124 23 531.251 275
257 55343 6.455
258 6.226 1,048
259 180.34 | >10,000
260 2137 676
261 259415 | >10,000
262 11594 2.181
263 52.389 6.461
264 2412 479
265 4627 742 | 2063272
266 02 22 64232 528.022
267 4.986 802
268 1434 330 | >10000.000
269 0.888 82 219.991 1385249
270 0526 63 670.261
271 0676 144 | 1144556
272 3825 651
273 1587 204 388.534
274 0984 157 506.646
275 3186 418 | 1032.718
276 0479 1 622.954
277 0.59 155 | 2317.882
778 1227 70 271528 2464.465
279 0343 31 107.438 765.352
280 2.494 501
281 1.021 73| 1221893
282 2.454 359 | 3090.779
283 0509 97 256.746 1197.298
284 0.301 42 185.811 819.008 >360.000
285 4049 515 | 1793745
286 12435 1,023
287 2.709 499
288 0376 57 150.849 2155905 >360.000
289 1292 209 453.834
290 20 826 2148
291 15 468 1,491
292 0315 17 27.682 841.226
293 068 51 217.689 817.839 204
294 116 62 575.453
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JAK3 JAK3 | PBMCIL15| HWB IL15 .
Ex t\#’r 1mM ATP | pSTATS_ | pSTATS ICs Huma"tbm::tab'"ty

IC,, (M) ICs (NM) ICs (NM) (nM) vz (min)
295 0179 29 71.014 199062 0k133.207
296 0519 57|  609.211
297 0.43 45 150.267 718.167
798 0.485 69|  210.494 1282.125 >360.000
299 1205 57| 305123 913.169
300 0.6 92| 699748
301 0.431 44| 386.705 3026.667
302 2.89 385 | 1186.599
303 4.808 731
304 0194 29 96.793 524121
305 0496 53|  277.881 6384984
306 0.705 107 | 1571655
307 9.821 1076 | 2133638
308 0531 48| 305873 775.119
309 0595 59| 526112
310 2.08 170 | 1196.196
31 1783 223 586,450
312 1053 56|  310.139 703.955
313 0736 46| 242669 986468
314 0.24 30 115347 401.86 186.967
315 0.348 26 74.904 210675 oK
316 0643 120 | 204.486 1454.374
317 0979 77| 314798 834.96
318 0535 59| 214491 1758629
319 0404 25| 210832 396,367 334
320 2.158 182 | 1253.422
321 0448 26| 310342 999.032 >360.000
322 0269 47| 427.563
323 0392 69|  430.342
324 0418 21 202.933 1267.22 257.921
325 12.797 1,264
326 0455 50| 329899 780.409 >360.000
327 0546 56| 260694 1037.851 >360.000
328 0578 37 143.2 287.352 251.86
329 0587 60|  246.862 6286.522
330 0287 45 122.071 1971.669
331 0313 42| 288.136 26322 0k331.235
332 0262 22 87.738 220984 144.963
333 0.307 44| 773.506
334 0703 93 73.642 3916.304
335 0262 57| 848914
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JAK3 JAKZ | PBMCILISE| HWB IL15 .
Ex t\#’r 1mM ATP | pSTATS_ | pSTATS ICs Huma"tbm::tab'"ty

ety | 1650 M) | oo (b (nM1) 2 (min)
336 0.24 26 107 382 372 581 ok
337 14372 1845
338 31.42 2.776
339 16469 2699
340 29.951 3,469
341 20947 2605
342 26 446 2634
343 75132 4879
344 26678 2537
345 43 .652 4.026
346 40914 4439
347 24176 3078
348 10.239 1188
349 2.12 367 | 2029437
350 32115 4 368 >360.000
351 2877 838 331
352 52311 4497
353 1478 123 | 2203352 >360.000
354 3408 261 | 4518.962
355 0.327 30
356 4074 831
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CLAIMS:
1. A compound selected from the group consisting of:

1-(4-{[7-(azetidin-1-ylcarbonyl)-5H-pyrrolof2,3-b]pyrazin-2-yl](methyl)amino}piperi-
din-1-ylprop-2-en-1-one

5 2-(4-acryloyl-3,3-dimethylpiperazin-1-yl)-N-(prop-2-yn-1-yl)-5H-pyrrolo[2,3-
b]pyrazine-7-carboxamide

2-{3-[acryloyl(methyl)amino]azetidin-1-yI}-N-(2-methoxyethyl)-5H-
pyrrolo[2,3-b]pyrazine-7-carboxamide

2-{3-[acryloyl(methyl)aminolazetidin-1-yl}-N-[(2S)-1-methoxypropan-2-yl]-5H-

10  pyrrolof2,3-b]pyrazine-7-carboxamide

2-{3-[acryloyl(methyl)amino]azetidin-1-yI}-N-[(2R)-1-methoxypropan-2-yl]-5H-
pyrrolo[2,3-b]pyrazine-7-carboxamide

Cis-racemic-N-{[(1-acryloyl-5-(7H-pyrrolo[2,3-d]pyrimidin-4-ylamino)piperidin-
2-ylimethyl}acetamide

15 N-{[(2R,5R)-1-acryloyl-5-(7H-pyrrolo[2,3-d]pyrimidin-4-ylamino)piperidin-
2-ylImethyl}acetamide

N-{[(2S,5S)-1-acryloyl-5-(7H-pyrrolo[2,3-d]pyrimidin-4-ylamino)piperidin-
2-ylImethyl}acetamide

Cis-racemic-1-acryloyl-N,N-dimethyl-5-(7H-pyrrolo[2,3-d]pyrimidin-4-

20  ylamino)piperidine-3-carboxamide

3-{[(3S,5R)-1-Acryloyl-5-(7H-pyrrolo[2,3-d]pyrimidin-4-ylamino)piperidin-
3-yllmethoxy}propanenitrile

3-{[(3R,5S)-1-Acryloyl-5-(7H-pyrrolo[2,3-d]pyrimidin-4-ylamino)piperidin-
3-yllmethoxy}propanenitrile
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Cis-racemic-[1-acryloyl-5-(7H-pyrrolo[2,3-d]pyrimidin-4-ylamino)piperidin-

3-yl]acetonitrile

[(BR,5R)-1-acryloyl-5-(7H-pyrrolo[2,3-d]pyrimidin-4-ylamino)piperidin-3-

ylJacetonitrile

[(3S,5S)-1-acryloyl-5-(7H-pyrrolo[2,3-d]pyrimidin-4-ylamino)piperidin-3-

ylJacetonitrile

1-((2S,5R)-2-Methyl-5-((5-(2-(prop-2-yn-1-yloxy)ethyl)-7H-pyrrolo[2,3-d]pyrimidin-
4-ylamino)piperidin-1-yl)prop-2-en-1-one

1-[(2S,5R)-2-Methyl-5-({5-[2-(prop-2-yn-1-yloxy)ethyl]-7H-pyrrolo[2,3-d]pyrimidin-
4-yltamino)piperidin-1-yl]prop-2-en-1-one

2-(4-acryloyl-3,3-dimethylpiperazin-1-yl)-N-[(2S)-1-(benzyloxy)propan-2-yl]-5H-

pyrrolo[2,3-b]pyrazine-7-carboxamide

Racemic-2-(4-acryloyl-3,3-dimethylpiperazin-1-yl)-N-[1-(3-fluorophenyl)-2-
hydroxyethyl]-5H-pyrrolo[2,3-b]pyrazine-7-carboxamide

2-(4-acryloyl-3,3-dimethylpiperazin-1-yl)-N-[(2S)-3-ethyl-1-hydroxypentan-2-yl]-5H-

pyrrolo[2,3-b]pyrazine-7-carboxamide

2-(4-acryloyl-3,3-dimethylpiperazin-1-yl)-N-{(1R)-2-methoxy-1-phenylethyl]-5H-

pyrrolo[2,3-b]pyrazine-7-carboxamide

2-(4-acryloyl-3,3-dimethylpiperazin-1-yl)-N-[(3S,4R)-4-cyclopropyltetrahydrofuran-
3-yl]-5H-pyrrolo[2,3-b]pyrazine-7-carboxamide

2-(4-acryloyl-3,3-dimethylpiperazin-1-yl)-N-{(3S ,4R)-4-(2-
methylpropyl)tetrahydrofuran-3-yl]-SH-pyrrolo[2,3-b]pyrazine-7-carboxamide

2-(4-acryloyl-3,3-dimethylpiperazin-1-yl)-N-{4-(4-fluorophenyl)tetrahydrofuran-3-
yl]-5H-pyrrolo[2,3-b]pyrazine-7-carboxamide
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Racemic-2-(4-acryloyl-3,3-dimethylpiperazin-1-yl)-N-(3,4-dihydro-1H-isochromen-
4-y)-5H-pyrrolo[2,3-b]pyrazine-7-carboxamide

2-(4-acryloyl-3,3-dimethylpiperazin-1-yl)-N-{(1R)-1-(4-fluorophenyl)-2-
hydroxyethyl]-5H-pyrrolo[2,3-b]pyrazine-7-carboxamide

2-(4-acryloyl-3,3-dimethylpiperazin-1-yl)-N-[(2S)-1-phenoxypropan-2-yl]-5H-

pyrrolo[2,3-b]pyrazine-7-carboxamide

Racemic-2-(4-acryloyl-3,3-dimethylpiperazin-1-yl)-N-(tetrahydro-2H-pyran-3-yl)-
5H-pyrrolo[2,3-b]pyrazine-7-carboxamide

2-(4-acryloyl-3,3-dimethylpiperazin-1-yl)-N-[(3S -tetrahydrofuran-3-yl]-5H-
pyrrolo[2,3-b]pyrazine-7-carboxamide

2-(4-acryloyl-3,3-dimethylpiperazin-1-yl)-N-[(3R)-3,4-dihydro-2H-chromen-3-yl]-
5H-pyrrolo[2,3-b]pyrazine-7-carboxamide

Racemic-2-(4-acryloyl-3,3-dimethylpiperazin-1-yl)-N-[1-(2-fluorophenyl)-2-
hydroxyethyl]-5H-pyrrolo[2,3-b]pyrazine-7-carboxamide

2-(4-acryloyl-3,3-dimethylpiperazin-1-yl)-N-[{(1R,2S)-1-hydroxy-1-phenylpropan-2-
yl]-5H-pyrrolo[2,3-b]pyrazine-7-carboxamide

2-(4-acryloyl-3,3-dimethylpiperazin-1-yl)-N-[(2R)-1-(3-cyanophenyl)-3-
hydroxypropan-2-yl]-5H-pyrrolo[2,3-b]pyrazine-7-carboxamide

Methyl N-{[2-(4-acryloyl-3,3-dimethylpiperazin-1-yl)-5H-pyrrolof2, 3-b]pyrazin-
7-yl]carbonyl}-L-alaninate

2-(4-acryloyl-3,3-dimethylpiperazin-1-yl)-N-[(3S ,4R)-4-(4-fluoro-1H-pyrazol-
1-yhtetrahydrofuran-3-yl]-5H-pyrrolo[2,3-b]pyrazine-7-carboxamide

3-({[2-(4-acryloyl-3,3-dimethylpiperazin-1-yl)-5H-pyrrolo[2,3-b]pyrazin-
7-yl]lcarbonyl}amino)-2 5-anhydro-1,3,4-trideoxy-D-erythro-pentitol
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2-(4-acryloyl-3,3-dimethylpiperazin-1-yl)-N-[(1S)-2-hydroxy-2-methyl-1-
phenylpropyl]-5H-pyrrolo[2,3-b]pyrazine-7-carboxamide

Racemic-2-(4-acryloyl-3,3-dimethylpiperazin-1-yl)-N-(tetrahydrofuran-3-yl)-5H-

pyrrolo[2,3-b]pyrazine-7-carboxamide

Racemic-2-(4-acryloyl-3,3-dimethylpiperazin-1-yl)-N-[1-(4-fluorophenyl)-2-
hydroxyethyl]-5H-pyrrolo[2,3-b]pyrazine-7-carboxamide

3-({[2-(4-acryloyl-3,3-dimethylpiperazin-1-yl)-5H-pyrrolo[2,3-b]pyrazin-
7-yllcarbonyl}amino)-2 5-anhydro-1,3,4-trideoxy-L-threo-pentitol

2-(4-acryloyl-3,3-dimethylpiperazin-1-yl)-N-[(2R)-1-phenoxypropan-2-yl]-5H-
pyrrolo[2,3-b]pyrazine-7-carboxamide

2-(4-acryloyl-3,3-dimethylpiperazin-1-yl)-N-[(3S)-3,4-dihydro-2H-chromen-3-yl]-
5H-pyrrolo[2,3-b]pyrazine-7-carboxamide

2-(4-acryloyl-3,3-dimethylpiperazin-1-yl)-N-[(2R)-1-(benzyloxy)propan-2-yl]-5H-
pyrrolo[2,3-b]pyrazine-7-carboxamide

2-[(1-acryloylpiperidin-4-ylyamino]-N-{[4-methyl-6-(trifluoromethyl)pyrimidin-
2-ylImethyl}-5H-pyrrolo[2,3-b]pyrazine-7-carboxamide

2-[(1-acryloylpiperidin-4-yl)amino]-N-[(3-cyclobutyl-1-methyl-1H-pyrazol-5-
yl)methyl]-5H-pyrrolof2,3-b]pyrazine-7-carboxamide

2-[(1-acryloylpiperidin-4-yl)amino]-N-(4-fluoro-3-methoxybenzyl)-5H-
pyrrolo[2,3-b]pyrazine-7-carboxamide

2-[(1-acryloylpiperidin-4-yl)amino]-N-{[3-(propan-2-yl)-1,2-oxazol-5-ylJmethyl}-5H-
pyrrolo[2,3-b]pyrazine-7-carboxamide

2-[(1-acryloylpiperidin-4-ylyamino]-N-(3-fluorobenzyl)-5H-pyrrolo[2,3-b]pyrazine-7-

carboxamide

Date Regue/Date Received 2021-03-26



84080224
171

2-[(1-acryloylpiperidin-4-ylyamino]-N-[(5-fluoro-1,3-benzoxazol-2-yl)methyl]-5H-

pyrrolo[2,3-b]pyrazine-7-carboxamide

2-[(1-acryloylpiperidin-4-ylyamino]-N-{[4-methyl-2-(trifluoromethyl)-1,3-thiazol-
5-yllmethyl}-5H-pyrrolo[2,3-b]pyrazine-7-carboxamide

5 2-[(1-acryloylpiperidin-4-yl)amino]-N-[4-(difluoromethoxy)benzyl]-5H-

pyrrolo[2,3-b]pyrazine-7-carboxamide

2-[(1-acryloylpiperidin-4-yl)amino]-N-[2-(6,7-difluoro-1,3-benzoxazol-2-yl)ethyl]-5H-

pyrrolo[2,3-b]pyrazine-7-carboxamide

2-[(1-acryloylpiperidin-4-yl)amino]-N-[4-(1H-pyrazol-1-yl)benzyl]-5H-
10  pyrrolof2,3-b]pyrazine-7-carboxamide

2-[(1-acryloylpiperidin-4-yl)amino]-N-[(5-ethyl-6-methylpyridin-2-ylYmethyl]-5H-

pyrrolo[2,3-b]pyrazine-7-carboxamide

2-[(1-acryloylpiperidin-4-yl)amino]-N-{[4-(trifluoromethyl)-1,3-thiazol-5-y[Imethyl}-
5H-pyrrolo[2,3-b]pyrazine-7-carboxamide

15  2-{(1-acryloylpiperidin-4-ylyamino]-N-[(5-chloropyridin-2-yl)methyl]-5H-

pyrrolo[2,3-b]pyrazine-7-carboxamide

2-[(1-acryloylpiperidin-4-yl)amino]-N-benzyl-5H-pyrrolo[2,3-b]pyrazine-7-
carboxamide

2-[(1-acryloylpiperidin-4-yl)Yamino]-N-(4-fluorobenzyl)-5H-pyrrolof2,3-b]pyrazine-7-
20 carboxamide

2-[(1-acryloylpiperidin-4-yl)amino]-N-(3-cyano-4-fluorobenzyl )-5H-
pyrrolo[2,3-b]pyrazine-7-carboxamide

2-[(1-acryloylpiperidin-4-ylyamino]-N-(3-fluoro-4-methoxybenzyl)-5H-

pyrrolo[2,3-b]pyrazine-7-carboxamide
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2-[(1-acryloylpiperidin-4-yl)amino]-N-(4-methoxybenzyl)-5H-pyrrolo[2,3-b]pyrazine-
7-carboxamide

2-[(1-acryloylpiperidin-4-ylyamino]-N-{[1-(3-fluorophenyl)-1H-pyrazol-4-yllmethyl}-
5H-pyrrolo[2,3-b]pyrazine-7-carboxamide

5 2-[(1-acryloylpiperidin-4-yl)amino]-N-[(6-fluoro-1,3-benzoxazol-2-yl )methyl]-5H-

pyrrolo[2,3-b]pyrazine-7-carboxamide

2-[(1-acryloylpiperidin-4-yl)amino]-N-{[2-methyl-4-(trifluoromethyl)-1,3-thiazol-
5-yllmethyl}-5H-pyrrolo[2,3-b]pyrazine-7-carboxamide

2-[(1-acryloylpiperidin-4-ylyamino]-N-(2-fluorobenzyl)-5H-pyrrolo[2,3-b]pyrazine-7-
10 carboxamide

2-[(1-acryloylpiperidin-4-yl)oxy]-N-[(3, 3-difluorocyclobutyl)methyl]-5H-

pyrrolo[2,3-b]pyrazine-7-carboxamide

2-[(1-acryloylpiperidin-4-yl)oxy]-N-{(1R,3S)-3-fluorocyclopentyl]-5H-
pyrrolo[2,3-b]pyrazine-7-carboxamide

15  2-{(1-acryloylpiperidin-4-yoxy]-N-(bicyclo[1.1.1]pent-1-yl)-5H-pyrrolo[2,3-

b]pyrazine-7-carboxamide

Racemic-2-[(1-acryloylpiperidin-4-yl)oxy]-N-[(1-hydroxy-3-
methylcyclopentyl)methyl]-5H-pyrrolo[2,3-b]pyrazine-7-carboxamide

2-[(1-acryloylpiperidin-4-ylYoxy]-N-[(1-hydroxycyclobutyl)methyl]-5H-
20  pyrrolof2,3-b]pyrazine-7-carboxamide

Racemic-2-[(1-acryloylpiperidin-4-yl)oxy]-N-cyclopentyl-5H-pyrrolo[2,3-b]pyrazine-
7-carboxamide

Racemic-2-[(1-acryloylpiperidin-4-yl)oxy]-N-[(1-hydroxycyclopentyl)methyl]-5H-

pyrrolo[2,3-b]pyrazine-7-carboxamide
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2-[(1-acryloylpiperidin-4-yl)oxy]-N-[(4,4-difluoro-1-hydroxycyclohexyl)methyl]-5H-

pyrrolo[2,3-b]pyrazine-7-carboxamide

2-[(1-acryloylpiperidin-4-yl)oxy]-N-{[(2R)-2-fluoro-1-hydroxycyclohexylJmethyl}-5H-
pyrrolo[2,3-b]pyrazine-7-carboxamide

5 2-[(1-acryloylpiperidin-4-yl)oxy]-N-[(1S,3S)-3-fluorocyclopentyl]-5H-

pyrrolo[2,3-b]pyrazine-7-carboxamide

2-[(1-acryloylpiperidin-4-yl)oxy]-N-(3,3-difluorocyclobutyl )-5SH-pyrrolo[2,3-

b]pyrazine-7-carboxamide

Racemic-2-[(1-acryloylpiperidin-4-yl)oxy]-N-[1-(1-hydroxycyclobuty)propyl]-5H-
10  pyrrolof2,3-b]pyrazine-7-carboxamide

2-[(1-acryloylpiperidin4-yoxy]-N-[(1R,2R)-2-(trifluoromethyl)cyclopropyl]-5H-

pyrrolo[2,3-b]pyrazine-7-carboxamide

2-[(1-acryloylpiperidin-4-yl)oxy]-N-(2,2-difluorocyclopentyl)-5H-pyrrolo[2,3-
b]pyrazine-7-carboxamide

15  Racemic-2-[(1-acryloylpiperidin-4-yl)oxy]-N-[(3,3-difluoro-1-
hydroxycyclohexyl)methyl]-5H-pyrrolo[2,3-b]pyrazine-7-carboxamide

Racemic-2-[(1-acryloylpiperidin-4-yl)oxy]-N-{[(2S)-2-fluoro-1-
hydroxycyclohexyllmethyl}-5H-pyrrolo[2,3-b]pyrazine-7-carboxamide

2-[(1-acryloylpiperidin-4-yl)oxy]-N-{(1S,3R)-3-fluorocyclopentyl]-5H-
20  pyrrolof2,3-b]pyrazine-7-carboxamide

Racemic-2-[(1-acryloylpiperidin-4-yl)oxy]-N-{[(3R)-1-hydroxy-3-
methylcyclopentyllmethyl}-5H-pyrrolo[2,3-b]pyrazine-7-carboxamide

2-[(1-acryloylpiperidin-4-yl)oxy]-N-[(1R,2R)-2-fluorocyclopentyl]-5H-

pyrrolo[2,3-b]pyrazine-7-carboxamide
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2-[(1-acryloylpiperidin-4-yl)oxy]-N-{(1R,2S)-2-fluorocyclopentyl]-5H-

pyrrolo[2,3-b]pyrazine-7-carboxamide

2-[(5-acryloyl-5-azaspiro[2.4]hept-7-yYamino]-N-(2-methylpropyl)-5H-

pyrrolo[2,3-b]pyrazine-7-carboxamide

2-{[(3S,4S)-1-acryloyl-4-cyclopropylpyrrolidin-3-ylJamino}-N-ethyl-5H-

pyrrolo[2,3-b]pyrazine-7-carboxamide

2-[(5-acryloyl-5-azaspiro[2.4]hept-7-yl)amino]-N-(2,2,2-trifluoroethyl )-5H-

pyrrolo[2,3-b]pyrazine-7-carboxamide

2-[(5-acryloyl-5-azaspiro[2.4]hept-7-y)amino]-N-ethyl-5H-pyrrolof2,3-b]pyrazine-7-
carboxamide

2-{[(35,4S)-1-acryloyl-4-cyclopropylpyrrolidin-3-ylJamino}-N-(2-methoxyethyl)-5H-

pyrrolo[2,3-b]pyrazine-7-carboxamide

2-[(5-acryloyl-5-azaspiro[2.4]hept-7-y)amino]-N-(4 4 ,4-trifluorobutyl)-5H-
pyrrolo[2,3-b]pyrazine-7-carboxamide

2-[(5-acryloyl-5-azaspiro[2.4]hept-7-y)amino]-N-(3,3,3-trifluoropropyl)-5H-

pyrrolo[2,3-b]pyrazine-7-carboxamide

2-{[(3R,4R)-1-acryloyl-4-cyclopropylpyrrolidin-3-ylJamino}-N-(2-methoxyethyl)-5H-

pyrrolo[2,3-b]pyrazine-7-carboxamide

2-{[(3R,4R)-1-acryloyl-4-cyclopropylpyrrolidin-3-ylJamino}-N-ethyl-5H-
pyrrolo[2,3-b]pyrazine-7-carboxamide

2-{[(3S,4R)-1-acryloyl-3-methoxypiperidin-4-yllamino}-N-[(4,4-difluoro-1-
hydroxycyclohexyl)methyl]-5H-pyrrolo[2,3-b]pyrazine-7-carboxamide

2-{[(3R,4S)-1-acryloyl-3-methoxypiperidin-4-yllamino}-N-[(1R,2R)-2-
(trifluoromethyl)cyclopropyl]-5H-pyrrolo[2,3-b]pyrazine-7-carboxamide
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2-[(3S)-4-acryloyl-3-(2-methylpropyl)piperazin-1-yl]-N-(3,3-difluorocyclobutyl)-5H-

pyrrolo[2,3-b]pyrazine-7-carboxamide

2-[(3S)-4-acryloyl-3-(2-methylpropyl)piperazin-1-yl]-N-[(3,3-
difluorocyclobutyl)methyl]-5H-pyrrolo[2,3-b]pyrazine-7-carboxamide

2-(4-acryloylpiperazin-1-yl)-N-{(3, 3-difluorocyclobutyl Ymethyl]-5H-

pyrrolo[2,3-b]pyrazine-7-carboxamide

2-{[(3R,4S)-1-acryloyl-3-methoxypiperidin-4-ylJamino}-N-(3,3-difluorocyclobutyl)-
5H-pyrrolo[2,3-b]pyrazine-7-carboxamide

2-(4-acryloylpiperazin-1-yl)-N-(3,3-difluorocyclobutyl-5H-pyrrolof2,3-b]pyrazine-7-
carboxamide

2-(4-acryloylpiperazin-1-yI)-N-{(1R,2R)-2-(trifluoromethyl)cyclopropyl]-5H-

pyrrolo[2,3-b]pyrazine-7-carboxamide

2-(4-acryloyl-3,3-dimethylpiperazin-1-yl)-N-cyclobutyl-5H-pyrrolo[2,3-b]pyrazine-7-
carboxamide

2-(4-acryloyl-3,3-dimethylpiperazin-1-yl)-N-[(1R,2R)-2-
(trifluoromethyl)cyclopropyl]-5H-pyrrolo[2,3-b]pyrazine-7-carboxamide

2-(4-acryloyl-3,3-dimethylpiperazin-1-yl)-N-{(4,4-difluoro-1-
hydroxycyclohexyl)methyl]-5H-pyrrolo[2,3-b]pyrazine-7-carboxamide

Racemic-2-(4-acryloylpiperazin-1-yl)-N-cyclopentyl-5H-pyrrolo[2,3-b]pyrazine-7-
carboxamide

2-(4-acryloylpiperazin-1-yl)-N-cyclobutyl-SH-pyrrolo[2,3-b]pyrazine-7-carboxamide

Racemic-2-{[(3S,4R)-1-acryloyl-3-methoxypiperidin-4-yllamino}-N-cyclopentyl-5H-

pyrrolo[2,3-b]pyrazine-7-carboxamide

2-[(3S)-4-acryloyl-3-(2-methylpropyl)piperazin-1-yl]-N-[(4,4-difluoro-1-
hydroxycyclohexyl)methyl]-5H-pyrrolo[2,3-b]pyrazine-7-carboxamide
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2-[(3S)-4-acryloyl-3-(2-methylpropyl)piperazin-1-yl]-N-[(1R,2R)-2-
(trifluoromethyl)cyclopropyl]-5H-pyrrolo[2,3-b]pyrazine-7-carboxamide

2-[(1-acryloyl-4-methylpiperidin-4-yl)amino]-N-[(3,3-difluorocyclobutyl Ymethyl]-5H-

pyrrolo[2,3-b]pyrazine-7-carboxamide

2-{[(3S,4R)-1-acryloyl-3-methoxypiperidin-4-yllamino}-N-[(3,3-
difluorocyclobutyl)methyl]-5H-pyrrolo[2,3-b]pyrazine-7-carboxamide

2-{[(3S,4R)-1-acryloyl-3-methoxypiperidin-4-yllamino}-N-[(1R,2R)-2-
(trifluoromethyl)cyclopropyl]-5H-pyrrolo[2,3-b]pyrazine-7-carboxamide

Racemic-2-[(1-acryloyl-2-methylpiperidin-4-yl)amino]-N-cyclobutyl-5H-
pyrrolo[2,3-b]pyrazine-7-carboxamide

2-{[(3R,4S)-1-acryloyl-3-methoxypiperidin-4-ylJamino}-N-[(3,3-
difluorocyclobutyl)methyl]-5H-pyrrolo[2,3-b]pyrazine-7-carboxamide

2-[(1-acryloyl-4-methylpiperidin-4-yl)amino]-N-cyclobutyl-5H-pyrrolo[2,3-
b]pyrazine-7-carboxamide

2-(4-acryloyl-3,3-dimethylpiperazin-1-yl)-N-(3,3-difluorocyclobutyl)-5H-

pyrrolo[2,3-b]pyrazine-7-carboxamide

2-(4-acryloyl-3,3-dimethylpiperazin-1-yl)-N-cyclopentyl-SH-pyrrolo[2,3-b]pyrazine-
7-carboxamide

Racemic-2-[(1-acryloyl-2-methylpiperidin-4-yl)amino]-N-[(1R,2R)-2-
(trifluoromethyl)cyclopropyl]-5H-pyrrolo[2,3-b]pyrazine-7-carboxamide

5-{(1-acryloylpiperidin-4-ylYoxy]-N-(3,3-difluorocyclohexyl)-1H-pyrrolo[2,3-
b]pyridine-3-carboxamide

5-{(1-acryloylpiperidin-4-yoxy]-N-(3-fluorobenzyl)-1H-pyrrolo[2,3-b]pyridine-3-
carboxamide
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5-{(1-acryloylpiperidin-4-ylYoxy]-N-(3,3-difluorocyclohexyl)-1H-pyrrolo[2,3-

b]pyridine-3-carboxamide
5-{(1-acryloylpiperidin-4-ylYoxy]-N-benzyl-1H-pyrrolo[2,3-b]pyridine-3-carboxamide

5-[(1-acryloylpiperidin-4-yl)oxy]-N-[(1S,3R)-3-fluorocyclopentyl]-1H-
pyrrolo[2,3-b]pyridine-3-carboxamide and

5-{(1-acryloylpiperidin-4-yoxy]-N-(2-fluorobenzyl)-1H-pyrrolo[2,3-b]pyridine-3-
carboxamide;

or, a pharmaceutically acceptable salt thereof.

2. The compound of claim 1 wherein the compound is 2-[(1-
acryloylpiperidin-4-yl)amino]-N-(3-fluorobenzyl)-5H-pyrrolo[2,3-b]pyrazine-7-
carboxamide; or, a pharmaceutically acceptable salt thereof.

3. The compound of claim 1 wherein the compound is 2-[(1-
acryloylpiperidin-4-yl)amino]-N-benzyl-5H-pyrrolo[2,3-b]pyrazine-7-carboxamide;

or, a pharmaceutically acceptable salt thereof.
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