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(57) Abstract: Therapeutic compositions and methods of using the compositions, including combinations of a Bruton's tyrosine
kinase (BTK) inhibitor, a phosphoinositide 3-kinase (PI3K) inhibitor, including PI3K inhibitors selective for the y- and d-isoforms
and selective for both y- and 6-isoforms (PI3K-y,0, PI3K-y, and PI3K-§, a programmed death 1 (PD-1) or programmed death ligand
1 (PD-L1) inhibitor, and/or a Janus kinase-2 (JAK- 2) inhibitor are described. In certain embodiments, the invention includes thera -
peutic methods of using a PD-1 monoclonal antibody and a BTK inhibitor. In other embodiments, the invention includes therapeutic
methods of using a PD-L1 monoclonal antibody and a BTK inhibitor. In other embodiments, the invention includes therapeutic
methods of using a PD-1 inhibitor, a BTK inhibitor, and a PI3K-6 inhibitor. In other embodiments, the invention includes therapeut -
ic methods of using a PD-L1 inhibitor, a BTK inhibitor, and a PI3K-§ inhibitor.
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THERAPEUTIC COMBINATIONS OF A BTK INHIBITOR, A PI3K INHIBITOR, A
JAK-2 INHIBITOR, A PD-1 INHIBITOR, AND/OR A PD-L1 INHIBITOR
CROSS-REFERENCE TO RELATED APPLICATIONS

{001}  This application claims the benefit of U.S. Provisional Application No.
62/035,812 filed on August 11, 2014; U.S. Provisional Application No. 62/088 357 filed
on December S, 2014; U S. Provisional Application No. 62/115,489 filed on February 12,
2015; and U 8. Provisional Application No. 62/181,164 filed on June 17, 2015, all of

which are herein incorporated by reference in their entireties.

FIELD OF THE INVENTION
{0021  Insome embodiments, therapeutic combinations of a programmed death 1 (PD-
1) imhibitor or PD-1 ligand (PD-L1 or PD-L2) inhibitor, a Bruton’s tyrosine kinase (BTK)
mnhibitor, a Janus kinase Z (JAK-2) inhubitor, and/or a phosphoinositide 3-kinase (PI3K)

mhibitor, and methods of using the therapeutic combinations are disclosed herein.
BACKGROUND OF THE INVENTION

{003]  Bruton’s tyrosine kinase (BTK) is a Tec family non-receptor protein kinase
expressed in B cells and myeloid cells. BTK is composed of the pleckstrin homology
(PH), Tec homology (TH), Src homology 3 (SH3), Src homology 2 (§H2}), and tyrosine
kinase or Src homology 1 {(TK or SH1) domains. The function of BTK in signaling
pathways activated by the engagement of the B cell receptor (BCR) in mature B cells and
FCERI on mast cells 1s well established. Functional mutations in BTK in humans result
in a primary imimnunodeficiency disease (X-linked agammaglobuinaemia) characterized
by a defect in B cell development with a block between pro- and pre-B cell stages. The
result 1s an almost complete absence of B lymphocytes, causing a pronounced reduction
of serum immunoglobulin of all classes. These findings support a key role for BTK in the

regulation of the production of auto-antibodies in autoimmune diseases.

{004] BTK 1s expressed in numerous B cell lymphomas and leukemias. Other
diseases with an important role for dysfunctional B cells are B cell malignancies, as
described i Hendriks, ef al., Nat. Rev. Cancer, 2814, 74, 219-231. The reported role for

BTK in the regulation of proliferation and apoptosis of B cells indicates the potential for
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BTK inhibitors in the treatment of B cell lymphomas. BTK inhibitors have thus been
developed as potential therapies for many of these malignancies, as described 1n " Cruz,

et al., Oncolargets and Therapy 2013, 6, 161-176.

{005}  Programmed death 1 (PD-1) 1s a 288-amino acid transmembrane
immunocheckpoint recepior protein expressed by T cells, B cells, natural killer (NK) T
cells, activated monocytes, and dendritic cells. PD-1, which is also known as CD279, 1s
an immunoreceptor belonging to the CD28 family and in humans is encoded by the
Pdedl gene on chromosome 2. PD-1 consists of one immunoglobulin (Ig) superfanuly
domain, a transmembrane region, and an intracellular domain containing an
immunoreceptor tyrosine-based mnhibitory motif (ITIM) and an immunoreceptor tyrosine-
based switch motif (ITSM). PD-1 and us higands (PD-L1 and PD-L2) play a key role in
immune tolerance, as described in Keir, er al., Annu. Rev. Immunol. 2008, 26, 677-704.
PD-1 provides mhibitory signals that negatively regulate T cell immune responses. PD-
L1 (also known as B7-H1 or CD274) and PD-L2 (also known as B7-DC or CD273) are
expressed on tumor cells and stromal cells, which may be encountered by activated T
cells expressing PD-1, leading to immunosuppression of the T cells. PD-L1 152 290
amino acid transmembrane proteim encoded by the Cd274 gene on human chromosome 9.
Biocking the interaction between PD-1 and its higands PD-L1 and PD-L2 by use of a PD»-
1 inhubitor, a PD-L1 inhibitor, and/or a PI3-1.2 inhibitor can overcome immune
resistance, as demonstrated in recent chinical studies, such as that described in Topalian,
etal, N. Fng J Med. 2812, 366, 2443. PD-L1 is expressed on many tumor cell lines,
while PD-L2 1s expressed is expressed mostly on dendritic cells and a few tumor lines.

In addition to T cells {which inducibly express PD-1 after activation}, PD-1 15 also
expressed on B cells, natural killer cells, macrophages, activated monocytes, and

dendritic cells.

{006]  In many solid tumors, the supportive microenvironment (which may make up
the magority of the tumor mass} is a dynamic force that enables tumor survival. The
tumor microenvironment is generally defined as a complex mixture of “cells, soluble
factors, signaling molecules, extracellular matrices, and mechanical cues that promote
neoplastic transformation, support tumor growth and invasion, protect the tumor from

host immunity, foster therapeutic resistance, and provide niches for dommant metastases
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to thrive,” as described in Swartz, er al., Cancer Res., 2012, 72, 2473 Although tumors
express antigens that should be recognized by T cells, tumor clearance by the immune
system is rare because of immune suppression by the microenvironment. Addressing the
tumor cells themselves with e.g. chemotherapy has also proven to be insufficient to
overcome the protective effects of the microenvironment. New approaches are thus
urgently needed for more effective treatment of solid tumors that take into account the
role of the microenvironment. The supportive microenvironment also plays a critical role
in many B cell cancers such as acute leukenuas, myelodysplastic syndromes, chronic
lymphocytic leukemia (CLL) and small lymphocytic leukemia (SLL), mucosa-associated
iymphoid tissue (MALT) lymphomas, and multiple myeloma (MM). Burger, e¢f af.,
Blood, 2609, 114, 3367-75. For example, CLL and SLL cells rapidly accumulate and are
resistant to apoptosis in vivo, but are known to die rapidly in vitro. Buchner, ef a/., Blood
20818, /75, 4497-506. One cause of this effect 15 from nonmalignant accessory cells 1n
the tumor microenvironment, such as stromal cell contact mediated cell survival., Stromal
cells in the bone marrow and lymph nodes are known to have an antiapoptotic and
protective effect on CLL cells, protecting them from both chemotherapeutic and
spontaneous apoptosis. Mudry, ef al., Blood 2000, 96, 1926-32. The chemokine SDFlu
(CXCL12) directs homing of CLL cells towards protective niches. Burger, ef al., Blood
2008, 106, 1824-30. BExusting drugs that target the BCR pathway in B cell malignancies
can lead to some lymphocytosis (lymphocyte egress from nodal compartments), through
disruption of CXCR4-SDF 1o signaling and other adhesion factors in bone marrow and
the resulting mobilization of cells. However, existing therapies may not eradicate
residual malignant B cell populations in the microenvironment of the bone marrow and
lymph nodes, where protective stromal cells prevent apoptosis. There is thus an urgent
need for treatments that reduce or overcome the protective eftect of the

microenvironment on CLL cells to enable superior chinical responses in patients.

{067}  PI3K winhbitors are members of a umque and conserved family of intracellular
ipid kanases that phosphorylate the 3'-OH group on phosphatidylinositols or
phosphoinositides. PI3K imhibitors are key signaling enzymes that relay signals from cell
surface receptors to downstream effectors. The PI3K famuly comprises 15 kinases with

distinct substrate specificities, expression patterns, and modes of regulation. The class |
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PI3K inhibrtors (p110a, pl10f, p1108, and pl10y) are typically activated by tyrosine
kinases or G-protein coupled receptors to generate PIP3, which engages downstream
effectors such as those in the Akt/PDK 1 pathway, mTOR, the Tec fanuly kinases, and the

Rho family GTPases.

{008]  The PI3K signaling pathway is known to be one of the most highly mutated in
human cancers. PI3K signaling 15 also a key factor in disease states including
hematologic malignancies, non-Hodgkin’s lvmphoma (such as diffuse large B-cell
lymphoma), allergic contact dermatitis, rtheumatoid arthritis, ostecarthritis, inflammatory
bowel diseases, chronic obstructive pulmonary disorder, psoriasis, multiple sclerosis,
asthma, disorders related to diabetic complications, and inflammatory complications of
the cardiovascular system such as acute coronary syndrome. The role of PI3K in cancer
has been discussed, for example, 1n Engleman, Nat. Rev. Cancer 2009, 9, 550-562. The
PI3K-5 and PI3K-y isoforms are preferentially expressed in normal and malignant

leukocytes.

[009]  The delta (8) isoform of class { PI3K (PI3K-0) 15 1nvolved i manumalian
immune system functions such as T-cell function, B-cell activation, mast cell activation,
dendritic cell function, and neutrophil activity. Due to is role i immune system
function, PI3K-6 15 also mvolved in 4 number of diseases related to undesirable immune
response such as allergic reactions, mflammatory diseases, nflammation mediated
angtogenesis, rheumatord arthritis, avto-immune diseases such as lupus, asthma,
emphysema and other respiratory diseases. The gamma (v) 1soform of class I PI3K
(PI3K-y) 1s also involved in immune system functions and plays a role in leukocyte
signaling and has been implicated in inflammation, rheumatoid arthritis, and autoimmune

diseases such as lupus.

{0616] Downstream mediators of the PI3K signal transduction pathway include Akt
and mammaklian target of rapamycin {mTOR). One important function of Aktis to
augment the activity of mTOR, through phosphorylation of TSC2 and other mechanisms.
mTOR is a serine-threonine kinase related to the lipid kinases of the PI3K famuly and has
been implicated in a wide range of biological processes including cell growth, ceil

proliferation, cell motility and survival. Disregulation of the mTOR pathway has been
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reported in various types of cancer.

{6011} In view of the above, PI3K mhibitors are prime targets for drug development, as
described in Kurt, ef al., Anticancer Res. 2012, 32, 2463-70. Several PI3K inhibitors are
known, including those that are PI3K-$ inhibitors, PI3K-y inhibitors and those that are
PI3K-§,y mhibitors.

{0012] The present invention includes the unexpected discovery that combinations of a
BTK inhibitor, a PD-1 inhibitor, and/or a PI3K inhubitor exhibit surprising and
synergistic effectiveness in the treatment of any of several types of cancers such as solid
tumor cancers and hematological cancers, as well as other disorders. The present
mvention also includes the unexpected discovery that the combination of a PD-1 inhubitor
and a BTK mhibitor 15 effective and synergistic in the treatment of any of several types of
cancers such as solid tumor cancers. The present invention further includes the
unexpected discovery that the cornbimation of a PD-1 indubitor and a PI3K inhibitor 1s
effective and synergistic in the treatment of any of several types of cancers such as sohd
tumor cancers. The present invention additionally mcludes the unexpected discovery that
combinations of a BTK mhibitor, a PD-1 jnhibttor (such as an anti-PD-1 antibody) and/or
a PD-L1 inhibitor (such as an anti-PD-L1 antibody), and/or a PI3K inhibitor exhibut

surprising synergy in the suppression of the supportive solid tumor microenvironment.
SUMMARY OF THE INVENTION

{0013] Inan embodiment, the invention provides a method of treating a
hyperproliferative disease in a subject, comprising co-administering to a mammal m need
thereof a therapeutically effective amount of a PD-1 mhibitor and/or a PB-L.1 inhibitor
and a BTK mhibitor.

[0614] Inan embodiment, the invention provides a method of treating leukemia,
lymphoma or a solid tumor cancer 1n a subject, comprising co-admunistering to a
mammal n need thereof a therapeutically effective amount of a PD-1 inhibttor and/or a
PD-L1 inhibitor and a BTK mmhibitor,

[0615] Inan embodiment, the invention provides a method of treating leukemia,

lymphoma or a sohid tumor cancer in a subject, comprising co-administering to a
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mammal in need thereof a therapeutically effective amount of a PI3K inhibitor, a PD-1

inhibitor and/or a PD-L1 mhibitor, and a BTK inhibitor.

{0016] Inan embodiment, the invention provides a method of treating leukemia,
lymphoma or a solid tumor cancer in a subject, comprising co-administering to a
mammal in need thereof a therapeutically effective amount of a PI3K-y inhibitor, a PD-1

inhibitor and/or a PD-L1 mhibitor, and a BTK inhibitor.

{0017} Inan embodiment, the invention provides a method of treating leukemia,
lymphoma or a solid tumor cancer in a subject, comprising co-administering to a
mammal in need thereof a therapeutically effective amount of a PI3K-8 inhibitor, a PD-1

inhibitor and/or a PD-L1 mhibitor, and a BTK inhibitor.

{0018] Inan embodiment, the invention provides a method of treating leukemia,
iymphoma or a solid tumor cancer in a subject, comprising co-admmnistering to a
mammal i need thereot a therapeutically etfective amount of a PI3K-y.5 inhibitor, a PD-

1 indubitor and/or a PD-L1 inhibutor, and a BTK inlubitor.

[0019] Inan embodiment, the invention provides a method of treating leukerma,
lymphoma, or a sohd tumor cancer in a subject, comprising co-adnunistering to a
mammal i need thereot a therapeutically effective amount of'a PD-1 inhibitor and/or a
PD-L1 1nhibitor and a BTK inhibitor, and further comprises the step of administering a
therapeutically effective dose of an anti-CD20 antibody selected from the group
consisting of rituximab, obmutuzumab, ofatumuomab, veltuzumab, tosttumomab, ity
tositumomab, ibritumomab, *°Y-ibritumomab, n-ibritumomab, ibritumomab tiuxetan,
and fragments, derivatives, conjugates, vanants, radioisotope-labeled complexes, and

biosimilars thereof.

{0028] Inan embodiment, the invention provides a method of treating leukemia,
lymphoma, or a solid tumor cancer 1n a subject, comprising co-admmistering to a
mammal mn need thereof a therapeutically effective amount of a PI3K inhibttor, a PD-1
mhubitor and/or a PD-L1 mhubitor, and a BTK mhubttor, and further comprises the step
of administering a therapeutically effective dose of an anti-CD20 antibody selected from
the group consisting of rituximab, obinutuzumab, ofatumumab, veltuzumab,

~ 131 ~ o G0 s g 1y, o
tositumomab,  I-tositumomab, ibritumomab, 7Y -ibritumomab, " In-ibritumomab,
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ihritumomab tiuxetan, and fragments, dertvatives, conjugates, variants, radioisotope-

iabeled complexes, and biosimilars thereof.

{0021} Inan embodiment, the invention provides a composition comprising {1} a PD-1
mhibitor and/or a PD-L1 inhibitor or an antigen-binding fragment, variant, or conjugate
thereof; and (2) a BTK inhibitor or a pharmaceutically acceptable salt, solvate, hydrate,
cocrystal, or prodrug thereof. This composition is typically a pharmaceutical

composition.

{0022] Inan embodiment, the invention provides a composition comprising {1} a PD-1
mhibitor and/or a PD-L1 inhibitor or an antigen-binding fragment, variant, or conjugate
thereof; (2) a BTK mhibttor or a pharmaceutically acceptable salt, solvate, hydrate,
cocrystal, or prodrug thereof, and (3} a PI3K mnhibitor or a pharmaceutically acceptable
salt, solvate, hydrate, cocrystal, or prodrug thereof. This composition s typically a

pharmaceutical composition.

{0023] In an embodiment, the invention provides a composition comprising (1) a PD-1
inhibitor and/or a PD-L1 inhibttor or an antigen-binding fragment, variant, or conjugate
thereof; (2) a BTK inhibitor or a pharmaceutically acceptable salt, solvate, hydrate,
cocrystal, or prodrug thereof, and (3} a PI3K-6 inhibitor or a pharmaceutically acceptable
salt, solvate, hydrate, cocrystal, or prodrug thereof. This composition s typically a

pharmaceutical composition.

{0024] In an embodiment, the invention provides a composition comprising {1} a PD-1
mhubitor and/or a PD-L1 mhubitor or an antigen-binding fragment, vanant, or conjugate
thereof; {2) a BTK mhibitor or a pharmaceutically acceptable salt, solvate, hydrate,
cocrystal, or prodrug thereof, and (3) an anti-coagulant or antiplatelet active

pharmaceutical ingredient. This composition 1s typically a pharmaceutical composition.

[8025] Inan embodiment, the invention provides a composition comprising (1} a PD-1
mhibitor and/or a PD-L.1 inhibitor or an antigen-binding fragment, variant, or conjugate
thereof, (2) a BTK mhibitor or a pharmaceutically acceptable salt, solvate, hydrate,
cocrystal, or prodrug thereof, and (3} a PI3K inhibitor or a pharmaceutically acceptable

salt, solvate, hydrate, cocrystal, or prodrug thereof, and {4) an anti-coagulant or

~J1
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antiplatelet active pharmaceutical ingredient. This composition is typically a

pharmaceutical composiiion.

{0026] Inan embodiment, the invention provides a composition comprising {1} a PD-1
mhibitor and/or a PD-L1 inhibitor or an antigen-binding fragment, variant, or conjugate
thereof; {2) a BTK inhubitor or a pharmaceutically acceptable salt, solvate, hydrate,
cocrystal, or prodrug thereof, and (3) a PI3K-§ inhibitor or a pharmaceutically acceptable
salt, solvate, hydrate, cocrystal, or prodrug thereof, and (4} an anti-coagulant or
antiplatelet active pharmaceutical ingredient. This composition is typically a

pharmaceutical composition.

{0027} The anti-coagulant or the anti-platelet active pharmaceutical ingredient in some
specific embodiments is a compound selected from the group consisting of
acenocoumarol, anagrelide, anagrelide hydrochloride, abeiximab, aloxiprin, antithrombin,
apixaban, argatroban, aspirin, aspirin with extended-release dipyridamole, beraprost,
betrixaban, bivalirudin, carbasalate calcium, cilostazol, clopidogrel, clopidogrel bisulfate,
cloricromen, dabigatran etexilate, darexaban, dalteparin, dalteparin sodium, defibrotide,
dicumarol, diphenadione, dipyridamole, ditazole, desirudin, edoxaban, enoxaparin,
enoxaparin sodium, eptifibatide, fondaparinux, fondaparinux sodium, heparm, heparin
sodium, heparin calcium, idraparinux, idraparinux sodium, tloprost, indobufen, lepirudin,
low molecular weight heparin, melagatran, nadroparin, otamixaban, parnaparin,
phenindione, phenprocoumon, prasugrel, picotamide, prostacycling, ramatreban, reviparin,
rivaroxaban, sulodexide, terutroban, terutroban sodium, ticagrelor, ticlopidine, ticlopidine
hydrochloride, tinzaparin, tinzaparin sodium, tirofiban, tirofiban hydrochloride,
treprostinul, treprostinil sodium, triflusal, vorapaxar, warfarin, warfarin sodium,

ximelagatran, salts thereof, solvates thereof, hydrates thereof, and combinations thereof.

{0628] Inan embodiment, the invention provides a kit comprising (1) a PD-1 inhibitor
and/or a PD-L1 inhibttor or an antigen-binding fragment, variant, or conjugate thereof;
and (2} a composition comprising a BTK inhibitor or a pharmaceutically acceptable salt,
solvate, hydrate, cocrvstal, or prodrug thereof. These compositions are typically
pharmaceutical compositions. The kit 1s for co-administration of a PD-1 and/or PD-1L1

mhibitor and a BTK inhibitor, either simultaneously or separately.
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{0029] In an embodiment, the invention provides a composition comprising {1} a PD-1
mhibitor and/or a PD-L1 inhibitor or an antigen-binding fragment, variant, or conjugate
thereof; {2) a composition comprising a BTK inhibitor or a pharmaceutically acceptable
salt, solvate, hydrate, cocrystal, or prodrug thereof; and (3} a composition comprising a
PI3K inhibrtor or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or
prodrug thereof. These compositions are typically pharmaceutical compositions. The kit
15 for co-admmistration of PD-1 and/or PD-L1 inhibitor, a BTK inhibitor, and a PI3K

inhtbitor, etther simultaneously or separately.

[0030] Inan embodiment, the invention provides a composition comprising {1} a PD-1
inhibitor and/or a PD-L1 inhibitor or an antigen-binding fragment, variant, or conjugate
thereof; (2) a composition comprising a BTK inhibitor or a pharmaceutically acceptable
salt, solvate, hydrate, cocrystal, or prodrug thereof; and (3) a composition cormprising a
PI3K-5 mhibitor or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or
prodrug thereof. These compositions are typically pharmaceutical compositions. The kit
18 for co-admmisiration of a PB-1 and/or a PD-L1 inhibitor, a BTK inhibitor, and an anti-
coagulant or antiplatelet active pharmaceutical ingredient, either simultaneously or

separately.

{0031] Inan embodiment, the invention provides a composition comprising {1} a PD-1
mhubitor and/or a PD-L1 mhubitor or an antigen-binding fragment, vanant, or conjugate
thereof; {2) a composition comprising a BTK inhibitor or a pharmaceutically acceptable
salt, solvate, hydrate, cocrystal, or prodrug thereof, and (3) an anti-coagulant or
antiplatelet active pharmaceutical ingredient. These compositions are typically
pharmaceutical compositions. The kit 1s for co-administration of a PD-1 and/or a PD-L1
mhubitor, 2 BTK mnhibitor, and an anti-coagulant or antiplatelet active pharmaceutical

ingredient, etther simultaneously or separately.

{0032] Inan embodiment, the invention provides a composition comprising {1} a
composition comprising a PD-1 mhibitor and/or a PD-L1 mhibitor or an antigen-binding
fragment, variant, or conjugate thereof, (2) a composition comprising a BTK inhibitor or
a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof; and (3)

a composition comprising a PI3K inhibitor or a pharmaceutically acceptable salt, solvate,
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hydrate, cocrystal, or prodrug thereof; and (4) an anti-coagulant or antiplatelet active
pharmaceutical ingredient. These compositions are typically pharmaceutical
compositions. The kit is for co-administration of a PI3K-& inhibitor and an anti-
coagulant or antiplatelet active pharmaceutical ingredient, etther simultaneously or

separately.

{0033] Inan embodiment, the invention provides a composition comprising {1} a
composition comprising a PD-1 inhibitor and/or a PD-L1 inhibitor or an antigen-binding
fragment, variant, or conjugate thereof; {2) a composition comprising a8 BTK inhibitor or
a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereot; and (3)
a composition comprising a PI3K-S inhibitor or a pharmaceutically acceptable sali,
solvate, hydrate, cocrystal, or prodrug thereof; and (4) an anti-coagulant or antiplatelet
active pharmaceutical ingredient. These composttions are typically pharmaceutical
compositions. The kit 1s for co-administration of a PD-1 and/or a PD-L1 inhibttor, a
BTEK wmnhibitor, a PI3K-S inhibitor, and an anti-coagulant or antiplatelet active

pharmaceutical ingredient, either simultaneously or separately.

{0034] In some embodiments, the compositions and the kits disclosed herein are for use
in treating cancer. In some specific embodiments, the compositions and the kits
disclosed herein are for use in treating cancer selected from the group consisting of a B
cell hematological mahignancy selected from the hematological malignancy 1s selected
from the group consisting of chronic lymphocytic leukemua (CLL), small lymphocytic
leukemia (SLL}, non-Hodgkin’s lymphoma (NHL), diffuse large B cell lymphoma
(BLBCL), follicular lymphoma (FL}, mantle cell lymphoma (MCL), Hodgkin’s
lymphoma, B cell acute lymphoblastic leukemia (B-ALL), Burkitt’s lymphoma,
Waldenstrom's macroglobulinenia (WM), Burkitt's lvmphoma, multiple myeloma

{MM]}, or myelofibrosis.

{0035} In some embodiments, the compositions and the kits disclosed herein are for use
in treating a cancer selected from the group consisting of bladder cancer, squamous cell
carcinoma including head and neck cancer, pancreatic ductal adenccarcinoma (PDA),
pancreatic cancer, colon carcinoma, mammary carcinoma, breast cancer, fibrosarcoma,

mesothelioma, renal cell carcinoma, lung carcinoma, thyoma, prostate cancer, colorectal
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cancer, ovarian cancer, acute myeloid leukemia, thymus cancer, brain cancer, squamous
cell cancer, skin cancer, eve cancer, retinoblastoma, melanoma, intraccular melanoma,
oral cavity and oropharyngeal cancers, gastric cancer, stomach cancer, cervical cancer,
head, neck, renal cancer, kidney cancer, liver cancer, ovarian cancer, prostate cancer,
colorectal cancer, esophageal cancer, testicular cancer, gynecological cancer, thyroid
cancer, acquired immune deficiency syndrome {(AIDS)-related cancers {e.g., lymphoma
and Kaposi's sarcoma), viral-induced cancer, glioblastoma, ghioma, esophageal tumors,
hematological neoplasms, non-small-cell lung cancer, chronic myelocytic leukemia,
diffuse large B-cell lvmphoma, esophagus tumor, follicle center lymphoma, head and
neck tumor, hepatitis C virus mfection, hepatocellular carcinoma, Hodgkin’s disease,
metastatic colon cancer, multiple myeloma, non-Hodgkin’s lymphoma, indolent non-
Hodgkin’s lymphoma, ovary tumor, pancreas tumor, renal cell carcinoma, small-cell lung
cancer, stage [V melanoma, chronic lymphocviic leukemia, B-cell acute lymphoblastic
feukemua (ALL), mature B-cell ALL, follicular lymphoma, mantle cell lymphoma, and

Burkitt’s lymphoma.

{0036] In other embodiments, the compositions and the kits disclosed herein are for use
m treating a sohid tumor cancer selected from the group consisting of bladder cancer,
non-small cell lung cancer, cervical cancer, anal cancer, pancreatic cancer, squamous cell
carcinoma including head and neck cancer, renal cell carcinoma, melanoma, ovarian
cancer, small cell lung cancer, glioblastoma, glioma, gastromtestinal stromal tumor,
breast cancer, lung cancer, colorectal cancer, thyroid cancer, bone sarcoma, stomach

gastric cancer, kidney cancer, liver

b

cancer, oral cavity cancer, oropharyngeal cancer
cancer, prostate cancer, colorectal cancer, esophageal cancer, testicular cancer,

gynecological cancer, thyroid cancer, colon cancer, and brain cancer.

{0637 In some embodiments, the compositions and the kits disclosed herein are for use
in treating a solid tumor cancer, wherein the compositions are it a dosage that is effective
m mnhibiting signaling between the cells of the solid tumor cancer and at least one tumor
microenvironment selected from the group consisting of macrophages, monocytes, mast
cells, helper T cells, eytotoxic T cells, regulatory T cells, natural killer cells, myeloid-

dertved suppressor cells, regulatory B cells, neutrophils, dendritic cells, and fibroblasts.
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{0038] In some embodiments, the compositions and the kits disclosed herein are for use
i treating a solid tumor cancer, wherein the compositions are in a dosage that is effective
in increasing immune system recognition and rejection of the solid tumor by the human

body receiving the treatment.

{003%] In some embodiments, the compositions and the kits disclosed herein are for use
m treating cancer, wherein the PD-1 and/or PD-L1 inhibitor 1s adnunistered before
admimnistration of the BTK inhubitor.

{0040] In some embodiments, the compositions and the kits disclosed herein are for use
in treating cancer, wherein the PD-1 and/or PD-L1 inhibitor 1s administered concurrently

with the administration of the BTK inhibitor.

{0041} In some embodiments, the compositions and the kits disclosed herein are for use
in treating cancer, wherein the PD-1 and/or PD-L1 mhibitor is administered to the subject

after adminstration of the BTK inhibitor.
BRIEF DESCRIPTION OF THE DRAWINGS
{0042] The foregoing summary, as well as the following detatled description of the

mvention, will be better understood when read in comjunction with the appended

drawings.

{0043] FIG 1 illustrates the sensitivity of the TMDS diffuse large B cell lymphoma
(DLBCL) cell line to individual treatroent with the BTK whibitor of Forroula XVIH
{(“Tested Btk Inhibitor”) and the PI3K mhibitor of Formula IX (“Tested PI3K Inhibitor™)
and combined treatment with Formula XV and Formula IX (“Btki + PI3K:”) at
different concentrations. The concentration of the first active pharmaceutical ingredient
in the combivation (the BTK inhibttor) and the concentration of the mdividual active
pharmaceutical ingredients 1s given on the x-axis, and the concentration of the added
PI3K inhibitor i combination with the BTK mhibitor 1s given i the legend.

{0044] FIG 2 illustrates the sensitivity of the MINO mantle cell lymphoma cell to
individual treatment with the BTK mhibitor of Formula XVIII (“Tested Btk Inhibitor™)
and the PI3K inhibitor of Formula IX (“Tested PI3K Inhibitor”) and combined treatment
with Formula XVIIH and Formula IX {(“Btki + PI3K17) at different concentrations. The
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concentration of the first active pharmaceutical ingredient in the combination (the BTK
mhibitor) and the concentration of the individual active pharmaceutical ingredients is
given on the x-axis, and the concentration of the added PI3K inhibitor in combination

with the BTK inhibttor is given in the legend.

{0045] FIG. 3 illustrates the proproliferative activity in primary mantle cell lymphoma
cells of Formula XVIII (“Tested Btki”) and Formula [X (*Tested PI3K1"). The
percentage viability of cells (“% viability”, y-axis} 1s plotted versus the concentration of
the active pharmaceutical ingredient or active pharmaceutical ingredients. Single-active
pharmaceutical ingredient BTK (“Tested Btki”) and PI3K inhibitors {(“Tested PI3K1”) are
compared to four combinations of Formula XV and Formula IX ("(10 uM) Tested

PI3KY”, “1.0 uM Tested PI3K1,” “0.1 pM Tested PI3Ky,” “0.01 uM Tested PI3KI”).

{0046] FIG. 4 illustrates the interaction index of the combination of the BTK inlubitor
of Formula XVIII and the PI3K mhibitor of Formula EX in primary mantle cell
iymphoma cells from different patients (MCL-~1 to MCL-3). Each symbol represents a

concentration from 10 ubd to 0.0001 oM

{0047} FIG 5 illustrates the synergy observed in certain cell lines when the BTK
inhibitor of Formula XVIH and the PI3K-0 inhibitor of Formula IX are combined. The
tested cell lines mclude Maver-1 (B cell lymphoma, mantle}, Jeko (B cell lymphoma,
mantle), CCRF (B lymphoblast, acute lymphoblastic leukemua}, and SUP-B1S (B
iymphoblast, acute lymphoblastic leukenua). The dose-effect curves for these cell lines
are given in FIG. 6, FIG. 7, FIG. 8, and FIG. 9. ED2S, EDS0, ED735, and EDOSO refer to
the effective doses causing 25%, 50%, 75%, and 90% of the maximum biological effect
{proliferation).

[0048] FIG. 6 illustrates the dose-effect curves obtained for the tested Maver-1 cell line
(B cell lymphoma, mantle) using combined dosing of the BTK inhibitor of Formula
XVHI (“Inh.17) and the PI3K-6 mhibitor of Formula IX (*Inh.37). The y-axis (“Effect”)
1s given in units of Fa (fraction affected) and the x-axis ("Dose”) 1s given in linear units
of uM.

{00649] FIG. 7 illustrates the dose-effect curves obtained for the tested Jeko cell line (B

cell lvmphoma, mantle} using combined dosing of the BTK mhibitor of Formula XVII
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(“Inh. 17} and the PI3K-0 inhibitor of Formula IX (“Inh.37}. The y-axis (“Effect”) 13
given in units of Fa {fraction affected) and the x-axis ("Dose”)} is given in linear units of

bl

{0056] FIG. 8 illustrates the dose-effect curves obtained for the tested CCRF cell line
(B lymphoblast, acute lymphoblastic leukemia} using combined dosing of the BTK
mhibitor of Formula XV (“Inh 17} and the PI3K-0 inhibitor of Formula IX (“Inh.37}.
The y-axas (“Effect”) 1s given in units of Fa (fraction affected) and the x-axis (“Dose”) 15

given in linear units of uM.

{0051} FIG. 9 illustrates the dose-effect curves obtained for the tested SUP-B135 cell
line (B lymphoblast, acute lymphoblastic leukemia) using combined dosing of the BTK
mhibitor of Formula X VI (“Inh 17} and the PI3K-0 inhibitor of Formula IX (“Inh.37).
The y-axis (“Etfect”) 1s given in units of Fa (fraction affected) and the x-axis (“Dose”) s

given in linear units of uM.

[0052] FIG 101llustrates the synergy observed in certain cell lines when the BTK
inhibitor of Formula XVIH and the PI3K-0 inhibitor of Formula IX are combined. The
tested cell lines mclude Jeko (B cell lvmphoma, mantle) and SU-DHL-4 (diffuse large B
cell lymphoma, ABC). The dose-effect curves for these cell lines are given m FIG 11

and F1G. 12

[8053] FIG. 11 dlustrates the dose-effect curves obtained for the tested Jeko cell hine (B
cell lymphoma, mantle) using combined dosing of the BTK mhibitor of Formula XVII
{“Inh.17) and the PI3K-6 mhibitor of Formula IX (*Inh.37). The y-axis (“Effect”) 1s
given in units of Fa {fraction affected) and the x-axis ("Dose”) 1s given i linear units of
uh.

[0054] FIG. 12 iHustrates the dose-effect curves obtained for the tested SU-DHIL-4 cell
hine (diffuse large B cell lymphoma, ABC) using combined dosing of the BTK mhibitor
of Formula XVIII (“Tuh. 17} and the PI3K-6 mhubitor of Formula IX (“Inh.37). The y-axis
{“Effect”) 13 given m unuts of Fa {fraction affected) and the x-axis (“Dose”) 1s given n

linear units of pM.
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{0055] FIG. 13 dlustrates the synergy observed in certain cell lines when the BTK
mhibitor of Formula XVIH and the PI3K-3 mhibitor of Formula X are combined. The
tested cell lines include CCRF (B lymphoblast, acute lymphoblastic leukemia), SUP-B15
(B lymphoblast, acute lymphoblastic leukemia), IVM-2 {prolymphocytic leukemia),
Ramos (Burkitt’s lymphoma), and Mino {(mantle cell lymphoma). The dose-effect curves
for these cell hines are given in FIG. 14, FIG. 15, FIG. 16, and FIG. 17, No dose-effect

curve 13 given for Ramos (Burkitt’s lvmphoma) because of negative slope.

{0056] FIG. 14 illustrates the dose-effect curves obtained for the tested CCRF cell line
(B lymphoblast, acute lymphoblastic leukemia) using combined dosing of the BTK
inhibitor of Formula XVHI (“Inh 17} and the PI3K-6 inlubitor of Formula IX (“Inh.37).
The v-axis (“Effect”) 15 given 10 units of Fa (fraction affected) and the x-axis (*Dose™) 5

given in linear units of M.

[0037] FIG. 1S dlustrates the dose-effect curves obtained for the tested SUP-B135 cell
iine (B lymphoblast, acute lymphoblastic leukemia) using combined dosing of the BTK
inhibitor of Formula XV (“Inh. 17} and the PI3K-$ inhibitor of Formula IX (*Inh.37).
The y-axis (“Etfect”) 1s given in units of Fa (fraction affected) and the x-axis (“Dose”) 1s

given in linear units of uM.

[0058] FIG. 16 1llustrates the dose-effect curves obtained for the tested JVM-2 cell line
{prolymphocytic leukemia) using combined dosing of the BTK inhibitor of Formula
XVII (“Inh.17) and the PI3K-6 mhibitor of Formula IX (“Inh.37). The y-axis {“Effect”)
15 given 1n units of Fa (fraction affected) and the x-axis (“Dose”) 15 given m hnear units

of uM.

{8039] FIG. 17 dlustrates the dose-effect curves obtamned for the tested Mino cell line
{mantle cell lymphoma} using combined dosing of the BTK inhibitor of Formula XVIIT
{“Inh.17) and the PI3K-6 mhibitor of Formula IX (*Inh.37). The y-axis (“Effect”) 1s
given in units of Fa {fraction affected) and the x-axis (“Dose”) 1s given i linear units of
uM.

{0060} FIG. 18 illustrates the synergy observed in certain cell lines when the BTK
mhibitor of Formula XVIH and the PI3K-6 mhibitor of Formula IX are combined. The
tested cell lines include Raji (B lymphocyte, Burkitt's lymphoma), SU-DHL-1 (DLBCL-

(v
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ABC), and Pfeiffer (follicular lymphoma). The dose-effect curves for these cell lines are
given in FIG. 19, F1G. 20, and FIG. 21,

10061} FIG. 19 dlustrates the dose-effect curves obtained for the tested Raji cell line (B
lymphocyte, Burkitt's lymphoma) using combined dosing of the BTK inhibitor of
Formula XVII ("Inh.17) and the PI3K-0 inhibitor of Formula IX (“Inh.37). The y-axis
{“Effect”) 1s gtven 1nn units of Fa {fraction affected) and the x-axis (“Dose”) is given in

linear units of pM.

{0062] FIG 20 illustrates the dose-effect curves obtained for the tested SU-DHL-1 cell
line {Activated B-cell like diffuse large B-cell lymphoma, DLBCL-ABC) using
combined dosing of the BTK inhibitor of Formula XVIH (“1Inh. 17) and the PI3K-8
mhibitor of Formula IX (“Inh.37). The y-axis (“Effect”) is given n units of Fa (fraction

affected) and the x-axis (“Dose”) is given n linear units of pbM.

[0063] FIG. 21 dlustrates the dose-effect curves obtained for the tested Pleiffer cell line
{(follicular lymphoma) using combined dosing of the BTK inhibitor of Formula XVII
(“Inh.17) and the PI3K-6 inhibitor of Formula IX ("Inh.3”). The y-axis (“Effect”) 1s
given in units of Fa {fraction affected) and the x-axis ("Dose”) 15 given in linear units of

uhi

[0064] FIG 22 :illustrates the synergy observed in certain cell lines when the BTK
inhibitor of Formula XVIH and the PI3K-0 inhibitor of Formula IX are combined. The
tested cell lines mclude Ly 1 {Germinal center B-cell like diffuse large B-cell lymphoma,
DLBCL-GCB), Ly7 (DLBCL-GCB), Ly19 (DLBCL-GCB), SU-DHL-2 (Activated B-
cell like diffuse large B-cell lymphoma, DLBCL-ABC), and DOHHZ (follicular
lymophoma, FL).  The dose-effect curves for these cell lines are given i FIG. 23, FIG.
24, FIG. 25, and FIG. 26, except for the Ly 19 cell line, which i3 not graphed because of a
negative slope.

[0068] FIG. 23 illustrates the dose-effect curves obtained for the tested Lyl cell hine
{DLBCL-GCB) using combined dosing of the BTK inhibitor of Formula XVIHI ("Tuh.17)
and the PI3K-6 mhibitor of Formula IX (“Inh.37). The y-axis {“Effect”) 1s given in units

of Fa (fraction affected) and the x-axis (“Dose”} 1s given in linear units of pM.
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{0066] F1G. 24 dlustrates the dose-effect curves obtained for the tested Ly7 cell line
(DLBCL-GCB) using combined dosing of the BTK mhibitor of Formula XVII (“Inh. 17}
and the PI3K-8 mhibitor of Formula IX ("Inh.37). The y-axis ("Effect”) is given in units
of Fa {fraction affected) and the x-axis (“Dose”} is given in linear units of pM.

{0067] FIG. 25 ilustrates the dose-effect curves obtained for the tested DOHH?Z cell
line (FL) using combined dosing of the BTK inhibitor of Formula XVIH (“Inh.17) and
the PI3K-§ inhibitor of Formula IX (“Inh.37). The v-axis (“Effect”) 1s given in units of

Fa (fraction affected) and the x-axis (“Dose”} 1s given in linear units of uM.

{0068] FIG. 26 ilustrates the dose-effect curves obtained for the tested SU-DHL-2 cell
fine (DLBCL-ABC) using combined dosing of the BTK inhibitor of Formula XV
(“Inh. 17} and the PI3K-0 inhibitor of Formula IX (“Inh.37}. The y-axis (“Effect”) 13
given in units of Fa {fraction affected) and the x-axis ("Dose”) 15 given in linear units of

uhi

[0069] FIG 27 illustrates the synergy observed in certain cell hines when Formula
XVII and Formula [X are combined. The tested cell lines include U937 (lustiocytic
lymphoma and/or myeloid), K562 (leukemia, myeloid, and/or chronic myelogenous
leukemia), Daudi (human Burkiatt's lymophoma), and SU-DHL-6 (DLBCL-GCB and/or
peripheral T-cell lymphoma, PTCL). The dose-effect curves for these cell lines are given

m FIG. 28, FIG. 29, FIG. 30, and FIG. 31

[0078] FIG. 28 illustrates the dose-effect curves obtained for the tested 1937 cell hine
{histiocytic lymphoma and/or myeloid) using combined dosing of the BTK mhibitor of
Formula XVII (“Inh.17) and the PI3K-6 inhibitor of Formula IX (“Inh.37). The y-axis
{“Effect”) 13 given m unuts of Fa {fraction affected) and the x-axis (“Dose”) 15 given in
finear units of pM.

{8071] FIG. 29 dlustrates the dose-effect curves obtained for the tested K562 cell line
{(leskemia, myeloid, and/or chronic myelogenous leukemma} using combined dosing of the
BTK inhubitor of Formula XVII (“Inh.17) and the PI3K-5 inhibitor of Formula IX
(“Inh.37y. The y-axis (“Effect”} is given in units of Fa (fraction affected) and the x-axis

{“Dose”) 1s given in linear units of uhl
L s i
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10072] FIG. 30 dlustrates the dose-effect curves obtained for the tested Daudi cell line
{(human Burkitt's lymphoma) using combined dosing of the BTK inhibitor of Formula
XVHI (“Inh 17} and the PI3K-3 mhibttor of Formula IX ("Inh.3”). The y-axis (“Effect”)
is given in units of Fa (fraction affected) and the x-axis (“Dose”) is given in linear units

of uM.

{0073] FIG 31 illustrates the dose-effect curves obtained for the tested SU-DHL-6 cell
line (DLBCL-GCB and/or PTCL) using combined dosing of the BTK inhibitor of
Formula XV (“Inh. 17} and the PI3K-0 inhibitor of Formula IX (“Inh.37). The y-axis
(“Effect”) 1s given m units of Fa (fraction atfected) and the x-axis ("Dose”) 1s given in

linear units of pM.

{0074] FIG 32 dlustrates the synergy observed in certain cell lines when the BTK
inhibitor of Formula XV and the PI3K-8 inhibitor of Formula IX are combined. The
tested cell lines include SU-DHL-6 (BLBCL-GCB or PTCL), TMD-§ (BLBCL-ABQ),
HBL-1 (DLBCL-ABC), and Rec-1 (follicular lymphoma). The dose-eftect curves for
these cell lines are given in FIG. 34, FIG. 35, FIG. 36, and FIG. 37.

[0075] FIG 33 illustrates the synergy observed in certain cell lines when the BTK
inhibitor of Formula XVIH and the PI3K-0 inhibitor of Formula IX are combined. The
tested cell lines include SU-DHEL-6 (DLBCL-GCB or PTCL), TMD-8 (DLBCL-ABC),
HBL-1 (BLBCL-ABC), and Rec-1 (follicular lymphoma}. All corresponding Cls are

shown for each of the combinations tested as listed on the x axis.

{8076] FIG. 34 llustrates the dose-effect curves obtained for the tested SU-DHL-6 cell
iine {DLBCL-GCB or PTCL) cell line using combined dosing of the BTK mnhibitor of
Formula XV (“Inh. 17} and the PI3K-0 inhibitor of Formula IX (“Inh.37). The y-axis
{(“Effect”} 1s given in units of Fa (fraction affected) and the x-axis ("Dose”™) 1s given in
hinear units of pM.

{0677} FIG 35 illustrates the dose-effect curves obtained for the tested TMID-8 cell hine
{DLBCL-ABC) using combined dosing of the BTK inhibitor of Formula XVIHI (“Tuh.17)
and the PI3K-6 mhibitor of Formula IX (“Inh.37). The y-axis {“Effect”) 1s given in units

of Fa (fraction affected) and the x-axis (“Dose”} 1s given in linear units of pM.
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[0078] FIG. 36 illustrates the dose-effect curves obtained for the tested HBL-1 cell line
(DLBCL-ABC) using combined dosing of the BTK mhibitor of Formula XVI (“Inh. 17}
and the PI3K-8 mhibitor of Formula IX ("Inh.37). The y-axis ("Effect”) is given in units
of Fa {fraction affected) and the x-axis (“Dose”} is given in linear units of uM.

{0079} FIG. 37 illustrates the dose-effect curves obtained for the tested Rec-1 cell line
{(follicular lymphoma} using combined dosing of the BTK inhibitor of Formula XVIHII
(“Inh. 17} and the PI3K-0 inhibitor of Formula IX (“Inh.37). The y-axis (“Effect”) 1s
given in units of Fa {fraction affected) and the x-axis ("Dose”)} is given in linear units of

uhi

{0080] FIG. 38 illustrates the synergy observed in certain cell lines when the BTK
nhibitor of Formula XVIH and the JAK-2 mhibitor of Formula XXX (ruxolitinib) are
combined. The tested cell ines included Maver-1 (B cell lymphoma, mantle), Jeko (B
cell lymphoma, mantle), SUP-B135 (B lymphoblast, acute lymphoblastic leukemua}, and
CCRF (B lymphoblast, acute lymphoblastic leukerma). The dose-effect curves for these

cell tines are given in FIG. 39, FIG. 40, FIG. 41, and FIG. 42.

[0081] FIG 39 illustrates the dose-effect curves obtained for the tested Maver-1 cell
line (B cell lymphoma, mantle) using combined dosing of the BTK inhibitor of Formula
XVIH (“Inh.17} and the JAK-2 inhibitor of Formula XXX (“Inh.2”) (ruxolitinib). The v~
axis {“Effect”) 1s given in units of Fa (fraction affected) and the x-axis ("Dose™) 15 given

m hinear units of pM.

{8082] FIG. 40 dlustrates the dose-effect curves obtained for the tested Jeko cell hine (B
cell lymphoma, mantle) using combined dosing of the BTK mhibitor of Formula XVIII
{“Inh.17) and the JAK-2 1nhibitor of Formula XXX (“Inh.27) (ruxolitinib). The y-axis
(“Effect”} 1s given mn units of Fa (fraction affected) and the x-axis ("Dose™) 15 given in
hinear units of pM.

[6083] FIG. 41 iHlustrates the dose-effect curves obtained for the tested SUP-BIS cell
hine (B lymphoblast, acute lvmphoblastic leukenua) using combined dosing of the BTK
inhibtor of Formula XVIH ("Inh 17} and the JAK-Z inhibitor of Formula XXX (“Inh.27)
{ruxolitiub}. The y-axus (“Effect”} 1s given in units of Fa (fraction affected) and the x-

axis (“Dose’} 1s given in linear units of pM.
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{0084] FIG. 42 illustrates the dose-effect curves obtained for the tested CCRF cell line
(B lymphoblast, acute lymphoblastic leukemia) using combined dosing of the BTK
mhibitor of Formula XVIH ("Inh 17) and the JAK-2Z inhibitor of Formula XXX (“Inh.27)
{ruxolitinib). The y-axis (“Effect”} 1s given in units of Fa (fraction affected) and the x-

axis (“Dose”) 1s given in linear units of pM.

{0085] FIG. 43 illustrates the synergy observed in certain cell lines when the BTK
nhibitor of Formula XVIH and the JAK-2 mhibitor of Formula XXX (ruxolitinib) are
combined. Repeat experiments for two of the cell lines previously shown in FIG. 38 are
shown, mcluding SUP-B1S (B lyrphoblast, acute lymphoblastic leukenia) and CCRF (B

iymphobilast, acute lymphoblastic leukenua).

{0086] FIG. 44 dlustrates the synergy observed in certain cell lines when the BTK
mnhibitor of Formula XVHI and the JAK-2 intubitor of Formula XXX (ruxolitinib) are
combined. The tested cell lines included JVM-2 (prolyraphocytic leukemua), Raji (B
iymphocyte, Burkitt's lymphoma), Ramos (B lymphocyte, Burkiit's lymphoma), and
Mino (mantle cell lymphoma). The dose-effect curves for these cell lines are given in

FIG 45, FIG. 46, FIG. 47, and FIG 48

[0087] FIG. 4S5 dlustrates the dose-effect curves obtained for the tested JIVM-2 cell line
{prolymphocytic leukemia) using combined dosing of the BTK inhibitor of Formula
XVHIE (“Inh. .17y and the JAK-2 mbubttor of Formula XXX (“Tuh. 27} (ruxolitimb). The y-
axis (“Effect”) is given in units of Fa {fraction affected) and the x-axis {“Dose”) is given
m linear units of pM.

[0088] FIG. 46 illustrates the dose-effect curves obtained for the tested Rap cell ine (B
lymphocyte, Burkitt's lymphoma) using combined dosing of the BTK inhibitor of
Formula XVII (“Inh.17) and the JAK-2 1inhibitor of Formula XXX (“Inh.27)
{ruxolitinib}. The y-axis (“Effect™} 1s given in units of Fa (fraction affected) and the x-
axts (“Dose”} 1s given in linear units of pM.

[8089] FIG. 47 dlustrates the dose-effect curves obtamned for the tested Ramos cell hine
(B lymphocyvte, Burkitt's lymphoma) using combined dosing of the BTK inhubitor of
Formula XVIH (“Inh.17) and the JAK-2 inhibitor of Formula XXX (“Inh.2"7)

DB/ 84322047.1 20



WO 2016/024231 PCT/IB2015/056127

(ruxolitimib). The y-axis (“Effect”) is given in units of Fa {fraction affected) and the x-

axis (“Dose”} ts given in linear units of uM.

{0098] FIG. 48 illustrates the dose-effect curves obtained for the tested Mino cell line
{mantle cell lymphoma} using combined dosing of the BTK inhtbitor of Formula XVII
(“Inh. 17} and the JAK-2 inhibitor of Formula XXX (“Inh 27} (ruxolitinib). The y-axis
{“Effect”} 1s gtven 1nn units of Fa {(fraction affected) and the x-axis (“Dose”) 1s given in

linear units of pM.

{0091} FIG 49 illustrates the synergy observed in certain cell lines when the BTK
nhibitor of Formula XVIH and the JAK-2 mhibitor of Formula XXX (ruxolitinib) are
combined. The tested cell lines included Pfeifter (follicular lymphoma) and SU-DHE-1
(DLBCL-ABC). The dose-effect curves for these cell lines are given in FIG. 50 and FIG.
51

[0092] FIG. SO dlustrates the dose-effect curves obtained for the tested Pleiffer cell line
{(follicular lymphoma) using combined dosing of the BTK inhibitor of Formula XVII
(“Inh.17) and the JAK-2 1ohibitor of Formula XXX (“Inh.27) (ruxolitiub). The y-axis
(“Effect”) 1s given m units of Fa (fraction affected) and the x-axis ("Dose”) 1s given in

linear units of uM.

[0093] FIG 51 illustrates the dose-effect curves obtained for the tested SU-DHL-1 cell
line (follicular lymphoma) using combined dosing of the BTK inhibitor of Formula

XVHI (“Inh.17) and the JAK-2 mhibitor of Formula XXX (“Inh. 27} (ruxolitinib). The y-
axis {“Effect”) 1s given in units of Fa (fraction affected) and the x-axis ("Dose™) 15 given

m hinear units of pM.

[0094] FIG. 52 dlustrates the synergy observed in certain cell lines when the BTK
mhibitor of Formula XVIIH and the JAK-2 mhibitor of Formula XXX (ruxolitinib) are
combined. The tested cell lines included DOHH2Z (follicalar lyrophoma), SU-DHL-1
(DLBCL-AB(), Lyl {BDLBCL-GCB;}, Ly7 (BLBCL-GCB), and Ly 19 (DLBCL-GCB).
The dose-effect curves for these cell lines are given m FIG. 53, FIG. 54, FIG. S5, and

FI(3 56, except for the Lv19 cell line, which 1s not graphed because of a negative slope.
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{0095] F1G. 53 illustrates the dose-effect curves obtained for the tested DOHH?Z cell
line (follicular lymphoma) using combined dosing of the BTK mhibitor of Formula
XVHI (“Inh 17} and the JAK-2 mhibitor of Formula XXX (“Inh.2”) (ruxolitinib). The y-
axis {“Effect”) 1s given in units of Fa (fraction affected) and the x-axis (“Dose”) 1s given

in linear units of pM.

{0096] FIG 54 illustrates the dose-effect curves obtained for the tested SU-DHL-1 cell
iine (DLBCL-ABC) using combined dosing of the BTK inhibitor of Formula XVIIi
{*“Inh.17) and the JAK-2Z inhibitor of Formula XXX (“Inh.27} (ruxolitinib}. The y-axis
(“Effect”) 13 given m units of Fa {fraction affected) and the x-axis (“Dose”) is given in

linear units of pM.

{0097} FIG. 55 illustrates the dose-effect curves obtained for the tested Lyl cell line
(DLBCL-GCB) using combined dosing of the BTK mhibitor of Formula XVIII (“Inh.17)
and the JAK-2 mhabitor of Formula XXX (“Inh.27) (ruxolitinib). The y-axis (“Effect”) 1s
given in units of Fa {fraction affected) and the x-axis ("Dose”) 15 given in linear units of

uhi

[0098] FIG 56 illustrates the dose-effect curves obtained for the tested Ly7 cell hine
(DLBCL-GCB) using combined dosing of the BTK inhibitor of Formula XVII (“Inh.17)
and the JAK-2 mhibitor of Formula XXX (“Inh.2”) (ruxobitiub). The yv-axis (“Effect”) s
given in units of Fa (fraction affected} and the x-axis {“Dose™} 15 given in linear units of

[TY

[8099] FIG. 57 dlustrates the synergy observed in certain cell lines when the BTK
mhibitor of Formula XVIIH and the JAK-2 mhibitor of Formula XXX (ruxolitinib) are
combined. The tested cell hines meluded U937 (histiocytic lvmphoma), Daudi (human
Burkitt’s lymphoma}, and K562 (leukenna, myeloid, and/or chronic myelogenous
leukemia). The dose-effect curves for these cell lines are given o FIG. 58, FIG. 59, and

FiG. 60,

[801008] FIG. SB idlustrates the dose-effect curves obtained for the tested U937 cell line
{(histiocytic lymphoma) using combined dosing of the BTK inhibitor of Formula XVHI

{"Inh.17) and the JAK-2 inhibitor of Formula XXX (“Inh.27} {ruxolitinib}. The y-axis
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(“Effect”} 1s given in units of Fa (fraction affected} and the x-axis (“Dose”} is given in

linear units of uM.

{00101} FI1G. 59 illustrates the dose-effect curves obtained for the tested Daudi cell line
{(human Burkitt’s lymphoma) using combined dosing of the BTK mhibitor of Formula

XVHIE (“Inh.17) and the JAK-2 mhibitor of Formula XXX (“Inh.2”) (ruxolitinib). The y-
axis {“Effect”) 1s given in units of Fa (fraction affected) and the x-axis (“Dose”) 1s given

in linear units of pM.

{00102] FIG 60 illustrates the dose-effect curves obtained for the tested KS62 cell line
(leukemia, myeloid, and/or chronic myelogenous leukemia} using combined dosing of the
BTK inhibitor of Formula XVII (“Inh.17) and the JAK-Z mhibitor of Formula XXX
(“Inh.2”) (ruxolitimib}. The y-axus (“Effect”) 1s given 1o units of Fa {fraction affected)

and the x-axis (“Dose”) 1s given in hinear units of uM.

[00103] FIG 61 dlustrates the synergy observed in certain cell lines when the BTK
mnhibitor of Formula XVHI and the JAK-2 intubitor of Formula XXX (ruxolitinib) are
combined. The tested cell lines include SU-DHL-6 (DUBCL-GCB or PTCL), TMI-R8
(DLBCL-ABC), HBL-1 (DLBCL-ABC), and Rec-1 (follicular lymphoma). The dose-
effect curves for these cell lines are given 1n FIG. 62, FIG. 63, FIG. 64, and FIG. 65.

[00104] FIG 62 illustrates the dose-effect curves obtained for the tested SU-DHL-6 cell
line (DLBCL-GCB or PTCL) using combined dosing of the BTK inhibutor of Formula
XVHI (“Inh.17) and the JAK-2 mhibitor of Formula XXX (“Inh. 27} (ruxolitinib). The y-
axis (“Effect”) 1s given 1n units of Fa (fraction affected) and the x-axis (“Dose”) 15 given
m hinear units of pM.

[801058] FIG. 63 dlustrates the dose-effect curves obtained for the tested TMD-8 cell line
(DLBCL-AB() using combined dosing of the BTK mhibitor of Formula XVII (“Inh.17)
and the JAK-2 mnlubitor of Formula XXX (“Inh 27} (ruxohitinib). The y-axas (“Effect”) 18
given in units of Fa {fraction affected) and the x-axis ("Dose”) 1s given i linear units of
uh.

[00106] FIG. 64 illustrates the dose-effect curves obtained for the tested HBL-1 cell line
{(DLBCL-ABC) using combined dosing of the BTK mhibitor of Formula XVII (“Inh. 17}
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and the JAK-2 inhibitor of Formula XXX (“Inh.27) (ruxolitinib). The y-axis (“Effect”} 1s
given in units of Fa {fraction affected) and the x-axis (“*Dose”)} is given in linear units of

bl

{00167} FIG 65 illustrates the dose-effect curves obtained for the tested Rec-1 cell line
{(follicular lymphoma) using combined dosing of the BTK ihibitor of Formula XVII
{*“Inh.17) and the JAK-2Z inhibitor of Formula XXX (“Inh.27} (ruxolitinib}. The y-axis
(“Effect”} 1s given in units of Fa (fraction affected} and the x-axis (“Dose”} is given in

linear units of uM.

{00108] FI1G. 06 llustrates the synergy observed in certain cell lines when the BTK
mhibitor of Formula (XVHI) and the JAK-2 inhibitor of Formula LIV (pacritinib} are
combined. The tested cell lines include Mino (mantle cell lymphoma), Maver-1 (B cell
lymphoma, mantle cell lymophoma), Raji (B lvmphocyte, Burkitt's lymphoma), JVM-2
{prolymphocytic leukemia), Daudi (Human Burkitt's lymphoma), Rec-1 (follicular
iymphoma), SUP-B1S5 (B lymphoblast, acute lymphoblastic leukemia), CCRF (B
lymphobilast, acute lymphoblastic leukemia), and SU-DHL-4 (DLBCL-ABC). The dose-
effect curves for these cell lines are given in FIG. 67, FIG. 68, FIG. 69, FIG. 70, FIG. 71,
FIG. 72, FIG. 73, FIG. 74, and FIG. 75.

[001069] FIG 67 illustrates the dose-effect curves obtained for the tested Mino cell line
{mantle cell lymphoma} using combined dosing of the BTK inhubttor of Formula {(XVII)
{(“Inh.17) and the JAK-2 inhibitor of Formula LIV (“Inh.47) (pacritinib). The y-axis
{“Effect”} 13 given m unuts of Fa {fraction affected) and the x-axis (“Dose”) 1s given m

finear units of pM.

{80118] FIG. 68 iHustrates the dose-effect curves obtained for the tested Maver-1 cell
fine (B cell lymphoma, mantle cell lymophoma} using combined dosing of the BTK
inhibitor of Formula (XVIHI) (“Inh 17) and the JAK-2 inhibitor of Formula LIV (“Inh.47)
{pacritimib}. The y-axis ("Effect”) 1s given in units of Fa {fraction affected) and the x-

axis (“Dose”) 15 given in linear units of pM.

{00111] FIG 69 illustrates the dose-effect curves obtained for the tested Raji cell line (B
lymphocyte, Burkitt's lymphoma} using combined dosing of the BTK inhibitor of
Formula (XVI} ("Inh.17) and the JAK-2 inhibitor of Formula LIV (“Inh.47) {pacritinib).
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The v-axis (“Effect”) is given in units of Fa (fraction affected) and the x-axis ("Dose”) 13

given in linear units of uM.

100112] FIG. 70 dlustrates the dose-effect curves obtained for the tested JVM-2 cell line
{prolymphocytic leukemia} using combined dosing of the BTK inhibttor of Formula

(XVHI} (“Inh.17) and the JAK-2 mhibitor of Formula LIV (“Inh.4”) (pacritinth). They-
axis {“Effect”} 1s given in units of Fa (fraction affected) and the x-axis ("Dose”) 1s given

in linear units of pM.

{00113} FIG 71 illustrates the dose-effect curves obtained for the tested Daud: cell line
(human Burkiit's lymphoma) using combined dosing of the BTK inhibitor of Formula

{XVHI) (“Inh.1”) and the JAK-2 mhibitor of Formula LIV (“Inh 47} (pacritinib}. The y-
axis (“Effect”) s given in units of Fa {fraction affected) and the x-axis ("Dose”) 15 given

in hinear units of pM.

[00114] FIG 72 dlustrates the dose-effect curves obtained for the tested Rec-1 cell line
{(follicular lymphoma) using combined dosing of the BTK inhibitor of Formula (XVII)
(“Inh.17) and the JAK-2 inhibitor of Formula LIV (“Inh 47) (pacritiub). The y-axis
(“Effect”} 1s given 1 untts of Fa {fraction affected) and the x-axis (“Dose”) 15 given m

linear units of uM.

{00115] FIG 73 illustrates the dose-effect curves obtained for the tested SUP-B1S cell
line (B lymphoblast, acute lymphoblastic leukenua) using combined dosing of the BTK
mhbitor of Formula (XVII) (“Inh.17) and the JAK-2 1nhibitor of Formula LIV (“Inh.47)
{pacritiib}. The y-axis (“Effect”) 15 given in units of Fa (fraction affected) and the x-
axts (“Dose”} 1s given in linear units of pM.

[80116] FIG. 74 dlustrates the dose-effect curves obtained for the tested CCRF cell line
(B lymphoblast, acute lymphoblastic leskemia} using combined dosing of the BTK
inhibitor of Formula (XVIHI) ("Inh.17) and the JAK-2 inhibitor of Formula LIV (“Inh.47)
{pacritimib}. The y-axis ("Effect”) 1s given in units of Fa {fraction affected) and the x-

axis (“Dose”) 15 given n hinear units of pM.

{80117] FIG. 75 illustrates the dose-effect curves obtained for the tested SU-DHIL-4 cell
line (BLBCL-ABC) using combined dosing of the BTK nhubitor of Formula (XVIHI)

(v
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(“Inh.17}) and the JAK-2 inhibitor of Formula LIV (“Inh 47} (pacritimub). The y-axis
{“Effect”) 1s gtven in units of Fa {(fraction affected) and the x-axis (“Dose”) is given in

linear units of pM.

{00118] FIG. 76 illustrates the synergy observed in certain cell lines when the BTK
inhibitor of Formula (XVHI) and the JAK-2 inhibitor of Formula LIV (pacritinib) are
combined. The tested cell lines include EB3 (B lymphocyte, Burkitt's lymphoma}, CA46
(B lymphocyte, Burkitt's lymphoma), DB (B cell lymphoma, mantle cell lymphoma),
Pfeittfer (follicular lymphoma), DOHH2 (follicular lymphoma), Namalwa (B lymphocyte,
Burkutt's lymphoma), JYM-13 (B cell lymphoma, mantle cell lvmphoma), SU-DHL-1
(DLBCL-ABC), and SU-DHL-2 (DLBCL-ABC). The dose-effect curves for these cell
lines are given in FIG. 77, FIG. 78, FIG. 79, FIG. 80, FIG. 81, FIG. 82, FIG. 83, FIG. 84,
and F1G. 8S.

[00119] FIG. 77 dlustrates the dose-effect curves obtained for the tested EB3 cell line (B
lymphocyte, Burkitt's lvmphoma) using combined dosing of the BTK inhubitor of
Formula (XVIHD) ("Inh.17) and the JAK-2 inubitor of Formula LIV (“Inh.47) (pacritinib).
The y-axis (“Etfect”) 1s given in units of Fa (fraction affected) and the x-axis (“Dose”) s

given in linear units of uM.

[001206] FIG. 78 illustrates the dose-effect curves obtained for the tested CA46 cell hine
{B lymphocyte, Burkitt's lymphoma) using combined dosing of the BTK inhibitor of
Formula (XVII) (“Inh.17) and the JAK-2 inhibitor of Formula LIV (“Inh.47) {pacritinib).
The v-axis (“Effect”) 15 given 1 units of Fa (fraction affected) and the x-axis (“Dose™) 15
given in linear units of uM.

[00121] FIG. 79 dlustrates the dose-effect curves obtained for the tested DB cell line (B
cell lvmphoma, mantle cell lymphoma) using combined dosing of the BTK mhibitor of
Formula (XVID (“Inh 17} and the JAK-2 inhibitor of Formula LIV (“Inh.47) (pacritinib).
The y-axis (“Effect”) 15 given in units of Fa (fraction affected) and the x-axis (*Dose”) 1s
given in linear units of uM.

100122] FIG. 80 iHlustrates the dose-effect curves obtained for the tested Pfeiffer cell line
{follicular lymphoma} using combined dosing of the BTK inhibitor of Formula (XVI)
(“Inh.17} and the JAK-2 inhibitor of Formula LIV (“Inh.47) (pacritinib}. The y-axis

DB/ 84322047.1 26



WO 2016/024231 PCT/IB2015/056127

(“Effect”) 1s given in units of Fa (fraction affected} and the x-axis (“Dose”} 1s given in

linear units of uM.

{00123] FI1G. 81 illustrates the dose-effect curves obtained for the tested DOHH?Z cell
line (follicular lymphoma} using combined dosing of the BTK inhibitor of Formula
(XVHI} (“Inh.17) and the JAK-2 mhibitor of Formula LIV (“Inh.4”) (pacritinth). They-
axis {“Effect”} 1s given in units of Fa (fraction affected) and the x-axis ("Dose”) 1s given

in linear units of pM.

{00124] FIG 82 illustrates the dose-effect curves obtained for the tested Namalwa cell

ine (B lymphocyte, Burkitt's lvmphoma} using combined dosing of the BTK inhibitor of
Formula (XVHI) (“Inh 17} and the JAK-2 mhibitor of Formula LIV (“Inh 47} (pacritimb).
The y-axis (“Effect”) is given in units of Fa (fraction affected) and the x-axis (“Dose”) 15

given in linear units of M.

[00125] FIG. 83 dlustrates the dose-effect curves obtained for the tested JVM-13 cell
iine (B cell lymphoma, mantle cell lymphoma) using combined dosing of the BTK
idubitor of Formula (XVIHIE) ("Tob. 17} and the JAK-2 mbubitor of Forrula LIV (“Tah.47)
{pacritinib). The y-axis (“Effect”) is given in units of Fa (fraction affected) and the x-

axis {“Dose”) 15 given in linear units of pM.

[00126] FIG 84 illustrates the dose-effect curves obtained for the tested SU-DHL-1 cell
line (DLBCL-ABC) using combined dosing of the BTK inhibitor of Formula (XVIII)
{(“Inh.17) and the JAK-2 inhibitor of Formula LIV (“Inh.47) (pacritinib). The y-axis
{“Effect”) 13 given m unuts of Fa {fraction affected) and the x-axis (“Dose”) 15 given in
finear units of pM.

{80127] FIG. 8S illustrates the dose-effect curves obtained for the tested SU-DHL-2 cell
iine (DLBCL-ABC) using comnbined dosing of the BTK inhibitor of Formula {(XVHI)
{“Inh.17) and the JAK-2 nhibitor of Formula LIV (“Inh.47) (pacritinib). The y-axis
(“Effect”} 1s given mn units of Fa (fraction affected) and the x-axis ("Dose™) 15 given in
hinear units of pM.

[00128] FIG &6 illustrates the synergy observed in certain cell lines when the BTK

inhibitor of Formula (XVII) and the JAK-2 inhibitor of Formula LIV (pacritinib) are
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combined. The tested cell lines include Jeko (B cell lymphoma, mantle cell lymphoma),
T™MD-8 (DLBCL-ABC), SU-DHL6 (DLBCL-GCB), Ramos (human Burkitt's
lymphoma), HBL-1 (DLBCL-ABC), SU-DHEL-10 (DLBCL-GCB), OCI-Ly7 (DLBCL-
ABC), and OCI-Ly3 (DLBCL-ABC). The dose-effect curves for these cell lines are
given in FIG. 87, FIG. 88, FIG. 89, FIG. 90, FIG. 91, FIG. 92, FIG. 93, and FIG. 94.

{00129] FIG 87 illustrates the dose-effect curves obtained for the tested Jeko cell ine (B
cell lymphoma, mantle cell lymphoma} using combined dosing of the BTK inhibitor of
Formula (XVIHI) (“Inh. 17} and the JAK-2 inhibitor of Formula LIV (“Inh.47) (pacritimb}.
The v-axis (“Effect”) 15 given 10 units of Fa (fraction affected) and the x-axis (*Dose™) 5

given in linear units of M.

{00130] F1G. 88 illustrates the dose-effect curves obtained for the tested TMID-8 cell line
(DLBCL-ABC) using combined dosing of the BTK mnhibitor of Formula (VI
(“Inh.17) and the JAK-2 inhibitor of Formula LIV (“Inh 47) (pacritiub). The y-axis
(“Effect”} 1s given 1 untts of Fa {fraction affected) and the x-axis (“Dose”) 15 given m

linear units of uM.

[00131] FIG 89 illustrates the dose-effect curves obtained for the tested SU-DHLG cell
line (DLBCL-GCB) using combined dosing of the BTK inhibitor of Formula (XVIII)
("Ioh.17) and the JAK-2 mhibitor of Forrmula LIV (“Tah47) (pacritinib). The y-axis
{“Effect”) 13 given m unuts of Fa {fraction affected) and the x-axis (“Dose”) 1s given

finear units of pM.

{80132] FIG. 90 dlustrates the dose-effect curves obtained for the tested Ramos cell line
{(human Burkstt's lyvmphoma} using combined dosing of the BTK inhibitor of Formula
{(XVHI} (“Inh.17) and the JAK-2 inhubitor of Formula LIV (“Inh 47} (pacritinib). The y-
axis (“Effect”) 1s given in units of Fa {fraction affected) and the x-axis (“Dose”) is given
m linear units of pM.

[00133] FIG 91 illustrates the dose-effect curves obtained for the tested HBL-1 cell line
{(DLBCL-ABC) using combined dosing of the BTK mhibitor of Formula (XVII)
(“Inh.17} and the JAK-2 inhibitor of Formula LIV (“Inh.47) (pacritinib). The y-axis
{“Effect”) is given m units of Fa (fraction affected) and the x-axis (“Dose”) is given mn

linear units of pM.
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{00134] FI1G. 92 illustrates the dose-effect curves obtained for the tested SU-DHL-10
cell line (DLBCL-GCB) using combined dosing of the BTK mhibitor of Formula (XVII)
(“Inh.17}) and the JAK-2 inhibitor of Formula LIV (“Inh 47} (pacritimub). The y-axis
{“Effect”} 1s gtven 1nn units of Fa {(fraction affected) and the x-axis (“Dose”) 1s given in

linear units of pM.

{00135] FIG 93 illustrates the dose-effect curves obtained for the tested OCI-Ly7 cell
line (DLBCL-ABC) using combined dosing of the BTK inhibitor of Formula (XVIiI)
{“Inh.1”) and the JAK-2Z inhibitor of Formula LIV (“Inh.4”) (pacritinib). The y-axis
(“Effect”) 13 given m units of Fa {fraction affected) and the x-axis (“Dose”) is given in

linear units of pM.

{00136] F1G. 94 illustrates the dose-effect curves obtained for the tested OCI-Ly3 cell
iine (DLBCL-ABC) using combined dosing of the BTK wnhibitor of Forrpula (XVID
(“Inh.17) and the JAK-2Z wmhibitor of Formula LIV ("Inh 47} (pacritinib). The v-axis
(“Effect”) 1s given in umits of Fa {fraction affected) and the x-axis ("Dose™) 15 given 1o
linear units of uM.

{00137} FIG 95 illustrates the dosing schema used for the o-PD-L1 mhibuor (BioXcell

InVivoMADb anti~o-PD-L 1, Clone 10F.9G2) in combination with the BTK inlubitor of
Formula (XVIHI) in a syngeneic CT26 colon cancer model 1n the Balb/c strain of nuce.
[00138] FIG. 96 dlustrates the effect of vehicle on tumor volume 10 a study of the
combined effect of an ¢~-PD-L1 mhibitor and a BTK inhibitor 1o a syngeneic CT26 colon
cancer model in mice.

[00139] FIG 97 illustrates the effect of a-PD-L1 mhibitor (BioXcell InVivoMAD anti-
m-PD-L1, Clone 10F . 9G2} on tumor volume in a study of the combined effect of an u-
PD-L1 inhibitor and a BTK wnhibitor 1n a syngeneic CT26 colon cancer model i mice.
{80140] FIG. 98 idlustrates the effect of ¢-PD-L1 mhibitor (BioXcell InVivoMAD anti-
m-PD-L1, Clone 10F.9G2) in combination with the BTK inhibttor of Formula (XVII) on
tumor volume 1n a study of the combined effect of an «-PD-L1 inhibitor and a BTK.

mhibitor in a syngeneic CT26 colon cancer model in mice.

[80141] FIG. 99 dlustrates the synergistic effect of o~PD-L 1 inhibitor (BioXcell
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InVivoMAb anti-m-PD-L1, clone 10F 9G2) in combination with the BTK inhibitor of
Formula (XVII) as measured through modulation of circulating immature myeloid cells
(myeloid-derived suppressor cells, or MIDSCs) in a syngeneic {'T26 colon cancer model
m mice.

{00142] FI1G. 100 ilustrates the effects of vehicle on flux at two timepoints, as a control
for comparison with FIG. 101, m the ID8 syngeneic orthotropic ovarian cancer model.
{00143] FIG. 101 ilustrates the effects of the BTK inhibitor of Formula (XVII} on flux
at two timepoints, for comparison with FIG. 100, 1n the ID8 syngeneic orthotropic
ovarian cancer model.

{00144] FIG 102 illustrates tumor response to treatment with the BTK inhibitor of
Formula (XVHI) correlates with a significant reduction in immunosuppressive tumor
associated lvmphocytes in tumor-bearing mice, in comparison to a control {vehicle).
{00145] FI1G. 103 illustrates that treatment with the BTK inhibitor of Formula (XVIH)
mpairs ID8 ovarian cancer growth in the syngeneic murine model in comparison to a

control (velucle).

{00146] FIG 104 illustrates that treatment with the BTK intubitor of Formula (XVIH)
induces a tumor response that correlates with a significant reduction in total B cells in

tumor-bearing mice.

{00147} FIG. 105 ilustrates that treatment with the BTK inhibitor of Formula (XVIIH)
induces a tumor response that correlates with a significant reduction m B regulatory cells

{Bregs) in tumor-bearing mice.

{00148] FIG. 106 illustrates that treatment with the BTK indubitor of Formula (XVIID)
induces a tumor response that correlates with a significant reduction in
immunosuppressive tumor associated Tregs.

[00149] FIG. 107 ilustrates that treatment with the BTK inhibitor of Formula (XVII)

induces a tumor response that correlates with an increase in CD8 T cells.

[00130] FIG. 108 ilustrates bioluminescence images from mice in the different

treatment arms of the ID8 ovarian cancer model study.
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{00151] FIG. 109 illustrates biolununescence imaging results 2 weeks after start of

dosing in the ID8 ovarian cancer model study.

{00152] FI1G. 110 ilustrates tumor growth suppression in an orthotopic pancreatic cancer
model. Mice were dosed orally with 15 mg/kg of the BTK inhibitor of Formula (XVI,
15 mg/kg of the PI3K mhibitor of Formula (IX), or a combimnation of both drugs. The
statistical p-value (presumption against null hypothesis}) is shown for each tested single

active pharmaceutical ingredient and for the combination against the vehicle.

{00153] FIG 111 illustrates the effects of oral dosing with 15 mg/kg of the BTK
mhibitor of Formula (XVHD, 15 mg/kg of the PI3K inhibitor of Formula (IX}, ora
combination of both inhibitors on myeloid tumor-associated macrophages (TAMs) in

pancreatic tumor-bearing mice.

[00154] FIG 112 illustrates the effects of oral dosing with 15 mg/kg of the BTK
inhibitor of Formula (XVHD), 15 mg/kg of the PI3K inhibitor of Formula (IX), ora
combination of both inhibitors on myeloid-derived suppressor cells (MDSCs) in
pancreatic tumor-bearing mice.

[00155] FIG 113 illustrates the effects of oral dosing with 15 mg/kg of the BTK
inhibitor of Formula (XVHD), 15 mg/kg of the PI3K inhibitor of Formula (IX), ora

combination of both inhibitors on regulatory T cells (Tregs) in pancreatic tumor-bearing
nmice.

[60156] FIG. 114 illustrates the effects on tumor volume of vehicle (measured in mm’)
of the BTK inhibitor of Formula (XVIII}, a combination of the BTK inhibitor of Formula
{(XVHI) and gemcuabine (“Gem”), and gemcitabine alone.

[08157] FIG. 115 illustrates the effects on the amount of CD8” T cells, given as a
percentage of cells expressing the T cell receptor ({CD3), of the BTK mhibitor of Formula
{XVHI}, a combination of the BTK inhibitor of Formula (XVHI) and gemcitabine
(“Gem”}, and gemcitabine alone.

[00158] FIG. 116 tlustrates the effects on the percentage of CD47, CD25", and FoxP3”
T regulatory cells (“Tregs”), given as a percentage of cells expressing the T cell receptor

{CD3), of the BTK nhubitor of Formula (XVIHI}, a combination of the BTK inhibitor of
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Formula (XVII) and gemcitabine (“Gem”), and gemcitabine alone.

[60159] FIG. 117 illustrates the effects on the percentage of CD11b", LY6C™™, F4/807,
and Csfir’ tumor-associated macrophages (“TAMSs”), given as a percentage of cells
expressing the T cell receptor (CD3), of the BTK inhibitor of Formula (XVII), a
combination of the BTK inhibitor of Formula (XVII1} and gemcitabine (“Gem”), and

gemcitabine alone.

[00168] FIG. 118 illustrates the effects on the percentage of Grl1™ and LY6C™ F4/807,
and Csflr™ myeloid-derived suppressor cells (“MIDSCs”), given as a percentage of cells
expressing the T cell receptor (CD3), of the BTK inhibitor of Formula (XVII}, a
combination of the BTK inhibitor of Formula (XVIII) and gemcitabine (“Gem”), and

gemcitabine alone.

[00161] FIG 119 illustrates the effects of treatment with single-active pharmaceutical

ingredient Formula (XVIH) on tumor volumes in the KPC pancreatic cancer model.

{00162} FIG 120 illustrates the resulis of analysis of tumor tissues showing that
immunosuppressive TAMs (CD11b Ly6ClowF4/80 Csflr") were significantly reduced

with Formula (XVIH) treatment in the KPC pancreatic cancer model.

[00163] FIG. 121 ilustrates the results of analysis of tumor tissues showing that
immunosuppressive MDSCs (Grl Ly6CHi) were significantly reduced with Formula

(XVIH) treatment in the KPC pancreatic cancer model.

[00164] FIG 122 illustrates the results of analysis of tumor tissues showing that
immunosuppressive Tregs (CD4 CD25 FoxP3") were significantly reduced with Formula

(XVIH) treatment in the KPC pancreatic cancer model.

[00165] FIG. 123 ilustrates that the decrease in immunosuppressive TAMs, MDSCs,
and Tregs n the KPC pancreatic cancer model correlated with a significant increase in
CD3 cells (FIG. 123).

[00166] FIG 124 illustrates representative photomicrographs and comparison of
maximal thrombus size n laser injured arterioles of VWF HAT mutant mice infused with
human platelets in the absence or presence of various BTK inhibitors. Representative

photomicrographs are given as a comparison of maximal thrombus size in laser-injured
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arterioles (1 uM concentrations shown).

{06167] FIG. 125 illustrates a quantitative comparison obtained by /» vivo analysis of
early thrombus dynamics in a humanized mouse laser injury model using three BTK

inhibitors at a concentration 1 uM.

{00168] FI1G. 126 illustrates the effect of the tested BTK inhibitors on thrombus
formation. The conditions used were N=4, 3 mice per drug; anti-clotting active
pharmaceutical ingredients < 2000 uM”. In studies with ibrutinib, 48% MCL bleeding
events were observed with 560 mg QD and 63% CLL bleeding events were observed
with 420 mg QD, where bleeding event is defined as subdural hematoma, ecchymoses,

(Gl bleeding, or hematuria.

100169] FI1G. 127 illustrates the effect of the concentration of the tested BTK inhibitors

on thrombus formation

[00170] FI1G. 128 illustrates the results of GPVI platelet aggregation studies of Formula
XVIH (IC50 = 1.15 uM) and Formula (XX-A) (ibrutinib, IC50=0.13 pM).

[00171] FIG. 129 illustrates the results of GPVI platelet aggregation studies of Formula
XVHI and Formula (XX-A) (ibrutinib).

{00172] FIG. 130 shows im vitro analysis of antibody-dependent NK cell-mediated INF-
v release with BTK inhibitors. To evaluate NK cell function, purified NK cells were
isolated from healthy peripheral blood mononuclear cells and cultured with 0.1 or I uM
of ibrutintb or 1 uM of Formula (XVIII) for 4 hours together with ritwamab-coated (10
wg/mL) lymphoma cells, DHLA4, or trastuzumab-coated (10 pg/mL) HER2+ breast cancer
cells, HERI1R, and supernatant was harvested and analyzed by enzyme-linked
wamunosorbent assay for interferon-y (IFN-~y}). All in vitro expetiments were performed

m triphcate. Labels are defined as follows: *p = 0.018, **p = 0.002, ***p = (.001.

[80173] FIG. 131 shows in vitro analysis of antibody-dependent NK cell-mediated
degranulation with BTK inhibitors. To evaluate NK cell function, purified NK cells were
isolated from healthy peripheral blood mononuclear cells and cultured with 0.1 or I uM
of ibrotimb or 1 M of Formula (XVIII) for 4 hours together with ritiximab-coated (10

ug/mL) lymphoma cells, DHL4, or trastuzamab-coated {10 pg/ml} HER2+ breast cancer
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cells, HER1E, and NK cells isolated and analyzed for degranulation by flow cytometry
for CD107a mohilization. All in vitro experiments were performed in triplicate. Labels

are defined as follows: *p =0.01, #*p = 0.002, ¥**p = 0.003, ¥***p = (0.0005.

{00174] FIG. 132 shows that ibrutinib antagonizes antibody-dependent NK cell-
mediated cytotoxicity using the Raji cell lime. NK cell cytotoxicity as percent lysis of
tumor cells was analyzed in chromium release assays with purified NK cells incubated
with chromium-labeled Raji cells for 4 hours at variable rituximab concentrations at a
constant effector:target ratio of 25:1 and tbrutinib (1 pM}, Forommula (II} {1 uM), or other
ITK sparing BTK iohibttors CGE-1746, mhibA (1 uM) and BGB-3111 “iohib B, 1 pM).
All in vitro experiments were performed in triplicate. Labels are defined as follows: *p =

0.001.

[00175] FIG. 133 shows a summary of the results given in FIG. 132 at the highest

concentration of ritwxamab (“Ab”) (10 pg/mL).

[06176] FIG. 134 shows that ibrutinib antagonizes antibody-dependent NK cell-

mediated cytotoxicity in primary CLL cells, as with Raji cells m FIG. 132

{00177} FIG. 135 illustrates the treatment schema used for the o-PD-L1 inhibitor
(BioXcell InVivoMADb anti-m-PD-L 1, Clone 10F.9G2) in combination with the BTK
inhibitor of Formula (XVIII), the PI3K mbubttor of Formula (IX), and the BTK inhibitor

ibrutinib in a 4T1 orthotopic breast cancer model.

{00178] FIG. 136 illustrates tumor volumes observed in each of the ten treatrent arms
i the 4T1 orthotopic breast cancer model study: (1) IgG only; (2) the BTK inhibitor of
Formula (XVII) at 15 mg/kg, BID, on days 6 to 20, (3} the PI3K-8 inhibitor of Formula
{IX) at 15 mg/kg, BID, on days 6 to 20; (4) the BTK mhibitor of Formula (XVII) and the
PI3K mnhibitor of Formula (IX) each at 15 mg/kg, BID, on days 6 10 20; (5) the BTK
mhibitor tbrutinib at 6 mg/kg, QD, on days 6 to 20; (6) a-PD-L1 antibody at 150 pg, on
days 6,9, 12, 15, and 18; {7) the BTK inhibitor of Formula (XVII) at 15 mg/kg, BID, on
days 6 to 20, combined with o-PD-L1 antibody at 150 ug, on days 6,9, 12, 15, and 18;
(8} the PI3K-§ inhibitor of Formula (1X) at 15 mg/kg, BID, on days 6 to 20, combined
with a-PD-L1 antibody at 150 pg, ondays 6, 9, 12, 15, and 18; (9} the PI3K-0 inhibitor

ibrutinib at 6 mg/ke, QD, on days 6 1o 20, combined with o-PD-L1 antibody at 150 pg,
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ondays 6, 9, 12, 15, and 18; and (10} the BTK inhibitor of Formula (XVIi) and the PI3K
mhibitor of Formula (IX) each at 15 mg/kg, BID, on days 6 to 20, further combined with
a-PD-L1 antibody at 150 ug, ondays 6, 9, 12, 15, and 18,

{00179} FIG. 137 illustrates changes in tumor infiltrating lymphocytes (“T1Ls")
observed in each of the ten treatment arms in the 4T1 orthotopic breast cancer model

study.

{001808] FI1G. 138 tllustrates the treatment schema used for the o-PD-L1 inhubitor
{BioXcell InVivoMADb anti-m-PD-L1, Clone 10F.9G2) in combination with the BTK
mhibitor of Formula (XVI, the PI3K inhibitor of Formula (IX), and the BTK mhibitor

ibrutinib in an A20 orthotopic lymphoma model.

{00181} FIG. 139 dlustrates tumor volumes observed in each of the ten treatment arms

in the A20 orthotopic lymphoma model study: (1) IgG only; (2) the BTK inhibitor of
Formula (XVIHI) at 15 mg/kg, BID, on days 6 to 20; (3) the PI3K-8 inhibitor of Formula
(IX) at 15 mg/kg, BID, on days 6 to 20; (4) the BTK inhibitor of Formula (XVIII) and the
PI3K inhibitor of Formula (IX) each at 15 mg/kg, BID, on days 6 to 20; (5) the BTK
inhibitor ibrutinib at 6 mg/kg, QD, on days 6 10 20; (6) a-PD-L1 antibody at 150 pg, on
days 6,9, 12, 15, and 18; (7) the BTK inhibttor of Formula (XVII) at 15 mg/kg, BID, on
days 6 to 20, combined with «-PD-L1 antibody at 150 ug, on days 6, 9, 12, 15, and 18;
{8) the PI3K-6 mhubttor of Formula (IX) at 15 mg/kg, BID, on days 6 to 20, combined
with o-PD-L1 antibody at 150 ug, on days 6,9, 12, 15, and 18§; {9) the PI3K-6 mhibitor
ibratinib at 6 mg/'kg, QD, on days 6 to 20, combined with o-PD-L1 antibody at 150 ug,
ondays 6,9, 12, 15, and 18; and (10) the BTK wnhibitor of Formula (XVHI) and the PI3K
miubitor of Formula {(IX) each at 15 mg/kg, BID, on days 6 to 20, further combined with

a~-PD-L1 antibody at 150 ug, ondays 6,9, 12, 15, and 13,

[80182] FIG. 140 dlustrates changes in tumor mfiltrating tymphocytes (“TiHLs”)

observed in each of the ten treatment arms in the A20 orthotopic lymphoma model study.

{80183] FIG. 141 dlustrates in vivo potency of Formula (XVIIT) (labeled “BTK
mhibitor”} and ibratinib. Mice were gavaged at increasing drug concentration and
sacrificed at one time point (3 h post-dose). BCUR s stimulated with IgM and the

expression of activation markers CID69 and CD86 are monitored by flow cytometry to

(v
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determine ECs’s. The results show that Formula (XVIH) 1s more potent at mhibiting

expression of activation makers than thrutinib.

{00184] FI1G. 142 illustrates the results of the chinical study of Formula (XVIH) (labeled
“BTK inhibitor”) in CLL, which are shown m comparison to the results reported for
thrutinib in Figure 1A of Byrd, et af., N. fingl. J. Med. 2813, 369, 32-42. The results
show that the BTK inhibitor of Formula (XVHI) causes a much smaller relative increase
and much faster decrease in absolute lymphocyte count (ALC) relative to the BTK
mhibitor ibrutinib. The sum of the product of greatest diameters (SPD) also decreases
more rapidly during treatment with the BTK inhibitor than with the BTK inlubitor

ibrutirub,

{00185] FIG. 143 shows overall response data shown by SPD of enlarged lymph nodes
in CLL patients as a function of dose of the BTK inhibitor of Formula (XVII)

[00186] FIG. 144 shows a comparnison of progression-free survival (PFS) in CLL
patients treated with the BTK inhibitor tbrutinub or the BTK inhibitor of Formula
(XVHI}. The tbrutinub data 1s taken from Byrd, ef al., V. Engl. J. Med. 2013, 369, 32-42.

CLL patients treated with Formula (XVII) for at least 8 days are included.

[00187] FIG. 145 shows a comparison of number of patients at risk in CLL patients
treated with the BTK inhibitor ibrutinib or the BTK inhibitor of Formula (XVIII). CLL

patients treated with Formula (XVHI} for at least 8 days are included.

[00188] FIG. 146 shows a comparison of progression-free survival (PFS) in CLL
patients exhibiting the 17p deletion and treated with the BTK inhibitor tbrutinib or the
BTK inhubitor of Formula (XVII). The ibrutinib data 1s taken from Byrd, eral, N. Engl
A Med. 2613, 369, 32-42.

[00189] FIG. 147 shows a comparison of number of patients at risk 1 CLL patients
exhibiting the 17p deletion and treated with the BTK mhibitor ibrutinub or the BTK
mhibitor of Formula (XVIHI). The ibrutinib data 1s taken from Byrd, et al., N. Fagl J.
Med. 2013, 369, 32-42. CLL patients treated with Formula (XXVIII) for at least 8 days are

ncluded.
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{00198] F1G. 148 shows improved BTK target occupancy of Formula (XVIII} at lower
dosage versus ibrutinib in relapsed/refractory CLL patients.

{00191] FI1G. 149 shows the % change in myeloid-derived suppressor cell (MDSC)
{monocytic} level over 28 days versus % ALC change at Cycle 1, day 28 (C1D28) with
trendlines.

{00192] FIG 150 shows the % change in MDSC (monocytic) level over 28 days versus
% ALC change at Cycle 2, day 28 {(C2D28) with trendlines.

{00193] FIG 151 shows the % change in natural killer (NK)) cell level over 28 days
versus % ALC change at Cycle 1, day 28 (C2D28) with trendlines.

{60194] FIG. 152 shows the % change in NK cell level over 28 days versus % ALC
change at Cycle 2, day 28 (C2D28) with trendlines.

{00195] FIG. 153 compares the % change in MDSC (monocytic) level and % change in
NK cell level over 28 days versus % ALC change with the % change in level of CD4™ T
cells, CD8™ T cells, CD47/CDS™ T cell ratio, NK-T cells, PD-17CD4" T cells, and PD-
17 CD8™ T cells, also versus % ALC change, at Cycle 1 day 28 (C1D28). Trendlines are
shown for % change in MDSC (monocytic) level and % change in NK cell level.
{00196] F1G. 154 compares the % change i MDSC (monocytic) level and % change in
NK cell level over 28 days versus % ALC change with the % change in level of CD4™ T
cells, CD8 T cells, CD4/CD8" T cell ratio, NK-T cells, PD-17CD4" T cells, and PD-17
CDR" T cells, also versus Y% ALC change, at Cycle 2 day 28 (C2D28). Trendlines are

shown for % change in MDSC (monocytic) level and % change in NK cell level.

{00197} FIG. 155 shows additional clinical data related to that presented in FIG. 142,

[00198] FIG. 156 shows additional chinical data related to that presented in FIG. 148,

and mcludes BID dosing resulis.
[00199] FI1G. 157 illustrates PFS for patients with 17p deletion.

{602006] FIG. 158 illustrates PFS across relapsed/refractory patients with 17p deletion

and with 11q deletion and no 17p deletion.
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{00281] FI1G. 159 illustrates PFS for patients with 11q deletion and no 17p deletion.

{06202] FIG. 160 iHustrates shows additional clinical SPD results from the clinical study

of Formula (XVII) in relapsed/refractory CLL patients.

{06203] FIG. 161 ilustrates that treatment of CLL patients with Formula (XVUT)

resulted in increased apoptosis.

{006204] FIG. 162 illustrates a decrease in CXCL12 levels observed in patients treated
with Formula (XVII).

{06265 FIG. 163 illustrates a decrease in CCL2 levels observed in patients treated with

Formula (XVI).
[80206] FIG. 164 dlustrates BTR mhibitory effects on MBSCs,

[00287] FIG. 165 illustrates the dosing schema used with the KrasL A2 non-small cell

tung cancer (NSCLC) model.

{60208] FIG. 166 iilustrates tumor volume vanation from baseline as assessed by

microcomputerized tomography (microCT} mn the KrasL.2 NSCLC model.

[00209] FIG. 167 illustrates TAMs in the KrasL2 NSCLC model, and indicates that
Formula (XVII) induces a tumor response that correlates with a significant reduction 1o

mmunosuppressive tumor associated TAMs.

{002108] FIG. 168 dlustrates MDSCs 10 the Krasl.2 NSCLC model, and indicates that

Formula (XVII) induces a tumor response that correlates with a significant reduction in

mmmunosuppressive tumor associated MDSCs.

[006211] FIG 169 illustrates Tregs in the KrasL2 NSCLC model, and indicates that
Formula (XVIHI} induces a tumor response that correlates with a significant reduction in

mmunosuppressive tumor associated Tregs.

[00212] FIG. 170 tlustrates CD8 T cells in the KrasL.2 NSCLC model.

DB/ 84322047.1 38



WO 2016/024231 PCT/IB2015/056127

{00213] FIG. 171 dlustrates in vifro potency in whole blood of Formula (XVIH),
ibrutinib and CC-292 1n inhibition of signals through the B cell receptor.

100214] FI1G. 172 ilustrates EGF receptor phosphorylation in vitro for Formula (XVIII)
and ibrutinib.

{002158] FI1G. 173 shows NK cell degranulation results. The percentage of
CD567/CD107a" NK cells observed in whole blood after pretreatment for 1 hour with the
BTK inhibitors and stimulation with MEC-1 cells opsonised with obinutuzumab at 1
pg/mL for 4 hours (n = 3) is shown.

100216] FI1G. 174 shows the effects of BTK inhibition on generalized NK cell mediated
cytotoxicity.

{00217] FI1G. 175 shows that Formula (XVIII) has no adverse effect on T helper 17
{Th17) cells, which are a subset of T helper cells that produce interleukin 17 (IL-17),
while ihrutinib strongly inhibits Th17 celis.

{00218] FIG. 176 shows that Formula (XVI} has no effect on regulatory T cell (Treg)
development, while tbrutinib strongly increases Treg development.

{60219] FIG. 177 shows that Formula (XVIII) has no effect on CD8™ T cell viability,
development, while ibrutinib strongly affects CD8™ T cell viability at higher doses.
{60226] FIG. 178 illustrates the results of the cytotoxicity assay for CD8™ T cell
function. Formula (XX-A) (ibrutinib) affects CD8™ T cell function as measured by %
cytotoxicity, while Fornula (XVITI) has no effect on CD8 T cell function as measured
by % cytotoxicity relative to vehicle.

[00221] FIG. 179 illustrates the results of IFN-y level measurements for CD8 T cell
function. Formula (XX-A) (ibrutinib) affects CD8" T cell function as measured by IFN-
v level, while Formula (X VIII} has no effect on CDS” T cell function as measured by
IFN-y level relative to vehicle.

{60222] FIG. 180 shows the results of the brain penetration study, demonstrating the

surprising result that Formula (XVIIT) crosses the blood-brain barrier.,

{00223] FIG. 181 shows the effect on tumor volumes in the 1D8 ovarian cancer mouse
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model of treatment with vehicle, Formula (XVII), a murine anti-PD-1 monoclonal
antibody, and a combination of Formula (XVII} and a murine anti-PD-1 monoclonal

antibody.

{00224] FIG. 182 illustrates the synergy observed in certain cell lines when the BTK
mhibitor of Formula (XXVHI-R) (ONO-4059) and the PI3K-8 inhibitor of Fornwula
{XVT) (idelalisib} are combined. The tested cell lines include TMD-8 (DLBCL-ABC),
Mino (MCL), RI-1 (NHL}, DOHH-2 (follicular lymphoma}, and SU-DHL-6 (BLBCL-
GCB). The dose-effect curves for these cell lines are given in FIG. 183, FIG. 184, FIG.
185, FIG. 186, and FIG. 187,

[60225] FIG. 183 illustrates the dose-effect curves obtained for the tested TMID-8 cell
iine (DLBCL-ABC) using combined dosing of the BTK inhibitor of Formula (XXVII-R}
{(ONG-4059) (“Inh.67) and the PI3K-8 inhibitor of Formula (XVI) (idelalisib) (“Tah.77).
The v-axis (“Effect”) 15 given 10 units of Fa (fraction affected) and the x-axis ("Dose”™) 5

given in linear units of M.

[00226] FI1G. 184 illustrates the dose-effect curves obtained for the tested Mino cell line
{(MCL) using combined dosing of the BTK inhibitor of Formula (XXVHI-R} (ONO-

4039) (“Toh.6”) and the PI3K.-6 nhubttor of Formula (XVI) (idelalisib) (“Inh.7”). The y-
axis (“Effect”) is given in units of Fa (fraction affected) and the x-axis (“Dose”) is given

m linear units of pM.

[006227] FIG. 185 iHustrates the dose-effect curves obtained for the tested RI-1 cell line
{NHL) using combined dosing of the BTK inhibitor of Formula (XXVII-R) (ONG-4059)
{(“Inh.67) and the PI3K-0 inhibitor of Formula (XVI) (idelalisib) (“Inh.77). The y-axis
{“Effect”} 13 given m unuts of Fa {fraction affected) and the x-axis (“Dose”) 1s given m
finear units of pM.

{80228] FIG. 186 dlustrates the dose-effect curves obtained for the tested BOHH-2 cell
iine (follicular lymphoma} using combined dosing of the BTK inhtbitor of Formula
{(XXVHI-R) {ONO-4059) (“Inh.67) and the PI3K-6 mbubitor of Formula (XVT)
(idelalisib} (“Inh.7”). The v-axus (“Effect”)} is given in units of Fa (fraction affected) and

the x-axis (“Dose”} 1s given in linear units of pM.
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{00229] FI1G. 187 illustrates the dose-effect curves obtained for the tested SU-DHL-6
cell line (DLBCL-GCB) using combined dosing of the BTK inhibitor of Formula
(XXVHI-R) (ONO-4059) (“Inh.67) and the PI3K-0 inhibitor of Formula (XVI)
{idelalisib} (“Inh.7”). The y-axis (“Effect”) is given in units of Fa {fraction affected) and
the x-axis (“Dose”} is given in linear units of pM.

BRIEF DESCRIPTION OF THE SEQUENCE LISTING
{00230] SEQ D NO:1 s the heavy chain amino acid sequence of the PD-1 inhibitor

nivolumab (corresponding to SEQ ID NO:17 m International Patent Publication No. WO
2014/055648 A1)

{00231] SEQ ID NO:2 15 the light chain amino acid sequence of the PD-1 inhibitor
nivolumab {(corresponding to SEQ 1D NG: 18 in International Patent Publication No. WO
2014/055648 Al).

00232] SEQ D NO:3 1s the heavy chain varniable region (Vi) amino acid sequence of
the PD-1 inhubitor nivolumab (corresponding to SEQ 1D NO:4 in WO 2006/121168 and
SEQ ID NGO 19 in WO 2014/055048 Al).

{00233] SEQID NO:4 is the light chain vanable region (Vi) amino acid sequence of the
PD-1 inhibitor nivolumab {corresponding to SEQ ID NO: 11 in WO 2006/121168 and
SEQ ID NO:21 in WO 2014/055648 Al

[00234] SEQ ID NO:35 is the heavy chain CDR1 amino acid sequence of the PD-1
inhibitor nivolumab (corresponding to SEQ ID NO: 18 in WO 2006/121168 and SEQ ID
NO:23 in WO 2014/055648 Al).

{00235] SEQ ID NO:6 is the heavy chain CDR2 anuno acid sequence of the PD-1
inhibitor nivolumab (corresponding to SEQ 1D NO:25 in WO 2006/121168 and SEQ 1D
NO:24 in WO 2014/055648 Al).

[00236] SEQ ID NO:7 is the heavy chain CDR3 amino acid sequence of the PD-1
inhibitor nivolumab (corresponding to SEQ ID NO:32 in WO 2006/121168 and SEQ ID
NG:25 m W0 2014/055648 Al)

{00237} SEQ ID NO:8 15 the light chain CDR1I amino acid sequence of the PD-1
inhibitor nivolumab (corresponding to SEQ 1D NO:39 from WO 2006/121168 and SEQ
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ID NG:26 1in WO 2014/055648 A1),

{006238] SEQ ID NO:9 is the light chain CDRZ amino acid sequence of the PD-1
mhibitor nivolumab (corresponding to SEQ 1D NO:46 1n WO 2006/121168 and SEQ 1D
NO:27 in WO 2014/055648 A1),

{00239] SEQ D NO:10 1s the light cham CDR3 amino acid sequence of the PD-1
mhibitor nivolumab {corresponding to SEQ 1D NO:33 in WO 2006/121168 and SEQ 1D
NO:28 in WO 2014/055648 A1),

{00240] SEQ ID NO:11 15 the 409A-H heavy chain full length sequence of the PD-1
whibitor pembrolizumab {corresponding to SEQ ID NG:31 1n U S. Patent No. 8,354,509
B2).

{00241] SEQ ID NO:12 1s amino acids 20 to 466 of the heavy chain full length sequence

of the PD-1 mhibitor pembrolizumab.

00242] SEQ D NO:13 1s the KOSA-L-11 light chain variable region sequence of the
PD-1 inhubitor pembrolizumab (corresponding to SEQ 1D NO:32 i U.S. Patent No.
8,354,500 B2).

{00243] SEQID NO:14 15 the KO2A-L-11 light chain full length sequence of the PD-1
whibitor pembrolizumab {corresponding to SEQ D NGO:36 1n U S. Patent No. 8,354,509
B2).

[00244] SEQ ID NO:15 15 the hPD-1.09A light chain CDR1 sequence of the PD-1
inhibitor pembrolizumab {(corresponding to SEQ ID NG: 1S in U.S. Patent No. 8,354,509
B2).

[00245] SEQID NO:16 1s the hPD-1.09A light chain CDR2 sequence of the PD-1
inhibitor pembrolizumab {(corresponding to SEQ ID NO: 16 1n U S, Patent No. 8,354,509
B2

[00246] SEQ ID NO:17 15 the hPD-1.09A light chain CDR3 sequence of the PD-1
inhibitor pembrolizumab {(corresponding to SEQ ID NG: 17 in U.S. Patent No. 8,354,509
B2).

{00247} SEQID NO:18 15 the hPD-1.09A heavy chain CDR1I sequence of the PD-1
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whibitor pembrolizumab {corresponding to SEQ ID NO: 18 1n U S. Patent No. 8,354,509
B2).

{00248] SEQ ID NO:19 1s the hPD-1 09A heavy chain CDRZ sequence of the PD-1
mhibitor pembrolizumab {corresponding to SEQ ID NO:19 in U.S. Patent No. 8,354,509
B2).

{00249] SEQ ID NO:20 15 the hPD-1.09A heavy chain CDR3 sequence of the PD-1
mhibitor pembrolizumab {corresponding to SEQ 1D NO:20 1n U.S. Patent No. 8,354,509
B2).

{0025¢] SEQ ID NO:21 1s heavy chain amino acid sequence of the PD-1 inhibitor
pidilizumab.

[00251] SEQ ID NO:22 1s light chain amino acid sequence of the PD-1 inhibitor
pidilizumab.

{00252] SEQ D NO:23 15 the vanable heavy chain region of the PD-1 inhibitor
pidilizomab (corresponding to SEQ 1D NO:5 in U.S. Patent No. 8,686,119 B2).

{00253] SEQ D NO:24 1s the vanable light cham region of the PD-1 inhibitor
pidihizumab (corresponding to SEQ 1D NO:1 1 U8, Patent No. 8,686,119 B2},

00254] SEQ D NO:25 15 the anuno acid sequence of a peptide derivative PD-1
mhibitor.

{00255] SEQ D NO:26 1s the anuno acid sequence of a peptide derivative PD-1
mhibitor, with a branched group given by SEQ 1D NG:25.

[00256] SEQ D NO:27 1s the amino acid sequence of a peptide derivative PD-1
inhibitor, with a branched group given by SEQ 1D NO:25.

[00257] SEQ D NO:28 15 the anuno acid sequence of a peptide derivative PD-1
mhibitor, with a branched group given by SEQ 1D NG:25.

[00258] SEQ D NO:29 15 the anuno acid sequence of a peptide derivative PD-1
mhibitor, with a branched group given by SEQ 1D NG:25.

100259] SEQ D NO:30 1s the heavy chain of the anti-PD-L.1 antibody durvalumab
(MEDI4736).
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{002608] SEQ ID NO:31 1s the light chan of the anti-PD-L1 antibody durvalumab
(MEDIA736).

{00261} SEQ ID NO:32 is the durvalumab (MEDI4736) anti-PD-L1 antibody heavy
chain variable region {corresponding to SEQ ID NO:72 in U.S. Patent Application
Publication No. US 2013/0034559 Al).

{00262] SEQ ID NO:33 5 the durvalumab (MEDI4736) anti-PD-L1 antibody light chain
variable region {corresponding to SEQ 1D NGO 77 in U S. Patent Application Publication
No. US 2013/0034559 A1)

{00263] SEQ D NO:34 15 the durvalumab (MEDI4736) anti-PD-L1 antibody heavy
chain variable region CDR1 (corresponding to SEQ ID NO:3 1in U.S. Patent Application
Publication No. US 2013/0034559 Al).

{00264] SEQ ID NO:3S s the durvalumab (MEDI4736) anti-PD-L1 antibody heavy
chain variable region CDR2 (corresponding to SEQ ID NO:4 in U.S. Patent Application
Publication No. US 2013/0034559 A1),

{00265] SEQ D NO:36 1s the durvalumab (MEDI4736) anti-PD-L1 antibody heavy
chain variable region CDR3 (corresponding to SEQ ID NO:5 1in U.S. Patent Application
Publication No. US 2013/0034559 A1),

{00266] SEQ ID NO:37 15 the durvalumab (MEDI4736) anti-PD-L1 antibody light chain
variable region CDRI (corresponding to SEQ ID NO:8 i US. Patent Application
Publication No. US 2013/0034559 A1)

[00267] SEQ ID NO:38 is the durvalumab (MEDI4736) anti-PD-L1 antibody light chain
variable region CDR2 {(corresponding to SEQ ID NG:9 in U.S. Patent Apphication
Publication No. US 2013/0034559 A1),

[00268] SEQ ID NGO:39 15 the durvalumab (MEDI4736) anti-PD-L1 antibody light chain
variable region CDR3 (corresponding to SEQ ID NO:10 in U S, Patent Application
Publication No. US 2013/0034559 A1)

[00269] SEQ ID NO:40 is an alternative durvalumab (MEDI4736) anti-PD-L 1 antibody
heavy chain vanable region CDRI1 {corresponding to SEQ ID NO:23 i U.S. Patent
Application Publication No. US 2013/0034539 A1),
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{0027¢] SEQ D NO:41 15 an alternative durvalumab (MEDI4736) anti-PD-L1 antibody
heavy chain variable region CDRZ {corresponding to SEQ 1D NO:24 in U.S. Patent
Application Publication No. US 2013/0034559 A1},

{00271} SEQ ID NO:42 15 an alternative durvalumab (MEDI4736) anti-PD-L1 antibody
heavy chain variable region CDR3 (corresponding to SEQ 1D NO:25 m U.S. Patent
Application Publication No. US 2013/0034559 A1),

100272] SEQ D NO:43 15 an alternative durvalumab (MEDI4736) anti-PD-L1 antibody
light chain variable region CDR1 (corresponding to SEQ ID NO:28 in U S, Patent
Application Publication No. US 2013/0034559 A1},

{00273} SEQ ID NO:44 5 an alternative durvalumab (MEDI4736) anti-PD-L1 antibody
light chain vanable region CDR2 {corresponding to SEQ 1D NG:29 1n U S, Patent
Application Publication No. US 2013/0034559 Al).

{00274] SEQ D NO:45 15 an alternative durvalumab (MEDI4736) anti-PD-L1 antibody
light chain variable region CDR3 (corresponding to SEQ ID NO:30 10 U S, Patent
Application Publication No. US 2013/0034539 A1)

{00275] SEQ ID NO:46 15 an alternative durvalumab (MEDI4736) anti-PD-L1 antibody

heavy chain variable region CDRI {(corresponding to SEQ ID NO:13 in U8, Patent
Application Publication No. US 2013/0034559 Al).

{00276} SEQ ID NO:47 is an alternative durvalumab (MEDI4736) anti-PD-L 1 antibody
heavy chain vanable region CDR2 {corresponding to SEQ ID NO: 14 i U.S. Patent
Application Publication No. US 2013/0034539 A1),

{00277} SEQ ID NG:48 15 an alternative durvalumab (MEDI4736) anti-PD-L1 antibody
heavy chain variable region CDR3 (corresponding to SEQ ID NO:15 in U.S. Patent
Application Publication No. US 2013/0034559 Al).

{00278} SEQ ID NO:49 is an alternative durvalumab (MEDI4736) ant1-PD-L1 antibody
light chain variable region CDRI (corresponding to SEQ ID NO:18 in UK. Patent
Application Publication No. US 2013/0034559 Al).

{00279} SEQ ID NGO:S0 s an alternative durvalumab (MEDI4736) anti-PD-L1 antibody
light chain variable region CDR2 (corresponding to SEQ ID NG: 191 U.S. Patent

(V)

DB/ 84322047.1 4



WO 2016/024231 PCT/IB2015/056127

Application Publication No. US 2013/0034559A1).

{0062803] SEQG ID NO:51 15 an alternative durvalumab (MEDI4736) anti-PD-L1 antibody
light chain vanable region CDR3 {corresponding to SEQ 1D NG:20 1n U S, Patent
Application Publication No. US 2013/0034559A1).

{00281] SEQ D NO:52 15 an alternative durvalumab (MEDI4736) anti-PD-L1 antibody
heavy chain variable region CDRI1 {corresponding to SEQ 1D NG:63 in U.S. Patent
Application Publication No. US 2013/0034559A1).

{00282] SEQ ID NO:S3 5 an alternative durvalumab (MEDI4736) anti-PD-L1 antibody
heavy chain variable region CDR2 (corresponding to SEQ 1D NO:64 m U.S. Patent
Application Publication No. US 2013/0034559A1).

{00283] SEQ D NO:54 15 an alternative durvalumab (MEDI4736) anti-PD-L1 antibody
heavy chain variable region CDR3 {(corresponding to SEQ 1D NO:65 in U.S. Patent
Application Publication No. US 2013/0034559A1).

{00284] SEQ ID NO:SS 5 an alternative durvalumab (MEDI4736) anti-PD-L1 antibody
light chain vanable region CDR1 {corresponding to SEQ 1D NG:68 in U.S. Patent
Application Publication No. US 2013/0034559A1).

{00285] SEQ D NO:56 15 an alternative durvalumab (MEDI4736) anti-PD-L1 antibody

light chain variable region CDRZ (corresponding to SEQ ID NO:69 in U.S. Patent
Application Publication No. US 2013/0034539A1).

[00286] SEQ ID NGO:S7 15 an alternative durvalumab (MEDI4736) anti-PD-L1 antibody
light chain variable region CDR3 (corresponding to SEQ 1D NO:70 1in U.S. Patent
Application Publication No. US 2013/0034559A1).

{00287} SEQ ID NO:58 is an alternative durvalumab (MEDI4736) ant1-PD-L1 antibody
heavy chain vanable region CDRI1 {(corresponding to SEQ ID NO:73 in U.S. Patent
Application Publication No. US 2013/0034539A1).

[00288] SEQ ID NGO:S9 15 an alternative durvalumab (MEDI4736) anti-PD-L1 antibody

heavy chain variable region CDR2 (corresponding to SEQ ID NO:74 in U S, Patent
Application Publication No. US 2013/0034559 Al).
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{00289] SEQ D NO:60 1s an alternative durvalumab (MEDI4736) anti-PD-L1 antibody
heavy chain variable region CDR3 {(corresponding to SEQ 1D NO:75 in U.S. Patent
Application Publication No. US 2013/0034559 A1},

{00290] SEQ ID NO:61 15 an alternative durvalumab (MEDI4736) anti-PD-L1 antibody
light chain vanable region CDR1 {corresponding to SEQ 1D NG:78 in U.S. Patent
Application Publication No. US 2013/0034559 A1),

{002%1] SEQ D NO:62 15 an alternative durvalumab (MEDI4736) anti-PD-L1 antibody
light chain variable region CDRZ (corresponding to SEQ ID NO:79 10 U S, Patent
Application Publication No. US 2013/0034559 A1},

{00292] SEQ ID NO:63 15 an alternative durvalumab (MEDI4736) anti-PD-L1 antibody
light chain vanable region CDR3 {corresponding to SEQ 1D NG:80 in U S, Patent
Application Publication No. US 2013/0034559 Al).

00293] SEQ D NO:64 1s the heavy chain of the anti-PD-L1 antibody atezolizumab
(MPDL3280A).

002%4] SEQ D NO:65 1s the light chain of the anti-PD-L1 antibody atezolizumab
(MPDL3280A).

00295] SEQ ID NO:66 1s the Vi region of the anti-PD-L1 antibody atezolizumab
{(MPDL3280A) (corresponding to SEQ ID NG:20 1n U.S. Patent No. 8,217,149).

[00296] SEQ ID NO:67 15 the Vi region of the anti-PD-L1 antibody atezolizumab
(MPDL3280A) (corresponding to SEQ ID NO: 21 in U S, Patent No. 8,217,149).

[00297] SEQ ID NO:68 15 the HVR-HI region of the anti-PD-L1 antibody atezolizumab
(MPDL3280A) (corresponding to SEQ ID NO:1 in U.S. Patent No. 8,217,149},

[00298] SEQ ID NO:69 1s the HVR-HZ region of the anti-PD-L1 antibody atezolizumab
(MPDL3280A) (corresponding to SEQ ID NO:2 in U.S. Patent No. 8,217,149},

[00299] SEQ D NO:70 1s the HVR-H3 region of the anti-PD-L1 antibody atezolizumab
(MPDL3280A) (corresponding to SEQ ID NO:3 in U.S. Patent No. 8,217,149},

[00300] SEQ ID NO:71 15 the HVR-L1 region of the anti-PD-L1 antibody atezolizumab
(MPDL3280A) (corresponding to SEQ ID NO:8 in U.S. Patent No. 8,217,149},
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{00301] SEQ ID NO:72 1s the HVR-L2 region of the anti-PD-L1 antibody atezolizumab
{(MPDL3280A) {corresponding to SEQ ID NO:9 1in U.S. Patent No. 8,217,149},

00302] SEQ ID NO:73 15 the HVR-L3 region of the anti-PD-L1 antibody atezolizumab
{(MPDL3280A) (corresponding to SEQ ID NG: 10 1n U.S. Patent No. 8,217,149).

{00303] SEQ D NO:74 15 the heavy chain of the anti-PD-L1 antibody avelumab
{(MSBO010718C).

{00304] SEQ D NO:75 1s the light chain of the anti-PD-L1 antibody avelumab
{(MSBO010718C).

{00305] SEQ D NO:76 1s the Vy region of the anti-PD-L1 antibody avelumab
{(MSBO010718C) (corresponding to SEQ D NO:24 1in U S, Patent Application
Publication No. US 2014/0341917 Al).

{00306] SEQ ID NO:77 15 the Vi region of the anti-PD-L1 antibody avelumab
(MSB0O010718C) (corresponding to SEQ ID NO:25 in U.S. Patent Application
Publication No. US 2014/0341917 A1),

{00307] SEQ ID NO:78 1s the HVR-HI region of the anti-PD-L1 antibody avelumab
{(MSBO010718C) (corresponding to SEQ D NO:15 1n U S, Patent Application
Publication No. US 2014/0341917 Al).

{00308] SEQ ID NO:79 15 the HVR-HZ2 region of the anti-PD-L1 antibody avelumab
(MSB0010718C) (corresponding to SEQ ID NO:16 mn U.S. Patent Application
Publication No. US 2014/0341917 Al).

[00309] SEQ ID NO:80 is the HVR-H3 region of the anti-PD-L1 antibody avelumab
(MSBO010718C) (corresponding to SEQ ID NO:17 1n U S Patent Application
Publication No. US 2014/0341917 Al).

{00316} SEQ ID NO:81 1s the HVR-L1 region of the anti-PD-L1 antibody avelumab
(MSBO0010718C) (corresponding to SEQ ID NO:18 in U.S. Patent Application
Publication No. US 2014/0341917 Al).

[00311] SEQ ID NO:82 15 the HVR-L2 region of the anti-PD-L1 antibody avelumab
(MSBO010718C) (corresponding to SEQ ID NO:191n U S, Patent Application
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Publication No. US 2014/0341917 Al).

{06312] SEQ ID NO:83 is the HVR-L3 region of the anti-PD-L1 antibody avelumab
(MSB0O010718C) (corresponding to SEQ ID NO:20 in U.S. Patent Application
Publication No. US 2014/0341917 A1),

{00313] SEQ ID NO:84 1s the heavy chain amino acid sequence of the anti-CD20
monoclonal antibody rituximab.

{00314] SEQ D NO:85 15 the light chain aming acid sequence of the anti-CD20

monoclonal antibody rituximab.

{00315] SEQ ID NO:86 1s the heavy chain amino acid sequence of the anti-CD20

monoclonal antibody obinutuzumab.

{00316] SEQ D NO:87 1s the light chain amino acid sequence of the anti-CD20

monoclonal antibody obinutuzumab.

{00317} SEQ D NO:88 15 the variable heavy chain amino acid sequence of the anti-

D20 monoclonal antibody ofatumumab.

{00318] SEQ ID NO:89 15 the vartable light chain amino acid sequence of the anti-CD20

monoclonal antibody ofatumumab.

[00319] SEQ D NO:90 1s the Fab fragment heavy chain amimo acid sequence of the

anti-CD20 monoclonal antibody ofatumumab.

{00328] SEQ ID NO:91 1s the Fab fragment light chain amino acid sequence of the anti-

D20 monoclonal antibody ofatumumab.

{00321] SEQ D NO:92 1s the heavy chain amino acid sequence of the anti-CD20

monoclonal antibody veltuzumab.

00322] SEQ D NO:93 1s the light chain amino acid sequence of the anti-CD20

monoclonal antibody veltuzumab.

{00323] SEQ D NO:94 15 the heavy chain amino acid sequence of the anti-CD20

monoclonal antibody tositumomab.

{00324] SEQ D NO:95 15 the light chain amino acid sequence of the anti-CD20
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monoclonal antibody tositumomab.

{063258] SEQ ID NO:96 is the heavy chain amino acid sequence of the anti-CD20

monoclonal antibody 1thritumomab.

{00326] SEQ ID NO:97 15 the light chain amino acid sequence of the anti-CD20
monoclonal antibody 1thritumomab.

DETAILED DESCRIPTION OF THE INVENTION
{00327] Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as is commonly understood by one of skill in the art to which this
mvention belongs. All patents and publications referred to herein are mcorporated by

reference in their entireties.

3?2 ¢

{00328] The terms “co-administration,” “co-administering,” “administered in
combination with,” and “administering in combination with” as used herein, encompass
administration of two or more active pharmaceutical ingredients to a subject so that both
active pharmaceutical ingredients and/or their metabolites are present in the subject at the
same time. Co-administration includes simultaneous adnunistration in separate
compositions, administration at different times in separate compositions, or
administration in a composition in which two or more active pharmaceutical ingredients
are present. Simultaneous administration in separate compositions and administration in
a composition m which two or more active pharmaceutical ingredients are present 1s

preferred.

[00329] The term “effective amount” or “therapeutically effective amount” refers to that
amount of a compound or combination of compounds as described herein that s
sutficient to effect the intended application including, but not limited to, disease
treatment. A therapeutically effective amount may vary depending upon the mtended
apphication (in vifro or in vivo}, or the subject and disease condition being treated {e.g.,
the weight, age and gender of the subject), the severity of the disease condition, the
manner of administration, efc. which can readily be determined by one of ordinary skill in
the art. The term also applies to a dose that will induce a particular response in target

cells, {e.g., the reduction of platelet adhesion and/or cell migration). The specific dose
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will vary depending on the particular compounds chosen, the dosing regimen to be
followed, whether the compound is administered in combination with other compounds,
timing of administration, the tissue to which 1t 1s administered, and the physical delivery

system in which the compound is carried.

{003308] A “therapeutic effect” as that term 1s used herein, encompasses a therapeutic
benefit and/or a prophylactic benefit as described herein. A prophylactic effect includes
delaying or eliminating the appearance of a disease or condition, delaying or eliminating
the onset of symptoms of a disease or condition, slowing, halting, or reversing the

progression of a disease or condition, or any combination thereof

{00331} The term “pharmaceutically acceptable salt” refers to salts derived from a
variety of organic and inorganic counter ions known in the art. Pharmaceutically
acceptable acid addition salts can be formed with inorganic acids and organic acids.
Inorganic acids from whuch salts can be derived include, for example, hydrochloric acid,
hydrobromic acid, sulfuric acid, nitric acid and phosphoric acid. Organic acids from
which salts can be derived include, for example, acetic acid, propionic acid, glycolic acid,
pyruvic acid, oxalic acid, maleic acid, malonic acid, succunic acid, fumaric acid, tartaric
acid, citric acid, benzoic acid, cinnamic acid, mandelic acid, methanesulfonic acid,
ethanesulfonic acid, p-toluenesulfonic acid and salicylic acid. Pharmaceutically
acceptable base addition salts can be formed with organic and organic bases. Inorganic
bases from which salts can be derived include, for example, sodium, potassium, hithiom,
ammontum, calcium, magnesium, iron, zing, copper, manganese and alominum. Organic
bases from which salts can be dernived include, for example, primary, secondary, and
tertiary amines, substituted amines including naturally occurring substituted amines,
cyclic amines and basic ion exchange resins. Specific examples include 1sopropylamine,
trimethylamine, diethylamine, triethylamine, tripropylamine, and ethanolamine. In some
embodiments, the pharmaceutically acceptable base addition salt is chosen from
ammontum, potassium, sodium, calcium, and magnesium salts. The term “cocrystal”
refers to a molecular complex derived from a number of cocrystal formers known in the
art. Unlike a salt, a cocrystal typically does not involve hydrogen transfer between the
cocrystal and the drug, and instead involves intermolecular interactions, such as hydrogen
bonding, aromatic ring stacking, or dispersive forces, between the cocrystal former and
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the drug in the crystal structure.

{06332] “Pharmaceutically acceptable carrier” or “pharmaceutically acceptable
excipient” is intended to include any and all solvents, dispersion media, coatings,
antibacterial and antifungal agents, 1sotonic and absorption delaying agents, and inert
mngredients. The use of such pharmaceutically acceptable carriers or pharmaceutically
acceptable excipients for active pharmaceutical ingredients is well known n the art.
Except insofar as any conventional pharmaceutically acceptable carrier or
pharmaceutically acceptable excipient is incompatible with the active pharmaceutical
ingredient, its use in the therapeutic compositions of the imvention 1s contemplated.
Additional active pharmaceutical ingredients, such as other drugs, can also be

incorporated mto the described compositions and methods.

{00333] “Prodrug” 1s intended to describe a compound that may be converted under
physiological conditions or by solvolysis to a biologically active compound described
herein. Thus, the term “prodrug” refers to a precursor of a biclogically active compound
that is pharmaceutically acceptable. A prodrug may be inactive when admunistered to a
subject, but 1s converted in vivo to an active compound, for example, by hydrolysis. The
prodrug compound often offers the advantages of solubility, tissue compatibility or
delaved release in a mammalian organism {see, e.g., Bundgaard, H., Design of Prodrugs
{1985) (Elsevier, Amsterdam). The term “prodrug” 1s also mtended to include any
covalently bonded carriers, which release the active compound in vive when administered
to a subject. Prodrugs of an active compound, as described herein, may be prepared by
modifying functional groups present in the active compound in such a way that the
modifications are cleaved, either in routine manipulation or in vivo, to yield the active
parent compound. Prodrugs include, for example, compounds wherein a hydroxy, amino
or mercapto group 1s bonded to any group that, when the prodrug of the active compound
1s administered to a mammalian sebject, cleaves to form a free hydroxy, free amino or
free mercapto group, respectively. Examples of prodrugs include, but are not hmited to,
acetates, formates and benzoate derivaiives of an alcohol, various ester derivatives of a
carboxylic acid, or acetamide, formamide and benzamide derivatives of an amine

functional group in the active compound.
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{00334] The terms “QD.” “gd,” or “q.d.” mean guague die, once a day, or once daily.
The terms “BID,” “bid,” or “b.1.d.” mean bis in die, twice a day, or twice daily. The
terms “TID,” “t1d,” or “t.1.d.” mean fer in die, three times a day, or three times daily. The

terms “QID,” “qid,” or “q.1.d.” mean guater in die, four times a day, or four times daily.
{00335] The term “in vivo” refers to an event that takes place in a subject's body.

{00336] The term “in vitro” refers to an event that takes places outside of a subject's
body. /n vitro assays encompass cell-based assays in which cells alive or dead are
emploved and may also encompass a cell-free assay in which no intact cells are

employed.

{00337} Unless otherwise stated, the chemical structures depicted herein are intended to
mclude compounds which differ only in the presence of one or more 1sotopically

enriched atoms. For example, compounds where one or more hydrogen atoms 1s replaced
by deuterium or tritium, or wherein one or more carbon atoms is replaced by “C- or *C-

enriched carbons, are withun the scope of this invention.

[00338] When ranges are used herein to describe, for example, physical or chemucal
properties such as molecular weight or chemical formulae, all combinations and
subcombinations of ranges and specific embodiments therein are intended to be included.
Use of the term “about” when referring to a number or a numerical range means that the
number or numerical range referred to is an approximation within experimental
vanabifity {or within statistical experimental error), and thus the number or numerical
range may vary. The varation 1s typically from 0% to 15%, preferably from 0% to 10%,
more preferably from 0% to 5% of the stated number or numerical range. The term
“comprising” {and related terms such as “comprise” or “comprises” or “having” or
“including”) mcludes those embodiments such as, for example, an embodiment of any
composition of matter, method or process that “consist of” or “consist essentially of” the

described features.

{80339] “Alkyl” refers to a straight or branched hydrocarbon chain radical consisting
solely of carbon and hydrogen atoms, containing no unsaturation, having from one to ten
carbon atoms {e.g., {C-p)alkyl or Ci-palkyl). Whenever it appears herein, a numerical

range such as “1 to 107 refers to each integer in the given range - e.g., “1 to 10 carbon
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atoms” means that the alkyl group may consist of 1 carbon atom, 2 carbon atoms, 3
carbon atoms, efc., up to and including 10 carbon atoms, although the definition 1s also
intended to cover the occurrence of the term “alkyl” where no numerical range 1s
specifically designated. Typical alkyl groups include, but are in no way limited to,
methyl, ethyl, propyl, isopropyl, s-butyl, iso-butyl, sec-butyl isobutyl, ferr-butyl, pentyl,
isopentyl, neopentyl, hexyl, septyl, octyl, nonyl and decyl. The alkyl moiety may be
attached to the rest of the molecule by a single bond, such as for example, methyl (Me),
ethyl (Et), n-propyl (Pr), 1-methylethyi (iso-propyl), n-butyl, #-pentyl, 1,1-dimethylethyl
{(fert-butyl) and 3-methvihexyl Unless stated otherwise specifically i the specification,
an alkyl group 15 optionally substituted by one or more of substituents which are
independently heteroalkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, arylalkyl,
heteroaryl, hetercarvlalkyl, hydroxy, halo, cyano, triflucromethyl, trifluoromethoxy,
nitre, trimethylsilanyl, -OR®, -8RY, -OC{Q)-RY, -N(R), -C{OR?, -C{OIOR, -
OC{OIN(R ), ~-C{OIN(R ), -NROHC(OIOR?, -NRIHC(OHR?, -N(RHC(OIN(RY,,
N{RHC(NRIINER Y, -NROIS(OYR (where tis 1 or 2), -S{O}OR" (where tis 1 or 2),
-S{OWN(RY), (where t1s 1 or 2}, or POs(R"); where each R” is independently hydrogen,
alkyl, fluoroalkyl, carbocyclyl, carboeyclylalkyl, aryl, aralkyl, heterocycloalkyl,

heterocycloalkylalkyl, heteroaryl or heteroaryialkyl

{00340] “Alkylaryl” refers to an ~(alkyDaryl radical where aryl and alkyl are as disclosed
herein, having from one to ten carbon atoms, and which are optionally substituted by one
or more of the substituents described as suitable substituents for aryl and alkyl

respectively.

{06341] “Alkylhetaryi” refers to an -(alkyDhetaryl radical where hetarvt and alkyl are as
disclosed herein, having from one to ten carbon atoms, and which are optionally
substituted by one or more of the substituents described as suitable substituents for aryl
and alkyl respectively.

{06342] “Alkylheterocycloalkyl” refers to an -{alkyl) heterocycyl radical where alkyl
and heterocycloalkyl are as disclosed herein, having from one to ten carbon atoms, and
which are optionally substituted by one or more of the substituents described as suitable

substituents for heterocycloalkyl and alkyl respectively.

DB/ 84322047.1 54



WO 2016/024231 PCT/IB2015/056127

{00343] An “alkene” motety refers to a group consisting of at least two carbon atoms
and at least one carbon-carbon double bond, and an “alkyne” moiety refers to a group
consisting of at least two carbon atoms and at least one carbon-carbon triple bond. The
alkyl moiety, whether saturated or unsaturated, may be branched, straight chain, or

cyclic.

{00344] “Alkeny!” refers to a straight or branched hvdrocarbon chain radical group
consisting solely of carbon and hydrogen atoms, containing at least one double bond, and
having from two to ten carbon atoms {(i.e., (Cy-o)alkeny! or Co-jpalkenyl). Whenever it
appears herein, a numerical range such as “2 to 107 refers to each integer in the given
range - e.g., “2 to 10 carbon atoms” means that the alkenyl group may consist of 2 carbon
atoms, 3 carbon atoms, erc., up to and including 10 carbon atoms. The alkenyl motety
may be attached to the rest of the molecule by a single bond, such as for example, ethenyl
(i.e., vinyl}, prop-1-envl (i.e, allyl), but-1-enyl, pent-1-enyl and penta-1,4-dienyl Unless
stated otherwise specifically in the specification, an alkeny! group is optionally
substituted by one or more substituents which are independently alkyl, heteroalkyl,
alkenyl, alkynyi, cycloalkyl, heterocycloalkyl, arvi, arylalkyl, heteroaryl, hetercarylalkyl,
hydroxy, halo, cyane, triflusromethyl, trifluoromethoxy, nitro, trimethylsilanyl, -OR®, -
SR?, -OC(03-RY, -N(RY),, -C{ORE, -C(OIOR?, -OC(ON(R™,, -C(OMN(R™Y,, -
NRHC(OIORY, -NRHC(OIRY, -NRHYC(OINR ), NRHCINRHINR ), -N(RHS(O)R"
(where t 15 1 or 2}, -S(O)OR" (where tis 1 or 2}, -S(O}N(R™ ), (where tis 1 o1 2), or
PO5(RY,, where each R" is independently hydrogen, alkyl, fluoroalkyl, carbocyelyl,
carbocyclylalkyl, aryl, aralkyl, heterocycloalkyl, heterocycloalkylalkyl, heteroaryl or

heteroarylalkyl.

{00345] “Alkenvyi-cycloalky!l” refers to an -{(alkenybicycloalkyl radical where alkenyl
and cyclo alkyl are as disclosed herein, having from two to ten carbon atoms, and which
are optionally substitited by one or more of the substituents described as suitable

substituents for alkenyl and cycloalkyl respectively.

{00346] “Alkyny!l” refers to a straight or branched hydrocarbon chain radical group
consisting solely of carbon and hydrogen atoms, containing at least one triple bond,

having from two to ten carbon atoms (re., (Co-olalkynyl or -0 alkynvl). Whenever it
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appears herein, a numerical range such as “2 to 107 refers to each integer in the given
range - e.g., 2 to 10 carbon atoms” means that the alkynyl group may consist of 2 carbon
atoms, 3 carbon atoms, efc., up to and including 10 carbon atoms. The alkynyl may be
attached to the rest of the molecule by a single bond, for example, ethynyl, propynvl,
butynyl, pentynyl and hexynyl Unless stated otherwise specifically in the specification,
an alkynyl group 1s optionally substituted by one or more substituents which
independently are: alkyl, heteroalkyl, alkenvl, alkynyl, cycloalkyl, heterocycloalkyl, arvl,
arylalkyl, hetercarvl, heteroarylalkyl, hydroxy, halo, cvano, triftuoromethyi,
triftuoromethoxy, nitro, trimethylsilanyl, -OR, -SR?, -OC{0O}-R* -N(R"Y,, -C{O)R?,
-C{OYOR®, -OC{OIN(RY,, -C{ONERY,, -N{RHIC(OYOR, -N{RIIC(ORY,
SNRHC(OINRY,, NRHCINRYNERY,, -NRHS(OWR® (where tis 1 or 2), -S(O)OR®
{where tis 1 or 2}, ~-S{OMN(R"); (where tis 1 or 2), or POs(R"),, where each R is
mdependently hydrogen, alkyl, fluoroalkyl, carbocyclyl, carboeyclvlalkyl, aryl, aralkyl,

heterocycloalkyl, heterocycloalkylalkyl, heteroaryl or heteroarylalkyl.

{00347} “Alkynyl-cycloalkyl” refers to an -(alkynybheycloalkyl radical where alkynyl
and cycloalkyl are as disclosed herein, having from two to ten carbon atoms, and which
are optionally substituted by one or more of the substituents described as suitable

substituents for alkynyl and cycloalkyl respectively.
{00348] “Carboxaldehyde” refers to a -{C=0)H radical.
{00349] “Carboxyl” refers to a -(C=(}0OH radical.
{80338] “Cyano” refers to a -CN radical.

[80351] “Cycloalkyl” refers to a monocychic or polyeyclic radical that contains only
carbon and hydrogen, and may be saturated, or partially unsaturated. Cycloalkyl groups
melude groups having from 3 to 10 ring atoms {1e. {Ts~o)eycloalkyl or Cs-1p cycloaliyt).
Whenever it appears herein, a numerical range such as “3 to 107 refers to each mteger in
the given range - e.g., “3 to 10 carbon atoms” means that the cycloalkyl group may
consist of 3 carbon atoms, efc., up to and mcluding 10 carbon atoms. Hlustrative
examples of cycloalkyl groups inchude, but are not himited to the following moieties:
cyclopropyl, cyclobutyl, cyclopentyl, cyclopentenyl, cyclohexyl, cyclohexenyl,

cycloheptyl, cyclooctyl, eyclononyl, cyclodecyl, norbornyl, and the hike. Unless stated
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otherwise specifically in the specification, a cycloalkyl group 1s optionally substituted by
one or more substituents which independently are: alkyl, heteroalkyl, alkenyl, alkynyi,
cycloalkyl, heterocycloalkyl, arvl, arvialkyl, heteroaryl, heteroarylalkyl, hydroxy, halo,
cyano, trifluoromethyl, trifluoromethoxy, nitro, trimethyisilanyl, -OR®, -SR®, -OC(0)-RY,
-N(RY,, -C(O)R?, -C{OYOR’, -OC(OIN(RY,, -C{OIN(R™Y,, -NRIC(OYOR?, -
N{ROC(OIR?, -NRHYC(OIMNRY,, NRHCINRONRY,, -NRHS(O)R" (where tis 1 or 2),
-S{O}OR" {where t1s 1 or 2}, ~S(O}N(R"); (where tis 1 or 2}, or PO3(R"),, where each R*
is independently hydrogen, alkyl, fluoroalkyl, carbocyclyl, carboeyclylalkyl, arvl, aralkyl,

heterocycloalkyl, heterocycloalkylalkyl, heteroaryl or hetercarvialkyl.

[00352] “Cycloalkyl-alkenyl” refers to a -(cycloalkylalkenyl radical where cycloalkyl
and alkenyl are as disclosed herein, having from three to ten carbon atoms, and which are
optionally substituted by one or more of the substituents described as suitable substituents

for cycloalkyl and alkenyl, respectively.

[00353] “Cycloalkyl-heterocycloalkyl” refers to a -{cycloalkylheterocycloalkyl radical
where cvcloalkyl and heterocveloalkyl are as disclosed herein, having from three to ten
carbon atoms, and which are optionally substituted by one or more of the substituents

described as suitable substituents for cycloalkyl and heterocycloalkyl, respectively.

[00354] “Cycloalkyl-heteroary!” refers to a -(cycloalkyliheteroary] radical where
cycloalkyl and hetercaryl are as disclosed heren, having from three to ten carbon atoms,
and which are optionally substituted by one or more of the substituents described as

suttable substituents for cycloalkyl and hetercaryl, respectively.

[00385] The term “alkoxy” refers to the group -O-alkyl, mcluding from 1 to 8 carbon
atoms of a straight, branched, cyclic configuration and combinations thereof attached to
the parent structure through an oxygen. Examples mclude, but are not imited to,
methoxy, ethoxy, propoxy, 1sopropoxy, cyclopropyloxy and cyclohexyloxy. “Lower
alkoxy” refers to alkoxy groups containing one to six carbons,

[80336] The term “substituted alkoxy” refers to alkoxy wheremn the alkyl constituent 1s
substituted (7.e., -O-(substituted alkyl}}. Unless stated otherwise specifically in the
spectfication, the alkyl moiety of an alkoxy group is optionally substituted by one or

more substituents which independently are: alkyl, heteroalkyl, alkenvl, alkynyl,
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cycloalkyl, heterocycloalkyl, arvl, arvialkyl, heteroaryl, heteroarylalkyl, hydroxy, halo,
cyano, trifluoromethyl, trifluoromethoxy, nitro, trimethyisilanyl, -OR®, -SR®, -OC(0)-RY,
SN{RY),, -C(O)R?, -C{OYOR', -OC(OIN(RY,, -C{OIN(RY,, -N(RUIC(OYOR?, -
NROC(OIR?, -NERHYCOINRY,, NRHCINRHNERY,, -NRHS(O)R" (where tis 1 or 2),
-S{O}OR" (where tis 1 or 2}, -S{O)N(R"); (where tis 1 or 2), or PO3(R"),, where each R’
is independently hydrogen, alkyl, fluoroalkyl, carbocyclyl, carbocyelylalkyl, aryl, aralkyl,

heterocycloalkyl, heterocycloalkylalkyl, heteroaryl or hetercarvialkyl.

{00357} The term “alkoxycarbonyl” refers to a group of the formula {alkoxy {C=0)-

attached through the carbonyl carbon wherein the alkoxy group has the indicated number
of carbon atoms. Thus a {(Cy~s)alkoxycarbonyl group 1s an alkoxy group having from 1 to
6 carbon atoms attached through its oxygen to a carbonyl hinker. “Lower alkoxycarbonyl”

refers to an alkoxycarbonyl group wherein the alkoxy group 15 a lower alkoxy group.

[00338] The term “substituted alkoxycarbonyl” refers to the group (substituted alkyD)-O-
C(O)- wherein the group 15 attached to the parent structure through the carbonyl
functionality, and wherein the alkoxy group has the indicated number of carbon atoms.
Unless stated otherwise specifically in the specification, the alkyl moiety of an
alkoxvcarbonyl group is optionally substituted by one or more substituents which
mdependently are: alkyl, hetercalkyl, altkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryi,
arylalkyl, heteroaryl, hetercarylalkyl, hydroxy, halo, cyano, trifluoromethyi,
trifluoromethoxy, nitro, trimethylsilanyl, -OR®, -8R, -OC{(0)-R?, -N{R"),, -C{O)R7,
~C{OY0RY, -OC{OINRY,, ~-CONRY,, -NRHC(OIOR®, -NRNYC(O)RY,
SNRHC(OINRY,, NRHCINRYNERY,, -NRIYS(OWR® (where tis 1 or 2), -S(O)OR®
{where tis 1 or 2}, -S{(O}N(R", {where tis 1 or 2}, or PO3(R");, where each R is
mdependently hydrogen, alkyl, fluoroalkyl, carbocyclyl, carbocyclylalkyl, arvi, aralkyl,
heterocycloalkyl, heterocycloalkylalkyl, heteroaryl or hetercarylalkyl.

{00359] “Acyl” refers to the groups (alkyD}-C(O})-, (arv1}-C{O)-, (hetersary-C{0)-,
{heteroalky}-C(O})- and (heterocycloalkyi}-C((}-, having from one to ten carbon atoms,
wherein the group is attached to the parent structure through the carbonyl functionality.
If the R radical 15 hetercaryl or heterocycloalkyl, the hetero ring or chain atoms

contribute to the total number of chain or ring atoms. Unless stated otherwise specificaily
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in the specification, the alkyl, aryl or hetercaryl motety of the acyl group is optionally
substituted by one or more substituents which are independently alkyl, heteroalkyl,
alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl,
hydroxy, halo, cyano, trifluoromethyl, trifluoromethoxy, nitro, trimethylsilanyl, -ORF -
SRY, -OC({0)-R’, -N{R"),, -C(OR®, -C(OYOR", -OC(OYN(R"),, -C{OYN(R),, -
N{RHCOYOR?, -N(ROHC(OIRY, -NRHC(ONR),, NRDHC(NRHNR),, -N(RHS(O)R"
{where tis | or 2), -S(O}OR" (where tis 1 or 2), -S{O)N{R")» (where tis 1 or 2}, or
PO4(R"),, where each R" is independently hydrogen, alkyl, fluoroalkyl, carbocyelyl,
carbocyelylalkyl, arvl, aralkyl, heterocycloalkyl, heterocycloalkylalkyl, heteroarvl or

heteroarvialkyl.

[00360] “Acyloxy” refers to a R(C=0)0- radical wherein “R” 15 alkyl, arvl, heteroaryl,
heteroalkyl or heterocycloalkyl, which are as described herein. If the R radical 1s
heteroaryl or heterocycloalkyl, the hetero ring or chamn atoms contribute to the total
number of chain or ring atoms. Unless stated otherwise specifically in the specification,
the “R” of an acyloxy group 1s optionally substituted by one or more substituents which
mdependently are: alkyl, hetercalkyl, altkenvl, alkynyl, cycloalkyl, heterocycloalkyl, aryi,
arylalkyl, heteroaryl, hetercarylalkyl, hydroxy, halo, cyano, triflucromethy],
trifluoromethoxy, nitro, trimethylsilanyl, -OR®, -8R*, -OC{(0)-R?, -N{R"),, -C{O)R7,
~C{OY0RY, -OC{OINRY,, ~-CONRY,, -NRHC(OIOR®, -NRNYC(O)RY,
SNRGC(OINRY,, NRHCINRYNR Y, -NRIS(OR® (where t1s 1 or 2), -S5(0)O0R®
{where tis 1 or 2}, -S{(O}N(R", {where tis 1 or 2}, or PO3(R");, where each R is
mdependently hydrogen, alkyl, fluoroalkyl, carbocyclyl, carbocyclylalkyl, arvi, aralkyl,

heterocycloalkyl, heterocycloalkvialkyl heteroaryl or hetercarvlalkyl.

{00361} “Amino” or “amine” refers to a -N(R", radical group, where each R is
independently hydrogen, alkyl, fluorcalkyl, carbocyclyl, carbocyclylalkyl, aryl, aralkyl,
heterocvcloalkyl, heterocycloalkylalkyl, hetercaryl or heteroaryialkyl, unless stated
otherwise specifically in the specification. When a -N(R"); group has two R” substituents
other than hydrogen, they can be combined with the nitrogen atom to form a 4-, 5-, 6- or
7-membered ring. For example, -N{R"); 1s intended to include, but is not limited to, 1-
pyrrolidinyl and 4-morpholinyl. Unless stated otherwise specifically in the specification,

an aming group is optionally substituted by one or more substituents which independently
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are: alkyl, heteroalkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, arylalkyl,
heteroarvl, heteroarylalkyl, hydroxy, halo, cyano, triflucromethyl, triftucromethoxy,
nitro, trimethylisilanyl, -OR®, -SR", -OC(Q)-RY, -N(R"),, -C(OR, -C{G)YOR?, -
OC(OIN(R ), ~-C{OIN(R"),, -NROC(OYOR?, -NRIC(O)R', -N(RHT{OINR Y,
NERHCINRIYINERY,, -NERHYS(OWR (where tis 1 or 2), -S{O)}OR" (where tis 1 or 2),
-S{OWN(RY), (where tis 1 or 2), or PO3(R"),, where each R® is independently hydrogen,
alkyl, fluoroalkyl, carbocyclyl, carboeyclylalkyl, arvl, aralkyl, heterocycloalkyl,

heterocycloalkylalkyl, heteroaryl or heteroarvialkyl

[00362] The term “substituted amino” also refers to N-oxides of the groups -NHRY, and
NRRY each as described above. N-oxides can be prepared by treatment of the
corresponding amino group with, for example, hydrogen peroxide or m-

chloroperoxybenzoic acid.

[00363] “Amude” or “anmudo” refers to a chemical motety with formula -C{OYN(R ), or
-NHC(O)R, where R 1s selected from the group consisting of hydrogen, alkyl, cycloalkyl,
aryl, heteroaryl (bonded through a ring carbon) and heteroalicyclic (bonded through a
ring carbon), each of which moiety may itself be optionally substituted. The Ry of -N(R),
of the amide may optionally be taken together with the nitrogen to which it 1s attached to
form a 4-, 5-, 6- or 7-membered ring. Unless stated otherwise specifically in the
spectfication, an amido group 1s optionally substituted independently by one or more of
the substituents as described herein for alkyl, cycloalkyl, aryl, hetercaryl, or
heterocycloalkyl. An anude may be an amuno acid or a peptide molecule attached to a
compound disclosed herem, thereby forming a prodrug. The procedures and specific
groups to make such amides are known to those of skill in the art and can readily be
found in seminal sources such as Greene and Wuts, Protective Groups 1in Organic
Synthesis, 3™ Ed., John Wiley & Sons, New York, N.Y., 1999, which is incorporated
herein by reference in its entirety.

{80364] “Aromatic” or “aryl” or “Ar” refers to an aromatic radical with six to ten ring
atoms {e.2., Cs-Crg aromatic or Cs-Cyp aryl) which has at least one ring having a
conjugated m electron system which s carbocyclic {e.g., phenyl, flusrenvl, and

naphthyl}. Bivalent radicals formed from substituted benzene derivatives and having the
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free valences at ring atoms are named as substituted phenylene radicals. Bivalent radicals
derived from univalent polycyclic hydrocarbon radicals whose names end 1 *“-y1” by
removal of one hydrogen atom from the carbon atom with the free valence are named by
adding “-idene” to the name of the corresponding univalent radical, e.g , a naphthy! group
with two points of attachment 1s termed naphthylidene. Whenever 1t appears herein, a
numerical range such as “6 to 10” refers to each integer in the given range; e.g., “0to 10
ring atoms” means that the aryl group may consist of 6 ring atoms, 7 ring atoms, efc., up
to and including 10 ring atoms. The term includes monocyclic or fused-ring polycyclhic
(i.e., rings which share adjacent pairs of ring atoms) groups. Unless stated otherwise
spectfically in the specification, an aryl moiety 15 optionally substituted by one or more
substituents which are independently alkyl, heteroalkyl, alkenyl, alkynyl, cycloalkyl,
heterocycloalkyl, aryl, arylalkyl, hetercaryl, heteroarylalkyl, hydroxy, halo, cyano,
trifluoromethyl, triftuoromethoxy, nitro, trimethylsilanyl, -ORY, -SR®, -OC(O)-R", -
N{R",, -C{OR?, -C{OI0R?, -OC(OIN(R™),, ~-C{OIN(R"),, -N{(R*C(O)OR?, -
NRHC(OIRY, -NROHC(OWN(R ), NROHCINRIYINR ), -NROS(OXR* (where t1s 1 or 2,
-S{O)OR" (where tis 1 or 2}, -S{O)}N{R"); (where t 15 1 or 2}, or PO(R");, where sach R*
15 independently hydrogen, alkyl, fluoroalkyl, carboeyclvl, carbocyclylalkyl, aryl, aralkyl,

heterocycloalkyl, heterocycloalkylalkyl, heteroaryl or heteroarylalkyl.

[80368] “Aralkyl” or “arylalkyl” refers to an {aryDalkyl-radical where aryl and alkyl are
as disclosed herein and which are optionally substituted by one or more of the

substituents described as suitable substituents for aryl and alkyi respectively.

{00366] “Ester” refers to a chemical radical of formula -COOR, where R is selected
from the group consisting of alkvl, cycloalkvl, aryl, heteroaryl (bonded through a ring
carbon) and heteroalicyclic {(bonded through a ring carbon). The procedures and specific
groups to make esters are known to those of skill in the art and can readily be found n
seminal sources such as Greene and Wuts, Protective Groups in Organic Synthesis, 3™
Ed., John Wiley & Sons, New York, N.Y., 1999, which is incorporated herein by
reference in its entirety. Unless stated otherwise specifically in the specification, an ester
eroup is optionally substituted by one or more substituents which independently are:
alkyl, hetercalkyl, alkenvl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, arvialkyl,

heteroaryl, hetercarylalkyl, hydroxy, halo, cyano, trifluoromethvl, trifluoromethoxy,
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nitro, trimethylsilanyl, -OR", -SR?, -OC(0)-R, -N(R"),, -C{O)R", -C{G)YOR®, -
OC(OIN(R),, -C{OIN(RY),, -NR)IC(OYOR?, -NRIC(OIR®, -N(R)C(OINR?,,
NRDYCNRIIN(RY,, -NRHS(O)R (where tis 1 or 2), -S{O)}OR" (where tis 1 or 2),
-S{OYN(R), (where tis 1 or 2), or PO3(R"),, where each R is independently hydrogen,
alkyl, fluoroalkyl, carbocyclyl, carbocyclylalkyl, aryi, aralkyl, heterocycloalkyl,

heterocycloalkylalkyl, heteroaryl or hetercaryialkyl

{00367] “Fluorcalkyl” refers to an alkyl radical, as defined above, that is substituted by
one or more fluoro radicals, as defined above, for example, trifluoromethyl,
difluoromethyl, 2,2, 2-trifluoroethyl, 1-tfluoromethyl-2-fluoroethyl, and the like. The alkyl
part of the fluoroalkyl radical may be optionally substituted as defined above for an alkyl

group.

[00368] “Halo”, “halide”, or, alternatively, “halogen” 1s intended to mean fluoro, chioro,
bromo or iodo. The terms “haloalkyl,” “haloalkenyl,” “haloalkynyl” and “haloalkoxy”
include alkyl, alkenyl, alkynyl and alkoxy structures that are substituted with one or more
halo groups or with combinations thereof. For example, the terms “fluoroalkyl” and
“fluoroalkoxy™ include haloalkyl and haloalkoxy groups, respectively, in which the halo

i5 flucrme.

[00369] “Hetercalkyl”, “heteroalkenyl” and “hetercalkyny!” include optionally
substituted atkyl, alkenyl and alkyoyl radicals and which have one or more skeletal chain
atoms selected from an atom other than carbon, e.g., oxygen, nitrogen, sulfur, phosphorus
or combinations thereof. A numerical range may be given ~ e.g., C1-C; heteroalky! which
refers to the chain length n total, which n this example 1s 4 atoms long. A hetercalkyl
group may be substituted with one or more substituents which independently are: alkyl,
heteroalkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, arylalkyl, hetercaryl,
heteroarylalkyl, hydroxy, halo, cyano, nitro, oxo, thioxo, trimethylsilanyl, -OR? -8R, -
OC(0)-R?, -N(R™,, -C(O)RY, -C{OI0R?, -OC{OIN(RY,, -CIONRY,, -N{(RHC(OIOR?, -
NRICIOIRY, -NRIYCOINRY,, NRDHCINRYN(R ), -NR)S(O)R® (where t is 1 or 2),
-S{O)OR (where t is 1 or 2}, -S{O)N{R"); (where t is 1 or 2), or PO3(R"),, where each R’
is independently hvdrogen, alkyl, fluoroalkyl, carbocyclyl, carbocyclylalkyl, arvi, aralkyl,

heterocycloalkyl, heterocycloalkylalkyl, hetercaryl or heteroaryialkyl
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{0037¢] “Heteroalkylaryl” refers to an -(heteroalkybaryl radical where hetercalkyl and
aryl are as disclosed herein and which are optionally substituted by one or more of the

substituents described as suitable substituents for heteroalkyl and arvl, respectively.

{00371} “Heteroalkylheteroary!” refers to an -(heteroalkyltheterocaryl radical where
heteroalkyl and heteroaryl are as disclosed herein and which are optionally substituted by
one or more of the substituents described as suitable substituents for heteroalkyl and

heteroaryl, respectively.

{00372] “Heteroalkytheterocycloalkyl” refers to an -(heteroalkylheterocycloalkyl
radical where hetercalkyl and heterocycloalkyl are as disclosed herein and which are
optionally substituted by one or more of the substituents described as suitable substituents

for heteroalkyl and heterocycloalkyl, respectively.

{00373] “Hetercalkylcycloalkyl” refers to an ~(heteroalkylcvcloalkyl radical where
heteroalkyl and cyvcloalkyl are as disclosed herein and which are optionally substituted by
one or more of the substituents described as suitable substituents for heteroalkyl and

cycloalkyl, respectively.

{00374] “Heteroaryl” or “heteroaromatic” or “HetAr” refers to a 5- to 18-membered
aromatic radical (e.g., Cs-Cy3 heteroaryl) that includes one or more ring hetercatoms
selected from nitrogen, oxygen and sulfur, and which may be a monocychc, bicyclic,
tricychic or tetracyclic ring system. Whenever 1t appears herem, a numerical range such as
“5 10 187 refers to each integer n the given range - ez, “5 to 18 ning atoms” means that
the heteroaryl group may consist of 5 ring atoms, 6 ning atoms, eic., up to and ncluding
18 ring atoms. Bivalent radicals dertved from univalent heteroaryl radicals whose names
end n “-yl” by removal of one hydrogen atom from the atom with the free valence are
named by adding “-idene” to the name of the corresponding univalent radical - e.g., a
pyridyl group with two points of attachment 15 a pyridylidene. A N-containing
“heteroaromatic” or “hetercaryl” moiety refers to an aromatic group in which at least one
of the skeletal atoms of the ring is a nitrogen atom. The polycyclic heterocaryt group may
be fused or non-fused. The heteroatom(s} in the hetercaryl radical are optionally
oxidized. One or more nitrogen atoms, if present, are optionally quaternized. The

heteroarvl may be attached to the rest of the molecule through any atom of the ring{s).
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Examples of heteroaryls include, but are not limited to, azepinvl, acridiny,
benzimidazolyl, benzindolyl, 1,3-benzodioxolyl, benzofuranyl, benzooxazolyl,
benzold|thiazolyl, benzothiadiazolyl, benzolb]i1,4]dioxepinyl, benzo[b][1 4]oxazinyi,
1,4-benzodioxanyl, benzonaphthofuranyl, benzoxazolyl, benzodioxolyl, benzodioxinyl,
benzoxazolyl, benzopyranyl, benzopyranonyl, benzofuranyl, benzofuranonyl,
benzofurazanyl, benzothiazolyl, benzothienyl{benzothiophenyl}, benzothienof3,2-
dipyrimidinyl, benzotriazolyl, benzo[4,6limidazol 1 2-alpyridiny], carbazolyl, cinnolinyl,
cyclopentald]pyrimidinyl, 6,7-dihydro-3H-cyclopentaf4, Stthieno[2, 3-dpyrimidinyl, 3,6-
dihydrobenzolsjquinazolinyl, 5,6-dihydrobenzof#jcinnohinyl, 6,7-dihydro-5H-

benzo[6, 7 cycloheptaf 1, 2-clpyridazinyl, dibenzofuranyl, dibenzothiophenyl, furanvi,
furazanyl, furanonyl, furo[3,2-cjpynidinyl, 5,6,7,8,9,10-
hexahvdrocyclooctaldlpyrimidinyl, 5,6,7.8,9,10-hexahydrocyclooctaldpyridazinyl,
5,6,7,8,9,10-hexahvdrocyelooctaldlpyridinyl, isothiazolyl, imidazolyl, indazolyl, mdolyl,
mdazolyl, somdolyl, mdolinyl, tsoindolinyl, isoquinolyl, indohzinyl, 1soxazolyl, 5,8-
methano-3,6,7,8-tetrahydroquinazolinyl, naphthyridinyl, 1,6-naphthynidinonyl,
oxadazolyl, 2-oxoazepinyl, oxazolyl, oxiranyl, 5,6,6a,7,.8,9,10,10a-~
octahydrobenzolf#lquinazolinyl, 1-phenyl-1H-pyrrolyl, phenazinyl, phenothiazinyl,
phenoxazinyl, phthalazinyl, pteridinyl, purinyl, pyranyl, pyrrolvl, pyrazolvl,
pyrazolo]3,4-dlpyrimidiny], pyridinyl, pyrido[3,2-dlpyrinudinyi, pyrido{3,4-
dlpyrimidinyl, pyrazinvl, pyoimidinyl, pynidaziny], pyrrolyl, quinazolinyl, qumoxalinyl,
quinohinyl, 1soquinolinyi, tetrahydroquinolinyi, 5,6,7 8-tetrahydroquinazolinyl, 5,6,7 8-
tetrahvdrobenzo[4,5thieno| 2 3-dlpyrimidinyl, 6,7,8 9-tetrahydro-5H-
cycloheptal4,5ithienc{2,3-dlpyrimudinyl, 5,6,7,8-tetrahydropyrido(4,5-clpyridazinvi,
thiazolyl, thiadiazolyl, thiapyranvi, triazolyl, tetrazolyl, triazinyl, thienof2,3-
dipyrimidinyl, thieno[3,2-dlpyrimidinyl, thieno[2,3-clpyridinyl, and thiophenyl (i.e.
thienyl). Unless stated otherwise specifically in the specification, a heteroaryl motety is
optionally substituted by one or more substituents which are independently: alkvl,
heteroalkyl, alkenyl, alkvnyl, cycloalkyl, heterocycloalkyl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl, hydroxy, halo, cyano, nitro, oxo, thioxe, trimethylsilanyl, -OR®, -SR® -
OC(O)-RY, -NRY,, -C(O)R, -C{OYOR, -OC(OIN{RY,, -C{OMNRY,, -N(R"C(OYORY, -
N{ROC(OR?, -NERHCOIMNRY,, N(RHCINRON(RY),, -NRHS(O)R" {(where tis 1 or 2),
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-S{O)OR" (where tis 1 or 2}, -S(O}N(R"); (where t is 1 or 2), or PO3(R"),, where each R”
is independently hydrogen, alkyl, fluoroalkyl, carbocyclyl, carbocyelylalkyl, aryl, aralkyl,

heterocycloalkyl, heterocycloalkylalkyl, heteroaryl or hetercaryialkyl.

{00375] Substituted heteroary! also includes ring systems substituted with one or more

oxide (-O-) substituents, such as, for example, pyridinyl N-oxides.

{00376] “Heteroarylalkyl” refers to a motety having an aryl moiety, as described herein,
connected to an alkylene moiety, as described herein, wherein the connection to the

remainder of the molecule is through the alkylene group.

{00377} “Heterocycloalky!” refers to a stable 3- to 18-membered non-aromatic ring
radical that comprises two to twelve carbon atoms and from one to six heteroatoms
selected from nitrogen, oxygen and sulfur. Whenever it appears herein, a numerical
range such as “3 to 187 refers to each integer in the given range - e.g, “3 to 18 ring
atoms” means that the heterocycloalkyl group may consist of 3 ring atoms, 4 ring atoms,
efc., up to and including 18 ring atoms. Unless stated otherwise specifically in the
specification, the heterocycloalkyl radical 15 a monocyclic, bicyclic, tricychic or
tetracyclic ring system, which may include fused or bridged ring systems. The
heteroatorms in the heterocycloalkyl radical may be optionally oxidized. One or more
nitrogen atoms, if present, are optionally quaternized. The heterocycloalkyl radical is
partially or fully saturated. The heterocycloalky! may be attached to the rest of the
molecule through any atom of the ring{s). Examples of such heterocycloalkyl radicals
mclude, but are not bimited to, dioxolanyl, thienyl[1,3 Jdithranyl, decabhydrosoguinolyi,
mudazolinyl, tmudazohidinyl, 1sothiazolidinyl, 1soxazolidinyl, morphohinyl,
octahydromndolyl, octahydroisoindolyl, 2-oxopiperazinyl, 2-oxopipertdinyl, 2-
oxopyrrolidinyl, oxazolidinyl, piperidinyl, piperazinyl, 4-piperidonyl, pyrrolidinyd,
pyrazolidinyl, quinuclidimyl, thiazolidiny], tetrahydrofuryl, trithianvl, tetrahydropyranyl,
thiomorphohinyl, thiamorpholinyi, I-oxo-thiomorpholinyl, and 1,1-dioxo-
thiomorpholinyl. Unless stated otherwise specifically in the specification, a
heterocycloalkyl motety is optionally substituted by one or more substituents which
independently are: alkyl, hetercalkyl, alkenvl, alkynyl, cycloalkyl, heterocycloalkyl arvi,

arylalkyi, hetercaryl, heteroarylalkyl, hydroxy, halo, cyano, nitro, oxe, thioxo,
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trimethylsilanyl, -OR® -SR®, -OC(O)-R?, -N(R"),, -C{OR, -C{OYOR", -OC(OIN(R™,, -
C{OW(RY,, -NROHC(OYOR', -N{ROHC(OIRY, -NRHC(OMNERY,, NRHCINRHNEY,, -
N{RYS(OWR" (where tis T or 2}, -S{O)OR" (where tis 1 or 2), -S{O}N(R"); (where tis 1
or 2), or PO3(R"),, where each R" is independently hydrogen, alkyi, fluoroalkyl,
carbocyclyl, carbocyelvialkyl, aryl, aralkyl, heterocycloalkyl, heterocycloaliylalkyl,

heteroaryl or heteroarylalkyl.

{00378] “Heterocycloalky!” also includes bicyclic ring systems wherein one non-
aromatic ring, usually with 3 to 7 ring atoms, contains at least 2 carbon atoms in addition
to 1-3 heteroatoms independently selected from oxygen, sulfur, and nitrogen, as well as
combinations comprising at least one of the foregoing hetercatoms; and the other ring,
usually with 3 to 7 ring atoms, optionally contains 1-3 heteroatoms independently

selected from oxvgen, sulfur, and nitrogen and is not aromatic.
[008379] “Nitro” refers to the -NO, radical.

[00386] “Oxa” refers to the -O- radical.

[00381] “Oxo” refers to the =0 radical.

{00382 “Sulfany!l” refers to groups that include -S-(optionally substituted alkyl), -S-
{optionally substituted aryl}, -S-(optionally substituted heteroarvl) and -S-{optionally

substituted heterocycloalkyl).

[00383] “Sulfinyl” refers to groups that include -S{O)-H, -S(O)-(optionally substituted
alkyly, -S{0)-{optionally substituted amino), -S{O)-(optionally substituted aryl), -S(O})-

{optionally substituted heteroaryl) and -S{O)-(optionally substituted heterocycloalkyl).

{00384] “Sulfony!l” refers to groups that mclude -S(0)-H, ~S{(O,)~(optionally substituted
alkyl), ~S{O;)~-(optionally substituted amino), -S{(O;)-(optionally substituted arvl), -8(0»)-
{optionally substituted heteroaryl), and -5{(0;)-(optionally substituted heterocycloalkyl).

[00385] “Sulfonamidyl” or “sulfonanudo” refers to a -8(=0),-NRR radical, where each
R 15 selected independently from the group consisting of hydrogen, alkyl, cycloalkyl,
aryl, hetercarvl (bonded through a ring carbon) and hetercalicyclic (bonded through a
ring carbon). The R groups in -NRR of the -5(=0}:-NRR radical may be taken together

with the nitrogen to which it 1s attached to form a 4-, 5-, 6~ or 7-membered ring. A
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sulfonamido group is optionally substituted by one or more of the substituents described

for alkyl, cycloalkyl, aryl, heteroaryl, respectively.
100386] “Sulfoxy!l” refers to a -S(=0),OH radical.

{00387} “Sulfonate” refers to a -S(=0),-OR radical, where R 1s selected from the group
consisting of alkyl, cycloalkyl, aryl, hetercaryl (bonded through a ring carbon) and
hetercalicyclic (bonded through a ring carbon). A sulfonate group is optionally
substituted on R by one or more of the substituents described for alkyl, cycloalkyl, arvi,
heteroaryl, respectively. “Isomers” are different compounds that have the same
molecular formula. “Stereoisomers” are isomers that differ only in the way the atoms are
arranged mn space - 7.e., having a different stereochemical configuration. “Enantiomers”
are a patr of stereoisomers that are non-superimposable mirror images of each other. A
1.1 mixture of a pair of enantiomers 15 a “racemic” mixture. The term “(£)” 15 used to
designate a racemic mixture where appropriate. “Diastereoisomers” are sterecisomers
that have at least two asymmetric atoms, but which are not muror-tmages of each other.
The absolute stereochemistry 1s specified according to the Cahn-Ingold-Prelog R-58
systern. When a compound is a pure enantiomer the stereochemistry at each chiral
carbon can be specified by either (R} or {(§). Resolved compounds whose absolute
configuration 1s unknown can be designated (+} or {~) depending on the direction (dextro-
or levorotatory) which they rotate plane polarized light at the wavelength of the sodium D
fine. Certain of the compounds described herein contain one or more asymmetric centers
and can thus give rise to enantiomers, diastercomers, and other stereoisomeric forms that
can be defined, in terms of absolute stereochemustry, as (R} or (§). The present chemical
entities, pharmaceutical compositions and methods are meant to include all such possible
isomers, inchuding racemic mixtures, optically pure forms and mtermediate mixtures.
Optically active (Kj- and (Sj-1somers can be prepared using chiral synthons or chiral
reagents, or resolved using conventional techniques. When the compounds described
herein contain olefinic double bonds or other centers of geometric asymmetry, and unfess
specified otherwise, it 1s intended that the compounds include both & and 7 geometric

ISOMErs.

{00388] “Enantiomeric purtty” as used herein refers to the relative amounts, expressed
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as a percentage, of the presence of a specific enantiomer relative to the other enantiomer.
For example, if a compound, which may potentially have an (R}~ or an {$)-isomeric
configuration, 1s present as a racemic mixture, the enantiomeric purity 1s about 50% with
respect to either the (R)- or (8)-isomer. If that compound has one 1someric form
predominant over the other, for example, 80% (5)-1somer and 20% (R)-1somer, the
enantiomeric purity of the compound with respect to the (S)-1someric form 1s 80%. The
enantiomeric purity of a compound can be determined in a number of ways known in the
art, including but not hmited to chromatography using a chiral support, polarimetric
measurement of the rotation of polarized light, nuclear magnetic resonance spectroscopy
using chiral shift reagents which include but are not himited to lanthanide containing
chiral complexes or Pirkle’s reagents, or derivatization of a compounds using a chiral
compound such as Mosher’s acid followed by chromatography or nuclear magnetic

FES0NANCE SPeciroscopy.

[{00389] In preferred embodiments, the enantiomerically enriched composition has a
higher potency with respect to therapeutic utility per unit mass than does the racemic
mixture of that composition. Enantiomers can be isolated from mixtures by methods
known to those skilled in the art, including chiral high pressure hquad chromatography
(HPLC) and the formation and crystallization of chiral salts; or preferred enantiomers can
be prepared by asymmetric syntheses. See, for example, Jacques, ef @/, Enantiomers,
Racemates and Resolutions (Wiley Interscience, New York, 1981); Eliel,
Stereochemistry of Carbon Compounds (McGraw-Hill, NY, 1962); and Eliel and Wilen,

Stereochemistry of Organic Compounds (Wiley-Interscience, New York, 1994).

{06390] The terms “enantiomerically enriched” and “non-racemic,” as used herein, refer
to compositions in which the percent by weight of one enantiomer 13 greater than the
amount of that one enantiomer in a control mixture of the racemic composition {e.g.,
greater than 1:1 by weight). For example, an enantiomerically enriched preparation of the
{8)-enantiomer, means a preparation of the compound having greater than 50% by weight
of the {8})-enantiomer relative to the (R}-enantiomer, such as at least 75% by weight, or
such as at least 80% by weight. In some embodiments, the enrichment can be
significantly greater than 80% by weight, providing a “substantially enantiomerically

enriched” or a “substantially non-racemic” preparation, which refers to preparations of
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compositions which have at least 835% by weight of one enantiomer relative to other
enantiomer, such as at least 90% by weight, or such as at least 95% by weight. The terms
“enantiomerically pure” or “substantially enantiomerically pure” refers to a composition
that comprises at least 98% of a single enantiomer and less than 2% of the opposite

enantiomer.

{00391] “Motety” refers to a specific segment or functional group of a molecule.
Chemical moieties are often recognized chemical entities embedded in or appended to a

molecule.

{00392 “Tautomers” are structurally distinct isomers that interconvert by
tautomerization. “Tautomerization” is a form of isomerization and includes prototropic or
proton-shift tautomerization, which is considered a subset of acid-base chemistry.
“Prototropic tautomerization” or “proton-shift tautomerization” involves the migration of
a proton accompanied by changes i bond order, often the interchange of a single bond
with an adjacent double bond. Where tautomerization is possible (e.g. in solution), a
chemical equilibrium of tautomers can be reached. An exarple of tautomerization s
keto-enol tautomerization. A specific example of keto-enol tautomerization 1s the
interconversion of pentane-2,4-dione and 4-hydroxypent-3-en-2-one tautomers. Another
example of tautomerization s phenol-keto tautomerization. A specific example of
phenol-keto tavtomerization is the interconversion of pyridin-4-ol and pyridin-4{1 H}-one

tautomers,

{80393] A “leaving group or atom” 1s any group or atom that will, under selected
reaction conditions, cleave from the starting material, thus promoting reaction at a
specified site. Examples of such groups, unless otherwise specified, include halogen

atoms and mesyloxy, p-nitrobenzensulphonyloxy and tosyloxy groups.

{80394] “Protecting group” 1s mtended to mean a group that selectively blocks one or
more reactive sites in a multifunctional compound such that a chemical reaction can be
carried out selectively on another unprotected reactive site and the group can then be
readily removed after the selective reaction 1s complete. A variety of protecting groups
are disclosed, for example, in T. H. Greene and P. G M. Wuts, Protective Groups in

Organic Synthesis, Third Edition, John Wiley & Sons, New York (1999).
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{00395] “Solvate” refers to a compound in physical association with one or more

molecules of a pharmaceutically acceptable solvent.

[00396] “Substituted” means that the referenced group may have attached one or more
additional groups, radicals or moieties individually and independently selected from, for
example, acyl, alkyl, alkylaryl, eycloalkyl, aralkyl, arvl, carbohydrate, carbonate,
heteroarvl, heterocycloalkyl, hydroxy, alkoxy, aryloxy, mercapto, alkylthio, arylthio,
cyano, halo, carbonyl, ester, thiocarbonyl, isocyanato, thiocyanato, isothiocyanato, nitro,
oxo, perhaloalkyl, perfluorcalkyl, phosphate, silyl, sulfinyl, sulfonyl, sulfonamidyl,
sulfoxyl, sulfonate, urea, and amino, mcluding mono- and di-substituted amino groups,
and protected derivatives thereot. The substituents themselves may be substituted, for
example, a cycloalkyl substituent may itself have a halide substituent at one or more of 1ts
ring carbons. The term “optionally substituted” means optional substitution with the

specified groups, radicals or moieties.

[06397] As used herein, the term “warhead” or “warhead group” refers to a functional
group present on a compound of the present invention wherein that functional group is
capable of covalently binding to an amino acid residue (such as cysteine, lysine, histidine,
or other residues capable of being covalently modified) present in the binding pocket of

the target protetn, thereby 1rreversibly inhibiting the protein.

{0606398] Compounds of the invention also mclude crystalline and amorphous forms of
those compounds, imcluding, for example, polymorphs, pseudopolymorphs, solvates,
hydrates, unsolvated polymorphs (including anhydrates), conformational polymorphs,
and amorphous forms of the compounds, as well as muxtures thereof. “Crystaliine form”
and “polymorph” are intended to include all crystalline and amorphous forms of the
compound, including, for example, polymorphs, pseudopolymorphs, solvates, hydrates,
unsolvated polymorphs (including anhydrates), conformational polymorphs, and
amorphous forms, as well as mixtures thereof, unless a particular crystalline or

amorphous form is referred to.
{003%92] Compounds of the invention also include antibodies. The terms “antibody” and
its plural form “antibodies” refer to whole immunoglobulins and any antigen-binding

fracment (“antigen-binding portion”) or single chains thereof. An “antibody” further
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refers to a glycoprotein comprising at least two heavy (H) chains and two light (L) chains
mter-connected by disulfide bonds, or an antigen-binding portion thereof. Each heavy
chain is comprised of a heavy chain variable region (abbreviated herein as Vy) and a
heavy chain constant region. The heavy chain constant region is comprised of three
domains, CH1, CHZ and CH3. Each light chain 1s comprised of a light chain variable
region {abbreviated herein as Vi) and a light chain constant region. The light chain
constant region is comprised of one domain, CL. The Vi and Vi regions of an antibody
may be further subdivided into regions of hypervanability, which are referred to as
complementarity determining regions (CDR) or hypervanable regions (HVR), and which
can be interspersed with regions that are more conserved, termed framework regions
(FR). Each Vi and Vi is composed of three CDRs and four FRs, arranged from amino-
terminus to carboxy-terminus in the following order: FR1, CDRI, FR2Z, CDR2, FR3,
CDR3, FR4. The varnable regions of the heavy and light chains contain a binding domain
that interacts with an antigen epitope or epitopes. The constant regions of the antibodies
may mediate the binding of the immunoglobulin to host tissues or factors, including
various cells of the immune system {e.g., effector cells) and the first component {Clqg} of

the classical complement system.

[00406] The terms “monoclonal antibody,” “mAb,” “monoclonal antibody
composition,” or their ploral formas refer to a preparation of antibody molecules of single
molecular composition. A monoclonal antibody composition displays a single binding
spectficity and affinity for a particular epitope. Monoclonal antibodies specific to e g.
PD-1, PD-L1, or PD-L2 can be made using knowledge and skill in the art of injecting test
subjects with PD-1, PD-L1, or PD-L2 antigen and then i1solating hybridomas expressing
antibodies having the desired sequence or functional characteristics. DNA encoding the
monoclonal antibodies s readily isolated and sequenced using conventional procedures
{e.g., by using oligonucleotide probes that are capable of binding specifically to genes
encoding the heavy and light chains of the monoclonal antibodigs). The hybridoma celis
serve as a preferred source of such DNA. Once isolated, the DNA may be placed into
expression vectors, which are then transfected into host cells such as E. coli cells, simian
COS cells, Chinese hamster ovary (CHO) cells, or myeloma cells that do not otherwise

produce immunoglobulin protein, to obtain the synthesis of monoclonal antibodies in the
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recombinant host cells. Recombinant production of antibodies will be described in more

detail below.

{00401] The terms “antigen-binding portion” or “antigen-binding fragment” of an
antibody (or simply “antibody portion™), as used herein, refers to one or more fragments
of an antibody that retain the ability to specifically bind to an antigen {(e.g., PD-1, PD-L1,
or PD-L2). It has been shown that the antigen-binding function of an antibody can be
performed by fragments of a full-length antibody. Examples of binding fragments
encompassed within the term “antigen-binding portion” of an antibody include (1} a Fab
fragment, a monovalent fragment consisting of the Vi, Vy, Gy and CHI domains; (i1) a
F{ab")2 fragment, a bivalent fragment comprising two Fab fragments linked by a disulfide
bridge at the hinge region; (11) a Fd fragment consisting of the Vi and CH1 domains; (iv)
a Fv fragment consisting of the Vi and Vi domains of a single arm of an antibody, (v} a
domain antibody (dAb) fragment (Ward et af., Narure, 1989, 3417, 544-546), which may
consist of a Vi or a Vi domain; and (vi) an 1solated complementarity determining region
{CDR). Furthermore, although the two domains of the Fv fragment, Vi and Vy, are
coded for by separate genes, they can be jomed, using recombinant methods, by a
synthetic linker that enables them to be made as a single protemn chain in which the Vi
and Vg regions pair to form monovalent molecules known as single chain Fv (scFv); see
e.g., Bird et af., Science 1988, 242, 423-426; and Huston er al., Proc. Natl. Acad. Sci.
{/SA 1988, &85, 5879-5883). Such scFv chain antibodies are also intended to be
encompassed within the terms “antigen-binding portion” or “antigen-binding fragment”
of an antibody. These antibody {fragments are obtained using conventional techniques
known to those with skill in the art, and the fragments are screened for utility in the same

manner as are intact antibodies.

{06402] The term “human antibody,” as used herein, 1s intended to include antibodies
having variable regions in which both the framework and CDR regions are derived from
human germline immunoglobulin sequences. Furthermore, if the antibody contains a
constant region, the constant region also i1s derived from human germline
mmunoglobulin sequences. The human antibodies of the invention may include amino
actd residues not encoded by human germline immunoglobulin sequences {e.g.,

mutations introduced by random or site-specific mutagenesis /1 vifro or by somatic

~
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mutation in vivo). The term “human antibody”, as used herein, 1s not intended to include
antibodies in which CDR sequences derived from the germline of another mammalian

species, such as a mouse, have been grafted onto human framework sequences.

{00403] The term “human monoclonal antibody” refers to antibodies displaying a single
binding specificity which have variable regions in which both the framework and CDR
regions are derived from human germline immunoglobulin sequences. In one
embodiment, the human monoclonal antibodies are produced by a hybridoma which
includes a B cell obtained from a transgenic nonhuman animal, e g, a transgenic mouse,
having a genome comprising a human heavy chain transgene and a light chain transgene

fused to an immortalized cell

{00404] The term “recombinant human antibody”, as used herein, includes all human
antibodies that are prepared, expressed, created or 1solated by recombinant means, such
as {a) antibodies isolated from an animal {e.g., a mouse) that s transgenic or
transchromosomal for human immunoglobulin genes or a hybridoma prepared therefrom
(described further below), (b} antibodies 1solated trom a host cell transformed to express
the human antibody, e.g., from a transfectoma, (¢} antibodies 1solated from a
recombinant, combinatorial human antibody hibrary, and {(d) antibodies prepared,
expressed, created or 1solated by any other means that involve splicing of human
mmunoglobulin gene sequences to other BDNA sequences. Such recombinant human
antibodies have variable regions in which the framework and CDR regions are derived
from human germline immunoglobulin sequences. In certain embodiments, however,
such recombinant human antibodies can be subjected to in vifro mutagenesis (or, when an
animal transgenic for human Ig sequences 15 used, in vivo somatic mutagenesis) and thus
the amino acid sequences of the Vi and Vi, regions of the recombinant antibodies are
sequences that, while derived from and related to human germline Vg and Vi sequences,

may not naturally exist within the human antibody germline repertoire in vivo.

{006405] As used herein, “isotype” refers to the antibody class {e.g., IgM or fg(G1) that s

]

encoded by the heavy chain constant region genes.

{006406] The phrases “an antibody recognizing an antigen” and “an antibody specific for

an antigen” are used interchangeably herein with the term “an antibody which binds
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specifically to an antigen.”

{06407] The term “human antibody derivatives” refers to any modified form of the
human antibody, e.g., a conjugate of the antibody and another active pharmaceutical
mgredient or antibody. The term “conjugate” or “immunoconjugate” refers to an
antibody, or a fragment thereof, conjugated to a therapeutic moiety, such as a bacterial
toxin, a cytotoxic drug or a radionuclide-containing toxin. Toxic moieties can be

conjugated to antibodies of the invention using methods available in the art.

{00408] The terms “humanized antibody,” “humanized antibodies,” and “humanized”
are intended to refer to antibodies in which CDR sequences derived from the germline of
another mammalian species, such as a mouse, have been grafted onto human framework
sequences. Additional framework region modifications may be made within the human
framework sequences. Humanized forms of non-human (for example, murine} antibodies
are chimeric antibodies that contain munimal sequence derived from non-human
immunoglobulin. For the most part, humanized antibodies are human immunoglobuling
{recipient antibody) in which residues from a hypervariable region of the recipient are
replaced by residues from a 15 hypervariable region of a non-human species {donor
antibody) such as mouse, rat, rabbit or nonhuman primate having the desired specificity,
affinity, and capacity. In some instances, Fv framework region {FR) residues of the
human immunoglobulin are replaced by corresponding non-human residues.
Furthermore, humanized antibodies may comprise residues that are not found in the
recipient antibody or in the donor antibody. These modifications are made to further
refine antibody performance. In general, the humanized antibody will comprise
substantially all of at least one, and typically two, variable domains, in which all or
substantially all of the hypervariable loops correspond to those of a non-human
immunoglobulin and all or substantially all of the FR regions are those of a human
immunoglobulin sequence. The humanized antibody optionally also will comprise at
least a portion of an immunoglobulin constant region (Fe), typically that of a human
immunoglobulin, For further details, see Jones et @/, Nature 1986, 321, 522-525;
Riechmann et al., Nature 1988, 332, 323-329; and Presta, Curr. Op. Struct. Biol. 1992, 2,

593-596.
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{00409] The term “chimeric antibody” 1s intended to refer to antibodies in which the
variable region sequences are derived from one species and the constant region sequences
are derived from another species, such as an antibody in which the vanable region
sequences are derived from a mouse antibody and the constant region sequences are

derived from a human antibody.

{00410] A “diabody” 1s a small antibody fragment with two antigen-binding sites. The
fragments comprises a heavy chain vanable domain (Vy} connected to a light chamn
variable domain (Vi) in the same polypeptide chain (Vy-Vi, or Vi-Vy). By using a linker
that 1s too short to allow paring between the two domains on the same chain, the
domains are forced to pair with the complementary domains of another chain and create
two antigen-binding sites. Dhiabodies are described more fully in, e.g., European Patent
No. EP 404,097, International Patent Publication No. WO 93/11161; and Bolliger et af.,
FProc. Natl Acad. Sci. US4 1993, 90, 6444-6448.

{00411] The term “glycosylation” refers to a modified derivative of an antibody. An
aglvcoslated antibody lacks glycosylation. Glycosylation can be altered to, for example,
increase the affinity of the antibody for antigen. Such carbohydrate modifications can be
accomplished by, for example, altering one or more sites of glycosylation within the
antibody sequence. For example, one or more amino acid substitutions can be made that
result in elimination of one or more variable region framework glycosylation sites to
thereby ebiminate glycosylation at that site. Aglycosylation may ncrease the affinity of
the antibody for antigen, as described 10 U.S. Patent Nos. 5,714,350 and 6,350,861,
Additionally or alternatively, an antibody can be made that has an altered type of
glycosylation, such as a hypofucosylated antibody having reduced amounts of fucosyl
residues or an antibody having increased bisecting GleNac structures. Such altered
elycosylation patterns have been demonstrated to increase the ability of antibodies. Such
carbohydrate modifications can be accomplished by, for example, expressing the
antibody n a host cell with altered glycosviation machinery. Cells with altered
glvcosviation machinery have been described in the art and can be used as host cells n
which to express recombinant antibodies of the invention to thereby produce an antibody
with altered glycosylation. For example, the cell lines Ms704, Ms705, and Ms709 lack
the fucosyltransferase gene, FUTS (alpha (1,6} fucosyltransferase), such that antibodies

7
!
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expressed in the Ms704, Ms705, and Ms709 cell lines lack fucose on their carbohydrates.
The Ms704, Ms705, and Ms709 FUTE—/— cell lines were created by the targeted
disruption of the FUTS gene in CHO/DG44 cells using two replacement vectors (see e.g.
U.S. Patent Publication No. 2004/0110704 or Yamane-Ohnuki, et ¢l Biotechnol. Bioeng.
2004, 87, 614-622). As another example, European Patent No. EP 1,176,195 describes a
cell line with a functionally disrupted FUTE gene, which encodes a fucosyl transferase,
such that antibodies expressed in such a cell line exhibit hypofucosylation by reducing or
eliminating the alpha 1,6 bond-related enzyme, and also describes cell lines which have a
low enzyme activity for adding fucose to the N-acetylglucosamine that binds to the Fe
region of the antibody or does not have the enzyme activity, for example the rat myeloma
cell ine YB2/0 (ATCC CRL 1662). International Patent Publication WO 03/035835
describes a varnant CHO cell line, Lec 13 cells, with reduced ability to attach fucose to
Asn{297)-hinked carbohydrates, also resulting in hypofucosylation of antibodies
expressed in that host cell (see also Shields, et al., J. Biol Chem. 2002, 277, 26733~
26740, International Patent Publication WO 99/54342 describes cell hines engineered to
express glycoprotemn-modifying glycosyl transferases {e.g., beta{1,4}-N-
acetylglucosamunyltransferase I (GnTII)) such that antibodies expressed i the
engineered cell lines exhibit increased bisecting GlcNac structures which results in
mcreased ADCC activity of the antibodies (see also Umana, ef al., Nat. Biotech. 1999,
17, 176-180). Alternatively, the fucose residues of the antibody may be cleaved off using
a fucosidase enzyme. For example, the fucosidase alpha-L-fucosidase removes fucosyl

residuss from antibodies as described in Tarentino, et af., Biochem. 1975, 14, 5516-5523.

{006412] “Pegylation” refers to a modified antibody, or a fragment thereof, that typically
1s reacted with polyethylene glycol (PEG]), such as a reactive ester or aldehyde derivative
of PEG, under conditions in which one or more PEG groups become attached to the
antibody or antibody fragment. Pegylation may, for example, increase the biclogical
{e.g., serum} half life of the antibody. Preferably, the pegylation 13 carried out via an
acylation reaction or an alkylation reaction with a reactive PEG molecule (or an
analogous reactive water-soluble polymer). As used herein, the term “polyethylene

glyeol” 1s intended to encompass any of the forms of PEG that have been used to

derivatize other proteins, such as mono (C,-Cy) alkoxy- or aryloxy-polyethylene glycol

g ¥
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or polyethylene glycol-maleimide. The antibody to be pegylated may be an
aglycosylated antibody. Methods for pegylation are known in the art and can be applied
to the antibodies of the invention, as described for example in European Patent Nos. EP

0154316 and EP 0401384

{00413] As used herein, an antibody that “specifically binds to human PD-1" 1s intended
to refer to an antibody that binds to human PD-1 with a Kp of 1x1 0" Mor less, more
preferably 52107 M or less, more preferably 1x10™ M or less, more preferably 5+107

M or less.

{00414] As used herein, an antibody that “specifically binds to human PD-L17 13
intended to refer to an antibody that binds to human PD-L1 with a Kp of 1x107 M or
less, more preferably 5= 107 M or less, more preferably 1x10™ M or less, more

preferably 5x107° M or less.

[00415] As used herein, an antibody that “specifically binds to human PD-1.27 1
intended to refer to an antibody that binds to human PD-L2 with a Kp of 1107 M or
less, more preferably 5x107° M or less, more preferably 1x107° M or less, more

preferably 5x107° M or less.

[00416] As used herein, an antibody that “specifically binds to human CD20” is
intended to refer to an antibody that binds to human CD20 with a Kp of 1x107 M or less,
more preferably 5x107° M or less, more preferably 1x107° M or less, more preferably

5x1077 M or less.

{80417] The term “radicisotope-labeled complex” refers to both non-covalent and
‘ . L 90y, 111 151 ~
covalent attachment of a radicactive isotope, suchas 7Y, " In, or 71 to an antibody,

mcluding conjugates.

[00418] The term “biosimilar” means a biological product that 1s highly sumilar to a UK.
licensed reference biological product notwithstanding nmunor differences 1o clinically
mactive components, and for which there are no clinically meaningful differences
between the bislogical product and the reference product in terms of the safety, purity,

>

and potency of the product. Furthermore, a stmilar biological or “brosimilar” medicine s

a brological medicine that 1s similar to another biological medicine that has already been

~
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authorized for use by the European Medicines Agency. The term “biosimilar” s also
used synonymously by other national and regional regulatory agencies. Biological
products or biological medicines are medicines that are made by or derived from a
biological source, such as a bacterium or yveast. They can consist of relatively small
molecules such as human insulin or ervthropoietin, or complex molecules such as
monoclonal antibodies. For example, if the reference anti-CDZ20 monoclonal antibody 15
rittaimab, an anti-CD20 biosinular monoclonal antibody approved by drug regulatory
authorities with reference to rituximab is a “biosumilar t0” rituximab or i3 a “biosimilar
thereof” rituximab. If the reference anti-PD-1 monoclonal antibody 1s pembrolizumab,
an anti-PD-1 biosimular monoclonal antibody approved by drug regulatory authorities
with reference to pembrolizumab s a “biostmilar to” perabrolizumabor is a “blosumular

thereof” pembrolizumab.

[00419] The term “hematological malignancy” refers to mammahian cancers and tumors
of the hematopoietic and lymphoid tissues, including but not limited to tissues of the
blood, bone marrow, lymph nodes, and lymphatic systern. Hematological malignancies
are also referred to as “liguid tumors.” Hematological malignancies iclude, but are not
hmited to, ALL, CLL, SLL, acute myelogenous leukemia (AML), chronic myelogenous
feukerma (CML)}, acute monocytic leukenua (AMoL), Hodgkin's lymphoma, and non-
Hodgkin's lymphomas. The term “B cell hematological malignancy” refers to

hematological malignancies that affect B cells.

{00428] The term “solid tumor” refers to an abnormal mass of tissue that usually does
not contain cysts or liquid areas. Solid tumors may be benign or malignant. The term
“solid tumor cancer” refers to malignant, neoplastic, or cancerous solid tumors. Solid
tumor cancers include, but are not hmited to, sarcomas, carcinomas, and lvmphomas,
such as cancers of the lung, breast, prostate, colon, rectum, and bladder. The tissue
structure of solid tumors includes interdependent tissue compartments including the
parenchyma {cancer cells} and the supporting stromal cells in which the cancer celis are

dispersed and which may provide a supporting microenvironment.

{06421] The term “microenvironment,” as used herein, may refer to the tumor

microenvironment as a whole or to an individual subset of cells within the
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microenvironment.

{06422] For the avoidance of doubt, it 1s intended herein that particular features {(for
example integers, characteristics, values, uses, diseases, formulae, compounds or groups)
described in conjunction with a particular aspect, embodiment or example of the
mvention are to be understood as applicable to any other aspect, embodiment or example
described herein unless incompatible therewith. Thus such features may be used where
appropriate in conjunction with any of the definition, claims or embodiments defined
herein. All of the features disclosed in this specification (including any accompanying
claims, abstract and drawings), and/or all of the steps of any method or process 50
disclosed, may be combined in any combination, except combinations where at least
some of the features and/or steps are mutually exclusive. The mvention is not restricted
to any detaus of any disclosed embodiments. The invention extends to any novel one, or
novel combination, of the features disclosed in this specification (including any
accompanying claims, abstract and drawings), or to any novel one, or any novel

combination, of the steps of any method or process so disclosed.

Co-adminisiration of compounds

[00423] An aspect of the imvention 15 a composition, such as a pharmaceutical
composition, comprising a combination of a PI3K mhibitor, a BTK wnlubitor, a JAK-2
mhibitor, a PD-1 mhibitor, and/or a PD-L1 or PD-L2 mhibitor. Another aspect of the
mvention 1s a method of treating leukemua, lymphoma or a sohd tumor cancer na
subject, comprising co-administering to the subject in need thereof a therapeutically
effective amount of a combination of a PI3K mnhibitor, a BTK inhibitor, and/or a PD-1

hbtior.

{80424] In an embodiment, the PI3K nhibitor 1s a PI3K-y mhibitor.
[00425] In an embodiment, the PI3K inhubitor s a PI3K-5 nhubitor.
{80426] In an embodiment, the PI3K inhibitor 1s a PI3K-y,6 mhibitor,
[00427] In an embodiment, the PI3K mhubttor ts a selective PI3K inhibitor,

{80428] In an embodiment, the combination of the PI3K mhubitor, PI3K-y mhibitor,
PI3K-6 mhibitor, or PI3K-~y,d inhibitor with the BTK inhibitor is administered by oral,
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mtravenous, mtramuscular, intraperitoneal, subcutaneous or transdermal means.
{06429] In an embodiment, the PI3K inhibitor, PI3K-y inhibitor, PI3K-0 inhibitor, or
PI3K-v,6 mhibitor 1s in the form of a pharmaceutically acceptable salt, solvate, hydrate,
complex, derivative, prodrug (such as an ester or phosphate ester}, or cocrystal.

{00430] In an embodiment, the BTK inhibitor 15 in the form of a pharmaceutically
acceptable salt, solvate, hydrate, complex, derivative, prodrug (such as an ester or
phosphate ester), or cocrystal.

{00431} In an embodiment, the PI3K inhibitor, PI3K-y inhibitor, PISK-S inhibitor, or
PI3K-v,6 inhibitor 1s administered to the subject before administration of the BTK
mhibitor.

{00432] In an embodiment, the PI3K mhibitor, PI3K~y inhibitor, PI3K-$ inhibitor, or
PI3K~y,d inhibitor s administered concurrently with the administration of the BTK
whibitor.

{00433] In an embodiment, the PI3K inhibitor, PI3K-y inhibitor, PI3K-6 inhibitor, PI3K-
v,0 inhibitor 1s administered to the subject after administration of the BTK inhubitor.
{00434] In an embodiment, the PD-1 inhuibitor is administered to the subject before
admimnistration of the BTK inhubitor.

{00435] In an embodiment, the PD-1 inhubitor s administered concurrently with the

administration of the BTK inhubitor.

{00436] In an embodiment, the PD-1 inhuibitor is administered to the subject after
admmistration of the BTK inhubitor.

{00437} Inan embodiment, the BTK inhibitor, PD-1 inhibitor, JAK-2 inhibitor, and
PI3K inhibitor are administered concurrently.

{00438] In an embodiment, the subject 1s a mammal. In an embodiment, the subjectis a

human. Inan embodiment, the subject 15 a companion animal, such as a canine, feline, or

equine,

PI3K Inhibuors

DB/ 84322047.1 20
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{00439] The PI3K inhibitor may be any PI3K inhibitor known in the art. In particular, it
Preferably, it 1s a PI3K mhibitor selected from the group consisting of a PI3K-y inhibitor,
a PI3K-0 intubitor, and a PI3K-y,d inhibitor. In one specific embodiment, it 15 a PISK-5
mhibitor. For avoidance of doubt, references herein to a PI3K inhibitor may refer to a
compound or a pharmaceutically acceptable salt, ester, solvate, hydrate, cocrystal, or

prodrug thereof.

{00440] In an embodiment, the PI3K inhibitor, which 1s preferably selected from the
group consisting of a PI3K-y inhibutor, a PI3K-6 inhibitor, and a PI3K-v,6 inhibitor, 15 a
compound selected from the structures disclosed in U.S. Patent Nos. 8,193,182 and
8,569,323, and U.S. Patent Application Publication Nos. 2012/0184568 A1,
2013/0344061 Al, and 2013/0267521 A1, the disclosures of which are incorporated by
reference herein. In an embodument, the PI3K inhibitor {(which may be a PI3K-y

inhibitor, PI3K-8 inhibitor, or PI3K-y,d inhibitor) s a compound of Formula (I):

o]
B
@\*”L
wb5)|(

Y.
\Wd
Formula (1)
or a pharmaceutically acceptable salt, solvate, hvdrate, cocrystal or prodrug thereof,
wherein:
Cy is aryl or heteroaryl substituted by O or 1 occurrences of R’ and 0, 1, 2, or 3
oceurrences of R,
Wy is CR®, CHR® or N;
R® is hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, heteroalkyl, alkoxy, amido, amine,
acyl, acyloxy, sulfonamido, halo, cyano, hydroxyl or nitro;
B 1s hydrogen, alkyl, amino, heteroalkyl, cycloalkyl, heterocyclyl, aryl, or hetercaryl,
each of which is substituted with 0, 1, 2, 3, or 4 occurrences of R%

each R? is independently alkyl, heteroalkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl,
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aryl, arylalkyl, heteroarvl, hetercarvlalkyl, alkoxy, amido, amino, acyl, acvloxy,
alkoxycarbonyl, sulfonamido, halo, cyano, hydroxyl, nitro, phosphate, urea, or
carbonate;

X is -{(CHR"));

Y is -N(R)-CE=0)-, -CE0-NER-, -CE0-NR)D-(CHRY)-, -NR)-8(=0)-, -8(=0)-
N(R’Y-, S(=0)-NR)-, -NE}-C(=0-NR) or -NRIS(=0),-;

z1s aninteger of 1, 2, 3, or 4;

R’ is alkyl, alkenyl, alkynyl, cycloalkyl, heterocyelyl, fluorcalkyl, heteroalkyl, alkoxy,
amido, anuno, acyl, acyloxy, sulfiovl, sulfonyl, sulfoxide, sulfone, sulfonamido, halo,
cyano, arvl, heteroaryl, hydroxyl, or nitro;

each R’ is independently alkyl, alkenyl, alkynyl, cycloalkyl, heteroalkyl, alkoxy, amido,
aming, acyl, acyloxy, sulfonanudo, halo, cyano, hydroxyl, or nitro;

each R’ is independently hyvdrogen, alkyl, cycloalkyl, heterocyelyl, or hetercalkyl; or two
adjacent occurrences of R” together with the atoms to which they are attached form a
4- to 7-membered ring;

W 1s heterocyelyl, arvl, cycloalkyl, or hetercaryl, each of which is substituted with one
ormore R’ R RY? or RY and

R RM RY and R” are each independently hydrogen, alkyl, heteroalkyl, alkenyl,
atkynyl, cycloalkyl, heterocyciyl, aryl, arvialkyl, hetercaryl, heteroarylalkyl, alkoxy,
heterocvclyloxy, amido, amino, acyl, acvloxy, alkoxycarbonyl, sulfonamido, halo,
cyano, hvdroxyl, nitro, phosphate, urea, carbonate or NR'R" wherein R' and R" are

taken together with nitrogen to form a cyclic moiety.

{06441] In an embodiment, the PI3K inhibitor (which may be a PI3K~y mmhibitor, PI3K-6

inhibitor, or PI3K-y,8 inhibtor) 1s a compound of Formula (I-1}:

R? 0o
N
“
Y\Wd
Formula (1)
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or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof,
wherein:
B is a motety of Formula (H-A):

R1

(R)q

Formula (II-A)

W is arvl, heteroaryl, heterocycloalkyl, or cyvcloalkyl;

qisan mtegerof 0,1, 2,3, or 4

X is a bond or -{CH(R™),~, and z is an integer of 1, 2, 3 or 4;

Y is a bond, -N(R’)-, -O-, -8-, -8(=0)-, -S§(=0),, -C(=0)-, -C{(=0}CHR’),~, -NR")-
C(=0}-, -NR-C(=0)NH- or -NRHICR)-;

zis an integer of 1, 2, 3, or 4;

Wiis

DB/ 84322047.1 23
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R”
W
X7 ™ N
LA
P E
0 ¥ N
R N t
N R, N RY,
RW ff R O}i
X,
ngortPetr] 5 3 & 3
o] / RE 5 A Ri2

nt R

&N\j, or a‘\]é/ N N\IRH;
I xz/ Yo x/ R
Ri3

X1, X and X are each independently C, CR" or N; and X4, X5 and Xg are each
mdependently N, NH, CRY S or O

R' is hydrogen, alkyl, alkenyl, alkynyl, alkoxy, amido, alkoxycarbonyl, sulfonamido,
halo, cyano, or nitro;

R” is alkyl, alkenyl, alkynyl, eycloalkyl, heterocycloalkyl, aryl, heteroaryl,

(v

3
DR/ $4322047.1
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heteroarylalkyl, alkoxy, amino, halo, cyano, hydroxy or nitro;
R’ is hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, alkoxy, amido,
amino, alkoxycarbonyl suifonamido, halo, cyano, hydroxy or nitro; and

each instance of R’ is independently hydrogen, alkyl, or heterocycloalkyl.

{00442] In a preferred embodiment, the PI3K inhibitor {(which may be a PI3K-y
mhibitor, PI3K-$ inhibitor, or PI3K-~v,8 inhibitor) s a compound of Formula (HI}:

Formula (III)

Z
\ Zllhmao
P

[ )

NP

or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof,

where B 1s a moiety of Formula (H-A},

R’ is alkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl,
hetercarylalkyl, alkoxy, amino, halo, cvano, hydroxy or nitro; and

R’ is hydrogen, alkyl, or heterocycloalkyl.
{00443] In a preferred embodiment, the PI3K-y & inhibitor 1s a compound of Formula

(TI1-A):
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Cl (6]

F

Zllhnn

I

Formula (I11-A)

N \
[ )
A
or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof.
Formula (1H-A) 15 also known as IP1-145 or duvelisib {Infinity Pharmaceuticals} and has
been studied at doses of 5 mg and 25 myg in clincal tnials, including those described in

Flinn, et al., Blood, 2014, 124, 802, and O’Brien, ef al., Blood, 2014, 124, 3334,

{00444] In a preferred embodiment, the PI3K inhibitor is a compound of Formula (IV):

Cl o]
N
R o
Formula (1V)
A NH,

N

or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof.
{00445] In a preferred embodiment, the PI3K inhibitor 1s {$)-3-(1-({OH-purin-6-
yvhaminojethyl}-8-chloro-2-phenylisoqumolin-1{2H}-one or a pharmaceutically
acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof.

{00446] In a preferred embodiment, the PI3K inhibitor is (S}-3-amino-N-(1-(5-chloro-4-
oxo-3-phenyl-3 4-dihydroquinazolin-2-yhiethypyrazine-2-carboxamide or a
pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof.
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{00447} In an embodiment, the PI3K mhibitor (which may be a PI3K-y ihibitor, PI3K-0
mhibitor, or PI3K~y,8 inhibitor) is a compound selected from the structures disclosed 1n
U.S. Patent Nos. 8,193,199, 8 586,739, and 8,901,135, the disclosure of each of which is
mcorporated by reference herein. In an embodiment, the PI3K inhibitor or PI3K-5

whibitor s a compound of Formula (V).

R7
HN’\<
z Formula (V)
N = |
™
R® Xx? Y
R3
RS X!
= \/\ﬁ
R® | (R,
1 \ /
R N

or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof,

wherein:

X is C(Ry or N;

X is C(Rip) or N;

Yis N(R'D, O or §;

Zis CRY or N;

nis G, 1, 2 or 3;

R' is a direct-bonded or oxygen -linked saturated, partially saturated or unsaturated 5-, 6-
or 7-membered monocyelic ring containing 0, 1, 2, 3 or 4 atoms selected from N, G
and S, but containing no more than one 0 or 8, wherein the available carbon atoms of
the ring are substituted by 0, 1 or 2 oxo or thioxo groups, wherein the ring is
substituted by 0 or 1 R” substituents, and the ring is additionally substituted by 0, 1, 2
or 3 substituents independently selected from halo, nitro, cyano, (Ciaatkyl, O(Cy.
spalkyl, O(Cigphaloalkyl, NHC 4, N{Cg)alkyl}(Cia)alkyl and (C; 4phaloalkyl;

R*is selected from halo, (Cy.s)haloalkyl, cyane, nitro, —C(=0)R", —C(=0)OR", —
CE=0INRR, —C(=NRHYNRIR?, —OR®, —OC(=0)R", —OC(=0)NRR® —
OC(E=0INRDS(=0),RY, —O(CrpalkyINRR®, —O{Cye)alkylOR®, —8RY,
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OS(=0)R", —8(=0),R", —S(=0NR'R®, —S{=0NRHY(=0)R", —
S(=0RNRHC(=00R", —S(=0)N(RYCE=0)NRIRY, —NRR?, —NRHYC(E=0)RY,
—NRYCE=0)0OR?, —N{RHC(=0)NRR®, —NERHC(=NRIHINR'R?, —
NRHS(E=0LRY, —NRHS(=0),NR'R”, —NRYC,.6 alkyINR’R and —NRY(C».
oalkylORY, or R is selected from {C6)alkyl, phenyl, benzyl, heteroaryl, heterocycle,
—{(C.nalkyhheteroaryl, —((C1.5)alkylheterocyele, —O((C a)alkyliheteroaryl, —
O((C . )alkyDheterocycle, —NRY(C .3 )alky Dheteroaryl, —NRY(Cy.
{Cr.ajalkyDphenyl, —O({(Cy5)alkylphenyl and —NRY(C,.
syalkylphenyl all of which are substituted by 0, 1, 2 or 3 substituents selected from
(Ci.aphaloalkyl, O(Cygjalkyl, Br, CL F, Tand (Cr4)alkyl;

R’ is selected from H, halo, {Cr.4)haloalkyl, cyano, nitro, —C{=0)R® —C{(=0)R* —
CE=0INRRY, —CEENRONRR?, —OR®, —OC(=0)R*, —OC(=0NR'R", —
OCE=0INRYS(E=0LRE, —O(Crelalky INR'RY, —O(Cre)alkyIOR?, —8R?, —
SR, —8(=0pR"*, —S(=0pNRR", —S(=0LNR"C=R, —

sjatkvlheterocycle,

NRH)IS(=0RRY, —NRY)S(=ORNRNRR?, —NRY(Cr.e)alkylORY, (Crealkyl,
phenyl, benzyl, hetercarylt and heterocycle, wherein the {(Crs)alkyl, phenyi, benzyl,
hetercaryl and heterocycle are additionally substituted by 0, 1, 2 or 3 substituents
selected from {Cshaloalkvl, O(Cie)alkvl, Br, CL F, Land (Ciglalkyl;

RYis, independently, in each instance, halo, nitro, cyano, {(Craalkyl, O(C4)alkyl, O(C;.
sthaloalkyl, NH{Cs)alkyl N{Cigalky{Cigalkyl or (Crs)haloalkyl

R’ is, independently, in each instance, H, halo, (Cielalkyl, (T ghaloalkyl, or (Cre)alkyl
substituted by 1, 2 or 3 substituents selected from halo, cyano, OH, O(Cygalkyl, (Ci.
galkyl, (Cysdhaloalkyl, O(C) qlalkyl, NH,, NHC galkyl, N(C; 4alkyl{C y)alkyl; or
both R’ groups together form a (Cag)spiroalky! substituted by 0, 1, 2 or 3 substituents
selected from halo, cyano, OH, O(C, 4jalkyl, (Ciualkyl, (Cysihaloalkyl, O(C,.
pabloyl, NH,, NH(Cgalkyl, N{(Cra)alkyl{Cralalkyl;

R’ is selected from H, halo, (Cysalkyl, (Cig)haloalkyl, cyano, nitro, —C{(=0)R", —
C{=0)OR", —C(=0WRR", —C{=NRNRR®, —S(=0)R", —S(=0),R" —
S{=01LNRR®, —S(=0),N(RHC(=0)R", —S(=0),N(R")C(=0)OR", —

DB/ 84322047.1 29



WO 2016/024231 PCT/IB2015/056127

SE0,NRHYC(E=0INRRY,

R is selected from H, halo, (Cy alkyl, (Cyghaloalkyl, cyano, nitro, —C{=0)R" —
C(=0)0R", —C(=0)NR'R", —C{=NRNR'R®, —S{=0)R", —S{(=0),R", —
S(=0RNRRY, —S{E=0RNRHYC(=0)RY, —S{E=0,NRDYCE=0)Y0R!, —
S(==0RNRHC(=0)NRRY,

R® is selected from H, (C o haloalkyl, Br, CL F, I, OR®, NR'R®, (Cre)alkyl, phenyl,
benzyl, hetercaryl and heterocycle, wherein the (Cig)alkyl, phenyl, benzyl, hetercaryl
and heterocycle are additionally substituted by 0, 1, 2 or 3 substituents selected from
(Cr.gphaloalkyl, O(Cigalkyl, Br, CL F, Tand (C¢alkyl;

R is selected from H, halo, (C.o)haloalkyl, cyano, nitro, —C{=0)R?, —C(=0)OR", —
C(=OINR R C(=NR")NR*R*, —OR", —OC{=0)R", —OC{=0)NRR, —
OC{=OINRNS(=ORRY, —O(ChgalkylOR", —SR*, —S(=0)R", —S(=0),R", —
SEORNRRY, —S(=0nNRC=ORY, —S(=0nLNRYC(=0)OR", —

NRHC(ONRRNRC=NRINRR?, —N(RHIS(=0}LR", —N{RIS(=0RLNRR", —
NRY{(C1.6 alkyINR'R?, —NRY(C.s)alkyl, phenyl, benzyl, hetercaryl and heterocycle,
wherein the (U5 alkyl, phenyl, benzyl, heteroaryl and heterocycle are additionally
substituted by 0, 1, 2 or 3 substituents selected from halo, {4 haloalkyl, cyano,

nitro, —CE=RY, —CE0)ORY, —CE0INRRY, —CENRYNRRY, —ORE, -

NRHCENRYNRRY, —N(R)S(=0):R", —NRS(E=0LNRRE, —NRYC..
QalkylOR®, —NRY(C,.0)alkylOR®, or R’ is a saturated, partially-saturated or
unsaturated 5-, 6- or 7-membered monocyclic ring containing 0, 1, 2, 3 or 4 atoms
selected from N, O and S, but containing no more than one O or S, wherein the
available carbon atoms of the ring are substituted by 0, 1 or 2 oxo or thioxo groups,
wherein the ring is substituted by 0, 1, 2, 3 or 4 substituents selected from halo, (Cy.
syhaloalkyl, cyano, nitro, —C(=0)R", —C(=0)OR", —C(=0)NR°R", —
CENRONRRY, —ORY, —OC(=0)R®, —OC(=0NRRY, —
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OCEOINRNS(=0nR", —O(C)0)alkyINRR®, —O{C,4)alkylOR", —SR", —
8(==0)R", —S(z=0),R?, —8(=0),NR'R", —S(=0),N(RNC(=0)R", —
SEO,NRNYCE=0Y0R!, —S(=0nNERNYCE0INRR, —NR'RY, —N{RMCE=0)RT,
—N(R)C(E=0)OR", —NRHC(=0INR'RY, —N(R")C(=NRINR'R®, —
NRHS(E=0)RY, —NRHS(E=0RNRRY, —NRY(C 6 )alkyINRR and —NR(C,.
oJalkylORY;

R"is H, (Crajalkyl, {Crohaloalkyl, eyano, nitro, COR®, C(=0)NR'R?, —
CENRONRRY, —S(=0nNRYCEOIRY, —8(=0hNRYC(E=0)0RY, —
SE0LNRYCEOINRRY, —S(=0)R", S(=0)R° or S(==0}),NRR?,

RMis H or (Cryalkyl;

R*is independently, at each instance, H or R and

R"is independently, at each instance, phenyl, benzyl or (Cr.s)alkyl, the phenyl, benzyl
and {Cedalkyl being substituted by 0, 1, 2 or 3 substituents selected from halo, {C1.
galkyl, (Crayhaloalkyl, —O(Cgalkyl, —NH;, —NHC alkyl, —N{Cr4alkyl}{Ci.
gyalkyl

{00448] In anocther embodiment, the PI3K inhibitor {which may be a PI3K-y inhibitor,

PI3K-6 mhibitor, or PI3K-y,5 inhibitor) 15 8 compound of Formula (V1)

R7
HN,\<
z 1
N = | Formula (VI)
N
R® X2 Y R3
W X
5 /
™
R' N

or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof,
wherein:

X'is CRY or N;

Kis C(RY or N

Y is N(R”}, OorS;
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Zis CR®or N;

R'is a direct-bonded or oxygen-linked saturated, partially-saturated or unsaturated 5-, 6-
or 7-membered monocyclic ring containing 0, 1, 2, 3 or 4 atoms selected from N, O
and S, but containing no more than one O or S, wherein the available carbon atoms of
the ring are substituted by 0, 1 or 2 oxo or thioxo groups, wherein the ring is
substituted by 0 or 1 R” substituents, and the ring is additionally substituted by 0, 1, 2
or 3 substituents independently selected from halo, nitro, cyano, (Ciajalkyl, O(Cy.
salkyl, O(Cy gphaloalkyl, (NHC gjalkyl, N{Cy 4 alkyli{(Cr4)alkyl and (Cy4phaloalkyl;

R is selected from halo, (Ci.s)haloalkyl, eyano, nitro, —C(=0)R", —C(=0)OR", —
CEOINRRY, —CENRYNRIRY, —ORY, —OC(=0)R*, —OC(=OINRRY, —
OCEOINRDYSEOLRY, —O(CrsialkyINR'RY, —O{(C,6JalkylORY, —S(=0)R", —
SEORRY, —8(=0pNR'R’, —S(=0,NRIC(=0OR", —S(=0),N(R")C{(=0)0OR", —
SEORNRDCEOINRRY, —NRRY, —NRYHCE=OIR®, —NRYC(E=0)0R?, —
NRHC(EOINRRY, —N(RHC(=NRINRRY, —N(RIS(=0)R", —
N(RY)S(=0),NRRY, —NRYC1.6 alkyINRR® and —NRY(Co6)alkyIOR: or R?is
selected from {Crsjalkyl, phenyl, benzyl, heteroaryl, heterocyele, —{({Cy.
syatkyDheteroaryl, —{({Ciajalkyhheterocycle, —O((CislatkyDheteroaryl, —O{(C;.
sjatkylheterocycle, —NRY({(C 1 3)alkyheteroaryl, —NRY({(Cy.a)alkyDheterocycle, —
{({Cy)alkyDphenyl, —O(Cya)alkylphenyl and —NRYCy; alkyDphenyl all of which
are substituted by 0, 1, 2 or 3 substituents selected from (Cigphaloalkyl, G{C).4)alkyl,
Br, CL F, L and (Ci4)alkvl;

R’ is selected from H, halo, (Ci4)haloalkyl, cvane, nitro, —C({=R", —C(=0)}OR",
C{=0NRR'CENRYNRRY, —ORY, —O0CE=0R, —0OC(E=0NRRY, —
OCEOINRNS(=0)RT, —0(Croalky INRR®) —O(Co6)alkylOR", —SRY) —
S(=0)R", —8(=0),R", —S(=0),NR'R", —S(=0),N(R")C(=0)R", —
SE0,NRHYCE=0Y0R!, —S(=0 ) NRYCEOINR'R, NR'RY, —NRHYC(=0)RY, —
NRHC(=0)Y0OR®, —NRHCE=OINRRY, —NRHCENRINRRY, —N(RHYS(=01R’,
—N{RHS(=0),NR*R", —NRY(C1.0)alkylOR®, {C)alkyl, phenvl, benzyl, heteroaryl
and heterocycle, wherein the (Cig)alkyl, phenyl, benzyl, hetercaryl and heterocycle
are additionally substituted by 0, 1, 2 or 3 substituents selected from {C, ¢}haloalkyl,

O(Crgalkyl, Br, CL F, Tand (Cigalkyl;
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R s, independently, in each instance, H, halo, (T ¢)alkyl, (Cishaloalkyl, or (Cislalkyl
substituted by 1, 2 or 3 substituents selected from halo, cyano, OH, O(C galkyl, ().
pabeyl, (Cyadhaloalkyl, O(Cry)alkyl, NH,, (NHC, 4Jalkyl, N(Cy)alkyl{Crg)alkyl; or
both R groups together form a Csg-spiroalkyl substituted by 0, 1, 2 or 3 substituents
selected from halo, cvano, OH, O(C; 4jalkyl, (Ca)alkyl, (Cisihaloalkyl, O(C;.
walkyl, NH,, (NHC palkyl, N{(C galkyD{Cya)alkyl;

R®is selected from H, halo, (Cre)alkyl, {(Ci.ghaloalkyl, cyano, nitro, —C{=0)R", —
CE=0Y0RY, —C(=0)NRR?, —C(=NRYNRRY, —S(=0)R", —S{(=0nR", —
SEQLNRRY, —S(=0RNRC(=OIRY, —S(=0LNR"YC(=0)0R", —
S{=0RNRYC(=0INRRY,

R’ is selected from H, halo, (Cre)alkyl, {(Ci.ghaloalkyl, cyano, nitro, —C{=0)R", —
C=00R®, —C(=0)NRRY, —C(=NRYNRRY, —S{=0R"S(=0)HR", —
SEORNRRY, —S(=0nNRC=ORY, —S(=0nLNRYC(=0)OR", —
S=0RNRYC(=0OINRRY,

R is selected from H, (Cre)haloalkyl, Br, CL F, I, OR®, NR'RY, (Cr.e)alkyl, phenyl,
benzyl, heteroaryl and heterocycle, wherein the (Ciglalkyl, phenyl, benzyl, heteroaryl
and heterocycle are additionally substituted by 0, 1, 2 or 3 substituents selected from
(Creyhaloalkyl, O(Cigalkyl, Br, CL F, T and {Crs)alkyl;

R is selected from H, halo, (C.4)haloalkyl, cyano, nitro, —C(=0)R", —((=0)OR", —
CEOINRRY, —CENRYNRIRY, —0RY, —OC(=0)R", OC(=0)NR"R", —
OCEOINRDS(=0RRY, —O(C6)alkyINRRY, —O(Cy6)alkylOR?, —8RY, —
S(E=0IR", —S(=0)R" —S{=0RNRR", —8(=0),NRCE=0)R®, —
S(=0RNRHYCE=00RY, —S{E=0LNRDYCEOINRRY, —NROR?, —NERYCE=0)RY,
------- NRNCE0)0R, —NEHCE=0)INRR?, —NRHC(E=NR)NRR, —
N{RHISE=0,R®, —N{R)IS(=0),NRR", —NRY .6 )alkyINRR" —NRYC,.
salkylIOR, (Cy)alkyl, phenyl, benzyl, heteroaryl and heterocycle, wherein the (C;.
sjalkyl, phenyl, benzyl, hetercary! and heterocycle are additionally substituted by 0, 1,
2 or 3 substituents selected from halo, (Ci4)haloalkyl, cyano, nitro, —C(=0)R® —
C{=0)YOR" —C(=0)NRR’, —C{=NRINRR", —OR*, —OC(=0)R", —
OCE=0INR'R®, —OC(=0)NR)SEORRY, —0(Crs)alkylOR®, —SR*, —S(=0)R"
—8(=0hR", —S(=0pNRR", —S(=0}NRYC(=0)R", —S(=0),N{R"C{=0)OR?,
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—S(E0RNRYCE=0INRRY, NRR?, —NRI)CE=0)R?, —NRHYC(=0)0R", —
NRHOE=0)INRR?, —NERHC(E=NRINRR, —NRIS(=0),R", —
N(RY)S(=0),NRR?, —NRYCro)alkyINR®, —NRYC,.¢)alkylOR®, or R” is a saturated,
partially-saturated or unsaturated S-, 6- or 7-membered monocyclic ring contatning 0,
1, 2, 3 or 4 atoms selected from N, O and S, but containing no more than one O or §,
wherein the available carbon atoms of the ring are substituited by 0, 1 or 2 oxo or
thioxo groups, wherein the ring 1s substituted by 0, 1, 2, 3 or 4 substituents selected
from halo, (Cy.ghaloalkyl, cvano, nitro, —C{=0)RY, —C(=0)0RY, —C(=0)NR'R",
—C(=NRINR'R", —OR"*, —OC{=0)R", —OC{=0)NRR*, —
OCE=ONRNS(E=OLRY, —O(Che)alkylORY, —8R®, —S(=0)R* —S(=0),R", —
SEQLNRRY, —S(=0RNRC(=OIRY, —S(=0LNR"YC(=0)0R", —
SEORNRHC(=OINRRY, —NRRY, —NRHCE=ORY, —NRHC(=0)0R', —
N{RHC(=OINRRY, —NRYC(=NRONRR?, —N(RYS(=0)R?, —
N{RHS(=0)NRR?, —NRY(Cr alkyINR*R" and —NRYCy.6)alkylORY;

RYis H, (C15)alkyl, (Crahaloalkyl, eyano, nitro, CORY, C(=0)NR'R?, —
CENRANRRY, —S(=0nNRYCEOIR?, —8(=0nNRYC(E=0)OR?, —
SE=0LNRYCEOINRIRY, —S(=0IRY, S(=0),R° or S(=0},NRRY, —R" is H or
(Ci.o)alkyl;

R%is independently, at each instance, H or R® and

R" is independently, at each instance, phenyl, benzyl or (C1.s)alkyl, the phenyl, benzyl
and (Crepalkyl being substituted by 0, 1, 2 or 3 substituents selected from halo, {C.
salkyl, (Crayhaloalkyl, —O(Crapalkyl, —NH,, —NH{C4alkyl, —N{Cgalkyl{Cy.
yaltkyl

{00449] In another embodiment, the PI3K inhibitor {which may be a PI3K-~y inhibitor,
PI3K-0 nhibitor, or PI3K-y,5 inhibitor) 1s a compound of Formula (V)
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R7
HN’\<
z
N = | Formula (VII)
J\
R X2 Y
- X!
N\ =
X
R! N

R

or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof,
wherein:

Xis CR"y or N

X is C(R'Y or N;

Yis NR'™D, O or §;

Zis CR®or N;

R'is a direct-bonded or oxygen-linked saturated, partially-saturated or unsaturated 5-, 6-
or 7-membered monocyclic ring containing 0, 1, 2, 3 or 4 atoms selected from N, O
and S, but containing no more than one O or S, wherein the available carbon atoms of
the ring are substituted by 0, 1 or 2 oxo or thioxo groups, wherein the ring is
substituted by 0 or 1 R substituents, and the ring is additionally substituted by 0, 1, 2
or 3 substituents independently selected from halo, nitro, cyano, (Ciajalkyl, O(Cy.
salkyl, O(Cy gphaloalkyl, NH(C: gjalkyl, N(Cy4)alkyl{C14)alkyl and (Cy 4)haloalkyl;

R’ is selected from halo, (C.o)haloalkyl, cyano, nitro, —C{=0)R", —C(=0)OR*, —
CE=0INRRY, —CEENRONRR?, —OR®, —OC(=0)R*, —OC(=0NR'R", —
OCEOINRDYS(=01RY, —0C,6jalkyINRR® —0C; sJalkylOR®, —SR®, —
SR, —8(=0R"*, —S(=0)pNRR", —S(=0LNR"C(=R", —
SEORNRDYCEOIORY, —S{=0LNRYCE=OINRRY, NRRY, —NRMCE=0RY, —
NRHYC(=0I0RY, —NRHYC(=OINRR?, —NRHCENRHNRRY, —NRYS(=0)R?,
------ N(RYS(=0),NRR?, —NRYC.5 alkyINR'R and —NRY(C,.¢)alkylOR® or R is

selected from {Crsjalky], phenyl, benzyl, heteroaryl, heterocyele, —{Ci;

(v
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alkyhheteroaryl, —(Cy.; alkyDheterocycle, —O(Cy .5 alkylheteroaryl, —O((C.
yjalkyheterocycle, —NRY(C .5 alkyljheteroaryl, —NRY(C 5 alkylheterocycle, —(C.
5 alkylphenyl, —O{C 2 alkylphenyl and —NR¥C;yalkyDphenyl all of which are
substituted by 0, 1, 2 or 3 substituents selected from (C 4)haloalkyl, O{(Cs)alkyl, Br,
CL F T and (Ciy)atkyl;

R’ is selected from H, halo, (C.)haloalkyl, eyano, nitro, —C(=0)R", —C(=0)OR®, —
C(=0NRR, —C(=NRNR'R", —OR®, —OC(=0)R", —OC{=0O)NR'R", —
OC(=0N(RYS(=0),R?, —0C,.0)alkyINR'R®, —OC,.6)alkylOR', —SR*, —
SEORY, —S(=0)R", —S(=0),NRR", —S8(=0LNRYC(=0R", —
S{=0RNRYC(=0I0RY, —S(=0LN(RMCEOINRIRY, —NRRY, —N(RYHC(E=0)IRY,
—NRHYCE=0YOR!, —NROHC(=OINRRY, —NRC(=NRINR'R®, —
N{RHIS(=0)R", —N{RHSE0)NRRY, —NRYC.6)alkyINRR?, —NRY(C,.
a)alky1ORY, (Cig)alkyl, phenyl, benzyl, heteroaryl and heterocycle, wherein the (Cy.
sjalkyl, phenyl, benzyl, heteroary! and heterocycle are additionally substituted by 0, 1,
2 or 3 substituents selected from (Credhaloalkyl, O{Crs)alkyl, Br, CL F, Tand (C;.
sralkyl;

R’ 15, independently, 1n each 1nstance, H, halo, (Cielalkyl, (T ghaloalkyl, or (Cre)alkyl
substituted by 1, 2 or 3 substituents selected from halo, cyano, OH, O(Cigalkyl, (Ci.
galkyl (Cysyhaloalkyl, O(C gialkyl, NH,, NHC, galkyl, N{CigJallkyvl{C 4)alkyl or
both R’ groups together form a Ca.s-spiroalky! substituted by 0, 1, 2 or 3 substituents
selected from halo, cyano, OH, O(Caalkyl, (Cralkyl, (Cysihaloalkyl, O(C,.
salkyl, NH,, NHC salkyvl, N(Cro)alkyDCygjalkyl

R is selected from H, halo, (C)s)alkyl, (Cishaloalkyl, cyano, nitro, —C{=0)R", —
C(=00R", —C(=0NRR", —C(=NRYNR'R’, —SE=0)R'S(=0),R", —
S(=0NRRY, —S{E=0LNRHYC(E=0)RY, —S(=0),NRDYCE=0)0R!, —
SE0,NRHYC(E=0INRRY,

R is selected from H, halo, (Cy.palkyl, (Cyshaloalkyl, cvano, nitro, —C(=0)R", —
C(=0)0R", —C(=0)NR'R", —C{=NRNR'R®, —S{=0)R'S(=0),R", —
S(=0RNRRY, —S(E=0RNRHYCEOR', —S(=0RNRDYC(=0)0R", —
S(==0RNRHC(=0)NRRY,

R%is selected from H, (Crs)haloalkyl, Br, CL F, 1, OR® NRR? (Cs)alkyl, phenyl,

B
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benzy!, heteroaryl and heterocycle, wherein the (Cig)alkyl, phenyl, benzyl, hetercaryl
and heterocycle are additionally substituted by 0, 1, 2 or 3 substituents selected from
(Cr.gphaloalkyl, O(Cigalkyl Br, CL F, fand (C) ¢)alkyl;

R is selected from H, halo, (C).haloalkyl, cyano, nitro, —C{=0)R", —C(=0)OR", —
C{=0NR'R®, —C(=NRYNR'R®, —OR", —OC(=0)R", —OC(=0)NR'R’, —
OC(E=OINRYS(=0RRY, —0C) »alkyINRR®, —0OC,4)alkylOR®, —SR®, —
SEORY, —S(=0)R", —S(=0),NRR", —S8(=0LNRYC(=0R", —
S{=0RNRYC(=0I0RY, —S(=0LN(RMCEOINRIRY, —NRRY, —N(RYHC(E=0)IRY,
—NRHYCE=0YOR!, —NROHC(=OINRRY, —NRC(=NRINR'R®, —
N{R*IS(=0,RY, —N(RHSE0)NRR?, —NRY{C.6)alkylOR", (Cie)alkyl, phenyl,
benzyl, hetercaryl and heterocycle, wherein the (Cig)alkyl, phenyl, benzyl, hetercaryl
and heterocycle are additionally substituted by 0, 1, 2 or 3 substituents selected from
halo, (Crghaloalkyl, cyano, nitro, —C{=0R", —C(=00R", —C(=NR"R", —
CENRANRRY, —ORS, —0C=0)RY, —OCE=OINRTRY, —
OCEOINRYS(=ORRY, 00 sjalkyINR R, —0C, 4)alkylOR®, —SR®, —
S(=0)R?, —8(=0}HR% —S$(=0);NRR?, —S{=0LNRICE=DR" —

NR)S(E=0),RY, —NRYSE=O),NRIRY, —NRY(Cy0)alkyINR'R?, —NRYC,.
oalkylORY, or R” is a saturated, partially-saturated or unsaturated 5-, 6- or 7-
membered monocyclic ring containing 0, 1, 2, 3 or 4 atoms selected from N, O and §,
but containing no more than one O or S, wherein the available carbon atoms of the
ring are substituted by G, T or 2 oxo or thioxo groups, wherein the ring is substituted
by 0,1, 2, 3 or 4 substituents selected from halo, {C;4}haloalkyl, cyano, nitro, —
C=0R", —C(=0)0R", —C(=0)NR"R", —C(=NRINRR", —OR", —OC(=0)R",
—OCE0INR'RY, —OCE=0)NRYDSEOLRY, —0C,4)alkyINR'RY, —OC,.
6jalkylORY, —SR", —8(=0)R", —8(=0),R", —8(=0NR'R® —
SEO,NRHYCE=0IRY, —S(=0),N{R"C(=0)OR", —S(=0NRHYC=ONRRY, —
NRR®, —N{RHC(=0)R", —NRHC(=0)OR", —N(R")C(=0)NR'R", —
NERHYC(E=NRONRRY, —N(RHS(=0),R", —N(R")SE=0),NRRY, —NRY(C,.
oJalkyINR'R" and —NRY(C,.)alkylORY,
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R'"is H, (C\.; alkyl, (Cis)haloalkyl, cyano, nitro, COR®, C(=0)NR'R®, —
CENRONRRY, —S(=0)NRI)CE=0)R", —8(=0nNERMYCE=0)0RY, —
SE0LNRDCEOINRRY, —S(=0)R", $(=0),R" or §(=0),NR’R?,

R'"is H or (Cpalkyl;

R*is independently, at each instance, H or R, and

R” is independently, at each instance, phenyl, benzyl or (Ciropalkyl, the phenyl, benzyl
and (C¢lalkyl being substituted by 0, 1, 2 or 3 substituents selected from halo, (C1.
walkyl (Ciyhaloalkyl, —O(C alkyl, —NH,, —NHC, g)alkyl, —N(Ci.4)alkyl{C;.
palkyl

{00456} In another embodiment, the PI3K inhibitor {which may be a PI3K-y inhibutor,
PI3K-6 mhibitor, or PI3K-y,& inhibitor) 1s a compound of Formula (VHI):

R7

.

N/ Formula (VIII)
|
RGJ\XZ Y
N 8
R \N R®

or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereotf,
wherein:

X'is CRY or N;

X is CR) or N;

Y is N(R™), O or §;

7 is CR%or N;

R’ is a direct-bonded or oxygen-linked saturated, partially-saturated or unsaturated S-, 6-
or 7-membered monocyclic ring containing 0, 1, 2, 3 or 4 atoms selected from N, O
and S, but containing no more than one O or 8, wherein the available carbon atoms of
the ring are substituted by 0, 1 or 2 oxo or thioxo groups, wherein the ring is

substituted by 0 or 1 R? substituents, and the ring is additionally substituted by 0, 1, 2
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or 3 substituents independently selected from halo, nitro, cyano, (€ gJatkyl, O(C.
yalkyl, O(Cy gphaloalkyl, NH(C, 4jalkyl, N{C 4 altkyCrg)alkyl and (C) ghaloalkyl;
R’ is selected from halo, (C;.s)haloalkyl, eyano, nitro, —C(=0)R", —C{=0)OR", —
CEOINR R —C(E=NRONRRY, —OR?, —OC(E=0)R?, —OC(E=0NRRY, —
OCE=0IN(RNYS(=0)R", —0OC,calkylOR®, —SR*, —S8(=0)R", —S(=0)R", —
S(=0HNRR®, —S(=0),NRHC(=0R", —S(=0),NR"C(=0)OR", —
SEOLNRDCEOINRRY, —NRRY, —N(RHC(=0IR®, —NRHC(E=00RY, —
NRHC(=OINRR®, —NRHC(=NRONRRY, —NRYSE=0RRY, —
N(R¥)S(=0),NRR?, —NRYC1.s alkyINR*R® and —NRYC,.calkylORY, or R%is

selected from (Crealkyl, phenyl, benzyl, heteroaryl, heterocycle, —(Ci 3

altkyhheteroaryl, —(C1.; alkyDheterocycle, —O(C 1.5 alkylheteroaryl, —O(C 5
alkyliheterocycle, —NRYC 5 alkyDheteroaryl, —NR*(C .5 alkyDheterocycle, —{(C) .2
alkyhphenyl, —O(Ci;alkyDphenyl and —NRY(Cy.; alkyDphenyl all of which are
substituted by 0, 1, 2 or 3 substituents selected from (Cr.¢ haloalkyl, O{C.4jalkyl, Br,
CLF, Tand (Ciyjatkyl;

R’ is selected from H, halo, (Ci.¢)haloalkyl, cyano, nitro, —C(EOR?, —C(=0)0R?, —

NERHC(=0)NRRY, —NRYCENRINRRY, —NR)S(=0).RE, —
N{RYS(=0),NR*NR® —NR" —NRY(Cy5)alkylOR?, (C)5)alkyl, phenyl, benzyl,
hetercaryl and heterocycle, wherein the (Ci¢)alkyl, phenyl, benzvl, hetercaryl and
heterocycle are additionally substituted by 0, 1, 2 or 3 substituents selected from (C,.
othaloalkyl, O(C i galkyl, Br, C1 F, T and (Cs)alkyl

R s, independently, in each instance, H, halo, (T ¢)alkyl, (Cishaloalkyl, or (Cslalkyl
substituted by 1, 2 or 3 substituents selected from halo, cyano, OH, O(C galkyl, ().
pabeyl, (Cyadhaloalkyl, O(Cry)alkyl, NH;, NH(C4jalkyl, N(Cy)alkyl{Crg)alkyl; or
both R’ groups together form a Csg-spiroalkyl substituted by 0, 1, 2 or 3 substituents
selected from halo, cvano, OH, O(C; 4jalkyl, (Ca)alkyl, (Cisihaloalkyl, O(C;.
yalkyl, NH,, NH(C palkyl, N(Cy_alkyl{C; 4alkyl;
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R%is selected from H, halo, (Cro)alkyl, (Ci.g)haloalkyl, cyano, nitro, —C{=0)R", —
C(=0)0OR®, —C(=0)NRR’, —C(=NRINR'R", —8(=0)R", —S(=0nR" —
SEO,NRRY, —S(=0),N(R)IC(=0)R", —8(=0),N(R"YC(=0)OR", —

S(=0 ) NRHC(=0INR'RY,

R is selected from H, halo, (Cs)alkyl, (Ci4)haloalkyl, cvano, nitro, —C{(=0)R", —
C{=0)YOR", —C(=0)NRR’, —C{=NRINRR", —8(=0)R", —8(=0)R" —
SEQLNRRY, —S(=0RNRC(=OIRY, —S(=0LNR"YC(=0)0R", —
S{=0RNRYC(=0INRRY,

R is selected from H, (Cle)haloalkyl, Br, CL F, I, OR®, NR'R", (C .calkyl, phenyl,
benzyl, heteroaryl and heterocycle, wherein the (Cyg)alkyl, phenyl, benzyl, heteroaryl
and heterocycle are additionally substituted bv 0, 1, 2 or 3 substituents selected from
(Cigphaloalkyl, OC,salkyl, Br, CL F, T and (Ci.s)alkyl;

R’ is selected from H, halo, (€ 4)haloalkyl, eyano, nitro, —C(=0)R?, —({=()OR?, —
CEOINRRY, —CENRYNRIRY, —0ORY, —OC(=0)R", —OC=0ONRR?, —

Nﬁ{g)S(ﬁﬂ)z?\quRJ, ------- I\\}{d{{:j ~6alky ENRQR: ------- I\}{d(ifgnbalk‘/ 1()}{3; ({,11"0)&11(‘\/ L
phenvi, benzyl, hetercaryt and heterocycle, wherein the (U g)alkyl, phenvi, benzyl,

hetercaryl and heterocycle are additionally substituted by 0, 1, 2 or 3 substituents

C{=0NRR, —C{=NRINRR", —OR®, —0OC(=0)R’, OC({=0)NRR", —
OC{E=OIN(RNS(=0)R", —0C,calkylOR®, —8RY, —S§(=0)R", —S8(=0);R", —
S(=0NRRY, —S{E=0LNRHYC(E=0)RY, —S(=0),NRDYCE=0)0R!, —
SEO,NRHCE=OINRRY, —NRR!, —N(RHC(=0)R?, —NRHCE=00RY, —
N{RHC(=0)NRR®, —NRHC(E=NRONRR®, —NRYH)S{=0),R", —
N(RYHS(=0),NR*R”, —NRYC,5alkyINR'R?, —NRY(C,alkytOR® or R is a
saturated, partially-saturated or unsaturated 5-, 6- or 7-membered monocyclic ring
containing 0, 1, 2, 3 or 4 atoms selected from N, O and S, but containing no more

than one O or 5, wherein the available carbon atoms of the ring are substituted by 0, 1
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or 2 oxo or thioxo groups, wherein the ring is substituted by 0, 1, 2, 3 or 4
substituents selected from halo, {(C;4)haloalkyl, cvano, nitro, —C(O)R®, —
C(=0)0R", —C(=0)NRR", —C(=NRNR'R®, —OR"®, —OC(=0)R", —
OCE=OINR'R?, —OCE0INRYS(E=0),R, —0C,.alkyINRR?, —0C, calkylOR?,
—SRY, —S8(=0)R", —S{=0)R", —S{=0)pNR'R®, —S(=0),N(R"C(=0)R", —
S(=0RNRHYC(=0)0R", —S(=0,NRYC=0)NR'R", —NR°R", —N{RYC(=0)R’,
—NRHYCE=0YOR!, —NROHC(=OINRRY, —NRC(=NRINR'R®, —
N{RHIS(=0)R", —N(RH)S(=0),NRR", —NR*(,.5 alkyINR*R" and —NRYC,.
salkylORY,

R'is H, (Ciaalkyl, (Cadhaloalkyl, cyano, nitro, CO:R?, C{=0)NRR?, —
C{E=NRINRR®, —S(=0NRHC(=0R?, —S=0LNRMYCE=0)YOR?, —
S(E=0LNRYCEOINRRY, —SE=0IR", —S(=0),R" or $(=0),NR'RY,

RYis Hor (Crpalkyl;

R*1is independently, at each mstance, H or R" and

RP is independently, at each instance, phenyl, benzyl or (Credalkyl, the phenyl, benzyl
and {C1.6) alkyl being substituted by 0, 1, 2 or 3 substituents selected from halo, (Cy.
satkyl, (Cishaloalkyl, —O{Cry)alkyl, —NH,, —NH{Cgalkyl, —N(C))alky Ci.
gatkvl,

{80431] In a preferred embodiment, the PI3K mhibitor (which may be a PI3K-y

mhibitor, PI3K-6 inhibitor, or PI3K-y,& inhibitor} 1s a compound of Formula (VHI)

wherein X'is C(R”) and X% is N.

{00452] In a preferred embodiment, the PI3K inhibitor (which may be a PI3K-y

mhibitor, PI3K-5 inhibitor, or PI3K-y,d inhibitor) is 3 compound of Formula (VHI)

wherein X'is C(R”) and X7 is C(R™).

{06453] In a preferred embodiment, the PI3K inhibitor (which may be a PI3K-y

mhibitor, PI3K-6 inhibitor, or PI3K-y,& inhibitor} 1s a compound of Formula (VHI)

wherein R' is phenyl substituted by €, 1, 2, or 3 independently selected R” substituents.

{00454] In a preferred embodiment, the PI3K inhibitor (which may be a PI3K-y
mhibitor, PI3K-5 inhibitor, or PI3K-y,d inhibitor) is 3 compound of Formula (VHI)

. i-
wheretn R’ is phenyl
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{00455] In a preferred embodiment, the PI3K inhibitor {(which may be a PI3K-y
mnhibitor, PI3K-S inhibitor, or PI3K~v,d inhibitor) 1s a compound of Formula (Vi)
wherein R’ is selected from 2-methylphenyl, 2-chlorophenyl, 2-trifluoromethylphenyt, 2-

fluorophenyl and 2-methoxyphenyl.

{00456] In a preferred embodiment, the PI3K inhibitor {(which may be a PI3K-y
mhibitor, PI3K-$ inhibitor, or PI3K-~v,8 inhibitor) 1s a compound of Formula (VHI)

R
wherein R 1s phenoxy.

{00457} In a preferred embodiment, the PI3K inhibitor (which may be a PI3K-y
whibitor, PI3K-§ inhibitor, or PI3K-y & inhibitor} 1s a compound of Formula (VHI)
wherein R'is a direct-bonded or oxygen-linked saturated, partially-saturated or
unsaturated S-, 6- or 7-membered monocyclic ring contaiming 1, 2, 3 or 4 atoms selected
from N, O and 8, but containing no more than one O or 8, wherein the available carbon
atoms of the ring are substituted by 0, 1 or 2 oxo or thioxo groups, wherein the ring 1s
substituted by 0 or 1 R? substituents, and the ring is additionally substituted by 0, 1, 2 or 3
substituents independently selected from halo, nitro, cyano, Cyisalkyl, OC, 4alkvi, OC,.

shaloalkyl, NHC 4alkyl, N(C14alkyD)Csalkyl and C4haloalkyl

[00438] In a preferred embodiment, the PI3K inhibitor (which may be a PI3K-y
inhibitor, PI3K-8 inhibitor, or PI3K~y,d inhibitor) 15 a compound of Formula (VI
wherein R' is an unsaturated S- or 6-membered monocyclic ring containing 1, 2, 3 or 4
atoms selected from N, O and 8, but containing no more than one O or §, wherein the
ring is substituted by 0 or 1 R? substituents, and the ring is additionally substituted by 0,
1, 2 or 3 substituents mdependently selected from halo, nitro, cyvane, Caalkyl, OC,.

calkyl, OC; shaloalkyl, NHC salkvl, N(Crualky)Ciualkyl and Cyshaloalkyl.

[00459] In a preferred embodiment, the PI3K inhibitor {which may be a PI3K-y
mhibitor, PI3K-5 inhibitor, or PI3K-y,5 inhibitor) 1s 8 compound of Formula (VHI}
wherein R’ is an unsaturated 5~ or 6-membered monocyclic ring containing 1, 2, 3 or 4
atoms selected from N, G and 8, but containing no more than one G or S, wherein the
ring is substituted by O or 1 R” substituents, and the ring s additionally substituted by 1, 2
or 3 substituents independently selected from halo, nitro, cvano, Cigalkyl, OC;qalkyl,

OC shaloalkyl, NHC,salkyl, N{Cy4alkyhChalkyl and €y shaloalkyl

ey
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{004608] In a preferred embodiment, the PI3K inhibitor {(which may be a PI3K-y
mnhibitor, PI3K-S inhibitor, or PI3K~v,d inhibitor) 1s a compound of Formula (Vi)
wherein R’ is an unsaturated 5- or 6-membered monocyclic ring containing 1, 2, 3 or 4

atoms selected from N, O and S.

{00461] In a preferred embodiment, the PI3K inhibitor {which may be a PI3K-y
mnhibitor, PI3K-S inhibitor, or PI3K~v,d inhibitor) 1s a compound of Formula (Vi)

wherein R is selected from pyridyl and pyrimidinyl.

{00462] In a preferred embodiment, the PI3K inhibitor (which may be a PI3K-y
whibitor, PI3K-§ inhibitor, or PI3K-y & inhibitor} 1s a compound of Formula (VHI)
wherein R’ is selected from halo, Cyshaloalkyl, cyane, nitro, —C{O)R", —C(=0)OR",
C(=0INR'R®, —CNRHNR'R", —OR®, —OC(=0)R", —OC(=0)NRR", —
OC(=ONRYS(=0)RY, —0C,.alkyINRRY, —0Cy.6alkylOR", —SR® —S(=0)R", —
S(=0),R", —S(=0INRRY, —S{=0),NRICE=OIRY, —S{=0LNRY(OYORE, —
SEORNRHCEOINRRY, —NRRY, —NRHCE=0RY, —NRHC=0)OR", —
NERHCEOINRRY, —NRICENRONRR?, —NRYS(E0RRY, —NRYIS(=0),NRRY,
—NR¥Cy.ealkyINR*R", —NR® C).salkyl, phenyl, benzyl, hetercaryl and heterocycle,

wherein the Cgalkyl, phenyl, benzyl, heteroaryl and heterocycle are additionally
substituted by 0, 1, 2 or 3 substituents selected from Ci¢)haloalkyl, OCisalkyl, Br, CL F,
I and Cyealkyl.

{00463] In a preferred embodiment, the PI3K inhibitor {which may be a PI3K-y
mhibitor, PI3K-5 inhibitor, or PI3K-y,5 inhibitor) 1s 8 compound of Formula (VHI}
wherein R’ is H.

{00464] In a preferred embodiment, the PI3K mhibitor (which may be a PI3K-y
mhibitor, PI3K-S inhibttor, or PI3K-y,d nhibttor) 1s a compound of Formala (VIH)
wherein R is selected from F, Cl, Cyealkyl, phenyl, benzyl, heteroaryl and heterocyele,
wherein the Cealkyl, phenyl, benzyl, heteroaryl and heterocyele are additionally
substituted by 0, 1, 2 or 3 substituents selected from ) ghaloalkyl, OCcalkyl, Br, CL F,

Tand Ciealkyl

{06465] In a preferred embodiment, the PI3K inhibitor (which may be a PI3K-y
mhibitor, PI3K-6 inhibitor, or PI3K-y,& inhibitor} 1s a compound of Formula (VHI)
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wherein R’ is, independently, in each instance, H, halo, Cyalkyl, Cyshaloalkyl, or Cy.
calkyl substituted by 1, 2 or 3 substituents selected from halo, cyano, OH, OC, 4)alkyl,
Crajalkyl, Cisdhaloalkyl, OC, gjalkyl, NHy, NHC ajalkyl, N{C alkyDCi)alkyl; or
both R groups together form a Cagspiroalkyl substituted by 0, 1, 2 or 3 substituents
selected from halo, cyano, OH, OC; alkyl, Cyg)alkyl, Cis)haloalkyl, OC, Dalkyl, NH;,
NHC, qalkyl, N(CyajalkyDCra)alkyl

{00466] In a preferred embodiment, the PI3K inhibitor {(which may be a PI3K-y
mnhibitor, PI3K-S inhibitor, or PI3K~v,d inhibitor) 1s a compound of Formula (Vi)
wherein R’ is H.

{00467} In a preferred embodiment, the PI3K inhibitor (which may be a PI3K-y
whibitor, PI3K-§ inhibitor, or PISK-y & inhibitor} is a compound of Formula (VHI)
wherein one R’ is S-methyl, the other is H.

[00468] In a preferred embodiment, the PI3K inhibitor (which may be a PI3K-y
inhibitor, PI3K-8 inhibitor, or PI3K~y,d inhibitor) 15 a compound of Formula (VI
wherein at least one R’ is halo, Cy.galkvl, Cighaloalkyl, or Cealkyl substituted by 1, 2 or
3 substituents selected from halo, cvano, OH, OC 4)alkyl, Cigalkyl, Cis)haloalkyl, OC,.
g)a}kyh T\YHL NHCla,)cﬂk‘y’}, \J(Cm)alkyi)ﬂg)a}kyi

{00469] In a preferred embodiment, the PI3K inhibitor (which may be a PI3K-y
mhibitor, PI3K-5 inhibitor, or PI3K-y,5 inhibitor) 1s 8 compound of Formula (VHI}
wherein R%is H.

{80478] In a preferred embodiment, the PI3K mhibitor (which may be a PI3K-y
mhibitor, PI3K-S inhibttor, or PI3K-y,d nhibttor) 1s a compound of Formala (VIH)
wherein R®is F, CI, cyano of mitro,

[00471] In a preferred embodiment, the PI3K inhibitor {which may be a PI3K-y
mhibitor, PI3K-5 inhibitor, or PI3K-y,5 inhibitor) 1s 8 compound of Formula (VHI}
wherein R’ is H.

{80472] In a preferred embodiment, the PI3K mhibitor (which may be a PI3K-y
mhibitor, PI3K-S inhibttor, or PI3K-y,d nhibttor) 1s a compound of Formala (VIH)

wherein R is F, Cl, cyano or nitro.
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{00473] In a preferred embodiment, the PI3K inhibitor {which may be a PI3K-y
mnhibitor, PI3K-S inhibitor, or PI3K~v,d inhibitor) 1s a compound of Formula (Vi)
wherein R%is selected from H, CF;, Cysalkyl, Br, Cland F.

{00474] In a preferred embodiment, the PI3K inhibitor (which may be a PI3K-y
whibitor, PI3K-§ inhibitor, or PI3K-y & inhibitor} 1s a compound of Formula (VHI)

, . 8- - oy
wherem R is selected from H.

{00475] In a preferred embodiment, the PI3K inhibitor {which may be a PI3K-y
mnhibitor, PI3K-S inhibitor, or PI3K~v,d inhibitor) 1s a compound of Formula (Vi)
wherein R® is selected from CF 5, Cisalkyl Br, Cland F.

{00476] In a preferred embodiment, the PI3K inhibitor (which may be a PI3K-y
whibitor, PI3K-§ inhibitor, or PI3K-y & inhibitor} 1s a compound of Formula (VHI)

. G .
wherem R71s HL

{00477} In a preferred embodiment, the PI3K inhibitor {(which may be a PI3K-y
mnhibitor, PI3K-S inhibitor, or PI3K~v,d inhibitor) 1s a compound of Formula (Vi)
wherein R’ is selected from halo, Cy.shaloalkyl, eyano, nitro, —C(=0)R", —C(=0)OR?,
—C{=0)NR'R", —C(=NR"INR'R®, —OR’, —OC(=0)R", —OC(=0)NR'R", —
OC(=OWNRNS(=0RR!, —0C,.alkyINRRY, —0C, salkvIOR®, —SR®, —S{=0)R", —
SEORRY, —8(=0HNRR", —S(=0NRHC=OR', —S=0RNRDYCE=OOR!, —
SEORNRHCE=DINRRY, —NR'RY, —NRHIC(E=ORY, —NRHC(=0)0R", —
NRHYC(E=INRR?, —NRHC(=NRINRRY, —NRHYSEO LR, —NRYS(=0RNRRY
------- NRYCpeabkyINRR?) —NRYCr.alkylORY, Cigalkyl, phenyl, benzyl, heteroary! and
heterocycle, wheremn the Crealkyl, phenyl, benzyl, heteroaryl and heterocycle are
additionally substituted by 0, 1, 2 or 3 substituents selected from halo, . 4haloalkyl,
cyano, nitro, —CEORY, —C(=0)0R", —C(=0NRR", —C(=NRINRR?, —0OR", —
OC(=0)R", —OCE=0INRRY, —OC{=0NR)S(=0)R", —0C,.aalkylOR", —8R", —
SEORY, —8(=0pR", —8(=0RpNRR", —S(=0RNR"YC(=0)R", —
S(E=0,NRHCE0YORY, —8E=0LNRYCE0INRRY, —NRRY, —NRHCE=0R?, —
N(RYCE=0)0R, —N{R)C(=0)NR'R?, —N(RICENRIYNRR?, —NERIS(EORRY, —
N{RHS(E=0LNR'RY, —NRYC1ealkyINR'R?, —NRYC1.ealkyIOR®.

<
W
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{00478] In a preferred embodiment, the PI3K inhibitor {which may be a PI3K-y
mhibitor, PI3K-$ inhibitor, or PI3K-~v,8 inhibitor) s a compound of Formula (VHI)
wherein R’ is a saturated, partially-saturated or unsaturated 5-, 6- or 7-membered
monocyclic ring containing 0, 1, 2, 3 or 4 atoms selected from N, O and S, but containing
no more than one O or 8, wherein the avatlable carbon atoms of the ring are substituted
by 0, 1 or 2 oxo or thioxo groups, wherein the ring 1s substituted by 0, 1, 2, 3 or 4
substituents selected from halo, Cy.shaloalkyl, cvano, nitro, —C(=0)R*, —(=0}OR",
—C{=0)NR'R", —C(=NR"INR'R®, —OR’, —OC(=0)R", —OC(=0)NR'R", —
OC(=0INRYS(=0LRY, —0C..alkyINRR?, —0C,.salkylORY, —SRY, —S(=0)R", —
SEORRY, —8(=0HNRR", —S(=0NRHC=OR', —S=0RNRDYCE=OOR!, —
SEOLNRHCE=OINRRY, —NRRY, —NROC(=0R", —N(R*C{=0)OR"*, —
N{RIYCEOINRRY, —NRHC(ENRHNRRY, —NERYSE=0RRY, —N(RYS(=0RNRR,
------- NRYCoeabkyINR*R and —NRY(CyalkylOR".

{00479] In a preferred embodiment, the PI3K inhibitor (which may be a PI3K-y
mhibitor, PI3K-5 inhibitor, or PI3K-y,5 inhibitor) 1s 8 compound of Formula (VHI}
wherein R'%is H.

[00480] In a preferred embodiment, the PI3K inhibitor (which may be a PI3K-y
mhibitor, PI3K-S inhibttor, or PI3K-y,d nhibttor) 1s a compound of Formala (VIH)
wherein R' is cyano, nitro, CO2RY, C(=0)NR*R?, —C(=NRNR'R?, —
S(E0RNRYCEOIRY, —S(=0RNRYC(=0)0RY, —S8(=0LN(RICE=OINRRY,
S(=0)R", $(=0),R" or S(=0),NR'R".

[00481] In a preferred embodiment, the PI3K inhibitor {which may be a PI3K-y
mhibitor, PI3K-5 inhibitor, or PI3K-y,5 inhibitor) 1s 8 compound of Formula (VHI}
wherein R' is H.

{00482] In a preferred embodiment, the PI3K-6 inhibitor 1s a compound of Formula

(IX}):
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N
N
| Formula (IX)
<
N gH
F
X \N F
/ N

or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof.

{00483} In a preferred embodiment, the PI3K mhibitor or PI3K-0 mhibitor 13 (S)-V-(1-
{7-fluoro-2~{pyridin-2-yquimolin-3-yHethyl }-9H-purin-6-amine or a pharmaceutically

acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof.

{80484] In a preferred embodiment, the PI3K-8 inhibitor 15 a compound of Formula (X):

Formula (X)

or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof.

{00485] In a preferred embodiment, the PI3K inhibitor or PI3K-0 inhibitor s (83-MV-(1-
{6-fluoro-3-{pyridin-2-yquinoxalin-2-yijethy }-OH-purin-6-amine or a pharmaceutically

acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof

{00486] In a preferred embodiment, the PI3K-& inhibitor 15 a compound of Formula

(X1}

<&
~J
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HN’—\\

N
N Z | Formula (XI)
N
N NH
/
F AN
N

F

or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof.

{00487} In a preferred embodiment, the PI3K-§ inhibitor 1s (S3-V-(1-(2-(3,5-
difteoropheny}-8-thuoroquinolin-3-yliethyl}-9H-purin-6-amine or a pharmaceutically-

acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof.

{00488] In a preferred embodiment, the PI3K-5 inhibitor 1s a compound of Formula
{X1i):

Formula (XII)

or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof.

{00489} In a preferred embodiment, the PI3K-S imhibitor 15 (83-3-(1-{({9H-purin-6-
yhaminolethyl)-2-(pyridin-2-yHquinoling-8-carbonitrile or a pharmaceutically acceptable

salt, solvate, hydrate, cocrystal, or prodrug thereof.
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{00458] In a preferred embodiment, the PI3K-$ inhibitor 15 a compound of Formula
(XY

or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof

{00491] In a preferred embodiment, the PI3K-J inhubitor is (8)-N-(1-(5,7-difluoro-2-
{pyridin-2-ylquinolin-3-yhethy}-9H-purin-6-amine or a pharmaceutically acceptable

salt, solvate, hydrate, cocrystal, or prodrug thereof.

{00492] In an embodiment, the PI3K inhibitor or PI3K-6 inhibitor 1s a compound
selected trom the structures disclosed in U.S. Patent Nos. 7,932,260 and 8,207,153, the
disclosure of which is incorporated by reference herein. In an embodiment, the PI3K

infubitor or PI3K-& inhibitor 1s a compound of Formula (XIVY):

R2
Formula (XIV)
R R3
0
\ R*
N
I
(Rs)n | R1
/ Z RS
N
z N RS
| T
N
A\
\Y’-NH
wherein
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X and Y, independently, are N or CH;

Zis N—R or O,

R’ are the same and are hydrogen, halo, or C;.3alkyl;

R*and R’ independently, are hydrogen, halo, or C aalkyl:

R* is hydrogen, halo, OR%. CN, Cupalkynyl, C(=O0IR® CE=OINRR®, Ci
cheterocycloalkyl, C;; alkyleneCsgheterocycloalkyl, O(C)sjalkyleneOR® O(Cy.
DalkyleneNR*R®,  O(Cy.)alkyleneCas  cycloalkyl, OCssheterocyeloalkyl, O(C..
sJalkyleneC=CH, or O(C1.3)alkyleneC(=0NR'R";

R’ is (Cya)alkyl, CH,CFs, phenyl, CHLC=CH, (Ci.a)alkyleneOR® (C 1..4)aikyieneNRaR,b \
or CyqalkyleneNHC(=(0)OR",

R® is hydrogen, halo, or NRR”;

R’ is hydrogen or R” and R’ are taken together with the atoms to which they are attached
to form a five- or six-membered saturated ring;

R4 Cig alkyl, halo, CFs, or CHLCssheterocycloalkyl;

nisQ 1, 0r2;

R*is hydrogen, {C.4)alkyl, or CHLCsHs;

R is hydrogen or Cy.zalkyl; and

R%is hydrogen, Ci.;alkyl, or halo,

wherein when the R’ groups are different from hydrogen, R* and R” are the same; or a

pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof.

{06493] In a preferred embodiment, the PI3K inhibitor or PI3K-0 inhibitor is an

enantiomer of Formula (X1V}, as shown in Formula (XV}):
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R2
Formula (XV)
R’ R3
(o}
R4
I x N
(RB)n | R‘I
/ / ‘\\\\\
N
z N R®
T
N
\
\Y.——NH

wherein X, Y, Z, R' through R®, R®, R, R®, and n are as defined above for Formula

(XIV).

[00494] In various embodiments exhibiting increased potency relative to other
compounds, n=1, 2, or 3 and R%is Cisalkyl, F, Cl, or CF;5. Alternatively, mn such

ernbodiments, n is O (such that there is no R® substituent).

{00495] In further emnbodiments exhibiting increased potency, X is Nand Y 15 CH.

Alternatively, X and Y may also both be CH.

[60496] Tn further embodiments exhibiting increased potency, R’ is hydrogen, halo, or

NH,. Preferably, R®is hydrogen.

[60497] In preferred embodiments exhibiting increased potency, nis O or 1; R¥ (if n is 1}
18 Ciaalkyl F, Cl, or CF5; R®is hydrogen, X s Nand YisCHor X and Y are both CH, Z
is NH: R'are the same and are hydrogen, halo, or Cysalkyl; and Riand R®,

: ‘ 1 2 3
independently, are hydrogen, halo, or Craalkyl. Preferably, R', R”, and R” are hydrogen.
J o = > J o o &

[00498] Unexpectedly, potency against PI3K-6 is conserved when R' is the same. In
structural formulae () and (D), R?and R* may differ provided that R} is H. When R'is H,
free rotation 1s unexpectedly permitted about the bond connecting the phenyl ring
substituent to the quinazoline ring, and the compounds advantageously do not exhibit
atropisomerism {(i.e., multiple diasteromer formation is avoided). Alternatively, R%and
R* can be the same such that the compounds advantageously do not exhibit

atropisomerisnt.
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[00499] In preferred embodiments, 7 is N—R, and the bicyclic ring system containing

{06500] In other preferred embodiments of Formula (X1V) or Formula (XV), X Y, Z,
R®, R®, and R® are as defined above for Formula (XIV), and R' is hydrogen, fluoro,

chloro, methyl, or

—CH,—N o]

and R? is hvdrogen, methyl, chloro, or fluoro; R’ is hydrogen or fluoro; R® is NH,,

7. 5 7 ,
hydrogen, or fluoro; R’ is hydrogen or R”and R are taken together to form

E
e

r¥is methyl, trifluoromethyl, chloro, or fluoro; RYis hydrogen, fluoro, chloro, OH,
OCH;, OCH,C=CH, O(CH,),N(CHs),, C(=0)CH;, C=CH, CN, C(=0)NH,,
OCH,C(=0)NH,, O{CH,},OCH;, O(CH,,N(CHs),,

—OCH2<] ——CHy,—

—0 O
,or

and R is methyl, ethyl, propyl, phenyl, CH,OH, CH,OCH,CgHs, CHOCF:,
(CH, s NHC(=0Y0CH,CoHs, or (CHR ) NHC(=0)YOUH,CyHs; R is hydrogen, methyl,

/ N\
/"
_/ N\
T\

fluoro, or bromo; and nis O or 1.

1
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{00501] As used with respect to Formula (XIV) and Formula (XV), the term “alky!” is
defined as straight chained and branched hydrocarbon groups containing the indicated
number of carbon atoms, e.g., methyl, ethyl, and straight chain and branched propyl and
butyl groups. The terms “(Cysjalkylene” and “{C;.salkyiene” are defined as
hydrocarbon groups containing the indicated number of carbon atoms and one less
hydrogen than the corresponding alkyl group. The term “(Cys)alkyny!” is defined as a
hydrocarbon group containing the indicated number of carbon atoms and a carbon-carbon
triple bond. The term “(Cs.g)cvcloalkyl” 1s defined as a cyclic hydrocarbon group
containing the indicated number of carbon atoms. The term “(Cys)heterocycloalkyl” 15
defined similarly as cycloalkyl except the ring contains one or two heteroatoms selected
from the group consisting of O, NR", and 8. The term “halo” is defined as flucro, bromo,

chloro, and 1odo.

[00302] In a preferred embodiment, the PI3K inhibitor (which may be a PI3K-y
inhibitor, PI3K-8 inhibitor, or PI3K-y,d inhibitor) 1s idelalisib.  In a preferred
embodiment, the PI3K hibitor (which may be a PI3K-y inhibitor, PI3K-8 nhibitor, or

PI3K-y,6 imhibitor} is the compound of Formuda (XVI):

Zllinn

I

Formula (XVI) ‘ X

\

or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof.

{00503] In a preferred embodiment, the PI3K inhibitor (which may be a PI3K-y
whibitor, PI3K-§ inhibitor, or PISK-y & inhibitor} 1s (8)-2-(1-{({9H-purin-6-
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vhaminojpropyl}-S-fluoro-3-phenylquinazolin-4(3H}-one or a pharmaceutically

acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof.

{00504] In an embodiment, the PI3K mhibitor (which may be a PI3K-y mhibitor, PI3K-0
mhibitor, or PI3K~y,8 inhibttor) is 4(3H})-quinazolinone, 5-fluoro-3-phenyl-2-{(15)-1-
(OH-purin-6-ylamino)propyil-S-tfluore-3-phenyl-2- {{18)-1-[( 7H-purin-6-
vijaminolpropyl} quinazolin-4(3H4)-one or a pharmaceutically acceptable salt, solvate,

hydrate, cocrystal, or prodrug thereof

{00505] In an embodiment, the PI3K inhibitor (which may be a PI3K-y mnhibitor, PI3K-6
mhibitor, or PI3K-v,0 inhibitor) is GS-9901. Other PI3K inhihitors suitable for use in the
described combination with a BTK inhtbitor also include, but are not limited to, those
described in, for example, US. Patent No. 8,193,182 and U.S. Published Application
Nos. 2013/0267521, 2013/0053362; 2013/0029984; 2013/0029982; 2012/0184568; and
2012/6059000, the disclosures of each of which are incorporated by reference in thewr

entirefies.

BIK Inhibitors

[00306] The BTK inhibitor may be any BTK inhibitor known in the art. In particular, it
is one of the BTK inhibitors described in more detail in the following paragraphs. For
avoidance of doubt, references herein to a BTK inhibitor may refer to a compound or a

pharmaceutically acceptable salt, ester, solvate, hydrate, cocrvystal, or prodrug thereof.

{00307} In an embodiment, the BTK inhibitor 15 a compound of Formula (XVII):
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X
. Y
NH
B
/ B
By [
NH, N\ B>
N/ e
N
K _N Y
A
Ry
Ry N
R \
3 R,
Formula (XVII)

or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof,

wherein:

XisCH N, Gor S

Yis C(Re), N, O or §;

7 18 CH, N or bond;

Ais CHorN;

Biis Nor C(Ry},

B, 1s N or C{Rg);

Bz is Nor C(Rs};

By s N or C{Rag);

Ry 1s RuiC(=0), Ri28(=0), Ri38(=0); or {C1salkyl optionally substituted with Ryy;

Ry s H, {Cialkyl or (Cagjevcloalkyl;

R is H, {(Cygjalkyi or (Csg)eycloalkyly; or

R, and R; form, together with the N and C atom they are attached to, a (C;.
stheterocycloalkyl optionally substituted with one or more fluorine, hydroxyl, (Ci.
sjatkyl, (Crajalkoxy or oxo;

Ry is H or (Cha)alkyl;

Rs 1s H, halogen, cyano, (Ciqjalkyl, (Cis)alkoxy, (Cag)eycloalkyl, any alkyl group of
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which s optionally substituted with one or more halogen; or Rs 1s (Ceqodaryl or (Cs.
s theterocycloalkyl;

Rs s Hor (Cisjalkyl; or

Rs and R together may form a (Csjcycloalkenyl or {Cystheterocycloalkenyl, each
optionally substituted with {C).s)alkyl or one or more halogens;

Ry 18 H, halogen, CF3, (Cis)alkyl or (C)3)alkoxy;

Ry 1s H, halogen, CF4, (Cys)alkyl or (Cy.5)alkoxy; or

Ry and Rg together with the carbon atoms they are attached to, form {Ce.1o)aryl or {C).
otheteroaryl;

Ry 18 H, halogen, (Cy.3)alkyl or (Crs)alkoxy;

Ryg 1s H, halogen, {(Cy.3)alkyl or (Cy.a)alkoxy;

Ry; 15 independently selected from the group consisting of (Cgjalkyl, (Crg)alkenyl and
{Cagpalkynyl, where each alkyl, alkenyl or alkyny! 1s optionally substituted with one
or more substituents selected from the group consisting of hydroxyl, (Cigjalkvl, (Ca.
neycloalkyl, [(Crgalkyliamine, dil{Cigjalkyllamine, (Ciajalkoxy, (.
7ieyveloalkoxy, (Cs.polaryl and {(Caqtheterocycloalkyl or Ryy 1s {(Cisjalkyl-C{O)}-8-(C.
syalkyl or

Ru1 18 (Cis)hetercaryl optionally substituted with one or more substituents selected from
the group consisting of halogen or cyano;

Ry, and Ry5 are independently selected from the group consisting of (Ch¢jalkenvi or ().
syalkynyl, both optionally substituted with one or more substituents selected from the
group consisting of hydroxyl, (T galkyl, (Cs)eycloalkyl, [(Crgalkyllaming, &if{(Ch.
valkyllamino, (Cis)alkoxy, (Cireycloalkoxy, {Ceiolaryl and (Cs.stheterocycloalkyl;
or a (Cisiheteroaryl optionally substituted with one or more substituents selected
from the group consisting of halogen and cyano; and

R4 1s independently selected from the group consisting of halogen, cvano, (Co.g)alkenyl
and {Cor.epalkynyl, both optionally substituted with one or more substituents selected
from the group consisting of hydroxyl, (Cialalkyl, (Csa)eyeloalkyl, (C4)alkylaminoe,
dif{C.yalkyllamino, (Cy3)alkoxy, {(Cimevcloalkoxy, (Cerodarvl, (Cy.stheteroaryl and
(Cs.7)heterocycloalkyl;

with the proviso that:
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0to 2 atoms of X, Y, 7 can simultaneously be a heteroatom;

when one atom selected from X, Y 1s O or 8, then Z is a bond and the other atom selected
fromX Y cannotbe Qor §;

when Z 1s C or N then Y 15 C{Rg) or Nand X 1s C or N;

0 to 2 atoms of B, By, B; and Byare N;

with the terms used having the following meanings:

(Cro)alkyl means an alkyl group having 1 to 2 carbon atoms, being methyl or ethyl,

{Ci3)alkyl means a branched or unbranched alkyl group having 1-3 carbon ators, being
methyl, ethyl, propyl or isopropyl;

(Ci)alkyl means a branched or unbranched alkyl group having 1-4 carbon ators, being
methyl, ethyl, propyl, isopropyl, butyl, 1sobuty], sec-butyl and tert-butyl, (Ci.3)alkyl
groups being preferred;

{C1s)alkyl means a branched or unbranched alkyl group having 1-5 carbon atoms, for
example methyl, ethyl, propyl, 1sopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl
and sopentyl, {Ci.a)alky! groups being preferred. {Ci63Alkyl means a branched or
unbranched alkyl group having 1-6 carbon atoms, for example methyl, ethyl, propyl,
isopropyl, butyl, tert-butyl, n-pentyl and n-hexyl {C1s)alkyl groups are preferred,
(C1.4)alkyl being most preferred;

{C1)alkoxy means an alkoxy group having 1-2 carbon atoms, the altkyl motety having
the same meaning as previously defined;

{C1a)alkoxy means an alkoxy group having 1-3 carbon atoms, the alkyl motety having
the same meaning as previously defined. {C;;)alkoxy groups are preferred;

{C14)alkoxy means an alkoxy group having 1-4 carbon atoms, the altkyl motety having
the same meaning as previously defined. {C;.3)alkoxy groups are preferred, (€.
sjatkoxy groups being most preferred;

(Cr4)alkenyl means a branched or unbranched alkeny! group having 2-4 carbon atoms,
such as ethenvyl, 2-propenyl, isobutenyl or 2-butenvl;

(Cr)alkenyl means a branched or unbranched alkeny! group having 2-6 carbon atoms,
such as ethenyl, 2-butenyl, and n-pentenyl, (C;4)alkenyl groups being most preferred;

(Cr4)alkynyl means a branched or unbranched alkynyl group having 2-4 carbon atoms,

such as ethyoyl, 2-propyovl or 2-butynyl;
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(Crs)alkynyl means a branched or unbranched alkynyl group having 2-6 carbon atoms,
such as ethynyl, propynyl, n-butynyl, n-pentynyl, isopentynyl, isohexynyl or n-
hexynyl (Cagdalkynyl groups are preferred; (Cs.¢)cvcloalkyl means a cycloalkyl
group having 3-6 carbon atoms, being cyclopropyl, cyclobutyl, cyclopentyl or
cyvclohexyl;

{Cs7)cycloalkyl means a cycloalkyl group having 3-7 carbon atoms, being cyclopropyl,
cyclobutyl, cyclopentyl, cvclohexyl or cycloheptyl;

{Ch.stheterocycloalkyl means a heterocycloalkyl group having 2-6 carbon atoms,
preferably 3-5 carbon atoms, and one or two heteroatoms selected from N, O and/or
5, which may be attached via a heteroatom if feasible, or a carbon atom; preferred
hetercatoms are N or O; also preferred are piperidine, morpholine, pyrrolidine and
piperazine; with the most preferred (Cyo.)heterocycloalkyl being pyrrolidine; the
heterocycloalkyl group may be attached via a heteroatom if feasible;

{Cspheterocycloalkyl means a heterocycloatkyl group having 3-7 carbon atoms,
preferably 3-5 carbon atoms, and one or two heteroatoms selected from N, O and/or
K. Preferred heteroatoms are N or O; preferred {Cs 7} heterocycloalkyl groups are
azetidinyl, pyrrolidiny], piperidinyl, homopiperidinyl or morpholinyl; more preferred
(Csppheterocycloalkyl groups are piperidine, morpholine and pyrrolidine; and the
heterocycloalkyl group may be attached via a heteroatom if feasible;

(Cs7)cycloalkoxy means a cycloalkyl group having 3-7 carbon atoms, with the same
meaning as previously defined, attached via a ring carbon atom to an exocyclic
oxygen atom;

{Ceaodaryl means an aromatic hydrocarbon group having 6-10 carbon atoms, such as
phenvi, naphthyl, tetrahvdronaphthyl or indenyl; the preferred (Ce1o)aryl group 1s
phenyl;

(Crs)heteroaryl means a substituted or unsubstituted aromatic group having 1-5 carbon
atoms and 1-4 heteroatoms selected from N, O and/or S; the (Cy.s)heteroaryl may
optionally be substituted; preferred (Cy.s)hetercaryl groups are tetrazolyl, imidazolyl,
thiadiazolyl, pyridyl, pyrimidyl, triazinyl, thieny! or furyl, a more preferred (C,.
stheteroaryl is pyrimidyl;

{Co)heteroaryl means a substituted or unsubstituted aromatic group having 1-9 carbon
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atoms and 1-4 heterocatoms selected from N, O and/or §; the {Cy.o}heteroaryl may
optionally be substituted; preferred () s)heteroaryl groups are guinoline, isoquincline
and indole;

(i galkyllamino means an amino group, monosubstituted with an alkyl group
containing I-4 carbon atoms having the same meaning as previously defined;
preferred [{C.a)alkyljamino group is methylamino;

dif{Ciy)alkyljanuno means an anmino group, disubstituted with alky! group(s), each
containing 1-4 carbon atoms and having the same meaning as previously defined;
preferred dif{C.4)alkyljamino group 1s dimethylamino;

halogen means fluorine, chlorine, bromine or iodine;

(Cra)alkyl-C{O)-S-(C)alkyl means an alkyi-carbonyl-thio-alkyl group, each of the
alkyl groups having 1 to 3 carbon atoms with the same meaning as previously
defined;

~

{Cs7)eycloatkenyl means a cycloalkenyl group having 3-7 carbon atoms, preferably 5-7
carbon atoms; preferred (Cs)eycloalkeny! groups are cyclopentenyl or cyclohexenyl;
cyclohexenyl groups are most preferred;

{C1s)heterocycloalkenyl means a heterocycloalkenyl group having 2-6 carbon atoms,
preferably 3-5 carbon atoms; and 1 hetercatom selected from N, O and/or S, preferred
(C;.s)heterocycloalkeny! groups are oxyeyclohexeny! and azacyclohexenyl group.

In the above definitions with multifunctional groups, the attachment point 1s at the last
group.

When, in the definition of a substituent, it is indicated that “all of the alkyl groups” of
said substituent are optionally substituted, this also includes the alkvl motety of an
alkoxy group.

A circle in a ring of Formula (XVII} indicates that the ring is aromatic.

Depending on the ring formed, the nitrogen, if present in X or Y, may carry a hydrogen.

{06508] In a preferred embodiment, the BTK inhubitor is a compound of Formula (XVII)
or a pharmaceutically acceptable salt thereof, wherein:

XisCHorS;

Y is C{Re);

Z 18 CH or bond;
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Ais CH;

By s Nor C(Ry);

B, 1s N or C(Rg);

B;is Nor CH;

Bsis Nor CH;

R 18 Ry C(=0),

Ry 15 (Ciaalkyl;

R 5 (Cipalkyl or

R; and R; form, together with the N and C atom they are attached to, a (Cs.
7theterocycloalkyl ring selected from the group consisting of azetidinyl, pyrrolidinyl,
piperidinyl, and morpholinyl, optionally substituted with one or more fluorine,
hydroxyl, (Ciaalkyl, or (Craalkoxy;

Riis M

Rs 15 H, halogen, cvano, (Cra)alkyl, (Cis)alkoxy, (Cig)eycloalkyl, or an alkyl group
which is optionally substituted with one or more halogen;

Rs 15 H or {(Ciajalkyl;

Ry is H, halogen or (C1.3)alkoxy;

Rg1s H or {Cia)alkyl; or

Ry and Ry form, together with the carbon atom they are attached to a {Ce.ig)aryl or ().
stheteroaryl;

R;5 and R¢ together may form a (Csgjeycloalkenyl or (Urs)heterocvcloalkenyl, each
optionally substituted with {C.3)alkyl or one or more halogen;

Ry; i1s independently selected from the group consisting of (Crs)alkenyl and (Cs.
syalkynyl, where each alkenyl or alkynvl is optionally substituted with one or more
substituents selected from the group consisting of hydroxvl, {(C; galkyl, (Cs.
7yeyvcloaltkyl, [{C yalkylamino, dif(Cy.q)alkyllamino, (Ci.5)alkoxy, (Cs.
neycloatkoxy, (Ceiodaryl and (Cypheterocycloalkyl;

with the proviso that 0 to 2 atoms of By, B, Bsand Byare N,

{00509] In an embodiment of Formula (XVII), By is C(Ry); By 1s C{Ry); B 1s C(Re); By

18 C{R o) Ry, Ro, and Ryg are each H; and Rz 15 hydrogen or methyl
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{00518} In an embodiment of Formula (XV1I), the ring containing X, Y and Z 1s selected
from the group consisting of pyridyl, pyvrimidyl, pyridazyl, triazinyl, thiazolyl, oxazolyl
and soxazolyl.

{00511} Inan embodiment of Formula (XV1I), the ring containing X, Y and Z 1s selected

from the group consisting of pyridyl, pyrimidyl and pyridazyl

{00512] Inan embodiment of Formula (XV1I), the ring containing X, Y and Z 1s selected

from the group consisting of pyridy! and pyrinudyl.
{00513] In an embodiment of Formula (XVII), the ring containing X, Y and Z 1s pyridyl.

{00514] In an embodiment of Formula (XVII), Rs 1s selected from the group consisting
of hydrogen, fluorine, methyl, methoxy and trifluoromethyl.

{00515] In an embodiment of Formula (XVI}, Rs 1s hydrogen.

{00516] In an embodiment of Formula (XVII), R, and R; together form a
heterocycloalkyl ring selected from the group consisting of azetidinyl, pyrrolidinyl,
piperidinyl, homopiperidiny! and morphohinyl, optionally substituted with one or more of
fluoro, hydroxyl, (Cis)alkyl and (C3)alkoxy.

{00517} Inan embodiment of Formula (XVII), R, and R; together form a
heterocycloalkyl ring selected from the group consisting of azetidinyl, pyrrolidinyl and
piperidinyl

{00518] In an embodiment of Formula (XVID), R, and R; together form a pyrrolidinyl
ring.

{00519] In an embodiment of Formula (XVI1}, R, is independently selected from the
eroup consisting of (Cejalkyl, (Crglalkenyl or (Cye)alkynyl, each optionally substituted
with one or more substituents selected from the group consisting of hydroxyl, (C,4)alkyl,
(Csyeycloalkyl, [(Cyyalkyljamino, dif{Cy.4)atkyl] amino, (Cs)alkoxy, (Cs.
7ieyeloalkoxy, (Ce.aplaryl and {Cs7)heterocycloalkyl.

[005206] In an embodiment of Formula (XVII), B, By, Baand Byare CH; X 1s N, Y and
Zare CH; Rs1s CHs, A s N Ry, Ryand Ry are H; and Ry 1s CO-CHs.
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{00521] In an embodiment of Formula (XVI1}, By, B,, B; and By are CH; X and Y are N;
Z1sCH; Rsis CHs; AisN; Ry, Ryand Ryare H; and R, 1s CO-CHs.

{00522] In an embodiment of Formula (XVI1}, By, B,, B; and By are CH; X and Y are N;
Z1s CH; Rs 1s CH;; A 1s CH; Ry and Ri together form a piperidinyl ring; Ry 15 H; and Ry
15 CO-ethenyl.

{00523] In an embodiment of Formula (XVII), By, B;, By and Byare CH; X, Y and Z are
CH; Rs i1s H; A is CH; R, and R; together form a pyrrolidinyl ring; Rs 15 H; and R 158 CO-
propynyl.

{00524] In an embodiment of Formula (XVI1}, By, B,, B; and Byare CH; X, Y and Z are
CH: Rs1s CHs; A 1s CH; R, and R; together form a piperidiny] ring; Ry is H; and R is
CO-propynyl.

{00525] In an embodiment of Formula (XVII), By, B,, B; and Byare CH; X and Y are N;
Z 18 CH; Rs1s H; A 15 CH; R; and R; together form a morpholinyl ring; Ry 1s H; and Ry 18
CO-ethenyl.

{00526] In an embodiment of Formula (XVI1}, By, B,, B; and By are CH; X and Y are N;
Z 1s CH; Rs 1s CHj; A 1s CH; R; and Rs together form a morpholinyl ring; Ry 1s H; and Ry
15 CO-propynyl.

{00527} In a preferred embodiment, the BTK inhubitor 15 a compound of Formula

(XVIID):

I
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Formula (XVIII)

or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereot. The
preparation of this compound 1s described 10 International Patent Application Publication
No. WO 2013/010868 and U.S. Patent Application Publication No. US 2014/0155385
Al, the disclosures of which are incorporated herein by reference. In brief, Formula
(XVIll) and related compounds, such as those according to Formula (XVII}, may be

prepared as follows.

[00528] (S)-4-(B-amino-3-(1-{but-2-ynoylpyrrohdin-2-ylpmidazo[1,5-ajpyrazin-1-yi)-
N-(pyridin-2-yl)benzamide was made from ($)-4-(8-Anuno-3-{pyrrolidin-2-viimidazo[1
S-ajpyrazin-1-yh-N-(pyridin-2-yhbenzamide and 2-butynoic acid as follows. Toa
solution of (5}-4-(8-Amino-3-{pyrrolidin-2-yhimidazo 1, 5-a]pvrazim-1-y1}-N-(pyridin-2-
yviYbenzamide (19.7 mg, 0.04% mmol), triethvlamine (20 mg, 0.197 mmol, 0.027 mL) 2~
butynoic acid {(4.12 mg, 0.049 mmol)} in dichloromethane (2 mL) was added HATU
(18.75 mg, 0.049 mmol). The mixture was stirred for 30 min at room temperature. The
mixture was washed with water dried over magnesium sulfate and concentrated in vacuo.
The residue was purified by preparative HPLC. Fractions containing product were

collected and reduced to dryness to aftord the title compound (10.5 mg, 18.0%).

100529] (8)-4-(8-Amino-3-(pyrrohidin-2-ylhimidazof1, 5-alpyrazin-1-y1}-N-(pyridin-2-

viYbenzamide was prepared from the following intermediary compounds.

{00538] (a). (3-Chloropyrazin-2-yhmethanamine hydrochloride was prepared as follows.

To a solution of 3-chloropyrazine-2-carbonitrile (160 g, 1 147 mol) n aceticacid (1.5 L)
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was added Raney Nickel (50% slurry in water, 70 g, 409 mmol). The resulting mixture
was stirred under 4 bar hydrogen at room temperature overnight. Raney Nickel was
removed by filtration over decalite and the filtrate was concentrated under reduced
pressure and co-evaporated with toluene. The remaining brown solid was dissolved in
ethyi acetate at 50°C and cooled on an ice-bath. 2M hydrogen chloride solution in
diethyl ether {1 14 L) was added 1n 30 min. The mixture was allowed to stir at room
temperature over weekend. The crystals were collected by filtration, washed with diethyl
ether and dried under reduced pressure at 40°C. The product brown solid obtained was
dissolved in methanol at 60°C. The mixture was filtered and partially concentrated,
cooled to room temperature and diethyl ether (1000 mi) was added. The mixture was
allowed to stir at room temperature overnight. The solids formed were collected by
filtration, washed with diethyi ether and dried under reduced pressure at 40°C to give
153.5 g of (3-chloropyrazin-2-yDimethanamine hydrochloride as a brown solid (74.4 %,

countent 77 o).

[80331] (b). (8)-benzy] 2-((3-chloropyrazin-2-ylymethylcarbamoybpyirolidine-1-
carboxvylate was prepared as follows. To a solution of (3-chloropyrazin-2-
yvimethanamine HCI (9.57 g, 21.26 mmol, 40% wit) and Z-Pro-OH (5.3 g, 21.26 mmol)
m dichloromethane (250 mL) was added triethylamine (11.85 mL, 85 mmol) and the
reaction mixture was cooled to 0°C. After 15 min stirring at 0°C, HATU (849 g, 22.33
mmol} was added. The mixtore was stirred for 1 hour at 0°C and then overnight at room
temperature. The mixture was washed with 0.1 M HCI-solution, 5% NaHCO03, water and
brine, dried over sodium sulfate and concentrated in vacuo. The product was purified
using silica gel chromatography (heptane/ethvl acetate = 1/4 v/v%) to give 5 g of (8)-

benzyl Z-({3-chloropyrazin-2-yhmethylcarbamoylpyrrolidine-1-carboxylate (62.7%).

{06532] (c). (S)-Benzyl 2-(8-chloroimidazof 1, 5-alpyrazin-3-yhipvrrolidine-1-
carboxylate was prepared as follows. (S)-Benzyl 2-((3-chloropyrazin-2-
ylmethylcarbamoyljpyrrolidine-1-carboxylate (20.94 mmol, 7.85 g) was dissolved in
acetonttrile (75 ml), 1 ,3-dimethyvi-2-imidazolidinone (62.8 mmol, 6.9 mi, 7.17 g} was
added and the reaction mixture was cooled to 0°C before POCI3 (84 mmol, 7.81 ml,
12.84 o) was added drop wise while the temperature remained around 5°C. The reaction

mixture was refluxed at 60-65°C overnight. The reaction nuxture was poured carefully in
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ammonium hydroxide 25% in water {250 mi)/crushed ice (500 ml) to give a yellow
suspension {pH -8-9) which was stirred for 15 min until no ice was present in the
suspension. Fthyl acetate was added, layers were separated and the aqueous layer was
extracted with ethyl acetate (3x). The organic layers were combined and washed with
brine, dried over sodium sulfate, filtered and evaporated to give 7.5 g crude product. The
crude product was purified using silica gel chromatography (heptane/ethyl acetate = 1/4
v/Iv¥%) to give 6.6 g of (S)-benzyl 2-(8- chloroimidazofl ,S-alpyrazin-3-yhpyrrolidine-1-

carboxylate (88%).

[00333] (d). (S)-Benzyl 2-(1-bromo-8-chloroimidazo[1 ,S-ajpyrazin-3-yhpyrrolidine-1 -
carboxylate was prepared as follows. N-Bromosuccinimide {(24.6%9 mol, 4.4 g} was
added to a stirred solution of (S)-benzyl 2-(8- chloroimdazoll,S-alpyrazin-3-
ypyrrolidine-1-carboxylate (24.94 mmol, 8.9 ¢g) in DMF (145 mL) The reaction was
stirred 3 h at rt. The mixtore was poored (slowly) n a stirred mixture of water (145 mb),
ethvl acetate (145 mlL) and brive (145 mL). The mixture was then transterred into a
separating funnel and extracted. The water layver was extracted with 25145 ml ethyl
acetate. The combmed organic layers were washed with 3x300 mi water, 300 mL brine,
dried over sodium sulfate, filtered and evaporated. The product was purified using silica
gel chromatography (ethyl acetate/heptane = 3/1 v/v%) to give 8.95 g of (S)-benzyi 2-(1-

bromo-8-chloroimidazof1,5-alpyrazin-3-yhpyrrohidine-1-carboxylate (82.3%).

[00534] (e). (S)-Benzyl 2-(8-amino-1-bromowmidazo[l |5-aipyrazin-3-yDpyrrolidine-1-
carboxylate was prepared as follows. {S)}-Benzyl 2-(8-amino-1-bromoimidazof1,5-
alpyrazin-3-yhpyrrolidine-1-carboxylate (20.54 mmol, 8.95 g} was suspended in 2-
propanol (113 ml) in a pressure vessel. 2-propanc! (50 ml) was cooled to -78°C in a pre-
weighed flask {with stopper and stirring bar} and ammonia gas (646 mmol, 11 g} was
lead through for 15 minutes. The resulting solution was added to the suspension in the
pressure vessel. The vessel was closed and stirred at room temperature and a slight
increase in pressure was observed. Then the suspension was heated to 110 °C which
resulted in an increased pressure to 4.5 bar. The clear solution was stirred at 1 10 °C, 4.5
bar overnight.  After 18h the pressure remained 4 bar. The reaction mixture was
concentrated in vacuum, the residue was suspended in ethyi acetate and subsequent

washed with water. The layers were separated and the aqueous layer was extracted with
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ethyl acetate. The combined organic layers were washed with water, saturated sodium
chloride solution, dried over sodium sulfate and concentrated to give 7.35 g of (5)-benzyl

2-(8-amino-1-bromoimidazo[l,5-alpyrazin-3-ylipyrrolidine-1 -carboxvylate (86%).

{00535] (5)-4-(8-Amino-3-(pyrrolidin-2-yimidazo{ 1, 5-alpyrazin-1 -y 3-N-{pyridin-2-

viybenzamide was prepared as follows.

{00536] (a). (S)-benzyl 2-(8-amino-1-{4-(pyridin-2-ylcarbamoylphenylyimidazofl,5-
alpyrazin-3-yhpyrrolidine-1-carboxylate was prepared as follows. (S}-benzyl 2-(8-
amino-1-bromoimidazol1,S-ajpyrazin-3-yvhpyrrolidine-1-carboxylate {(0.237 mmol, 98.5
mg) and 4-{pyridin-2-yl-aminocarbonyhbenzeneboronic acid (0.260 mmol, 63.0 mg)
were suspended 1n a mixture of 2N aqueous potassium carbonate solution (2.37 mmol,
1.18 mL) and dioxane (2.96 mL}. Nitrogen was bubbled through the mixture, followed by
the addition of 1,1'-bis{diphenylphosphino)ferrocene palladium (1) chloride (0.059
mmol, 47.8 mg). The reaction mixture was heated for 20 minutes at 140°C in the
microwave. Water was added to the reaction mixture, followed by an extraction with
ethyl acetate (2x). The combined organic layer was washed with brine, dried over
magnesium sulfate and evaporated. The product was purified using silicagel and
dichloromethane/methanol = 9/1 v/v% as eluent to afford 97.1 mg of (S)-benzyl 2-(8-
amino- [ -{4-(pyrdm-2-yicarbamoy}phenyhmidazof1,5-alpyrazin-3-ypyrrohidine-1-

carboxylate (77%).

{08537} (b). (83-4-(8-Amino-3-{pyrrolidin-2-yDimidazo|1,5-alpyrazin-1-v1}-N-{pyridin-
2-ybenzamide was prepared as follows. To (S)-benzyl 2-(8-amuino-1-(4-(pyridin-2-
yicarbamoyl}phenylimidazof1,S-alpyrazin-3-yhpyrrolidine-1- carboxylate {0.146 mmol,
78 mg) was added a 33% hydrobromuc acid/acetic acid solution (1 1.26 mmol, 2 ml} and
the mixture was left at room temperature for 1 hour. The muxture was diluted with water
and extracted with dichloromethane. The aqueocus phase was neutralized using 2N
sodium hydroxide solution, and then extracted with dichloromethane. the organic layer
was dried over magnesium sulfate, filtered and evaporated to give 34 mg of (83-4-(8-

Amino-3-(pyrrolidin-2-yBimidazo{1,5-alpyrazin-1-y-N-{pyridin-2-yibenzamide (58%).
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{00538] In a preferred embodiment, the BTK inhibitor is (8)-4-(8-amino-3-(1 -(but-2-
ynoylypyrrolidin-2-vhmudazo[1,5-alpyrazin-1-yl}-N-{pyridin-2-yl)benzamide or

pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug therof.

{00539] In a preferred embodiment, the BTK inhubitor ts a compound of Formula

(XVII-A):

Formula (XVIII-A) / N

or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof. The
preparation of this compound is described in International Patent Application Publication
No. WO 2013/010868 and U S. Patent Application Publication No. US 2014/0155385

A1, the disclosures of which are incorporated herein by reference.

{00540] In a preferred embodiment, the BTK mhibitor 1s a compound of Formula

{XVHI-B):

b
~J
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NH, Formula (XVIII-B)

or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof. The
preparation of this compound 1s described 1o International Patent Application Publication
No. WO 2013/010868 and 1.S. Patent Application Publication No. US 2014/0155385

Al, the disclosures of which are incorporated herein by reference.

{00541] In a preferred emnbodiment, the BTK mlubitor is a compound of Formula

(XVII-C):
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F
/ N
—=N
(0]
NH
NH, Formula (XVIII-C)
N
: \
K/N a2 N—
M
N

or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof. The
preparation of this compound 1s described 1o International Patent Application Publication
No. WO 2013/010868 and 1.S. Patent Application Publication No. US 2014/0155385

Al, the disclosures of which are incorporated herein by reference.

{00542] In a preferred emnbodiment, the BTK mlubitor is a compound of Formula

(XVII-D):
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—=N
(6]
NH
NH,
Formula (XVIII-D)
N / —
N
K/N / o

or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof. The
preparation of this compound is described in International Patent Application Publication
No. WO 2013/010868 and U S. Patent Application Publication No. US 2014/0155385

A1, the disclosures of which are incorporated herein by reference.

[00543] In a preferred embodiment, the BTK mhibitor 1s a compound of Formula

(XVIIL-E):

DB/ 84322047.1 130



WO 2016/024231 PCT/IB2015/056127

—N
(0]
NH
NH,
Formula (XVIII-E)
N / —o
N
K/N / o

A\

or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof. The
preparation of this compound is described in International Patent Application Publication
No. WO 2013/010868 and U 8. Patent Application Publication No. US 2014/0155385

A1, the disclosures of which are incorporated herein by reference.

[80544] In other embodiments, the BTK inlubitors mclude, but are not limited to, those
compounds described in International Patent Apphication Publication No. WO
2013/010868 and U 8. Patent Application Publication No. US 2014/0155385 A1, the

disclosures of each of which are specifically incorporated by reference herem.

{00545} In an embodiment, the BTK inhibitor 15 a compound of Formula (XIX)
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B4
B, [
CH; N\ —B;
N/ =
N
K N/
A R
1
R, N\/
R
3 RZ

Formula (XIX)

or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof,

wherein:

XisCH,N,Gor S;

Y is C{Re), N, G or S;

Z1s CH, N or bond;

AisCHorN;

By s Nor C(Ry);

B, 1s N or C(Rg);

Bs 15 N or C(Ry);

By s Noor C{Ryo);

Ry 18 R C(0), Ri38(0), Ris80; or (Crgalkyl optionally substituted with Ryy;

Ry s H, (Crajalkyl or (Csg)eycloalkyl;

Rs 18 H, {Crg)alkyvl or (Canjeyceloalkyl); or

R; and R; form, together with the N and C atom they are attached to, a (Cs.
7theterocycloalkyl optionally substituted with one or more fluorine, hydroxyl, (Cy.
yalkyl, (Cisjalkoxy or oxo;

Ry s Hor {(Cisjalkyl;

Rs s H, halogen, cyano, (Cigjalkyl, (Crajalkoxry, (Cagievcloalkyl; all alkyl groups of RS

are optionally substituted with one or more halogen; or Rs 1s {TCe.io)aryt or {Cs.

1y
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s theterocycloalkyi;

R 18 H or (Cy3)alkyl; or Rs and Rg together may form a (Csy)eycloalkenvl, or (Cy.
stheterocycloalkenyl; each optionally substituted with (Cy_3)alkvi, or one or more
halogen;

Ry s H, halogen, CF5, (Cy3)alkyl or (Cy.5)alkoxy;

Ry 18 H, halogen, CFs, (Cig)alkyl or (Cy3)alkoxy; or

Ry and Ry together with the carbon atorus they are attached to, form (Ce.qo)aryl or (Ch.
syheteroaryl;

Ry 1s H, halogen, (Ci.3)alkyl or (Ci)alkoxy;

Rip 18 H, halogen, (Cy3)alkyl or (Ch53alkoxy;

Ry s independently selected from a group consisting of (Crglalkyl, (Cre)alkenyl and
(Cogyalkynyl each alkyl, alkenyl or alkynyl optionally substituted with one or more
groups selected from hydroxyl, (Cigalkyl, (Caqreycloalkyl, [{Ch4jalkyljamino,
dif{Cigjalkyljamino, (Cislalkoxy, (Ciqjeycloalkoxy, (Ceio)aryl or (Cs.
7theterocycloalkyi, or

Rup 18 (Ciaalkyl-CO-5-(Cisalkyl; or

Ri1 18 {Cisiheteroary! optionally substituted with one or more groups selected from
halogen or cyano.

Rz and Ry; are independently selected from a group consisting of (U ¢)alkenyl or (€.
syalkynyl both optionally substituted with one or more groups selected from hvdroxyl,
(Craalkyl, (Cimjeycloalkyl, [(Crgalkyllaming, dif{Cralalkylamino, (Cisjalkoxy,
(Csn)eycloalkoxy, (Cerolaryl, or (Cspheterocycloalkyl; or

{C1s)hetercarvi optionally substituted with one or more groups selected from halogen or
cyano,

R4 1s independently selected from a group consisting of halogen, cyano or {C; 4alkenyl
or {Cr6)alkynyl both optionally substituted with one or more groups selected from
hydroxyl, (Cigalkyl, (Cioeycloalkyl, [(Chgjalkyllamino, dif{Ciglalkyljanune, (C).
yatkoxy, (Csrieycloalkoxy, (Cs.o)aryl, (Crs)heteroaryl or (Cq.ppheterocycloalkyl;

with the proviso that

- 0to 2 atoms of X, Y, Z can simultaneously be a heteroatom;

- when one atom selected from X, Y is O or 8, then 7 15 a bond and the other atom
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selected from

X, Yecannotbe Qor§;

-when Z1s Cor Nthen Y i1s C{Rgyor Nand XisC or N;

-0to 2 atoms of By, B, By and By are N;

with the terms used having the following meanings:

{Cia)alkyl means a branched or unbranched alkyl! group having 1-3 carbon atoms, being
methyl, ethyl, propyl or isopropyl;

(Ci)alkyl means a branched or unbranched alkyl group having 1-4 carbon ators, being
methyl, ethyl, propyl, isopropyl, butyl, 1sobuty], sec-butyl and tert-butyl, (Ci.3)alkyl
groups being preferred;

{Crs)alkyl means a branched or unbranched alkyl group having 1-6 carbon atoms, for
example methyl, ethyl, propyi, isopropyl, butyl, tert-butyl, n-pentyl and n-hexyl (C,.
syatkyl groups are preferred, (C;.4alkyl being most preferred;

(Ciz)alkoxy means an alkoxy group having 1-2 carbon atoms, the alkyl moiety having
the same meaning as previously defined,;

{Cia)alkoxy means an alkoxy group having 1-3 carbon atoms, the alkyl moiety having
the same meaning as previously defined, with (Cy.2)alkoxy groups preferred;

{Cya)alkenyl means an alkenyl group having 2-3 carbon atoms, such as etheny! or 2-
propenyi;

(Cors)alkenyl means a branched or unbranched alkenyl group having 2-4 carbon atoms,
such as ethenvi, Z-propenyl, isobutenyl or 2-butenyl;

{Cre)alkenyl means a branched or unbranched alkeny! group having 2-6 carbon atoms,
such as ethenvi, 2-butenyl, and n-pentenyl, with (Cy4jalkenyl groups preferred, and
(Cy.z)atkenyl groups even more preferred,

{Co.dalkynyl means a branched or unbranched alkynyl group having 2-4 carbon atoms,
such as ethynyl, Z-propynyl or Z-butynyl;

{Coalkynyl means an alkynyl group having 2-3 carbon atoms, such as ethyny! or 2-
propynyl;

{Cyg¥alkynyl means a branched or unbranched alkynyl group having ».4 carbon atoms,
such as ethynyl, propynyl, n-butynyl, n-pentynyl, isopentynyl, ischexynyl or n-

hexynyl, with (Ch galkyny] groups preferred, and (Cosjalkynyl groups more
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preferred;

{Csscycloalkyl means a cycloalkyl group having 3-6 carbon atoms, being cyclopropyl,
cyclobutyl, cyclopenty! or cyclohexyl;

{Cs7)cycloalkyl means a cycloalkyl group having 3-7 carbon atoms, being cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl or cycloheptyl;

{Cy.s¥heterocycloalkyl means a heterocycloalkyl group having 2-6 carbon atoms,
preferably 3-5 carbon atoms, and one or two heteroatoms selected from N, O and/or
5, which may be attached via a heteroatom if feasible, or a carbon atom; preferred
heteroatoms are N or O; preferred groups are piperidine, morpholine, pyrrolidine and
piperazine; a most preferred (Cy¢}heterocycloalkyl is pyrrohidine; and the
heterocycloalkyl group may be attached via a heteroator if feasible;

{Cs7)heterocycloalkyl means a heterocycloalkyl group having 3-7 carbon atoms,
preferably 3-5 carbon atoms, and one or two heteroatoms selected from N, O and/or
N; preferred heteroatoms are N or O; preferred ((Cs.7) heterocycloalkyl groups are
azetidinyl, pyrrolidiny], piperidinyl, homopipenidinyl or morpholinyl; more preferred
(Csppheterocycloalkyl groups are piperidine, morpholine and pyrrolidine; even more
preferred are pipenidine and pyrrolodine; and the heterceycloalkyl group may be
attached via a hetercatom if feasible;

{Ca7)cycloatkoxy means a cycloalkyl group having 3-7 carbon atoms, with the same
meaning as previously defined, attached via a ring carbon atom to an exocychic
oxygen atom;

{Ce.10)aryl means an aromatic hydrocarbon group having 6-10 carbon atoms, such as
phenyl, naphthyl, tetrahydronaphthyi or indenyl; the preferred (Cs10)aryl group is
phenvi;

{C.s)heteroaryl means a substituted or unsubstituted aromatic group having 1-5 carbon
atomas and 1-4 heteroatoms selected from N, O and/or S, wherein the (C).s)heterocaryl
may optionally be substituted ; preferred (Cy.s}heteroaryl groups are tetrazolyl,
imidazolyl, thiadiazolyl, pyridyl, pyrimidyl, triazinyl, thieny! or furyl, and the more
preferred () shhetercaryl s pyrimidyl;

[{Cis)alkyllamino means an amino group, monosubstituted with an alkyl group

containing 1-4 carbon atoms having the same meaning as previously defined; the

(9%
(]
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preferred [(Cr.4)alkyllamino group is methylamino;

dif{C; 4)alkyllamino means an amino group, disubstituted with alky! group(s), each
containing 1-4 carbon atoms and having the same meaning as previously defined; the
preferred dif{Cy g)alkyljamino group is dimethylamino;

halogen means fluorine, chlorine, bromine or iodine;

{C2)alkyl-C(0)-5-(C1.5)alkyl means an alkyi-carbonyl-thio-alkyl group, each of the
altkyl groups having 1 to 3 carbon atorms with the same meaning as previously
defined;

(Car)eycloalkenyl means a cycloalkenyl group having 3-7 carbon atoms, preferably 5-7
carbon atoms; preferred (Cy.7jcycloalkenyl groups are cyclopentenyl or cyclohexenyl;
and cyclohexenyl groups are most preferred;

{Cy¢)heterocycloalkenyl means a heterocycloalkeny! group having 2-6 carbon atoms,
preferably 3-5 carbon atoms; and 1 heteroatom selected from N, O and/or §; the
preferred (C,6theterocycloalkenyl groups are oxycyclohexenyl and azacyclohexenyl
groups.

In the above definitions with multifunctional groups, the attachment point 1s at the last
group.

When, in the definition of a substituent, i1s indicated that "all of the alky] groups"” of said
substituent are optionally substituted, this also includes the alkyl motety of an alkoxy
group.

A circle n a ring of Formmula (XIX} indicates that the ring 1s aromatic.

Depending on the ring formed, the nitrogen, 1f present in X or Y, may carry a hydrogen.

{06546] In a preferred embodiment, the invention relates to a compound according to

Formula (XIX} wherein By 1s C{Ry); By 15 C(Rg); B3 s C{Ro) and By 18 C(Ryg).

{06547] In other embodiments, the BTK inhibitors include, but are not limited to, those
compounds described in International Patent Apphication Publication No. W0
2013/610869 and U.S. Patent Application Publication No. US 2014/0155406 Al, the

disclosures of each of which are specifically incorporated by reference herein.

{06548] In an embodiment, the BTK inhibitor 13 a compound of Formula (XX}
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I_a/Ar
NH,
NT O
L )
F
N
Y~z Re
Rs R,

Formula (XX)
or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof,
wherein:
1,18 CH,, O, NHorS;
Ar 1s a substituted or unsubstituted aryl, or a substituted or unsubstituted hetercaryl;
Y is an optionally substituted group selected from the group consisting of alkyl,
heteroalikyl, cycloalkyl, heterocycloalkyl, aryl and hetercaryl;
Z is C(=0), OC(=0), NRC(=0), C(=8), S{(=0),, OS(=0)y or NRS(=0),, where x is 1 or
2;
R and R® are each independently H; or R and R® taken together form a bond;
R®is H; and
R s Hor (Ci-gjalkyl.

{00549] In a preferred embodiment, the BTK inhibitor is ibrutinib or a pharmaceutically
acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof. In a preferred
embeodiment, the BTK inhibitor is (R)-1-(3~(4-amino-3-(4-phenoxyphenyl}-1H-
pyrazolo[3 4-dlpyrinudin-1-ylpiperidin-i-ylprop-2-en-1-one. In a preferred
embodiment, the BTK inhibitor 15 1-{(3R}-3-[4-amino-3-{4-phenoxyphenyl}-1H-
pyrazolo[3,4-dlpyrimidin-1-yl]piperidin-i-yljprop-2-en-1-one. In a preferred
embodiment, the BTK inhibitor 1s (3)-1-(3-(4-anmino-3-(4-phenoxypheny -1 H-
pyrazolo[3,4-dlpyrimidin-1-yDpiperidin-i-yl)prop-2-en-1-one. In a preferred

ernbodiment, the BTK inubitor has the structure of Formula (XX-A), or an enantiomer

957
~J
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thereof, or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug

thereof.
)
Formula (XX-A)
N N\
/
N "
N
o}
{80338] In a preferred embodiment, the BTR mnhibitor 1s a compound of Formula (XXI):
La/AT
NH,
T
L
A
Y\Z Rs
R8 R7

Formula (XXI)

or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof,
wherein:

L,is CHy, O, NHor S;
Ar 18 a substituted or unsubstituted aryl, or a substituted or unsubstituted heteroaryl,
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Y 1s an optionally substituted group selected from the group consisting of alkyl,
heteroalkyl, cycloalkyl, heterocycloalkyl, aryl and heteroaryl;
Z 15 C(=0), OC(=0), NRC(=0), C(=8), S(=0),, OS{=0) or NRS{(=0},, wherex s 1 or

o N
s

R” and R® are each H; or R’ and R® taken together form a bond;

R'is H: and

Ris Hor {Ci-glalkyl.

[00551] In an embodiment, the BTK inhibitor 1s a compound of Formula (XXI1):

Ar
L

Formula (XXI1)

or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereot,

wheremn:

L.is CHy, O NHor S

Ar 13 a substituted or unsubstituted aryl, or a substituted or unsubstituted heteroaryl,

Y 1s an optionally substituted group selected from the group consisting of alkyl,
heteroalkyl, cycloalkyl, heterocycloalkyl, aryl and heteroaryl,

Z is C(=0), OC(=0), NRC(=0), C(=8), S(=0),, O5(=0}, or NRS(=0)},, wherex is 1 or

2

R’ and R* are each H; or R’ and R® taken together form a bond;

R’ is H; and

Rs H or {Cj-)alkyl

{06552] In an embodiment, the BTK inhibitor 15 a compound of Formula (XX}
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La/Ar
NH,
N/ =
N
K N/
N~ \<
Y~z Re
R8 R7

Formula (XXIII)
or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof,
wheretn:
1,1s CH,, O, NHor§;
Ar 1s a substituted or unsubstituted aryl, or a substituted or unsubstituted heteroaryl;
Y is an optionally substituted group selected from the group consisting of alkyl,
heteroalkyl, cycloalkyl, heterocycloalkyl, aryl and heteroaryl;
Z 15 C(=0), OC(=0), NRC(=0), C(=5), 8S(=0},, OS(=0), or NRS(=0},, wherex s | or
2
R’ and R are each H; or R” and R® taken together form a bond;
R%is H: and
Ris H or (Ci-glalkyl.

[00333] In an embodiment, the BTK inhibitor 15 a compound disclosed in U.S. Patent
No. 7,459,554, the disclosure of which 1s specifically incorporated herein by reference.

In an embodiment, the BTK mhibttor s a compound of Formula (XXIVY):

DB 1/ 843220471 140



WO 2016/024231 PCT/IB2015/056127

Q1
NZ ==
N
k/N\(
R1

Formula (XXIV)

or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof,

wherein:

Q' is aryl!, heteroaryl’, eycloalkyl, heterocyclyl, cveloalkenyl, or heterocycloalkenyl, any
of which is optionally substituted by one to five independent G' substituents;

R! is alkyl, cycloalkyl, bicycloalkyl, aryl, heteroaryl, aralkyl, hetercaralkyl, heterocyclyl,
or heterobicycloalkyl, any of which is optionally substituted by one or more
independent G'' substituents;

G and G are each independently halo, oxo, -CF;, -OCF;, -OR% uNR2R3(R33)j1, -
C(O)R’, -CO,R’, -CONR'R’, -NO,, -CN, -8$(0);;R’, -8O,NR'R’, NRHC=0)R’,
NRYC=0)OR®, NRY(C=0)NR'R’, NR’S$(0);R’, -(C=8)OR’, -(C=0)SR’, -

O(C=0INRR’, -O(C=0)8R?, -S(C=0)OR’, -S(C=0)NR'R’, (Co.10)alkyl, (Cy-
wiatkenyl, (Co-plalloynyl, {Ch-jo)alkoxy(Ci-io}alkyl, (Ci-iolalkoxy(Cs-io)alkenyl, (T~
wo)alkoxy(Cr-o)alkynvl, (Ci-iodalkylthio{C-10) alkyl, (Ci-10)alkylthio(Cy-ippatkenyl,
(Cri-ojalkylthio(Crinlalkynyl, cyclo{Cs-zlalkyl, cyelo(Cs-glalkenyl, cyclo(Cs-

2Jaltky {Ci-o)alkyl, cyelo{Cs-plalkeny{C - p)alkyl, cyclo(Cs-¢} alkyl{Cr-1odalkenyl,
cyvelo{Cs-glalkenyl{Ch-io)alkenyl, cyclo{Cs-zlaltky{{(Crmdalkynyl, cyclo{Cs-
ajatkenvl{Cy-joJalkynyl, heterocyelyi-(Co.po)alkyl, heterocyclyl-(Cr-o)alkenyl, or
heterocyclyl-(Cy-ip)alkynyl, any of which is optionally substituted with one or more

333

independent halo, oxo, -CFs, ~-OCF;, nﬂRm, -N'R222R333(R “Adita, ~C(O}R222, -
COR™, -CONR™R™ | -NO, -CN, -8(0);1,R™, -SONR™R™ NR*HC=0)R™,

3 ANA

NRZHC=0YOR™, NR™(C=0)NR*R™”, NR™S(0);,R™, {(C=8)OR™, -
NRZHC=NRISR™™, -O(C=0)O0R™, -O(C=0)NR™R™, -O(C=0)SR™™, -

S(C=0)YOR™, or -S{C=0NRR™™ substituents; or -(X (Y )urR?; or atyl-(Co.
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wialkyl, aryl-{(Co-plalkenyl, or aryl-(Cy-10) alkynyl, any of which is optionally
substituted with one or more independent halo, -CF;, ~-OCF;, -OR™ -
NR;"?‘?‘RW(R%%)W, LC(OR™, -COR™ .CONRPPR™ .NO,, -CN, —S(O)j;zgR?‘?‘?‘, )
SONR™R NRPHC=0)R'P, NR¥HC=0)0R™, NR*HC=0)NR*RPP,

333a

NRZ2§(0)aR ™, (C=S)OR™. (C=0)SR™, .NR*Z(C=NR™INRZIRI
NRZHC=NRPHOR NRZHC=NRPHSRI™ .0(C=0)0R™, -O(C=0)NR*ZR*,
-O(C=0)SR*?, -S(C=0)OR™, or -S{(C=0)NR™R’" substituents; or hetaryl-(Co.
ojalkyl, hetarvi~(Cy-1o)alkenyl, or hetaryl-(Cs-yo)alkynyl, any of which 1s optionally
substituted with one or more independent halo, -CF4, -OCF;, -OR*, -NRE,

RV (R, -CLOR™, -COR™ -CONR* PR -NOs, -CN, -8(Q)3.R™, -
E;()ZFQ}§;22}§333’ ?J}{222((j::()}}3§33ﬁ T{}{222((j::())()}3§33ﬁ T{}{222((3::())P€}{222}{§33?

NR™S(0%R ™, (C=8)OR™, ((C=0)SR™, -NR*(C=NR)NR"’aR s, -
NR&ZHC=NR™OR™H, .NR™“HC=NR )8R g, -O(C=0)OR™, -

337 222 222

O(C=0NR™R™, -O(C=0)SR™, -$(C=0)OR™, or -$(C=0)NR*R*
substitoents;

G' is halo, ox0, -CFs, -OCF;, -OR™ -NRYRY(R™,, -C(OR™, -CORY, -CONRIRY,
NGOy, -ON, -8(0)uR™, -SO,NRYRY, NRH(C=0)R”, NR?{(C=0)ORY,
NRPC=ONR'R NRY'S(O)R, «(C=S)OR”, {(C=0)8R*, -NR”
(C=NR'HNR™R™ NRM(C=NROR™ -NR*(C=NR'HSR™, -O(C=0)0R?, -
O(C=0)NRYR’!, -O(C=0)SR?!, -S(C=0)0R™, -$(C=0NR™' R, -P(OYORYOR™,
(Co-1ojalkyl, (Co-rodabkenyl, (Co-ppalkynvl, {Ci-10) alkoxy(Ci-walkyl, (Ci-
wialkoxy{Cr-iolalkenyl, (Ci-odalkony{Ca-10)alkynyl, (Ci-10) alkylthio{Cy-10)alkyl,
(Ci-1ojalkylthio{Cr-o)alkenyl, {C-jo)alkylthio(Chr-10)alkynyl, cyclo(Cs-glalkyl,
cyclo{Cs-ghalkenyl, cyclo{Cs-2)alkyl{ Ci-iodalkyl, cvclo{Cs-glatkenyl{C-1o) alkyl,
cyclo{Cs-glalkyl{Cy-p)alkenyl, cyclo{Cs-glalkenyl{C;- 1y jalkenyl, cyclo{Cs-3)
alkyi{Cy10) alkynyl, cyclo{Cs-plalkenyl{Cy-jo)alkynyl, heterocyelyl-(Coioalkyl,
heterocyclyl-(Cy-10) altkenyl, or heterocyclyl-(Coojalkynyl, any of which 1s
optionally substituted with one or more independent halo, oxo, -CF;, -OCF;, -ORYY,
NRZIRI R eoR2YLCOR™ LCONRZIR™! .NO,, -CN, -
S(0)R™. -SONRZR™ NR2UC=01R™, NRZ2YC=0)0R™ .

2221 222

NRZHC=OIWNR™'R™! NR™8(0),R™, (C=8)OR™', (C=0)SR™ -

A
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}\???1((— P\ )) )RR”’F‘JR;;;F‘J \IR?.?.?I(C h}\%))l)@}{””\] .
NR7PHC=NRPHSR™ - O(C=0)0R™, -O(C=0)NR™ 'R -O(C=0)8R’
S(C=0)OR™' | -POYOR™OR™ | or -§(C=0)NR™'R™! substituents; or aryln(C(,w

')')')1

wyatkyl, arvi-(Cy-p)alkenyl, or aryl-(Cy-ip)alkynyl, any of which is optionally
substituted with one or more independent halo, -CE+, -OCE;, -OR™,
NRPPPRPR Y, -COR, -CORM -CONRR™Y | NGy, -CN, -
S(0)sR™2! SONRIZIRIH VR””(C OR™ NRZ2YC=0)0R™,

221

NR””(C OWR‘ 1?3“ , NR™ S(osj53R333* ~(C=S30Rm {C=0)SR™,
NR””(C NR““)SR““ —O(C O)OR“J -O(C= 0)1\?&”3 R“” -O(C=0)SR™, -

S(C=0)OR™ | -P(OOR™ 'R, or -S(C=0)NR™'R’**! substituents; or hetaryl-

3331 333a

{Co-10) alkyl, hetaryl-(Cy-jojalkenyl, or hetaryl-(Cy-1)alkynyl, any of which s
optionally substituted with one or more mdependent halo, -CFs, -OCF;, “{)Rzzzlg -

3221 3221 qqq

NRZRIPHR My LCOIR, -COR™ -CONR™R™, 2NO,, -CN, -
%(())iﬁ--RLLL , “S{)"?i 2221RM.«1) NR2221€\(;:0}R3331’ NRzzzl(C::O)ORSSS‘;?

299§

R2221€\( O}szzlﬁaaal R zzzig(()).équ)s {C=8)OR™, (C:::O)SR‘QM,—
Rjjzl((x NR???I)]\RZZZle)_))dl _\IREEEI((«:::NRjBBI)()RZQZdl
NRPHC=NRIPHSR™ LO(C=0)OR™ -O(C=0NRVR, -0(C+ O)‘%R

S(C=0OR™ -P(OYOR™OR™ or -S(C=0)NR™'R¥ substituents; or G'

’)’)’)]

taken together with the carbon to which it is attached to form a double bond which 1s

substituted with R and G''%;
RERY RS, R P R )00 RO R RS R RN R R @I g il
are each mmdependently equal to (Co-1ojalkyl, {Cr-10)atkenyl, {(Cr-o)alkynyl, (Cy-
wialkoxy{Ci-olalkyl, (Ci-ojalkoxy{Co-ioalkenyl, (Cr-1ojatkoxy{Cr-olalkynyl, (Ci-
jojalkylthio{C-y)alkyl, (Ci-io)alkylthio{Cy-ojatkenyl, (C-yo)alkylthio{C5-1)alkynyl,
cvelo{Cs-glalkyl, cyclo{Caglalkenyl, cyclo(Cs-sdalkyl{Cy-jo)alkyl, cyclo(Cs-
ajatkenvl{Ci-jo)alkyl, cyclo{Cs-slalkyl{(;-jo)alkenyl, cyclo{Cs-glalkenvl{Cy-jolalkenyl,
cvelo{Cs-glalky {Ch-jo)alkynyl, cyelo(Cs-galkenyi{Cr-o)alkynyl, heterocyclyi-(Co-
iojalkyl, heterocyelyl-(Co-1ojalkenyl, or heterocyclyl-(Ch-jolalkynyl, any of which is
optionally substituted by one or more G''' substituents; or aryl-(Co-o)alkyl, aryl-(Cy-

jojalkenyl, or aryi-(Cy-jopalkynyl, hetaryl-(Co-o)alkyl, hetaryl-(Cy-yp)alkenyl, or
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hetaryl-{Cy-10)alkynyl, any of which is optionally substituted by one or more G'!
substituents; or in the case of ~NR2R3(R3“)j; or —NRZZZRW(R”Sa)ﬂa or
_NR?.?.?.RS%%(RT;‘%%a)ﬂa or “NFR;’,EMRSSN(R%%l)jBa or _NRQ‘.Q‘.Q‘.jRBBL%j(RSSSaj>j4a or -
NVRZZMRSSH(R}}}&}%S& or HNR’),’),Q‘.}RBBBJ(RBBaj}j&& R’ and RB or R”’ and R3333 or Rzzzl
and R™! taken together with the nitrogen atom to which they are attached form a 3-
10 membered saturated ring, unsaturated ring, heterocyclic saturated ring, or
heterocvchic unsaturated ring, wherein said ring is optionally substituted by one or
more G'! substituents;

X' and Y' are each independently -O-, -NR -, -S(0)7-, -CR°R®-, -N(C(OYOR)-, -
N(C{O)R}-, -N(SO:R")-, ~-CH,O-, ~-CH, 8-, -CHN(R}-, -CH(NR}-, -
CHN(C(O)R}-, -CH,N(C(OYOR)-, -CHN(SO,R)-, -CH(NHR)-, -
CH(NHC(O)R)-, -CH(NHSO,R -, -CH(NHC(OYOR}-, -CH(OC{OR)-, -
CH(OC(OWHR)-, -CH=CH-, -C.ident.C-, -C{=NOR'}-, -C{O)-, -CH(OR)-,
~C{OIN(R -, -NRHC(O)-, -NRIS(O)-, -NRIS(O)- ~-OCOINR -, -
N(RBC(OINR}-, -NR'C(O)0-, -S(OINR 3, -S{OLNR)-, -N(C(OWRIS(0)-, -
N(C{OWRIS(O -, -NRISOINR Y-, -N{RIS(ORNR -, -COINRYC(O)-, -
S(ON(RYC(O)-, -S(ORNRNC(O)-, -OS(OIN(R)-, -OS(O)NR)-, -N{RIS(O)0-, -
N(RNS(0),0-, -NRIS(OICO)-, -NERNIS(CRC(O)-, -SON(C(OR -, -
SON(C(OR)-, -NRHSONR)-, -N{RISO;N(R -, -C(OY0-, -NRIP(ORMYO-, -
N(RIP(OR®)-, -NRIP(ONORHO-, -NRPOHOR®)-, -N(CORYPORYO-, -
N(C(ORP(ORY)-, -N(C(ORNP(OHORMO-, -NIC(OIRIP(ORY)-, -CH(RIS(O)-, -
CHRNS(O)-, -CHRINC{OIOR)-, -CHRIN(CIOR Y-, -CHRIN(ESOR -, -
CHRNO-, -CHRNS-, -CHRDINR -, -CHERIN(C(O)R)-, -CHRIN(C(OIOR)-,
SCHRYN(SO,RY-, -CHRNCENOR Y-, -CHRNC(O)-, -CHRYCH(OR -,
SCHRNC(OINR Y-, -CHERNENC(O)-, -CHERNRNS(O)-, -CHRINR)S(O),-
. ~CHROCOWN(R Y-, -CHRINERNCOMNER)-, -CHRINR'C(0)O-, -
CHROISOMNR)-, -CHRNS(OLNER)-, -CHERIN(CIORNSO)-, -
CHRIN(C(OIRIS(0)-, -CHRNINERIS(OIN(R}-, ~-CHRINRIS(ORNR)-, -
CHERNCOINERNC(O)-, -CHERNS(OMN(RYC(O)-, -CHRIS(0):NERHYC(0)-, -
CHRYOS(OMNER)-, -CHRNOS(ORNR -, -CHRINRIS(0)0-, -
CH(RIN(RIS(0),0-, -CHRIN{RIS(OYC(O)-, -CHRINRIS(0),C(0)-, -
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CH(RISON(C{OIR)-, -CH(RNISON(C(O)R ), -CHRINRHSONR -, -
CH(ROINRISONR-, -CHRYC(O)0-, -CHROINRP(ORMO-,
-CH(RHNRP(ORY-, -CHRHINERPOYORYO-, -CHRINRP(ONORY)-,
SCHRONCORNP(ORMO-, -CHRDN(CORYPORY-, -
CHRYIN(C(OIRIP(OHORMO-, or -CHRIN(C(ORP(OR®)-;

or X' and Y' are each independently represented by one of the following structural

formulas:
Ox / ’/\\\o \\
o)
P\710 \P/\R"’ - O_Tm
N \/ O\I
N P—N
~~~~~~~~~~~ .0
O0—R'"
\ IID—rL (l)—l|?1° ?_Tm
Pl \\ PN YN PN
BOC X AT

R, taken together with the phosphinamide or phosphonamide, is a 5-, 6-, or 7-membered
aryl, heteroaryl or heterocyclyl ring system;

R’ R®, and G are each independently a (Co-10)alkyl, (Comiodalkenyl, (Co-io)alkynyl, (Ci-
wialkoxy(Ci-ojalkyl, (Cr-o)alkoxy(Cr-ioaltkenyl, (Cr-10)alkoxy{Cor-ojalkynyl, (Cy-
wjalkylthio{C-jpolalkyl, {Ci-iojalkylthio{Cy-jojalkenyl, (C-jojalkylthio{Cy-joalkynyl,
cyelo{Cs-glalkyl, cyclo(Cs-glalkenvl, eyclo(Cs~g)alkyl{Ci-1o)atkyl, eyvelo(Cs-
gratkenyl(Ci-jplalkyl, cyvclo{Ca-g)alkyHCo-9)alkenyl, cyclo{Cs-zjalkeny(Cs-
wialkenyl, cyclo(Cs-slalkyi{Co-jojalkynyl, cyclof Cy-glalkenyl{Cy-1o)alkynyl,
heterocyclyl-(Co-jojalkyl, heterocyclyl-{Cy-g)alkenyl, or heterocyclyl-{Csr~1o)alkynyl,
any of which 1s optionally substituted with one or more mdependent halo, -CF3, -
OCF;, -OR”", -NRRY -C(OR”, -COR”, -CONRRY -NQO,, -CN, -8(0);5,R”, -
SONRRY NR(C=0)RY, NR7(C=0)0RY, NR7(C=0)NR®RY NR7'$(0);s.R”,
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{C=SYOR”, (C=0)SR"", -NR(C=NR* )NR"*R", ~NR77(C=NRS7)0R73 -
NR7(C=NR"SR™, -O(C=0)OR"", -O(C=0)NR"'RY, -0(C=0)8R"’, -${(C=0)OR"",
P(OYORTORY, or -8(C=0)NR'RY substituents; or aryl-{(Co10)alkyl, aryi-(Cy-
iojalkenvl, or aryi-(Cs-jo)altkynyl, any of which is optionaiiv substituted with one or
more independent halo, -CFs, -OCFs, -OR”, -NR'RY, -C(OWR”", -CO,R”, -
CONRRY, -NO,, -CN, -$(O)s.R ", -SONRTRY, NR”(C:O)RS’, NR(C=0)ORY,
NR(C=0)NR"*RY, NR'8(0);5.R*", (C=S)OR”", (C=0)SR"’, -
NR7(C=NR*)NRR®, -NR7(C=NR*OR™, -NR"(C=NR*)SR"® -O(C=0)OR"’, -
O(C=0)NRRY", -0(C=0)SR”, -S(C=0YOR"", -P(O)OR"'RY or -S(C=0)NR"'R?’
substituents; or hetaryl-{Co-10)alkyl, hetaryl-(Cy-1o)alkenyl, or hetaryl-(Co~1o)alkynyl,
any of which is optionally substituted with one or more independent halo, -CF4, -
OCF;, -OR”, -NRRY -C{ORR”, -CO,R”", -CONRRY -NO,, -CN, -8{0)5.R”",
-SO,NRRY, NR”(C::O)RS’ I\R"(C 0)()RS’, m77<(*::::0)NR73R37,

NR’ '((*»—--1\ R”)OR’S -NR’ ’((‘"—I\ Rg’ ISR, -0((*::0 )OR” -(C=0NRRY -
O(C=0)SR", -8(C=0IOR"", -P(O)ORORY, or -S(C=0INR"'RY substituents; or R’
with R® taken together with the respective carbon atom to which they are attached,
form a 3-10 membered saturated or unsaturated ring, wherein said ring 1s optionally
substituted with R™; or R* with R® taken together with the respective carbon atom to
which they are attached, form a 3-10 membered saturated or unsaturated heterocyclic
ring, wherein said ring is optionally substituted with R®;

R’ and R® are each independently H, acyl, alkyl, alkenvl, aryl, heteroaryl, heterocyelyl or
eycloalkyl, any of which is optionally substituted by one or more G''! substituents;

R® is H, alkyl, alkenyl, alkynyl, aryl, heteroaryl, cvcloalkyl, heterocyclyl, eycloalkenvl, or
heterocycloalkenyl, any of which is optionally substituted by one or more G
substituents;

R" is equal to halo, -OR™®, -SH, -NR*R¥ -CO,R"®, -CONR™*R™ -NO,, -CN, -
S(O)sR®, -SONRPR® (Co-10)alkyl, (ComoJalkenyl, (Coo)alkynyl, (C)-
iojalkoxy(Ci-)alkyl, {(Ci-io)alkoxy{Cy-iojalkenyl, (Cy-jo)atkoxy(Cy-p)alkynyl, (C;-
wialoylthio{C-dalkyl, (Ci-g)alkyithio{Chr)alkenyl, (Cio)alkylithio(Cyo-ipdalkynyl,
cyclo{Ca-glalkyl, cyclo{Cs-glalkenyl, cyclo(Ci-)alkyl{Ci-palkyl, cvelo(Cs-
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sjalkenyl(Ci-1o)alkyl, cyclo{Cs-z)alky {Comojalkenyl, cyelo{Cs-g)atkenyl{(Cy-
jojalkenyl, cyclo{Cs-glalkyl{(Comio)alkynyl, eyclo{Ci-sJalkenyl{Cy-1o)alkynyl,
heterocyclyl-(Co-io)alkyl, heterocyclyl-(Co-jo)alkenyl, or heterocychyl-{Cy-o)alkynyl,
any of which is optionally substituted with one or more independent halo, cvano,
nitro, -OR""®, -SO,NR*R*® or -NR7PR® substituents; or aryl-(Co-10)alkyl, aryl-
(Co-iojatkenyl, or aryl-(Co-olalkynyl, any of which is optionally substituted with one
or rore independent halo, cyano, nitro, -OR""®, {C-10)alkyl, (Co-jojalkenyl, (Co-
wyalkynyl, halo(Cy-19)alkyl, halo{Cs-io)alkenyl, halo(Caoo)alkynyl, -COOH, (C)-
salkoxycarbonyl, -CONRPR™ _SO,NR'*R®™® or -NR7*R®® substituents; or
hetaryl-(Co-1p)alkyl, hetarvl~(Csi-io)alkenyl, or hetaryl-(Cs-1o)alkynyl, any of which 15
optionally substituted with one or more independent halo, cyano, nitro, -OR""® (Cs-
wjalkyl, (Camiojalkenyl, (Crmio)alkynyl, halo(Ci-10)alkyl, halo{Co-io)alkenyl, halo{C;-
walkynyl, -COOH, (Ci-g)alkoxycarbonyl, -CONR® R _SO,NR™*R™ or -
NRPRM™ substituents; or mono{C-salkylamino(Cy-sJalkyl, di((Ci-
syalkylamino{Ci-gjatkyl, mono(aryDamino{C -sjalkyl, di{aryDamino{Ci-sJalkyl, or -
N{E{Ci-e)atkyD-(Co-sjatkyl-aryl, any of which 1s optionally substituted with one or
more independent halo, cyano, nitro, ~OR’™ (Cr-10)alkyl, (Camio)alkenyl, (Co-
wialkynyl, halo{Ci-19)alkyl, halo{Co-o)alkenyl, halo(Cs-10)alkynyl, -COOH, (C;-
Dalkoxycarbonyl, -CONR PR SO,NR7PR™ or -NRTPR™ substituents; or in the
case of -NR*R®, R"® and R® taken together with the nitrogen atom to which they are
attached form a 3-10 membered saturated ring, unsaturated ring, heterocyclic
saturated ring, or heterocyclic unsaturated ring, wherein said ring is optionally
substituted with one or more independent halo, cyano, hydroxy, nitro, {Ci-olalkoxy,
SONRPR® or -NRTPR®™® substituents,

R""'/', RVS, R37, Rggg R"T”g, and R®® are each independently (Co-io)alkyl, (Chyo)alkenyl, (C,-
wialkynyl, {(C-19)altkoxy(Ci-p)alkyl, {(C-0)altkoxyCo-ioalkenyl, (C-10)alkoxy(Cy-
ojatkynyl, (Cr-ipalkyithio{Ci-lalkyl, (Ci-io)alkyithio(Co-1p)alkenyl, (Cy-
wialkyithio{Co-olalkynyi, cyclo{Cs-glalkyl, cvclo(Cs-slalkenyl, cvelo(Cy-g)alkyl{C;-
ijalkyl, cyclo(Cs-glalkenyi{(Ci-io)alkyl, cyclo{Ci-glalkyl(Coodalkenyl, cyclo(Cs-
siatkenyl{Cy-ipalkenyl, cyclo{Cs-g)alkyl{Cr-io)alkynyl, cyclo(Cs-galkenyl{(y-
jojalkynyl, heterocyclyl-(Comglalkyl, heterocyclyl-(Cy-j9)alkenyl, heterocyclyl-(Cs-
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wialkynyl, (C-j9)alkylcarbonyl, (Cro)alkenyicarbonyl, {(Cy-ip)alkynylcarbonyi, (Cs-
ojalkoxycarbonyl, (C-jp)alkoxycarbonyl{C-p)alkyl, mono{C;-
syalkylanminocarbonyl, di{Ci-¢Jatkylaminocarbonyl, mono{aryljaminocarbonyl,
di{aryDaminocarbonyl, or (Ci-i}alkyl{aryljaminocarbonyl, any of which is optionally
substituted with one or more independent halo, cyano, hydroxy, nitro, (Ci-1ojalkoxy, -
SON{Co-a)alky D((Co-a)alky D), or -N{(Co-a)alky ) {(Co-43alkyl) substituents; or aryl-
(Co-ro)alkyl, aryl-{(Crri0)alkenyl, or aryl-(Cy-io)alkynyl, any of which is optionally
substituted with one or more independent halo, cyano, nitro, -O{(Co-galkyl), (Ci-
wialkyl, (Co-ro)atkenyl, (Cr-io)alkynyl, halo(Ci-o)alkyl, halo{Cs-ioalkenyl, halo(Cs-
wjalkynyl, -COOH, (Ci-gJalkoxyearbonyl, -CON{(Co-g)alkyD{({(Co-io)alkyl), -
SON((Co-g)alky H{{Cog)alkyl), or -N{{Co-a)alkyD{{(Cy-s)alkvl) substituents; or
hetaryl-(Co-1p)alkyl, hetarvl~(Csi-io)alkenyl, or hetaryl-(Cs-1o)alkynyl, any of which 15
optionally substituted with one or more independent halo, cyano, nitro, ~O{((Co-
sjalkyl}, (Ci-oalkyl, (Cr-odalkenyl, (Co-ojatkynyl, halo{Ci-io)alkyl, halo{ -
wyalkenyl, halo{Cy-olalkynyl, ~COOH, (Ci-yjalkoxycarbonyl, ~CON{(Co-4)alky3{(Co-
galkyl), -SON{Co-)alky {(Co-gJalky D), or -N{{Co-0)alkyH(Co-4)alkyl) substituents;
or mono({Ci-gjalkyDammno(Ci-gJalkyl, di{Ci-gjalkyamimo(Ci-¢Jalkyl,
mono{aryDamino(Ci-sJalkyl, difaryDamino{Ci-g)alkyl, or -N{(Ci-slalkyDH-(Ci~¢jalkyl-
aryl, any of which s optionally substituted with one or more independent hale, cyano,
nitro, ~O((Co-a3alkyl), (Ci-10)atkyl (Crdalkenyl, (Cr-jalkynyl, halo(Co-plalkyl,
halo(Cy-p)alkenyl, halo{Cr-io)alkynyl, -COOH, {C-s)alkoxycarbonyl, -CON{(Co-
palky D{{Co-gatky D), -SON{(Co-gJalky D{{Co-a)alkyl), or -N{{Co-sJalkyI}{(Co-sJalkyl)
substituents; and

n, m, i1, jla, i2a, j3a, 14, j4a, |Sa, 164, §7, and §8 are each independently equal to 0, 1, or 2.

{06554] In an embodiment, the BTK inhibitor 13 a compound selected from the
structures disclosed in U.S. Patent Nos. 8,450,335 and 8,609,679, and U.S. Patent
Application Publication Nos. 2010/0029610 Al, 2012/0077832 Al, 2013/0065879 Al,
2013/0072469 A1, and 2013/0165462 A1, the disclosures of which are incorporated by
reference herein. In an embodiment, the BTK inhibitor i1s a compound of Formula

(XXV} or Formula (XXVI):
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(R%)p

Formula (XXV)

W 1
Ry\f\r R
Ao

(R

(R)m

Formula (XXVI)
R‘] W‘]

RY

Z

P
N w2 R

or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof,
wheremn:

Ring A 15 an optionally substituted group selected from phenyl, a 3-7 membered saturated
or partially unsaturated carbocyclic ring, an 8-10 membered bicyclic saturated,
partially unsaturated or ary] ring, a 3-6 membered monocyclic heteroary! ring having
1-4 hetercatoms independently selected from nitrogen, oxygen, or sulfur, a 4-7
membered saturated or partially unsaturated heterocyclic ring having 1-3 heteroatoms
mdependently selected from nitrogen, oxygen, or sulfur, an optionally substituted 7-
10 membered bicyclic saturated or partially unsaturated heterocyche ring having 1-5
heteroatoms independently selected from mitrogen, oxygen, or sulfur, or an 8-10
membered bicyclic heteroaryl ring having 1-5 heteroatoms independently selected
from nitrogen, oxygen, or sulfur;

Ring B 1s an optionally substituted group selected from phenyl, a 3-7 membered saturated
or partially unsaturated carbocyclic ring, an 8-10 membered bicyclic saturated,
partially unsaturated or aryl ring, a 5-6 membered monocyclic hetercaryl ring having

-4 hetercatoms independently selected from nitrogen, oxygen, or sulfur, a 4-7
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membered saturated or partially unsaturated heterocyclic ring having 1-3 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, an optionally substituted 7-
10 membered bicyclic saturated or partially unsaturated heterocyclic ring having 1-5
hetercatoms independently selected from nitrogen, oxygen, or sulfur, or an 8-10
membered bicyclic heteroaryl ring having 1-5 hetercatoms independently selected
from nitrogen, oxygen, or sulfur;

R'is a warhead group;

R’ is hydrogen, halogen, —CN, —CF;, C;galiphatic, Cy.4 haloaliphatic, —OR, —C{(O)R,
or —C{ON{R};

each R group 1s independently hyvdrogen or an optionally substituted group selected from
Cy.galiphatic, phenyl, an optionally substituted 4-7 membered heterocyclic ring
having 1-2 hetercatoms independently selected from nitrogen, oxygen, or sulfur, or a
5-6 membered monocyclic heteroary! ring having 1-4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur;

i 2 . : - ,
W and W~ are each independently a covalent bond or a bivalent Ci5alkylene chamn

R is hydrogen, optionally substituted C,.¢ aliphatic, or —C(O)R, or:

R’ and a substituent on Ring A are taken together with their intervening atoms to form a
4-6 membered saturated, partially unsaturated, or aromatic fused ring, on

R’ and RY are taken together with their intervening atoms to form an optionally
substituted 4-7 membered partially unsaturated or aromatic fused ring;

m and p are independently 0-4; and

R"and R" are independently selected from —R, halogen, —OR, —O(CH,),OR, —CN,
—NGO,, —SOR, —SON(R),, —SOR, —C({O)R, —CO,R, —C{OIN(R})y, —
NRC(O)R, —NRC(O)NR,, —NRSO,R, or —N{R),, wherein g is 1-4; or:

R¥and R' when concurrently present on Ring B are taken together with their intervening
atoms to form an optionally substituted 5-7 membered saturated, partially
unsaturated, or aryi ring having 0-3 hetercatoms independently selected from

nitrogen, oxygen, or sulfur, wherein said ring s substituted with a warhead group and
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0-3 groups independently selected from oxo, halogen, —CN, or Cy.saliphatic; or
R"and R’ when concurrently present on Ring A are taken together with their intervening
atoms to form an optionally substituted 5-7 membered saturated, partially
unsaturated, or ary! ring having 0-3 hetercatoms independently selected from
nitrogen, oxygen, or sulfur, wherein said ring is substituted with a warhead group and

0-3 groups independently selected from oxo, halogen, —CN, or C; ¢aliphatic.

{00555] In an embodiment, the BTK inhibitor 15 a compound of Formula (XXV}) or

Formula (XXV1), wherein:

Ring A 1s selected from phenyl, a 3-7 membered saturated or partially unsaturated
carbocyclic ring, an 8-10 membered bicyclic saturated, partially unsaturated or aryl
ring, a 3-6 membered monocyclic heteroaryl ring having 1-4 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, an optionally substituted 4-7
membered saturated or partially unsaturated heterocyclic ring having 1-3 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, an optionally substituted 7-
10 membered bicyclic saturated or partially unsaturated heterocychce ring having 1-5
heteroatoms independently selected from mitrogen, oxygen, or sulfur, or an 8-10
membered bicyclic heteroaryl ring having 1-5 heteroatoms independently selected
from nitrogen, oxygen, or sulfur;

Ring B 13 selected from phenyl, a 3-7 membered saturated or partially unsaturated
carboeyclic ring, an 8-10 membered bicyclic saturated, partially unsaturated or aryl
ring, a 5-6 membered monocyclic heteroaryl ring having 1-4 hetercatoms
independently selected from nitrogen, oxygen, or sulfur, an optionally substituted 4-7
membered saturated or partially unsaturated heterocyclic ring having 1-3 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, an optionally substituted 7-
10 membered bicyclic saturated or partially unsaturated heterocyclic ring having 1-5
hetercatoms independently selected from nitrogen, oxygen, or sulfur, or an 810
membered bicyclic heteroaryl ring having 1-5 heteroatoms independently selected
from nitrogen, oxygen, or sulfur;

rRlis -L-Y , wherein:

L s a covalent bond or a bivalent C; g saturated or unsaturated, straight or branched,

hydrocarbon chain, wherein one, two, or three methylene units of L are optionally and
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independently replaced by cyclopropylene, —NR—, —N{E}{(O)—, —C(OIN(R}—,
—SO—, —80;—, —C(=8)—, —C{=NR}—, —N=N— or —C{=N,}—;

Y is hydrogen, C ¢ aliphatic optionally substituted with oxo, halogen, or CN, ora 3-10
membered monocyclic or bicyclic, saturated, partially unsaturated, or aryl ring having
0-3 hetercatoms independently selected from nitrogen, oxygen, or sulfur, and wherein
said ring 15 substituted with at 1-4 groups independently selected from -Q-%, oxo,
NQO,, halogen, CN, or C;.¢aliphatic, wherein:

Q is a covalent bond or a bivalent C.¢saturated or unsaturated, straight or branched,
hydrocarbon chain, wherein one or two methylene unuts of @ are optionally and
mdependently replaced by —NR—, —8— —0— —C{0O)}—, —SO—, or —80,—;
and

7. 18 hydrogen or Cy¢abiphatic optionally substituted with oxo, halogen, or UN;

RYis hydrogen, halogen, —CN, —CF;, Cyqaliphatic, Cy.4 haloaliphatic, —OR, —C(O)R,
or —C{ON(R};

each R group 1s independently hydrogen or an optionally substituted group selected from
(1.5 aliphatic, phenyl, an optionally substituted 4-7 membered heterccylic ring having
-2 hetercatoms independently selected from nitrogen, oxygen, or sulfur, or a 5-6
membered monocyclic hetercaryl ring having 1-4 hetercatoms independently selected
from nitrogen, oxygen, or sulfur;

W' and W are each independently a covalent bond or a bivalent Cy; alkylene chain

R*is hydrogen, optionally substituted C, aliphatic, or —C(O)R, or:

R’ and a substituent on Ring A are taken together with their intervening atoms to form a
4-6 membered partially unsaturated or aromatic fused ring; or

R”and RY are taken together with their intervening atoms to form a 4-6 membered
saturated, partially unsaturated, or aromatic fused ring;

m and p are independently 0-4; and

R and R" are independently selected from —R, halogen, —OR, —OG(CH,)OR, —CN,

o
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—NGO,, —SOR, —SON(R),, —SOR, —C({O)R, —CO,R, —C{OIN(R})y, —
NRC(O)R, —NRC(O)NR,, —NRSO,R, or —N(R),, wherein R is independently
selected from the group consisting of hydrogen, cycloalkyl, alkenvl, cycloalkenyl,
alkynyl, aryl, heteroaryl, and heterocycly; or:

R*and R' when concurrently present on Ring B are taken together with their intervening
atoms to form a 5-7 membered saturated, partially unsaturated, or aryl ring having 0-3
heteroatorns independently selected from nitrogen, oxygen, or sulfur, wherein said
ring is substituted with a warhead group and 0-3 groups independently selected from
oxo, halogen, —CN, or C.¢ aliphatic; or

R"and R' when concurrently present on Ring A are taken together with their intervening
atoms to form a 5-7 membered saturated, partially unsaturated, or arvl ring having 0-3
heteroatoms independently selected from nitrogen, oxygen, or sulfur, wheremn said
ring s substituted with a warhead group and 0-3 groups independently selected from

oxo, halogen, —OCN, or {5 aliphatic.

[B0336] As defined generally above, Ring A 1s selected from phenyl, a 3-7 membered
saturated or partially unsaturated carbocyclic ring, an 8-10 membered bicyclic saturated,
partially unsaturated or aryl ring, a 5-6 membered monocyclic hetercaryt ring having 1-4
heteroatoms independently selected from nitrogen, oxygen, or sulfur, an optionally
substituted 4-7 membered saturated or partially unsaturated heterocyclic ring having 1-3
heteroatoms independently selected from nitrogen, oxygen, or sulfur, an optionally
substituted 7-10 membered bicyclic saturated or partially unsaturated heterocyclic ring
having 1-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur, or an 8-
10 membered bicychic heteroarvl ring having 1-5 heteroatoms independently selected

from nitrogen, oxygen, or sulfur.

{06557] In preferred embodiments, Ring A is an optionally substituted phenyl group. In
some embodiments, Ring A is an optionally substituted naphthyl ring or an optionally
substituted bicyclic 8-10 membered heteroary! ring having 1-4 heteroatoms
mdependently selected from nitrogen, oxygen, or sulfur. In certain other embodiments,
Ring A 1s an optionally substituted 3-7 membered carbocychic ring. In yet other

embodiments, Ring A is an optionally substituted 4-7 membered heterocyclic ring having

DB/ 84322047.1 153



WO 2016/024231 PCT/IB2015/056127

1-3 hetercatoms independently selected from nitrogen, oxygen, or sulfur. In preferred

embodiments, Ring B is an optionally substituted phenyli group.

{00558] In certain embodiments, Ring A in Formula (XXV) or Formula (XXVT) 1
substituted as defined herein. In some embodiments, Ring A is substituted with one, two,
or three groups independently selected from halogen, R®, or —{(CH,)4OR", or —
O(CH;,)o.4R°, wherein each R’ is independently selected from the group consisting of
cycloalkyl, alkenyl, cycloalkenyl, alkynyl, arvl, heteroaryl, and heterocyclyl. Exemplary
substituents on Ring A imclude Br, 1, Cl, methyl, —CF;, —C=CH, —OCH;phenyl, —
OCH(fluorophenyl), or —OCH,pyridyl.

{00559] In a preferred embodiment, the BTK inhubitor 1s CC-292, or a pharmaceutically
acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof, preferably a hydrochloride
salt or a besylate salt thereof. In a preferred embodiment, the BTK inhibitor is a

compound of Formula (XXVII}:

/@\ Urmma st
ﬁx T

which 1s N-(3-{{5-fluoro-2-({4-{2-methoxyethoxy yphenyhamino)pyrimdin-4-
vhamimoiphenyhacrylamide, or a pharmaceutically acceptable salt, solvate, hydrate,
cocrystal, or prodrug thereof, or in a preferred embodiment s a hydrochloride salt or a
besylate salt thereof. The preparation of this compound 1s described in U.S. Patent
Application Publication No. 2010/0029610 A1 at Example 20, the disclosure of which is
mcorporated by reference herein. The preparation of the besvlate salt of this compound
is described 1n U.S. Patent Application Publication No. 2012/0077832 Al, the disclosure
of which 1s incorporated by reference herein. In an embodiment, the BTK inhibitor is a
compound selected from the structures disclosed in U.S. Patent Application Publication

No. 2010/0029610 Al or No. 2012/0077832 Al, the disclosures of which are
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incorporated by reference herein.

{00560} In a preferred embodiment, the BTK inhibitor 15 N-(3-((5-fluoro-2-((4-(2-
methoxyethoxy)phenyljamino)pyrimidin-4-yhamino)phenyiacrylamide or a
pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof, or a
hydrochloride salt thereof. The preparation of this compound 1s described in U.S. Patent
Application Publication Nos. 2010/0029610 Al and 2012/0077832 A1, the disclosure of
which is incorporated by reference herein.

{00561] In a preferred embodiment, the BTK inhubitor ts (N-(3-(5-fluoro-2-{(4-(2-
methoxyethoxy)phenylamino)pyrimidin-4-ylamino)phenybacrylamide), ora
pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof, or
preferably a begylate salt thereof. The preparation of this compound is described in U.S.
Patent Application Publication No. 2010/0029610 Al at Example 20, the disclosure of
which is incorporated by reference herein. The preparation of its besylate salt is
described in U.S. Patent Application Publication No. 2012/0077832 Al, the disclosure of
which is incorporated by reference heren,

[00562] In an embodiment, the BTK inhibitor 1s a compound of Formula (XXVHI):

Formula (XXVIII)

L
(R1)n\////\\/\

NH, —
N o
LA~
N/ N
(%

or a pharmaceutically acceptable salt, hydrate, solvate, cocrystal, or prodrug thereof,

wherein

L represents (1) —0—, (2) —=S—, (3) =SO—, {4) -850, (5) -NH—, (6) C(O)—, (7} CH,0—,
(8) —O—CH,—, (9} -CH,—, or (10) -CH{OH)—,

R’ represents (1) a halogen atom, (2) a Crsalkyl group, (3) a Cr4alkoxy group, (4)a Ciq
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haloalky! group, or (5} a Cy.4 haloalkoxy group;

ringl represents a 4- to 7-membered cyclic group, which may be substituted by from one
to five substituents each mdependently selected from the group consisting of (1)
halogen atoms, (2) Cy4alkyl groups, (3) Crgalkoxy groups, (4) nitrile, (53 Ci4
haloalky! groups, and (6} C;.4 haloalkoxy groups, wherein when two or more
substituents are present on ring 1, these substituents may form a 4- to 7-membered
cychic group together with the atoms 1n ringl to which these substituents are bound;

ring? represents a 4- to 7-membered saturated heterocycle, which may be substituted by
from one to three -K—R’; K represents (1) a bond, (2) a Ci4alkylene, (3) —-C{O)—, (4)
—C{O)-CHy—, (5) -CH,—C(O)—, (6) -C{O)YO—, or (7) —SO,— (wherein the bond on the
left 1s bound to the ring2);

R’ represents (1ya Crgalkyl, (2) a Coy alkenyl, or (3) a Cy4 alkynyl group, each of
which may be substituted by from one to five substituents each mdependently
selected from the group consisting of (1) NR'R”, (2} halogen atoms, (3) CONR’R®,
(4) CO;R’, and (5) ORY,

R and R each independently represent (1) a hydrogen atom, or (2) a Crsalkyl group
which ray be substituted by OR’ or CONR'R™; R” and R* may, together with the
nitrogen atom to which they are bound, form a 4- to 7-membered nitrogenous
saturated heterocycle, which may be substituted by an oxo group or a hydroxyl group;

R® and R® each independently represent (1) a hydrogen atom, (2) a Ci.¢ alkyl group, or (3)
a phenyl group;

R’ represents (1) a hydrogen atom or (2) a Cr4 alkyl group:

R® represents (1) a hydrogen atom, (2) a €14 alkyl group, (3) a phenvl group, or (4} a
benzotriazolyl group; R’ represents {1) a hydrogen atom or (2} a C1.4 alkyl group;

R' and R" each independently represent (1) a hydrogen atom or (2) a C; 4 alkyl group;

n represents an integer from 0 to 4;

m represents an integer from 0 to 2; and

when n is two or more, the R"s may be the same as each other or may differ from one

another).

{00563] In an embodiment, the BTK inhibitor 1s a compound of Formula XCXVHI-A):
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Formula (XXVIII-A)

o
(R1)n\////\\/\

NH, —
NN
LA
N/ N
(55

or a pharmaceutically acceptable salt, hydrate, solvate, cocrystal, or prodrug thereof,

wherein

R' represents (1) a halogen atom, (2) a C.4alkyl group, (3) a 4 atkoxy group, (4} a Cry
haloalky! group, or (5} a Ci.4 halsalkoxy group;

ringl represents a benzene, cyclohexane, or pyridine ring, each of which may be
substitiited by from one to five substituents each independently selected from the
group consisting of (1} halogen atoms, (2) C4 alkyl groups, (3) Crsalkoxy groups,
(4} rtrile, (5} CFs;

ring? represents a 4- to 7-membered nitrogenous saturated heterocycle, which may be
substituted by from one to three —K—R"; wherein K represents (1} a bond, (2Ya Cyi4
alkylene, (3) —-C(O)—, (4) -C(O)-CHy—, (5) -CH,~C(O)—, (6) -C(0)O—, or (73 -SO—
(wherein the bond on the left 1s bound to the ring2};

R* represents (1) a Cr.4 alkyl, (2) a Coy alkenyl, or (3) a o4 alkyny! group, each of
which may be substituted by from one to five substituents each independently
selected from the group consisting of (1) NR'R®, (2) halogen atoms, (3) CONR'R’,
(4) CO,R’, and (5) ORY,

R* and R* each independently represent (1) a hydrogen atom, or (2) a Cy4alkyl group
which may be substituted by OR’ or CONR'R'"; R” and R* may, together with the
nitrogen atom to which they are bound, form a 4- to 7-membered nitrogenous
saturated heterocycle, which may be substituted by an oxo group or a hydroxyl group;

R” and R® each independently represent (1) a hydrogen atom, (2} a C1.s alkyl group, or (3)

a phenyl group;
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R’ represents {1} a hydrogen atom or (2) a Cy. atkyl group:

R represents (1) a hydrogen atom, (2} a Cy.4 alkyl group, (3) a pheny! group, or {4} a
benzotriazolyl group; R’ represents (1) a hydrogen atom or (2) a C4 alkyl group;

R' and R" each independently represent (1) a hydrogen atom or (2) a Ci.4 alkyl group;

n represents an integer from 0 to 4;

m represents an integer from 0 to 2; and

when n is two or more, the R"s may be the same as each other or may differ from one

another).

[003564] In a preferred embodiment, the BTK mhibitor 1s a compound of Formula

(XXVHI-B):

Formula (XXVIII-B)

-
Oy

or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof,
preferably a hydrochloride salt thereof. The preparation of this compound 1s described 1n
International Patent Application Publication No. W( 2013/081016 Al, the disclosure of
which is incorporated by reference herein. In an embodiment, the BTK inhibitor is 6-
amino-9-(1-(but-2-ynoyl)pyrrolidin-3-y1}-7-(4-phenoxyphenyl)-7,9-dihydro-8H-purin-8-
one or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof,
or preferably a hydrochloride salt thereof. In an embodiment, the BTK mhibttor 15 6-

amino-9-{(38)-1-(2-butynoyi)-3-pyrrolidinyl}-7-(4-phenoxypheny1)-7,9-dithydro-8 H-
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purin-8-one or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug

thereof, or a hydrochloride salt thereof.

{00565] The R-enantiomer of Formula (XXVIII-B) 1s also known as ONG-4059, and 1
given by Formula (XXVIII-R). In a preferred embodiment, the BTK inhibitor is a
compound of Formula (XXVUIIL-R}:

Formula (XXVIII-R)

&L
o~

or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof,
preferably a hydrochloride salt thereof.

{06566] In an embodiment, the BTK inhibitor 15 6-amino-9-[(3K}-1-(2-butynoyl}-3-
pyrrolidinyl}-7-(4- phenoxyphenyl}-7 9-dihydro-8H-purin-8-one or a pharmaceutically
acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof, preferably a hydrochloride
salt thereof.

{06567] The preparation of Formula (XXVII-R} 15 described in International Patent
Application Publication No. WO 2013/081016 A1, the disclosure of which is
mcorporated by reference herein. In brief, the BTK inhibitor of Formula (XXVHI-R} can
be prepared by the following procedure.

{006568] Step 1: A solution of dibenzylamine (10.2 g} in dichloromethane (30 mL} is

dripped into a solution of 4,6-dichiors-S-mitropyrimuidine (10 g} in dichloromethane (70
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ml} on an ice bath. Then triethylamine {(14.4 mL} 1s added, and the mixture s stirred for
1 hour. Water is added to the reaction mixture, the organic layer is washed with a
saturated aqueous sodium chloride solution and dried over anhydrous sodium sulfate, and
the solvent is concentrated under reduced pressure to obtain N, N-dibenzyl-6-chloro-5-

nitropyrimidine-4-amine {(19.2 g).

{00569] Step 2: The compound prepared in Step 1 (19 g) and tert-butyl (3R}-3-
aminopyrrolidine-1-carboxylate (10.5 g) are dissolved in dioxane (58 mL}. Triethylamine
(8.1 mL} 1s added, and the mixture is stured for S hours at 30° C. The reaction mixture 15
returned to room temperature, the solvent s distilled off, water 15 added, and extraction is
performed with ethyl acetate. The organic layer is washed with saturated aqueous
sodium chioride solution, then dried over anhydrous sodium sulfate, and the solvent 1s
distilled off. The residue 1s purified by silica gel column chromatography to obtain rerr-
butyl (3R)-3- {[6-(dibenzylamino)-S-nitropyrimudin-4-yl Jamino} pyrrolid- 1ne-1-

carboxylate (27.0 g).

[80370] Step 3. Aun ethyl acetate (360 mL) solution of the compound prepared in Step 2
{17.5 g} 1s dripped mito a muxture of zinc (23.3 g) and a 3.0 M aqueous ammonium
chloride solution {11.4 g) on an ice bath, and the temperature 15 immediately raised to
room temperature. After sturring for 2 hours, the reaction muxture 1s filtered through
CELITE and the solvent 1s distilied off. The residue 15 purified by stlica gel column
chromatography to obtain feri-butyl (3R)-3- {[ 5-amino-6-{dibenzylamuinopyrimidin-4-

yvllamino} pyrrolidine-t-carboxylate (12.4 g).

[00571] Step 4. The compound prepared in Step 3 (8.4 gj and 1,1-carbonyl dunudazole
{5.9 g) are dissolved in tetrahydrofuran (120 mL} and the solution 1s stirred for 15 hours
at 607 C. The solvent 1s distilled off from the reaction mixture, water 1§ added, and
extraction with ethyl acetate 1s performed. The organic layer 1s washed with saturated
aqueous sodium chloride solution, dried over anhydrous sodium sulfate, and the solvent
is distilled off. The residue 1s purified by silica gel column chromatography to obtain
tert-butyl (3R}-3-[6-{dibenzylamino)-8-oxo-7,8-dihy dro-9H-purin-9-yljpyrrolidin-1-
carboxyiate (7.8 g).
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{00572] Step 5 The compound prepared in Step 4 (7.8 g) 1s dissolved in methanol (240
mL} and ethyl acetate (50 mL), 20% Pearlman's catalyst (PA(OH}»/C) (8.0 g, 100 wt %)
1s added, hydrogen gas replacement is carried out, and stirring 1s performed for 7.5 hours
at 60° €. The reaction mixture is filtered through CELITE and the solvent is distilled off
to obtain ferf-butyl (3R}-3-(6-amino-8-ox0-7,8-dithydro-9H-purin-9-yhpyrrolidine-1-

carboxylate (5.0 g).

{00573] Step 6. At room temperature p-phenoxy phenyl boronic acid (2.1 g}, copper(l)
acetate (1.48 g}, molecular sieve 4A (2.5 g}, and pyridine (0.82 mL) areadded to a
dichloromethane suspension (200 mL) of the compound prepared in Step 5 (2.5 g),
followed by sturing for 21 hours. The reaction mixture 15 filtered through CELITE and
the residue 15 purified by silica gel column chromatography to obtain fert-butyl (3R)-3-[6-
amino-8-oxo-7-{(4~phenoxyphenyl}-7,8-dihydro-9H-purin-9-y1]pyrrolidine- 1 -carboxylate
(132

[00574] Step 7. At room temperature 4 N HCl/dioxane (13 mL) 1s added to a methanol
(13 mL) suspension of the compound prepared in Step 6 (1.3 ¢ 2.76 mmol, 1.0
equivalent), and the muxture is stirred for 1 hour. The solvent 15 then distilled off to
obtain (3R}-6-amino-9-pyrrolidin-3-y1-7-(4-phenoxyphenyl}-7,9-dihydro-8H-purin-8-one
dihydrochlonde (1.5 g).

[B0575] Step 8 After 2-butylnoic acid (34 mg}, -ethyl-3-(3-dimethylaminopropyl)
carbodumide hydrochloride (EDC) (78 mg), I-hydroxybenzotriazole (HOBt) (62 mg},
and triethylamine (114 mL) are added to a solution of the compound prepared in Step 7
{100 mg} 0 dimethyl formamide (3 mlL), the muxture is stirred at room temperature for 3
hours. Water 1s added to the reaction mixture and extraction with ethyl acetate 15
performed. The organic layer 18 washed with saturated sodium carbonate solution and
saturated aqueous sodium chloride solution, then dried over anhydrous sodium sulfate,
and the solvent is distilled off. The residue 1s purified by thin laver chromatography
{dichloromethane:methanol: 28% ammonia water=90:10:1) to obtain 6-amino-2-[{(3R)}-1-
(2-butynovi}-3-pyrrohidinyl]-7-(4-phenoxyphenyl}-7, 9-dihvdro-8H-purin-8-one (Formula
(XXVHI-R)) (75 mg).
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{00576] The hydrochloride salt of the compound of Formula (XXVIH-R) can be
prepared as follows: 6-amino-9-[{3R)-1-(2-butynoyl}-3-pyrrolidinyl}-7-(4-
phenoxyphenyl)-7,9-dihydro-8H-purin-8-one (3.0 g) (which may be prepared as
described above) is placed in a 300 mL 3-neck pear-shaped flask, ethyl acetate (30 mL)
and I-propanol (4.5 mL} are added, and the external temperature s set at 70° C (internal
temperature 61° C). After it is confirmed that the compound prepared in Step 8 has
dissolved completely, 10% HCl/methanol (3.5 mL) s added, and after precipitation of
crystals is confirmed, the crystals are ripened by the following sequence: external
temperature 70° C for 30 min, external temperature 60° C for 30 min, external
temperature 30° C for 60 min, external temperature 40° C for 30 min, room temperature
for 30 min, and an 1ce hath for 30 min. The resulting crystals are filtered, washed with
ethyl acetate {6 mL), and dried under vacuum at 30° C to obtain white crystals of 6-
amino-9-{(3R)-1-(2-butynoyl}-3-pyrrolidinyl}-7-{(4-phenoxyphenyl}-7,9-dithydro-8H-

purin-8-one hydrochloride (2.76 g}

{86577} Inan embodiment, the BTK inhibitor 15 a compound selected from the
structures disclosed 1n UK. Patent Application Publication No. US 2014/0330015 A1, the

disclosure of which 1s mcorporated by reference herem.

[06578] In an embodiment, the BTK inhibitor 1s a compound of Formula (B):

Formula (B)
H,N
0]
H,N
O/
Ay |
R \
R2 (R®n

or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereot,
wheremn:

X-Y-7Z is N-C-C and R® is present, or C-N-N and R’ is absent;

R'is a 3-8 membered, N-containing ring, wherein the N is unsubstituted or substituted

with R,

B
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R? is H or lower alkyl, particularly methyl, ethyl, propy! or butyl; or

R' and R? together with the atoms to which they are attached, form a 4-8 membered ring,
preferably a 5-6 membered ring, selected from cycloalkyl, saturated or unsaturated
heterocycle, aryl, and heteroaryl rings unsubstituted or substituted with at least one
substituent LnR4;

R’ is in each instance, independently halogen, alkyl, S-alky!l, CN, or OR’;

nis 1,2, 3, or 4, preferably 1 or 2;

L is a bond, NH, heteroalkyl, or heterocyclyl;

RYis COR', CO.R', or SOR’, wherein R' is substituted or unsubstituted atkvl, substituted
or unsubstituted alkenyl, substituted or unsubstituted alkynvl;

R’ is H or unsubstituted or substituted heteroalkyl, alkyl, cycloalkyl, saturated or

unsaturated heterocyelyl, arvl, or hetercarvl.

[80379] In some embodiments, the BTK inhibitor is one of the following particular

embodiments of Formula B:

XewY--7Z is C--N--N and R” is absent; and R" is 3-8 membered, N-contaiming ring, N-
substituted with R

XewY-Z i N--C--C and R? is present, R'is 3-& membered, N-contaning ring, N-
substituted with R*; and R is H or lower alkyl;

XY --Z is N--C--C and R” is present; and R’ and R together with the atoms to which
they are attached, form a 4-8 membered ring selected from cycloalkyl, saturated or
unsaturated heterocycle, arvi, and hetercaryl rings unsubstituted or substituted with at
least one substituent L-R”, wherein preferred rings of R! and R? are 5-6-membered,
particularty dihvdropyrrole, tetrahydropynidine, tetrahydroazepine, phenyl, or
pyridine;

KoY -7 is No-C--C and R” is present; and R' and R” together with the atoms to which
they are attached, form a 5-6 membered ring, preferably (a) phenyi substituted with a
single -L-R*, or (b} dihydropyrrole or tetrahydropyridine, N-substituted with a single
-L-R* wherein L is bond;

R' is piperidine or azaspiro[3.3lheptane, preferably N-substituted with R”,;

R* is COR' or SO,R, particularly wherein R’ is substituted or unsubstituted alkenyl,

particularky substituted or unsubstituted ethenyl; or

DB/ 84322047.1 163



WO 2016/024231 PCT/IB2015/056127

R® is unsubstituted or substituted alky! or aryl, particularly substituted or unsubstituted
phenvl or methyl, such as cyclopropyl-substituted methyl with or tetrabutyl-

substituted phenyl.

{005806] In some embodiments, the BTK inhibitor 15 one of the following particular

embodiments of Formula B:

R' is piperidine or azaspiro[3.3Jheptane, N-substituted with R*, wherein R* is H, COR' or
SO,R', and R 1s substituted or unsubstituted alkenyl, particularly substituted or
unsubstituted ethenyl;

R’ is —OR’, R’ is phenyl, and nis 1;

R! and R, together with the atorus to which they are attached, form a 5-6 membered ring,
preferably (a) pheny! substituted with a single -L-R*, or (b} dihydropyrrole or
tetrahydropyridine, N-substituted with a single -L-R* wherein L is bond; R’ is “OR”;
nis 1: R is COR!, and R' is ethenyl; and R’ is phenyl; and

X--Y--Z is C--N--N and R” is absent; R' is piperidine, N-substituted with R* R is ~OR”;
nis 1: R is COR!, and R' is unsubstituted or substituted alkenyl, particularly ethenyl;

and R’ is substituted or unsubstituted aryl, particularly phenyl.

[00581] In a preferred embodiment, the BTK inhibitor is a compound of Formula (B1),
Formula (B1-2), or Formula (B1-3)

Formula (B1)
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Formula (B1-2)

0
NH,
)
|
HoN N
o

Formula (B1-3)

Vi

0
NH,
o
>
/
HoN ",

O~
o)

or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof.

Formula (B1-2) 13 also known as BGB-3111. The preparation of these compounds 13

described in International Patent Application Publication No. WO 2014/173289 Al and

ULS. Patent Application Publication No. US 2015/0005277 Al, the disclosure of which 1s

mcorporated by reference herein.

{06582] In brief, the BTK inhubitor of Formula (B1} can be prepared by the foliowing

procedure.

{006583] Step 1. Preparation of 2-(hydroxy{4-phenoxyphenylimethylene)malononitrile:
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CN

NC \

HO
{00584] A solution of 4-phenoxybenzoic acid (300 g, 1.4 mol) n SOCL, (1.2 L) 1s stirred
at 80° C under N, for 3 hours. The mixture is concentrated in vacuum to give the
mtermediate (315 ¢) which is used for next step without further purification.

{00585] To a solution of propanedinitrile (89.5 g, 1355 mmol) and DIEA (350 ¢, 2710
mmol} in THF (800 mL} 1s dropwise a solution of the intermediate (315 g} in toluene
{800 mL) at 0-5° C. over 2 hours. The resultant mixture is allowed to warm to RT and
stirred for 16 hours. The reaction 1s quenched with water (2.0 L) and extracted with of
EA (2.0 L x 3). The combived organic layers are washed with 1000 mi of 3 N HCI
aqueous solution, brine (2.0 L # 3), dried over Na,SO; and concentrated to give the crude
product (330 g, 93%,).

[00586] Step 2. Preparation of 2-(Methoxy{4-phenoxyphenyDmethyleneymalononitrile;

CN

NC \

MeO

[00587] A solution of 2~-(hydroxy(4-phenoxyphenylymethylene)malononitrile (50 g,
190.8 mmol) in CH{OMe;) (500 mL) 1s heated to 75°C for 16 hours. Then the mixture s
concentrated to a residue and washed with MeOH (50 mL) to give 25 g (47.5%) of 2-

{methoxy(4-phenoxyphenylymethviene)malononitrile as a yellow sohid.

[00588] Step 3. Preparation of S-anuno-3-(4-phenoxyphenyl)-1 H-pyrazole-4-

carbonitrile:
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{00589] To a solution of 2-(methoxy{4-phenoxyphenylmethylene}malononitrile (80 g,
290 mmol) in ethanol (200 mL) s added hydrazine hydrate (20 mL). The mixture is
stirred at RT for 16 hours then is concentrated to give the crude product and washed with
MeOH (30 mL) to afford 55 ¢ (68.8%) of S-amino-3-{4-phenoxyphenyl}-1H-pyrazole-4-

carbonitrile as a oft-white solid.
{00590] Step 4. Preparation of rert-butyl 3-(tosyloxy)piperidine-1-carboxylate:

TsO

N——Boc

wherein “Boc” represents a fert-butyloxycarbonyl protecting group.

[003%91] To a solution of fert-butyl 3-hydroxypiperidine-1-carboxylate (1. 05 g, 5.0
mmol) in pyridine (8 mL) 1s added TsCl(1.425 g, 7.5 mmol). The mixture is stirred at
RT under N; for two days. The mixture 15 concentrated and partitioned between 100 mL
of EA and 100 mL of HCI (1 N} aqueous solution. The organic layer 1s separated from
aqueous layer, washed with saturated NaHCO: aqueous solution (100 mL x 2}, brine
{100 mL x 3) and dried over NaSQ4. The organic layer is concentrated to afford 1.1 g

{60%) of rert-buty] 3-(tosyloxy Ipipenidine-1-carboxylate as a colorless oil.

[00592] Step S. Preparation of rerf-butyl 3-(5-ammno-4-cyano-3-(4-phenoxyphenyl}-1H-

pyrazol-i-yvipiperidine-1-carboxylate:
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H:N
/
@]
N\N/
T
Boc

{00593] To a solution of rerr-butyl 3-(tosyloxypiperidine-1-carboxylate (355 mg, 1.0
mmol) and 5-amino-3-(4-phenoxyphenyl}-1 H-pyrazole-d-carbonitrile (276 mg, 1.0
mmol) in S mL of DMF s added Cs;CO5 (650 mg, 2.0 mmol). A tosyloxy leaving group
15 emploved in this reaction. The mixture 1s stirred at RT for 16 hours, 75° C for 3 hours
and 60°C for 16 hours. The nmuxture is concentrated washed with brine (100 mL » 3} and
dried over Na;S0,y. The material 1s concentrated and purified by chromatography column
on silica gel {eluted with petroleum ether/ethy! actate = 3/1) to afford 60 mg (13%) of
fert-butyl 3-(S-amino-4-cyano-3-{(4-phenoxyphenyl}-1 H-pyrazol-1-yhipipendine-1-

carboxvlate as a yellow otl.

{00594} Step 6. Preparation of fert-butyl 3-(5-anuno-4-carbamoyl-3-(4-

phenoxyphenyt}-1H-pyrazol-1-ylipiperidine-1-carboxylate:

Boc
[006395] To a solution of fert-butyl 3-(S-amino-4-cyano-3-{4-phenoxyphenyl}-1H-
pyrazol-1-ylipiperidine-1-carboxylate (100 mg, 0.22 mmol} in DMSO (2 mL} and
ethanol (2 mL} was added the solution of NaOH (200 mg, 5 mmol) 1o water (1 ml) and
H>O; (1 mL). The muxtare 1s stirred at 60° C for 15 mun and concentrated to remove

FtOH, after which 10 mL of water and 50 mL of ethyl acetate are added. The organic
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layer 1s separated from aqueous laver, washed with brine (30 mL x 3} and dried over
Na;804. After concentration, 50 mg of residue 1s used directly in the next step, wherein
50 mg of residue 1s purified by pre-TLC (eluted with petroleum ether/ethyl actate = 1/1)
to afford 12 mg (30%) of rer-butyl 3-(5-amino-4-carbamoyi-3-(4-phenoxyphenyl)-1H-

pyrazol-1-yhpiperidine-1-carboxylate as a white solid.

{00596] Step 7. Preparation of S-amino-3-(4-phenoxyphenyi}-1-(pipendin-3-yl}-14-

pyrazole-4-carboxamide:

Iz

{00597] To a solution of fers-butyl 3-(5-amino-4-carbamovyl-3-{4-phenoxyphenyl)-1H4-
pyrazol-1-yvi)piperidine-1-carboxylate (50 mg, 0.11 mmol) in ethyl acetate (1 mL) is
added concentrated HCI (.75 mL). The mixture 1s stirred at RT for 1 howr. Then
saturated NaHCOs 15 added until pH > 7, followed by ethyl acetate {50 mL). The organic
layer is separated from aqueous laver, washed with brine (50 mL x 3} and dried over
Na;804. The resulting product is concenirated and purified by Pre-TLC (eluted with
dichloromethane/MeOH/NH:-H,0=5/1/0.01) to afford 10 mg (25%) of S-amino-3-(4-
phenoxyphenyly-1-(piperidin-3-yl}-1H-pyrazole-4-carboxamide as a white solid.

{00598] Step 8. Preparation of 1-(1-acryloylpiperidin-3-yH-5-amino-3-(4-

phenoxyphenyl}-14-pyrazole-4-carboxamide:
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NH,

oo
{06599] To a solution of 5-aming-3-{(4-phenoxyphenyl}-1-{piperidin-3-y1}- 1 H-pyrazole-
4-carboxamide (63 mg, 0.17 mmol) in dichloromethane (4 mL) 15 added pynidine (27 mg,
0.34 mmol}. Then a solution of acryloyl chloride (12 mg, 0.17 mmol} in
dichloromethane {1 mL} 1s added dropwise. After stirring at RT for 4 hours, the mixture
is partitioned between 100 mL of dichloromethane and 100 mL of brine. The organic
layer is separated from aqueous laver, washed with brine (100 mL x 2} and dried over
Na,S80. The material is concentrated and purified by Pre-TLC (eluted with
dichloromethane/MeOH=10/1) to afford 4 mg (5.5%) of 1-(1-acrylovipiperidin-3-vi}-5-

amino-3-{(4-phenoxyphenyl}-1H-pyrazole-4-carboxanmide as a white solid.

{00608] The enantiomers of Formula (B1) provided by the procedure above may be
prepared from S-amino-3-(phenoxyphenyl)-1H-pyrazole-4-carbonitrile and (8)-fert-butyl
3-hydroxypiperidime-1-carboxylate using a sinular procedure (step 4 to 8} for Formula
(B1-2}, or from (R)-fert-butyl 3-hydroxypipendine-1-carboxylate using a similar
procedure (step 4 to 8) for Formula (B1-3). Under appropriate conditions recognized by
one of ordinary skill in the art, a racemic nuxture of Formula (B1) may be separated by
chural HPLC, the crystallization of chiral salts, or other means described above to yield

Formula (B1-2) and Formula (B1-3) of high enantiomeric purity.

{00601} In an embodiment, the BTK inhibitor 15 a compound selected from the
structures disclosed in U.S. Patent Application Publication No. US 2015/0005277A1, the

disclosure of which 1s mcorporated by reference herein.
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{00602] Other BTK mhibitors suitable for use in the described combination with a JAK-
2 inhibitor or a PI3K inhibitor, the PI3K inhibitor being preferably selected from the
group consisting of a PI3K-y inhibitor, a PI3K-& inhibitor, and a PI3K-y,6 inhibitor, also
mclude, but are not limited to, those described in, for example, International Patent
Application Publication Nos. WO 2013/010868, WO 2012/158843, WO 2012/135%44,
WO 2012/135937, U.S. Patent Application Publication No. 2011/0177011, and U.S.
Patent Nos. 8,501,751, 8,476,284, 8,008,309, 7,960,396, 7,825,118, 7,732,434,
7,514,444, 7,459,554, 7,405,295, and 7,393,848, the disclosures of each of which are

incorporated herein by reference.

JAK-Z Inhibitors
{00603} The JAK-2 inhibitor may be any JAK-2 inhibitor known in the art. In

particular, it 1s one of the JAK-Z inhibitors described in more detail in the following
paragraphs. For avoidance of doubt, references heremn to a JAK-2 inhibitor may refertoa
compound or a pharmaceutically acceptable salt, ester, solvate, hydrate, cocrystal, or

prodrug thereof.

[00604] In an embodiment, the JAK-2 inhibitor 1s a compound of Formula (XXIX):

(Y)n z

/}_---Az Formula (XXIX)

or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof,
wherein:

A'and A are independently selected from C and N;

T, U, and V are ndependently selected from O, S, N, CR’, and NR®:

wherein the S-membered ring formed by AlUA? U, T, and V is aromatic;

XisNorCRé;

DB/ 84322047.1 171



WO 2016/024231 PCT/IB2015/056127

Y 1s Cygalkvlene, Oy galkenylene, C;zalkynylene, (CR“R”)p—(Cg_;O cycloalkylene}-
(CRVR), (CRVRP)-(arylene)-(CRR),, (CRVR),—(Crpo
heterocycioaﬂ{yiene}(CRiiR”)q, (CR! lRf7‘);3"(heﬁ:emawiene)n(C}%’ij R ?‘)q,
(CRR'),O(CRR),, (CRVR'),S(CR'R,, (CRUR'Y,CONCR'RY,,
(CRVR),COOWRYCR'RY), (CRR™,COIO(CR 'R "),
(CR''R',OC(OHCR'R),, (CRV'RP),OC(OINRY(CR'R'Y),,
(CRVRM)NRYCR' 'R, (CRMRM)L,NRECOINRYCR 'R,
(CRVRS(ONCR'RY), (CRVRM),S(OINRY(CR'RY),,
(CRYRM)S(O(CRY'RY),, or (CRYRM™),S(0)NRYCR' 'R, wherein said €5
atkviene, Cysalkenylene, Ty alkvnylene, cyvcloalkylene, arylene,
heterocvcloalkvlene, or heteroarylene, 1s optionally substituted with 1, 2, or 3
substituents independently selected from -D'-D2-D-D;

Zis H, halo, Cigalkyl, Cogalkenvl, Cogalkynyl, Ciqhaloalkyl, halosulfanyl, Ci.

CIOINRRY, CIOYOR®, OC(OIR®, OC(OINRRY, NRRY, NRC(O)R”,
NRC{OINRRY, NRC{OYOR?, C(=NRINRR, NR*C(=NR)NRRY, S(OIR",
S(OINRRY, S(0),R®, NRS(O),R", C=NOH)R®, C{(=NO(C s alkyDR" and
S(O)zNRCRd, wherein said Cigalkyl, Cogalkenyl, or Chgalkynyl, is optionally
substituted with 1, 2, 3, 4, 5, or 6 substituents independently selected from halo, Ty
atkyl, Coaalkenyl, Cogalkynyl, €4 haloalkyl, halosultanyi, C; 4 hydroxyalkyl, T4
eyanoalkyl, Cy', ON, NO,, OR®, SR®, C{O)R®, C(OINRRY, C(OYOR?, OC(OIRY,
OC{OINRRY, NRR?, NREC(OIR”, NREC(OINRR?, NREC(OYOR”, C(=NR)INRR’,
NRECE=NRINRRY, S(OIRY, S(OMNRRY, S(O)R°, NRS(O),R®, C(=NOH)R",
C(=NO(C 1 alkyDR®, and S{O)LNRRY;

wherem when Z1s H, nis 1;

or the —(Y),—7 moiety is taken together with i) A to which the moiety is attached, ii)
R’ or R of either T or V, and iii) the C or N atom to which the R” or R® of either T or
V 1s attached to form a 4- to 20-membered arvi, cvcloalkyl, heteroaryl, or
heterocycloalky! ring fused to the 5-membered ring formed by A", A% U, T, and V,
wherein said 4- to 20-membered aryl, cycloalkyl, hetercaryl, or heterocycloalkyl ring

is optionally substituted by 1, 2, 3, 4, or S substituents mdependently selected from —

1y
DB/ 84322047.1 172



WO 2016/024231 PCT/IB2015/056127

(Whn-Q;

W is Cyralkylenyl, Cogalkenylenyl, Copalkynylenyl, O, S, C(O), C{OINRE, C(0)0,
OC(O), OC(OINRT, NR®, NREC(OINRY, S(O). S(OINRE, S(0),, or S{O)NR;

is H, halo, CN, NO,, Cyzalkyl, Crgalkenyl, Cypalkynyl, Cghaloalkyl, halosulfanyl,
aryl, cycloalkyl, heteroaryl, or heterocycloalkyl, wherein said Cyalkyl, Gy galkenyl,
Chgalkynyl, Cyshaloalkyl, aryl, cycloalkyl, heteroaryl, or heterocycloalkyl is
optionally substituted with 1, 2, 3 or 4 substituents independently selected from halo,
Ciaalkyl, Cogalkenyl, Cogalkynyl, Cy4haloalkyl, halosulfanyl, Ci.shyvdroxyalkyl,
Crsoyanoalkyl, Cy?, CN, NO,, ORY, SR, C{O)R”, C(OINRRY, C(OIOR?,
OC(ORY, GC{OINRRY, NRRY, NREC{OIRY, NREC(OINRRY, NRC(O)OR,
S(OIRY, S{OINRRY, S(01R”, NRS(O),RY, and S(O)NRERY;

Cy'and Cy’ are independently selected from aryl, heteroaryl, cycloalkyl, and
heterocycloalkyl, each optionally substituted by 1, 2, 3, 4 or 5 substituents
mdependently selected from halo, Cigalkyl, Cogalkenyl, Cogalkynyi, Ci 4 haloalkyl,
haloselfanyl, Coy hydroxyalkyl, Cp.scyanoalkyl, CN, NO,, ORY, SRY, C(OJR”,
C(ONRRY, C{OYORY, OC(ORY OC(OINRRY, NRRY, NRYC(OIRY,
NREC(OIORY, NRES(OIRY, NRYS(ORRY, S(ORY, S(OINR*RY, S(OLRY, and
S(O)LNRRY:

RURY R’ and RYare independently selected from H, halo, Cy4alkyl, Chrsalkenyl, Coy
atkynyl, {4 haloalkyl, halosolfanyl, aryl, cycloalkyl, heteroaryl, heterocycloalkyli,
CN, NO,, OR, SR7, C(OIR®, CLOINR'RY, C{OYORTOC(OIR®, OC(OINRRY,
NR'RY NRPCIOIR®, NREC(OYOR, S(OIR®, S(OINR'R™, S{0)LR®, NR'S(0);R®, and
S(O)NR'RY,

Ris H, halo, Cj4alkyl, Cogalkenvl, Coqalkynyl, €4 haloalkyl, halosulfanyl, ON, NG,
OR’, SR7, CHOWR®, CLOINRR™, C(OYOR, OC(OIR?, OC(OINRR', NRPR™,
NRIC(OIR®, NR'C(OIOR’, S(OR®, S(OINR'R', S(0),R®, NR'S(OLR®, or
S{O)NRR";

R%is H, Ciualkyl, Cogalkenyl, Coualkynyl, Cig haloalkyl, OR', C(OWR®, C{OINR'R',
CIOYOR', S(OR®, S(OINR'R™, S(01R®, or S(O)LNR'R',

R'isH Cig alkyl, Ci¢haloalkyl, Cygalkenyl, Cygalkynyl, aryl, cycloalkyl, heteroaryl,

heterocycloalkyl, arvialkyl, hetercarylalkyl, cycloalkylalkyl or heterocycloalkylalkyl;

DB/ 84322047.1 173



WO 2016/024231 PCT/IB2015/056127

R¥is H, Ci alkyl, C;¢haloalkyl, Cygalkenyl, Cygealkynyl, arvl, cycloalkyl heteroaryl,
heterocycloalkyl, arvialkyl, heteroarylalkyl, cycloalkylalkyl or heterocycloalkylalkyl;

R’ and R are independently selected from H, Cy.jpalkyl, Ci haloalkyl, Cogalkenyl, Cog
altkynyl, Cisalkvlcarbonyl, aryicarbonyl, Cj ¢ alkyisulfonyl, arvisulfonyl, aryl,
heteroaryl, cycloalkyl, heterocycloalkyl, arylalkyl, heteroarylalkyl, cycloalkylalkyl
and heterocycloalkylalkyl;

or R’ and R" together with the N atom to which they are attached form a 4-, 5-, 6- or 7-
membered heterocycloalkyl group;

R'Yand R%are in dependently selected from H and BLELELES

D' and E' are independently absent or independently selected from Cigalkylene, Cas
altkenylene, Crgalkynylene, arylene, cycloalkylene, hetercarylene, and
heterocycloalkylene, wherein each of the Cgalkylene, Cy.salkenylene, Cog
atkynylene, arylene, cycloalkylene, hetercaryiene, and heterocycloalkylene s
optionally substituted by 1, 2 or 3 substituents independently selected from halo, N,
NQG;, N3, SCN, OH, Cisalkyl, Cighaloalkyl, Crgalkoxyalkyl, Cisalkoxy, Cis
haloalkoxy, amino, C;galkylamiuno, and Cys dialkylamino;

D7 and E? are independently absent or independently selected from Crgalkylene, Cog
alkenylene, Cisalkynylene, (T alkylene)-O—{Cis alkyiene),, (Ciealkylene}r-S—
(C1salkylene),, (Crsalkylene), —NR (' salkylene)., (Cisalkylene)-CO—(Cyg
alkylene)s, (Calkylene)-COO—{Csalkylene), (C1.salkylene)-CONR {4
atkyiene}, (Crealkylene)-S0-—(Cigalkylene), (Cisalkylene)-SO,—(Cig
alkylene)s, (Cy.salkylene)~-SONR®—(C 4 alkylene)s, and (Cysalkylene),-
NRECONR (Ciealkylene}, wherein each of the Cigalkylene, Cyqalkenviene, and
Chealkynylene 1s optionally substituted by 1, 2 or 3 substituents independently
selected from halo, CN, NO,, N3, SCN, OH, Cisalkyl, C;haloalkyl, Cyg
alkoxyalkyl, Cisalkoxy, Ci¢haloalkoxy, amino, Cjsalkylamino, and Cog
dialkylamino;

D" and E' are independently absent or independently selected from C,¢alkylene, Csg
alkenviene, Cysalkynviene, arvlene, cycloalkylene, heterocarylene, and
heterocycloalkylene, wherein each of the (' salkylene, U, ¢alkenylene, Cy g

alkynvlene, arviene, cycloalkylene, heteroarviene, and heterocycloalkylene s
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optionally substituted by 1, 2 or 3 substituents independently selected from halo, N,
NQ;, Ni, SCN, OH, Cjsalkyl, Ci¢haloalkyl, Crzalkoxyalkyl, Cigalkoxy, Cis
haloalkoxy, amino, 'y ¢alkylamine, and C, .5 dialkylaminoe;

D*and E* are independently selected from H, halo, C,salkyl, Cyaalkenyl, Cyialkynyl,
Cy.s haloalkyl, halosulfanyl, Cy.4 hydroxyalkyl, C.4cvanoalkyl, Cyl, CN, NO,, ORY,
SR®, C(OIRY, C{OINRRY, C(O)OR?, OC(OIR®, OC(OINRRY, NRRY, NREC{OR”,
NREC(OINRRY, NRC(OJOR?, C(=NRINRR’, NR°C{=NR)NR°R?, S(O)R",
S(OYNRRY, §(0),R", NRS(O)R®, C{=NOHR®, C(=NO{C s alkyDR", and
S(O)NRRY, wherein said Crgalkyl, Cozalkenvl, or Copalkynyl, is optionally
substituted with 1, 2, 3, 4, 5, or 6 substituents independently selected from halo, Ci4
alkyl, Coqalkenyl, Cogalkynyl, Ci.chaloalkyl, halosulfanyl, C;shydroxvalkyl, Cy.4
cyanoalkyl, Cy', CN, NG,, OR", SR*, C{OIR®, C{OINRRY, C{OYOR®, OC(O)R”,
OC(OINRRY, NRRY, NREC(OIR®, NREC{OINRRY, NRC{OYOR?, C(=NRNRRY,
NRC{=NRINRRY, S(OIR®, S(OINRRY, $(0):R", NRS(O),R", C(=NOH)R®,
C{=NO(C s alky)R®, and S(O),NRRY,

Ris H, Cy', —(CrealkyD-Cy', Crealkyl, Crshaloalkyl, Chsalkenyl, Cogalkynyl,
wherein sawd Ciealkyl, Cishaloalkyl, Cosalkenyl, or Cosalkynyl is optionally
substituted with 1, 2, or 3 substituents mdependently selected from OH, CN, amino,
halo, Cygalkyl, Ci 4 haloalkyl, halosulfanyl, aryl, arylalkyl, heteroaryi,
hetercarylalkyl, cycloalkyl and heterocycloalkyi;

RYis H, Cy', —(CrealkyD-Cy', Cisalkyl, Ci haloalkyl, Coealkenyl, Cogalkynyl,
wherein said ¢ alkyl, Cighaloalkyl, Cyalkenvi, or Chealkynyl is optionally
substituted with 1, 2, or 3 substituents independently selected from OH, UN, amino,
halo, Cisalkyl, Cighaloalkyl, T haloalkyl, halosulfanyl, aryl, arylalkyi, hetercaryl,
heteroarylalkyl, cycloalkyl and heterocycloalkyl;

R*and R" are independently selected from H, Cgalkyl, C . haloalkyl, Cosalkenyl, Cog
altkynyl, aryl, cycloalkyl, hetercaryl, heterocycloalkyl, arylalkyl, heteroarylalkyl,
cycloalkylalkyl and heterocycloalkylalkyl, wherein said ) galkyl, Cighaloalkyl, Cog
altkenvl, Cygalkynyl, aryl, eycloalkyl, heteroaryl, heterocycloalkyl, arylalkyl,
heteroarylalkyl, cycloalkylaliyl or heterocycloalkylalkyl is optionally substituted
with 1, 2, or 3 substituents independently selected from OH, CN, amino, halo, Ci,
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alkyl, Cy.¢haloalkyl, halosulfanyl, aryl, arylalkyl, heteroaryl, hetercarylalkyl,
cycloalkyl and heterocycloalkyl;

R and R are independently selected from H, C,salkyl, Ci.shaloalkyl, Cogalkenyl, Cog
altkynyl, aryl, cycloalkyl, hetercaryl, heterocycloalkyl, arylalkyl, heteroarylalkyl,
cycloalkylalkyl and heterocycloalkylalkyl, wherein said C g alkyl, Cighaloalkyl, Cog
altkenvl, Cygalkynyl, aryl, eycloalkyl, heteroaryl, heterocycloalkyl, arylalkyl,
hetercarvlalkyl, cycloalkylalkyl or heterocycloalkylalkyl is optionally substituted
with 1, 2, or 3 substituents independently selected from OH, CN, amino, halo, Ci
alkyl, Ci¢haloalkyl, Cy¢haloalkyl, halosulfanyl, aryl, arvialkyl, heteroaryl,
heteroarylalkyl, cycloalkyl and heterocycloalkyl;

Rand R%are ndependently selected from H, Cy], —Cis aikyl)—Cy], Crapalkyl, Cis
haloalkyl, Cogalkenvl, Cogalkynyl, wheren said Cy.palkyl, Ci¢haloalkyl, Cog
atkenyl, or Cogalkynyl, s optionally substituted with 1, 2, or 3 substituents
independently selected from Cy', —(Crsalky}-Cy', OH, CN, amino, halo, Crsalkyl,
(1.5 haloalkyl, T haloalkyl, and halosulfanyl;

or RSand R® together with the N atom to which they are attached form a 4-, S-, 6- or 7-
membered heterocycloalkyl group optionally substituted with 1, 2, or 3 substituents
independently selected from Cy', —«Crsalky)-Cy', OH, CN, amino, halo, Cisalkyl,
5 haloalkyl, Ci ¢ haloalkyl, and halosulfanyl;

R and RY are independently selected from H, Cy.ppalkyl, €4 haloalkyl, Co alkenyl, Cos
alkynyl, aryl, heteroaryl, cycloalkyl heterocycloalkyl, arylalkyl, heterocarylalkyl,
cvcloatkylalkyt and heterocycloalkylalkyl, wherem said 9 alkyl, Cighaloalkyl, C,.
calkenvl, Cogalkynyl aryl hetercaryl, cycloalkyl, heterocycloalkyl, arylalkyi,
hetercarylalkyl, cycloalkvialkyl or heterocycloalkylalkyl 1s optionally substituted
with 1, 2, or 3 substituents independently selected from OH, CN, amino, halo, C¢
alkyl, Cy¢haloalkyl, Cy¢haloalkyl, halosulfanyl, aryl, arylalkyi hetercaryl,
heteroarylalkyl, cycloalkyl and heterocycloalkyl;

or R” and RY together with the N atom to which they are attached form a 4-, 5-, 6- or 7-
membered heterocycloalkyl group optionally substituted with 1, 2, or 3 substituents
independently selected from OH, CN, amino, halo, U ¢alkyl, Cighaloalkyl, Cig

haloalkyl, halosulfanyl, arvl, arylalkyl, hetercaryl, heteroaryialkyl, cycloalkyl and
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heterocycloalkyl;

R* and RY are independently selected from H, C,_jpalkyl, Ci haloalkyl, Cysalkenyl, Co.
s alkynyl, aryl, heteroaryl, cycloalkyl, heterocycloalkyl arylalkyl, heteroarylalkyl,
cycloalkylalkyl and heterocycloalkylalkyl, wheremn said Cy.ypalkyl, Chaloalkyl, C,.
s alkenyl, Cygalkynyl aryl, hetercaryl, cycloalkyl, heterocycloalkyl, arylalkyl,
heteroarylalkyl, cycloalkylalkyl or heterocycloalkylalkyl is optionally substituted
with 1, 2, or 3 substituents independently selected from OH, CN, amino, halo, Ci¢
alkvl, Ci.¢haloalkyl, halosultanyl, Ci.shaloalkyl, aryl, arylalkyl, hetercaryl,
hetercarvlalkyl, cycloalky! and heterocycloalkyl;

or RS and RY together with the N atom to which they are attached form a 4-, 5-, 6- or 7-
membered heterocycloalkyl group optionally substituted with 1, 2, or 3 substituents
ndependently selected from OH, CN, amuno, halo, C.salkyl, Cighaloalkyl, Cig
haloalkyl, halosulfanyl, aryl, arvialkyl heteroaryl, heteroarylalkyl, cycloalkyl and
heterocycloalkyl;

R'is H, CN, NO,, or Crsalkyl;

R®and Rlare independently selected from H and Crealkyl;

R'is H, CN, or NO3;

misOorl:

nis Qor i,

pis0, 1,2,3,4 5 or 6

qis0,1,2,3,4, 5016

risCorl;and

sisDorl.

{00605] In some embodiments, when X is N, n s 1, and the moiety formed by Al A% U,

T, V, and —(Y }o—Z has the formula:

(Y)n

HN \

z
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then Y is other than (CR''RY),C(OINRYCR'R ™),

[60606] In some embodiments, when X is N, the 5-membered ring formed by A', A% U,

T, and V 1s other than pyrrolyl.

60667] In some embodiments, when X is CH, n is 1, and the moiety formed by Al A®,
{ ] Y 3

U, T, V, and —(Y)},—Z has the formula:
(Y)n—2

HN\

.
P
then —(Y Jy—Z 15 other than COOH.

{60608] In some embodiments, when X is CH or C-halo, Ri, R?‘, and R’ are each H onis

1, and the motety formed by AL AU TV, and —{Y)y—Z has the formula:

(Y)n z (Y)n z (Y)n z

(VaVAVAV )

then Y is other than (CR''R'?),C(OINRYCR 'R ™), or (CR'R),CONCR'R ),

[00609] In some embodiments, when X 158 CH or C-halo, R Rz, and R’ are each H onis
0, and the moiety formed by Ai, Az, U, T,V, and —(Y),—7 has the formula:

(Y)h——2Z2 (Yin——2 (Y)h——2

or

e

then 7 is other than CN, halo, or Cy4alkyl
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{00610} In some embodiments, when X 158 CH or C-halo, R Rz, and R’ are each H onis
1, and the moiety formed by AY A UL T, V, and —{Y}y—72 has the formula:

(Y)n—2 (Y)n——rL2

Y

[YaVaVaVal

then Y is other than (CRVR'M™),C{O)NRY(CR'R™), or (CRVR',CONCRRY),

{00611} Insome embodiments, when X is CH or C-halo, R R’ and Rlare each H, n is

1, and the moiety formed by A', A%, U, T, V, and —(Y}y—2 has the formula:

(Y)n—2

F

then Y is other than (CR'RY)NRY(CRR™),

{60612] In some embodiments, when X is CH or C-halo and R, R* and R’ are each H,

then the moiety formed by AL A? UL T, V, and —{(Y}y—7 has a formula other than:

[VaVavaVy [VaVavaVe [VaVavaVa

{00613} In some embodiments:

Z 15 H, halo, CN, NO,, Cgalkyl, Cygalkenyl, Cygalkynyl, C; g haloalkyl, aryl,
cycloalkyl, heteroaryl, or heterocycloalkyl, wherein said Cygalkyl, Crgalkenyl, Crg

altkynyl, Cizhaloalkyl, aryl, cycloalkyl, heteroaryl, or heterocycloalkyl is optionally
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substituted with 1, 2, 3, 4, S, or 6 substituents independently selected from halo, Ci4
altkyl, Cogalkenyl, Cyaalkynyl, Cghaloalkyl, Ci4hydroxyalkyl, Ciucyanoalkyl,
Cy', CN, NO,, OR?, SR®, C{O)R”, C{OINRR?, C(OYOR®, OC(O)R", OC(OINRRY,
NRRY, NREC(O)R®, NREC(O)NRRY, NRC(O)OR?, C(=NRINRRY,
NRC(=NRINRRY, S(OIR”, S(OINRRY, S(0):R", NRS(G),R®, and S(ORNRRY,

Q is H, halo, CN, NO,, Csalkyl, Crgalkenyl, Cypalkynyl, Cghaloalkyl, aryi,
cycloalkyl, heteroarvl, or heterocycloalkyl, wherein said Cjgalkyl, Cygalkenvl Cog
atkvnyl, Cy.¢haloalkvl, arvl, cycloalkyl, heteroaryl, or heterocyeloatkyl 1s optionally
substituted with 1, 2, 3 or 4 substituents independently selected from halo, Cy.4alkyl,
Cy.aalkenyl, Crgalkynyl, Cryhaloalkyl, Cr.g hydroxyalkyl, Ciqy cyancalkyl, Cy?, CN,
NO,, ORY, SRY, C{O)RY, C{OINRRY, C(O)OR", OC(OIR®, OC{OINRERY, NRRY,
NRECOIRY, NREC(O)NRRY, NREC(O)OR®, S(OIR”, S(OINR°RY, S(O)LR”,
NRUS(0):R”, and $(O),NRRY:

Cy'and Cy'are independently selected from aryl, heteroaryl, cycloalkyl, and
heterocycloalkyl, each optionally substituted by 1, 2, 3, 4 or 5 substituents
mdependently selected from halo, Cigalkyl, Cogalkenyl, Cogalkynyi, Ci 4 haloalkyl,
C1.4 hydroxyalkyl, Crq cyanoalkyl, CN, NO,, ORY, SRY, C(OIRY, C(O)NRYRY,
C(OYORY, OC(ORY, OCIOINRYRY, NRYRY, NRYC{OIRY, NREC(OIORY,
NRES(OIRY, NRYS(01LRY, S(ORY, S(OINRRY, $(0),RY, and S(0),NRRY",

RD B2 R and R*are independently selected from H, halo, Cigalkyl, Crgalkenyl, Cog
alkynyl, Ci4 haloalkyl, aryl, cycloalkyl, heteroaryl, heterocycloalkyl, CN, NO,, OR’,
SR’, C{OR®, COINRR'®, C(OIOR'OC(OIR?, OC(OWNR'RY, NRPR™, NR'C(OIR?,
NRC(OYOR', S(O)R®, S(OINR'R'Y, S(0),R®, NRS(O)R” and S(O),NR’R™;

R’ is H, halo, Cyqalkyl, Cogalkenyl, Cosatkynyl €y haloalkyl, ON, NO,, OR’, SR,
C{OR®, CLOINRR®, CHOYOR’, OC(OIR®, OCIOINR'RY, NRPR™, NR'C(OIR®,
NR'C(OYOR, S(OIR®, S(OINR'R'Y, S(O),R®, NRPS(O),R®, or S(O),NRR';

R%is H, Cjaalkyl, Coaalkenyl, Coualkynyl, Cpqhaloalkyl, OR’, C{O)R®, C{LOINR'RY,
C{OYOR’, S(OIR®, S(OINR'RY, S(O)LR®, or S(O)LNR'R'Y

RisH Cig alkvl, C;¢haloalkyl, Cyealkenyl, Cogalkynyl, aryl, cycloalkyl, hetercaryl,
heterocycloalkyl, arvialkyl, hetercarylalkyi, cycloalkylalkyl or heterocycloalkylalkyl;

R¥is H, C4alkyl, Ci¢haloalkyl, Cycalkenyl, Cogalkynyl, aryl, eycloalkyl, heteroaryl,
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heterocycloalkyl, arylalkyl, hetercarylalkyl, cycloalkylalkyl or heterocycloalkylalkyl;

R’ and R'’ are independently selected from H, Cy.ypalkyl, C)¢haloalkyl, Coyalkenyl, Cous
alkynyl, Cy¢alkylcarbonyl, aryicarbonyl, C\¢alkyisuifonyl, arylsulfonyl, aryl,
heteroaryl, cycloalkyl, heterocycloalkyl, arvlalkyl, heteroarylalkyl, cycloatkylalkyi
and heterocycloalkylalkyl;

or R’ and R" together with the N atom to which they are attached form a 4-, 5-, 6- or 7-
membered heterocycloalkyl group;

R'and R are independently selected from H, halo, OH, CN, C,4alkyl, €4 haloalkyl,
Cygalkenyl, Coyalkynyl, Cighydroxvalkyl, Crgcyanoalkyl, arvl, heteroaryl,
cycloalkyl, and heterocycloalkyl;

R Ray, and R? are independently selected from H, Ciealkyl, Ci¢haloalkyl, Crgalkenyl,
Chsalkynyl, arvl, cycloalkyl, heteroarvl, heterocycloalkyl, arylalkyl, heteroarylalkyl,
cycloalkylalkyl and heterocyeloalkylalkyl, wherem said Cigalkyl, €15 haloalkyl, Cos
alkenyl, Cogalkyuyl, aryl, cycloalkyl, heteroaryl, heterocycloalkyl, arylalkyl,
hetercarvlalkyl, cycloalkylalkyl or heterocycloalkylalkyl 1s optionally substituted
with 1, 2, or 3 substituents independently selected from OH, CN, amino, halo, i
atkyl, Ci¢haloalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, cycloalkyl and
heterocycloalkyl;

Rb, RY and R are independently selected from H, Cygalkyl, Ci¢haloalkyl, Cygalkenyl,
Chrealkynyl, aryl, cycloalkyl hetercaryl, heterocycloalkyl, arylalkyl, hetercarylalkyl,
cycloalkylalkyl and heterocyeloalkylalkyl, wherein said Ciealkyl, 5 haloalkyl, Cop
alkenyl, Chrsalkynvi, aryl, cveloalkyl, hetercaryl, heterocycloalkyl, arylalkyl,
hetercarylalkyl, cycloalkyialkyl or heterocvcloaikylatkyl is optionally substituted
with 1, 2, or 3 substituents independently selected from OH, CN, amino, halo, 1
alkyl, Cihaloalkyl, Cy4haloalkyl, aryl, arvlalkyl, hetercaryi, heteroarylalkyl,
cycloalkyl and heterocycloalkyl;

R°and R®are independently selected from H, C_palkyl, Chaloalkyl, Cygalkenyl, Coug
alkynyl, aryl, heteroaryl, cycloalkyl, heterocycloalkyl, arvlalkyl, heteroaryialkyl,
cycloalkylalkyl and heterocycloalkylalkyl, wheremn said Cy.ypalkyl, Chaloalkyl, C,.
s alkenyl, Cygalkynyl aryl, hetercaryl, cycloalkyl, heterocycloalkyl, arylalkyl,

heteroarylalkyl, cycloalkylalkyl or heterocycloalkylatkyi is optionally substituted
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with 1, 2, or 3 substituents independently selected from OH, CN, amino, halo, (¢
alkyl, Cihaloalkyl, Cishaloalkyl, aryl, arylalkyl, hetercaryl, hetercarylalkyl,
cycloalkyl or heterocycloalkyl;

or R°and R together with the N atom to which they are attached form a 4-, 5-, 6- or 7-
membered heterocycloalkyl group optionally substituted with 1, 2, or 3 substituents
independently selected from OH, CN, amino, halo, Csalkyl, € haloalkyl, Ci¢
haloalkyl, aryl, arvialkyl, heteroaryl, heteroarylalkyl, cycloalkyl and heterocycloalkyl;

R® and RY are independently selected from H, Cy.jpalkyl, g haloalkyl, Casalkenyl, Cog
altkynyl, aryl, heteroarvl, cycloalkyl, heterocycloalkyl, arylalkyl, heteroarvialkyl,
cycloalkylalkyl and heterocycloalkylalkyl, wherein said Cr.palkyl, Ci¢haloalkyl, Co.
s alkenyl, Cosalkynyl, aryl, hetercaryl, cycloalkyl, heterocycloalkyl, arylalkyl,
heteroarylalkyl, cycloalkylalkyl or heterocycloalkylatkyi is optionally substituted
with 1, 2, or 3 substituents independently selected from OH, CN, ammo, halo, Ci¢
alkvl, Ci¢haloalkyl, Ciehaloalkyl, aryl, aryvlalkyl, heteroaryl, heteroarylalkyl,
cycloalkyl and heterocycloalkyl,

or R and RY together with the N atom to which they are attached form a 4-, 5-, 6- or 7-
membered heterocycloalkyl group optionally substituted with 1, 2, or 3 substituents
mdependently selected from OH, CN, amung, halo, Csalkyl, Cigshaloalkyl, Cie
haloalkyl, arvl, arylalkyl, heteroaryl, heteroarylalkyl, cycloalkyl and heterocvcloalkyi;

R and RY are independently selected from H, Ciypalkyl, U6 haloalkyl, Ty alkenyl, C,.
calkynyl, aryl, heteroaryl, cycloalkyl, heterocycloalkyl, arylalkyl, hetercarylaikyl,
cycloalkylalkyl and heterocycloalkylalkyl, wherein said O palkyl, Cighaloalkyl, C,.
calkenvl, Cogalkynyl aryl hetercaryl, cycloalkyl, heterocycloalkyl, arylalkyi,
hetercarylalkyl, cycloalkvialkyl or heterocycloalkylalkyl 1s optionally substituted
with 1, 2, or 3 substituents independently selected from OH, CN, amino, halo, C¢
alkyl, Cy¢haloalkyl, Cy¢haloalkyl, aryl, arylalkyl, hetercaryl, heteroarylalkyl,
cycloalkyl and heterocycloalkyl;

or R and RY together with the N atom to which they are attached form a 4-, 5-, 6 or 7-
membered heterocycloalkyl group optionally substituted with 1, 2, or 3 substituents
independently selected from OH, CN, amino, halo, U ¢alkyl, Cighaloalkyl, Cig

haloalkyl, arvl, arylalkyl, heteroaryl, heteroarylalkyl, cycloalkyl and heterocycloalkyl.

fon
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{00614} In some embodiments, X is N.

{00615 In some embodiments, X is CR".

{60616} In some embodiments, A'is C.

{60617} In some embodiments, A" is N.

100618} In some embodiments, A’is C.

[60619] In some embodiments, A% is N.

{006208] In some embodiments, at least one of AL AL U T and Vis N

I In some embodiments, the S-membered ring formed by A, / 2, T, and V is
00621] I bod h bered ring formed by AL, A, U, T, and V

pyrrolvl, pyrazolyl, imidazolyl, oxazolyl, thiazolyl, or oxadiazolyl

1 In some embodiments, the S-membered ring formed by A, / 2, T, and V is
006221 I bod h bered ring formed by AL, A, U, T, and V

selected from:
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whereirn:
a designates the site of attachment of moiety —(¥Y)i—7;

>

b designates the site of attachment to the core moiety:

NS
R1

x7 X \

| :
)\/ N
N

Rs N
and ¢ and ¢’ designate the two sites of attachment of the fused 4- to 20-membered aryl,

cycloalkyl, heteroaryl, or heterocycloalkyl ring.

[60623] Tn some embodiments, the S-membered ring formed by A", A%, U, T, and V is:
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wherein:
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a designates the site of attachment of motety —(Y),—2.;

b designates the site of attachment to the core moiety.

N,V
Ry

and ¢ and ¢’ designate the two sites of attachment of the fused 4- to 20-membered aryl,

cycloalkyl, heteroaryl, or heterocycloalkyl ring.

[80624] In some embodiments, the S-membered ring formed by ALAT U T, and Vis

selected from:

Ty 8 ", & Vi, H
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wherein:
a designates the site of attachment of moiety —(¥ }»—7;
b designates the site of attachment to the core moiety:
[NaVaVavel
xRy
and ¢ and ¢’ designate the two sites of attachment of the fused 4~ to 20~-membered arvl,

cycloalkyl, heteroaryl, or heterocycloalkyl ring.

[60625] Tn some embodiments, the S-membered ring formed by A", A, U, T, and V is

selected from:
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wherein:
a designates the site of attachment of moiety

[60626] In some embodiments, the S-membered ring formed by AL, A”, U, T, and V is

selected from:
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wherein:
a designates the site of attachment of motety —(Y)—72;

b designates the site of attachment to the core moety:

{00627 In some embodiments, the S-membered ring formed by A", A% U, T, and V is

selected from:

NN
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whereirn:
a designates the site of attachment of moiety —(Y)}—7;

b designates the site of attachment to the core moiety:

snne
Ri

X7 ONX \
)l\ -
=

Rj N H
{80628] In some embodiments, n15 0.
[00629] Insome embodiments, nis 1.
[80638] In some embodiments, n1s 1 and Y 1s Crgalkylene, Cssalkenylene,
(CRMRLCONCRIRY),, (CRTRY,CONRHCR'R), (CRYRM,COWO(CRRY),,
(CRR}OCOXCR 'R, wherein said C1salkylene or Cysalkenylene, is optionally
substituted with 1, 2, or 3 halo, OH, CN, amino, {4alkylamino, or Cy¢ dialkylamino.
[80631] Insome embodiments, n1s | and Y 15 Crgalkylene, (CR“RU)E,C(O)(CRllRD‘)q,
(CRVR™,COINRYCR R, (CRVR,CIOYG(CR 'R, wherein said () alkylene
is optionally substituted with 1, 2, or 3 halo, OH, CN, amino, C;galkylamino, or Chg
dialkylamino.
{06632] In some embodiments, n1s 1 and Y 1s {13 alkylene optionally substituted with
1, 2, or 3 halo, OH, UN, amino, Cyqalkylamino, or (¢ dialkylamine.
{06633] In some embodiments, n 15 1 and Y 1s ethylene optionally substituted with 1, 2,
or 3 halo, OH, ON, amino, Cysalkylaming, or (g dialkylamine.
{06634] Insome embodiments, nis 1 and Y is (CR“RU‘)E,C(G)(CR11R12}q
(CRVR™Y,CIOINRYCRR™),, or (CRYR™Y, CLOYO(CRYR),,

{80635] In some embodiments, Y 15 Cjgalkylene, C;galkenylene, (zalkynylene,

(CRVR™Y,, (CRURP)O(CR R, or (CRVRYS(CRRY),, wherein said O

alkylene, Cyyalkenvlene, Cygalkynyiene, cycloalkylene, arylene, heterocycloalkylene, or
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heteroarylene, 1s optionally substituted with 1, 2, or 3 substituents mdependently selected

from -D-D%-D-D*

[00636] Insome embodiments, Y is Cygalkylene, ) galkenylene, C;galkynylene,
(CRVR),—(Cs.10 cycloalkylene)-(CR R, (CRYR™) ~(arylene)-(CR''R™),,

(CR" R”)p—(C 110 heterocycloalkylene}-(CR' R’ z)q, (CR! 1R12}pn( heteroarylene)-
(CR'R"), (CRRM,O(CRVR™),, or (CRVRVYS(CR'R '), wherein said C1.
alkvlene, Cygalkenylene, Uy galkynviene, cycloalkylene, arylene, heterocycloalkylene, or
hetercarylene, is optionally substituted with 1, 2, or 3 substituents independently selected

from D%,

{80637] Insome embodiments, Y s (' galkyiene, C; galkenylene, Cyzalkynylene, or
(CR“Ru)p—(Cg-m cycloalkylene)-( CR”R”)% wheretn said € galkylene, Cog
alkenylene, Ch.galkynylene, or cycloalkylene, is optionally substituted with 1, 2, or 3

substituents independently selected from -D'-D-D-D*.

[60638] In some embodiments, Y is Cygalkylene, Cygalkenylene, Crzalkvoviene, or
(CR“R,”)E,—( Cs.0 cycloalkylene)-( CR”R”}q, wherein said Cgalkylene, Cog
alkenylene, Ch.galkynylene, or cycloalkylene, is optionally substituted with 1, 2, or 3

substituents independently selected from DY,

[00639] In some embodiments, Y 15 Cigalkylene, Cygalkenylene, or Crsalkynylene,
each optionally substituted with 1, 2, or 3 substituents independently selected from -D'-

D°-D’-p*,

[80648] In some embodiments, Y 1s Cgalkylene optionally substituted with 1, 2, or 3

substituents independently selected from -D'-DAD-DY,

[00641] In some embodiments, Y is Crsalkylene optionally substituted with 1, 2, or 3

substituents independently selected from D7,

[80642] In some embodiments, Y 1s Crgalkviene, Cy.salkenylene, Crgalkynylene,
(CRIIRD)};O—(CRMRD)% (CRIIRH)FS(CRMRH)Q’ (CRi1R”}C(O)(CR“RD)Q,
(CRURLCOINRYCRTR P, (CRTRM,C(OIO(CRTRYY,,
(CRVR™LOCIOKCRRY), (CRVRP)LOC(OINRY(CRR,,
(CRURMNRYCRVRY), (CRTRP)NRCOINRYCRR™,,

vy
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(CRVRYSONCRVR ), (CRMR)S(OINRICR R, (CRUR),S(O)(CRVR Y,
or (CRVR™),S(0)NRYCRRY),, wherein said Cypalkylene, (s zalkenylene, Cya
alkynylene 1s optionally substituted with 1, 2, or 3 substituents independently selected

from halo, OH, CN, amino, Ci4alkvlamino, and Cyg dialkylamino.

[00643] In some embodiments, Y is Cgalkylene, Cy.zalkenylene, Cygalkynylene,
(CR''R"),—(Cs.10 cycloalkylene)-(CR' 'Ry, (CR''R™),~(arylene}-(CR''R"),,

(Cr' lE«’iu)p—((‘, 110 heterocycloalkylene)-{(CR’' ]R”)q, (CR' 1R12}pn( heteroarylene)-
(CR“R”)q, (CR R”)pO(CR“R”)q, (CR“R”)E)S(CR“RQ)% (CR“R”)},C(O)(CR” Q! z>q?
(CRYRMCOINRYCR' R, (CR'R,COWCR 'R,
(CRMROCIONCR'RY), (CRVRV)YLOC(OINRYCR'RY), (CR'R),NRYCR'RY),
(CRYRMNRECONRYCR'RY),, (CR'RDISONCR'RM),,
(CRMRYSOINRYCR 'R, (CRYR),S(O)(CRVRYY,, or

(CR“R,H)E,S( OLNRY CR“RH)% wherein said Cy.galkvlene, Cypgalkenviene, Cog
alkynylene, cycloalkylene, arvlene, heterocycloalkylene, or hetercarylene, 1s optionally
substituted with 1, 2, or 3 substituents mdependently selected from halo, OH, CN, amino,

Ci4alkylamine, and Cyg dualkylamino,
[00644] In some embodiments, p 15 0.
[00645] In some embodiments, pis 1.
[00646] In some embodiments, pis 2.
{00647] In some embodiments, g 1s 0.
[00648] In some embodiments, gis 1.
{00649] In some embodiments, g 1s 2.
[00630] In some embodiments, one of pand q1s 0 and the otherof pand gis 1, 2, or 3.

[80651] In some embodiments, 7 1s H, halo, Cyyalkyl, Crqalkenvl, Cogalkynyl, Ci4
haloalkyl, halosulfanyl, Cy.4 hydroxyalkyl, Ci.s cyancalkyl, Cy', CN, NO,, OR?, SR?
C(OR®, C(OINRRY, C{OYOR®, OC(OIR®, OC(OINRRY, NRRY, NR°C(O)R,
NRC(OINRRY, NRC(Q)OR”, C(=NRINR R, NR°C(=NR'INR°R’, S(OIR",
S{OINRRY, S(0),R", NRS(0),R®, C{=NOH)R", C(=NO(C 4 alky)R", and
S(O)LNRRY, wherein said Cpgalkyl, Cosalkenyl, or Cosalkynyl, is optionally
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substituted with 1, 2, 3, 4, S, or 6 substituents independently selected from halo, Ci 4
alkyl, Cogalkenyl, Cysalkynyl, Ciqhaloalkyl, halosulfanyl, Ci4hydroxyalkyl, Ci4
cyanoalkyl, Cy', CN, NO,, OR", SR?, C{OIR®, C(O)NRRY, C{OYOR®, OC(O)R?,
OC(OINRRY, NRRY, NRC(O)R®, NR"C(O)NRRY, NR"C(O)OR®, C{=NRINRR",
NRC(E=NRINRRY, S(O)R", S(OINRRY, $(0),R", NR°S(0),R®, C(=NOH)R",
CE=NO(C s alky )R, and S(O)NRRE.

{00652] In some embodiments, Z 1s aryl, cycloalkyl, heteroaryl, or heterocycloalkyl,
each optionally substituted with 1, 2, 3, 4, 5, or 6 substituents selected from halo, C.4
alkvl, Cyqalkenyl, Coyalkynyl, Cy g haloalkyl, halosulfanyl, Cyhvdroxyalkyl, C,4
cyanoalkyl, Cy', CN, NO,, OR®, SR®, C{O)R®, C{OINRRY, C(OYOR?, GC{OIR",
OC(CINRRY, NRRY, NRC(O)R", NREC(OINRRY, NR°C{O)OR?, C(=NR)NRR®,
NRECE=NRIYNRRY, S(O)R®, S(OINRRY, S(0):R°, NRS(O),R", and ${O),NR°R,

[00633] In some embodiments, Z 15 arvl, cycloalkyl, heteroaryl, or heterocycloalkyl,
each optionally substituted with 1, 2, 3, 4, 5, or 6 substituents selected from halo, Cy.4
alkvl, Cyqalkenyl, Cosalkynyl, Cyqhaloalkyl, Ci.¢hvdroxyalkyl, Cy4cyanoalkyl, Cyl,
CN, NGO, ORY, SR®, C(OIR®, C{OINRRY, C{OYORY, OC(O)R", OC{OINRRY, NR°RY,
NRC(O)R®, NRC(O)NRRY, NRC(O)OR?, C(=NRINRR?, NR°C(=NRJNR°R’,
S(OIR", S(OINRRY, S{OLR, NRS(O)R, and S(ORNRR?

[80634] In some embodiments, Z 1s arv] or heteroaryl, each optionally substituted with
1,2, 3,4, 5, or 6 substituents selected from halo, Ciqalkyvl, Cogalkenyl, Cogalkynyl, Ty
haloalkyl, halosulfanyl, Cp.q hydroxyalkyl, Cr.q cyancalkyl, Cy', ON, NG,, OR®, 8R?)
CIOR®, CLOINRRY, CLOYOR?, OC{OIRY, OC{OINRRY, NR°R?, NREC(O)R?,
NREC(OINRRY, NREC(OIOR?, C(=NRINRRY, NR°C(=NRNRR?, S(O)R",
S{OINRRY, S(0),R", NRS(ORRY, and S(O)NRRY,

[806358] In some embodiments, Z 1s arv] or heteroaryl, each optionally substituted with
1,2, 3,4, 5, or 6 substituents selected from halo, Ciqalkyvl, Cogalkenyl, Cogalkynyl, Ty
haloalkyl, Cp.s hydroxyalkyl, Cp.q eyancalkyl, Cy', ON, NO,, OR®, SR*, C(O)R”,
C{OINRRY, C(OYOR?, OC(OIR®, OC(OINRRY, NRRY, NREC(OIRY, NREC(O)NRRY,
NRC(OYOR?, C=NRINRRY, NRECE=NRINRRY, S(OIR®, S(OINRRY, S(O)RY,
NRS(ORR, and S(O),NR°R?.
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00656] In some embodiments, Z 1s phenyl or 5- or 6-membered hetercaryl, each
optionally substituted with 1, 2, 3, 4, 5, or 6 substituents selected from halo, s alkyl,
Chrgalkenyl, € qalkynyl, Cyshaloalkyl, halosuifanyl, Cy 4 hyvdroxyalkyl, Cy4cyancalkyl,
Cy', CN, NO,, ORY, SR, C(O)R", C{OINRRY, C(OYOR?, OC(O)R”, OC{OINRRY,
NRRY, NREC{OIR®, NREC(O)NRRY, NRC(O)OR®, C=NRINRR",
NREC{E=NRYNRRY, S(OIR®, S{OINRRY, S(01,R°, NRS(O),R", and S(O)NRR®.

{00657} In some embodiments, Z 1s phenyl or 5- or 6-membered hetercaryl, each
optionally substituted with 1, 2, 3, 4, 5, or 6 substituents selected from halo, s alkyl,
Chgalkenyl, Cyqalkvovl, €y haloalkyl, Cy 4 hydroxvalkyl, Cy 4 cvanoalkyl, Cyl, N,
NO,, OR?, SR®, C(O)R”, C(OINRRY, C(O)OR?, OC(O)R®, OC(OINRRY, NRRY,
NRC(OIR®, NRC(O)NRRY, NR*C(0)OR?, C(=NR)NRR?, NR°C(=NRNRR",
S{O)IR", S(OINRRY, S(O)R”, NRS(O),R, and S(ORNRRY

[00638] In some embodiments, Z 1s phenyl optionally substituted with 1,2, 3,4, 5, 0r 6
substituents selected from halo, Cj.salkyl, Cyqalkenyl, Cosalkynyl, C4haloalkyl,
halosulfanyl, C1.s hydroxyalkyl, Cr.q cyanoalkyl, Cy', CN, NO,, OR®, SRY, C(O)R’,
C{ONRRY, C(O)ORY, OC(OIR®, OC(OINRRY, NRRY, NREC(O)R", NRC(OINRR,
NRC(OJOR®, CE=NRINRRY, NREC(=NRINRR®, S(OIR®, S(OINRRY, S(OLRY,
NRS(O)R, and S(O)NRR

{80639] In some embodiments, Z 1s phenyl optionally substituted with 1,2, 3,4, 5, 01 6
substituents selected from halo, Cysalkyl, Cogalkenyl, Cosalkynyl, Ciqhaloalkyl, Cig
hydroxyalkyl, Ci4 cyancalkyl, Cy', ON, NO., OR? SRY, C(O)R", C(OINRRY, C{OHYOR?,
OC(O)R®, OC(OINRRY, NRRY, NREC(OIR®, NRC{OINRRY, NR°C(O)OR®,
C{=NRINRRY, NRC(=NRINRRY, S{OIR", S(OINRRY, $(0}),R", NR°S(O):R", and
S(O)NRRY

[{806608] In some embodiments, Z 1s cycloalkyl or heterocycloalkyl, each optionally
substituted with 1, 2, 3, 4, 5, or 6 substituents selected from halo, Ciqalkyl, Coqalkenyl,
(4 alkynyl, Cy.4 haloalkyl, halosulfanyl, € hvdroxyaltkyl, Cpy cyanoalkyl, Cv', CN,
NG, OR?, SR, COIRY, C(OINRRY, C(OYOR?, OC(O)RY, OC(OINRRY, NR°RY,
NRECIOIR®, NREC(OINRRY, NRECIOYOR?, C=NRINRR?, NREC(=NRINRR",
S(OIR®, S{OINRRY, S(O1RY, NRS(O),R", and S(O)LNRRY.
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{00661] In some embodiments, Z 1s cycloalkyl or heterocycloalkyl, each optionally
substituted with 1, 2, 3, 4, 5, or 6 substituents selected from halo, Cy4alkyl, Cysalkenyl,
Cy4alkynyl, Chaloalkyl, Ci4 hydroxyalkyl, Ciycvancalkyl, Cy', CN, NO,, OR?, SR®,
C(OIR’, C{ONRRY, C(OYOR?, OC(O)R", OC(OINRRY, NRRY, NRC(OIR®,
NRC{OINRRY, NR°C(O)OR?, C(=NRINR R, NR°C(=NRNRR®, S(O)R",
S(OINRRY, S(0):R", NR°S(0),R", and S(ORNRRY

{00662] In some embodiments, Z 1s cyclopropyl, cyclobutyl, cvclopentyl, cyclohexyl, or
cycloheptyl, each optionally substituted with 1, 2, 3, 4, 5, or 6 substituents selected from
halo, Cyyalkyl, Cygalkenyl, Cyyalkynyl, € 4 haloalkyl, halosulfanyl, €,y hvdroxyalkyl,
Cy.4 cyanocalkyl, Cy', CN, NO,, OR®, SR?, C{OR", C{OINRRY, C{OYOR®, OC{O)R?,
OC(CINRRY, NRRY, NRC(O)R", NREC(OINRRY, NR°C{O)OR?, C(=NR)NRR®,
NRECE=NRIYNRRY, S(O)R®, S(OINRRY, S(0):R°, NRS(O),R", and ${O),NR°R,

[80663] In some embodiments, Z 1s Cygalkyl, Cogalkenyl, or Cogalkynyl, each
optionally substituted with 1, 2, 3, 4, 5, or 6 substituents selected from halo, Cy galkyi,
Chgalkenyl, Crqalkvovl, Cghaloalkyl, halosulfanyl, Cy 4 hydroxvalkyl, Cy.4 cvanoalkyl,
Cy', CN, NO,, OR?, SR®, C{OIR®, C{OINRRY, C{OYOR®, OC(O)R®, OC(OINRRY,
NRRY, NR°C(O)R”, NRC(OINR‘RY, NR°C(O)OR?, C(=NRINRR",
NRC{E=NRINRRY, S(OIR®, S(OINRRY, S(O):RY, NRES(O),R”, and S{ORNRR Tn
some embodiments, 7 1s Ty alkyl, Cogalkenyl, or Chrgalkynyl, each optionally
substituted with 1, 2, 3, 4, 5, or 6 substituents selected from halo, Ci4alkyl, Coqalkenyl,
(g alkynyl, Cpghaloalkyl, Ciy hydroxyalkyl, Cpgcyanoalkyl, Cy', ON, NO,, OR®, 8R®)
CIOR®, C{OINRRY, C(OMOR?, OC(OIRY, OC{OINRRY, NRRY, NREC(O)R?,
NREC(OINRRY, NREC(OYOR?, C(=NRINRRY, NR°C(=NRINRR?, S{O)R",
S(OINRRY, S(0)R®, NRS(OLR®, and S(O)NRRY.

{80664 In some embodiments, Z is aryl, cycloalkyl, heteroaryl, or heterocycloalkyl,
each optionally substituted with 1, 2, 3, 4, 5, or 6 substituents independently selected
from halo, Ciqalkyl, Cogalkenyl Cryalkynyl, Ci4haloalkyl, halosulfanyl, Ciu
hydroxyalkyl, C s cyanoalkyl, Cy', CN, NO,, OR", SR, C{OIR", C{OINRRY, C(OYOR?,
OC(OIR®, OC(OINR R, NRRY, NR°C(O)R®, NREC(O)NRRY, NR°C(O)OR®, S(O)R,
S(OINRRY, S(0)LR°, NRS(OLR", and S(O)NRRY.
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{00665] In some embodiments, Z 1s aryl, cycloalkyl, heteroaryl, or heterocycloalkyl,
each optionally substituted with 1, 2, 3, 4, 5, or 6 substituents independently selected
from halo, Cigalkyl, Coaalkenyl, Crgalkynyl, Ci4haloalkyl, Ci4hydroxyalkyl Ci4
eyanoalkyl, Cy', CN, NO,, OR®, SR®, C(O)R®, C{OINRRY, C{OYOR", GC{OIR”,
OC(OINRRY, NRRY, NREC(OIR”, NREC(O)NRRY, NR°C{O)OR”, S{O)R", S(OINRR,
S(O)R", NR°S(0),R", and S(O)LNRRY.

[00666] In some embodiments, Z is aryl or heteroaryl, each optionally substituted with
1, 2,3, 4,5, or 6 substituents independently selected from halo, Cisalkyi, Chgalkenyl,
C,4 alkynyl, C;4 haloalkyl, halosulfanyl, C s hydroxyalkyl, Ci4 cvancalkyl, Cy', CN,
NO,, OR?, SR®, C(O)R”, C(OINRRY, C(O)OR?, OC(O)R®, OC(OINRRY, NRRY,
NRC(OIR®, NRC(O)NRRY, NR'C(O)OR?, S(O)R®, S(OINRRY, S(O)R®, NRS(O),R”,
and S{0);NRR".

{80667} In some embodiments, Z 1s arvl or heteroaryl, each optionally substituted with
1,2, 3,4, 5 or 6 substituents independently selected trom halo, C;.4alkyl, Cyyalkenyi,
Caualkynyl, Cp.yhaloalkyl, Cr.yhydroxyalkyl, Ci.ycyancalkyl, Cv', CN, NO,, OR®, SR,
C(OIR®, CLOINRRY, C{OYOR®, OC(O)R®, OC(OINRRY, NRRY, NRC(O)R”,
NRC{OINRRY, NRC(GIOR”, S(O)R®, S(OINRRY, S(O),R, NRS(O)LR", and
S{O),NRRY

{80668] In some embodiments, Z 1s phenyl or 5~ or 6-membered hetercaryl, each
optionally substituted with 1, 2, 3, 4, 5, or 6 substituents independently selected from
halo, Ciaalkyl, Cygalkenyl, Cogalkynyl, Ci4haloalkyl, halosulfanyl, Ci.ghydroxyalkyl,
Cr cyanocalkyl, Cy', ON, NO,, OR®, SR, C(OR”, C{OINRRY, C{OYOR®, OC(OIRY,
OC(OINRRY, NRRY, NREC{O)R”, NR°C(O)NR'RY, NR°C{O)OR?, S{O)R”, S{OINRRY,
S(O}LR", NRS(O),R", and S(ORNRRY

{80669] In some embodiments, Z 1s phenyl or 5~ or 6-membered hetercaryl, each
optionally substituted with 1, 2, 3, 4, 5, or 6 substituents independently selected from
halo, Cyyalkyl, Gy galkenyl, Coqalkynyl, Oy 4 haloalkyl, Cyghydroxyalkyl, Ciy
cyanoalkyl, Cy', CN, NO,, OR®, SR?, C{OIR®, C(OINRRY, C(OYOR®, OC(OIR”,
OC(OINRRY, NRRY, NREC(O)R®, NR°C(O)NRRY, NR°C(O)OR?, S{OIR”, S(O)NRRY,
S(OLR®, NRS(0),R®, and S{O)LNRRY.
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{00678] In some embodiments, Z is pheny! optionally substituted with 1,2, 3, 4, 5, 0r 6
substituents independently selected from halo, Cj4alkyl, Craalkenyl, Corgalkynyl, Ciy4
haloalkyl, halosulfanyl, C ;.4 hydroxyalkyl, Ci4 cvancalkyl, Cv', CN, NO,, OR", SR®,
C(OIR’, C{ONRRY, C(OYOR?, OC(O)R", OC(OINRRY, NRRY, NRC(OIR®,
NRC(O)NRRY, NR°C{OYORY, S(O)R®, S(OINRRY, S(O)LR®, NR°S(O),R", and
S(O)NRRY

{00671} Insome embodiments, Z is phenyl optionally substituted with 1,2, 3, 4, 5, 0r 6
substituents independently selected from halo, Cj4alkyl, Craalkenyl, Corgalkynyl, Ciy4
haloalkyl, Cy; hydroxyalkyl, Cy4 eyanoalkyl, Cy', CN, NO,, OR?, SR?, C{O)R",
C(OINRRY, C(CIOR", OC(OIR®, OC(OINRRY, NRRY, NRC{O)R", NR°C(O)NRRY,
NRC{OIORY, S(O)R®, S(OINRRY, S(O):R®, NRS(O)R", and S{0),NR°R?.

[00672] In some embodiments, Z 15 cycloalkyl or heterocycloalkyl, each optionally
substituted with 1, 2, 3, 4, 5, or 6 substituents independently selected from halo, Ci4
alkyvl, Coyalkenvl, Cygalkynyl, Cigbaloalkyl, halosulfanyl, Ci4hydroxyalkyl, Ciy
eyanoalkyl, Cy', CN, NO,, ORY, SR®, C{O)R”, C(OINRRY, C{OIOR®, OC(O)R®,
OC(O)NRRY, NRRY, NRC(OIR®, NRC{O)NRRY, NRC(O)OR®, S(O)R®, S(OINRRY,
S(O)LR®, NRS(O),R®, and S(O)LNRRY

[00673] In some embodiments, Z 15 cycloalkyl or heterocycloalkyl, each optionally
substituted with 1, 2, 3, 4, 5, or 6 substituents independently selected from halo, C; .4
alkyl, Cogalkenyl, Cpgalkynyl Ciyhaloalkyl, Crybydroxyalkyl, Ciy cyvanoalkyl, Cv',
CN, NO,, OR?, SR®, C{OIR", C(OINRRY, C(OYOR?, OC(OIR?, OC(OINRR?, NRRY,
NRC{O)R”, NRC(OWRRY, NRC(OYOR?, S(O)R”, S{OINRRY, S{0O),R°, NRS(O)LR",
and S(O),NRRY,

[80674] Insome embodiments, 7 1s Crgalkyl, Cogalkenvl, or Cogalkynyl, each
optionally substituted with 1, 2, 3, 4, §, or 6 substituents independently selected from
halo, Cr4alkyl, Cogalkenyl, Csoqalkynyl, Ciqhaloalkyl, halosulfanyl, T4 hydroxyalkyl,
14 cvancalkyl, Cy', N, NO,, OR?, SR*, C{OIR®, C{OINRRY, CLOYOR?, OC(O)R”,
OC(OINRRY, NRRY, NREC(OIR®, NREC(OINRRY, NRC(OIOR?, S{OIR®, S(OINRRY,
S(O),RY, NRS(0),R", and S{O)NRRY.
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{00675] In some embodiments, Z 15 Cyzalkyl, Cygalkenyl, or Crgalkynyl, each
optionally substituted with 1, 2, 3, 4, 5, or 6 substituents independently selected from
halo, Csalkyl, Cyualkenyl, Crqalkynyl, Cy 4 haloalkyl, €4, hydroxyalkyl Ci4
eyanoalkyl, Cy', CN, NO,, OR®, SR®, C(O)R®, C{OINRRY, C{OYOR", GC{OIR”,
OC(OINRRY, NRRY, NREC(OIR”, NREC(O)NRRY, NR°C{O)OR”, S{O)R", S(OINRR,
S(O)R", NR°S(0),R", and S(O)LNRRY.

{00676] In some embodiments, Z 1s Cyzalkyl, Cygalkenyl, Cyzatkynyl, aryl, cycloalkyl,
heteroarvl, or heterocycloalkyl, each optionally substituted with 1,2, 3,4, 5, or 6
substituents independently selected from halo, C, 4 alkvl, Ci4 haloalkyl, halosulfanyl, Ci4
hydroxyalkyl, Cr.4 cyanoalkyl, Cy', CN, NO,, OR? C{O)NRRY, C(O)OR", NR°R¢,
NRC{O)R®, and S(O)R".

{00677} Insome embodiments, 7 15 Cisalkyl, Cozalkenyl, Cogalkynyl, aryl, cycloalkyl,
heteroarvl, or heterocycloalkyl, each optionally substituted with 1, 2, 3, 4, 5, or 6
substituents independently selected from halo, Ci4alkyl, Ciyhaloalkyl, Ciy
hydroxyalkyl, C1.q cyancalkyl, Cy', CN, NO,, OR®, C{OINRRY, C(O)OR®, NR'RY,
NRC(O)R”, and S(O)R".

[80678] In some embodiments, Z 1s Cygalkyl, Cogalkenyl, Cogalkynyl, arvl, cyeloalkyl,
heteroaryl, or heterocycloalkyl, each optionally substituted with 1, 2, or 3 substituents
mdependently selected from halo, Cy.yalkyl, Ci4haloalkyl, halosulfanyi, Ci4
hydroxyalkyl, Crq cvanoalkyl, Cy', CN, NO,, OR?, C{OINRRY, C(OYOR®, NR°RY,
NREC(OIR®, and S(O)R",

[00679] Insome embodiments, Z 15 Cigalkyl, Cogalkenyl, Crgalkynyl, aryl, cycloalkyl,
heteroaryl, or heterocycloalkyl, each optionally substituted with 1, 2, or 3 substituents
mdependently selected from halo, Cigalkyl, Cr4baloalkyl, Ci4hydroxyalkyl, Ciy
eyanoalkyl, Cy', CN, NO;, OR®, C(OINRRY, C{OIOR?, NR°R®, NR°C(O)R”, and
S(O}R".

[B0688] In some embodiments, Z is substituted with at least one substituent comprising

at teast one CN group.
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{00681} Insome embodiments, Z 1s Cygalkyl, Cogalkenyl C,zalkynyl, arvl, cycloalkyl,
heteroarvl, or heterocycloalkyl, each substituted with at least one CN or €4 cyanoalkyl
and optionally substituted with 1, 2, 3, 4, or 5 further substituents selected from halo, C 4
alkyl, Cogalkenyl, Cysalkynyl, Ci4haloalkyl, halosulfanyl, Ci4hydroxyalkyl, Ci4
cyanoalkyl, Cy', CN, NO,, OR", SR*, C{OIR", C(OINRRY, C(O)YOR®, OC(O)R”,
OC(O)NRRY, NRRY, NRC(O)R®, NRC{O)NRRY, NRC(O)OR®, S(O)R®, S(OINRRY,
S(O)R®, NRS(O):RP, and S{(OLNRRY.

{00682] In some embodiments, 7 15 Cigalkyl, Crzalkenyl, Cogalkynyl, aryl, cycloalkyl,
heteroarvl, or heterocycloalkyl, each substituted with at feast one CN or T4 cyanocalkyl
and optionally substituted with 1, 2, 3, 4, or 5 further substituents selected from halo, Ci4
alkvl, Cyqalkenyl, Cosalkynyl, Cyqhaloalkyl, Ci.¢hvdroxyalkyl, Cy4cyanoalkyl, Cyl,
CN, NG,, OR®, SR®, C(O)R®, C{OINRR®, C(O)OR?, OC(OIR”, OC{OINRRY, NRRY,
NRC(O)R®, NRC(O)NRRY, NRC(OIOR?, S(OIR®, S(OINRRY, S(O)R?, NRS(O)R",
and S{O)NRRY

[00683] In some embodiments, wherein the —(Y),—7 moiety 1s taken together with 1)
A’ to which said moiety is attached, i} R or R®of either T or V, and iii) the C or N atom
to which said R or R® of either T or V is attached to form a 4- to 20-membered aryl,
cycloalkyl, heteroaryl, or heterocycloalkyl ring fused to the S-membered ring formed by
AL A% U, T, and V, wherein said 4- to 20-membered aryl, cycloalkyl, hetercaryl, or
heterocycloalkyl ring 13 optionally substituted by 1, 2, 3, 4, or 5 substituents

mdependently selected from —(W)~Q.

[00684] In some embodiments, wherein the —(Y),—Z moiety is taken together with 1}
A’ to which said moiety is attached, i) R” or R® of either T or V, and iif) the C or N atom
to which said R’ or R® of either T or V is attached to form a 4- to 8-membered aryl,
cycloalkyl, hetercaryl, or heterocycloalkvi ring fused to the 5-membered ring formed by
AL A% U, T, and V, wherein said 4- to 8-membered arvl, cycloalkyl, heteroaryi, or
heterocycloalkyl ring 1s optionally substituted by 1, 2, 3, 4, or 5 substituents

independently selected from —{W},-Q.

[60685] In some embodiments, the —(¥ )7 moiety is taken together with i} A’ to

which said moiety is attached, i1} R’ or R® of either T or V, and iii) the C or N atom to
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which said R’ or R® of either T or V is attached to form a 6-membered aryl, cycloalkyl,
heteroaryl, or heterocycloalkyl ring fused to the 5-membered ring formed by A', A%, U,
T, and V, wherein said 6-membered arvl, cycloalkyl, heteroaryl, or heterocycloalkyl ring
is optionally substituted by 1, 2, or 3 substituents independently selected from halo, CN,
NO,, Crgalkyl, Cogalkenyl, Cogalkynyl, Cghaloalkyl arvl, cycloalkyl, hetercarvyl, or
heterocycloalkyl wherein said Cigalkyl, Cogalkenyl, Cygalkynyl, Cighaloalkyl, aryl,

cycloalkyl, heteroaryl, or heterocycloalkyl is optionally substituted by 1, 2 or 3 CN.

[60686] In some embodiments, Cy' and Cy” are independently selected from aryl,
heteroaryl, cycloalkyl, and heterocycloalkyl, each optionally substituted by 1, 2,3, 40r 8
substituents independently selected from halo, Ciaalkyl, Cyryalkenyl, Cogalkynyl, Ciy
haloalkyl, Cp.q hydroxyalkyl, Cp.q eyanocalkyl, CN, NO,, ORY, SRY, C(O)R”,

C(ONR RY, C{OYOR™, OC(O)R”, OC(OINRS RY, NRRY, NRYC{O)RY,
NRYC(OYORY, S(ORY, S(OINRRY, S{O)R", and S(OLNR R

[90687] In some embodiments, Cy' and Cy” are independently selected from aryl,
heteroarvl, cycloalkyl, and heterocveloalkyl, each optionally substituted by 1, 2,3, 4 01 S
substituents independently selected from halo, Ciaalkyl, Cyryalkenyl, Cogalkynyl, Ciy
haloalkyl, CN, NG,, ORY, SRY, C{OIR”, C{OINRSRY, C(OYORY, OC(O)RY,
OCOWNRYRY, NRYRY, NRYC(ORY, NREC(OYORY S(ORY, S(OINRERY, S(O),R”,
and S(O),NRRY.

[00688] Tn some embodiments, Cy' and Cy” are independently selected from cycloalkyl
and heterocycloalkyl, each optionally substituted by 1, 2, 3, 4 or § substituents
mdependently selected from halo, Crqalkyl, Coqalkenyl, Crgalkynyl, Crghaloalkyl, CN,
NO,, ORY, SR, C(O)RY, C(OINRRY, C(OIOR™, OCHORY OCOWNRE R, NRERY
NRECORY ™ “COIORY, SIORY, S(OINRRY, $(0)RY, and S(ORNRERY,

[60689] In some embodiments, Cy' and Cy” are independently selected from cycloalkyl
optionally substituted by 1, 2, 3, 4 or § substituents independently selected from halo, (.
salkyl, Cogalkenyl, Cosalkynyl, Ci4 haloalkyl, CN, NO,, OR", SR, C(O)RY,
C{OINRRY, C(OYORY, OC(O)R”, OC(OINRERY, NRYRY, NREC(OIRY,
NRECOORTS(OIRY, S(OINRERY, S(O),RY, and S{O)NRERY.

]
<o
[any
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{00690} In some embodiments, R R R} and R*are independently selected from H,
halo, Cisalkyl, Coalkenyl, Chgalkynyl, C; 4 haloalkyl, aryl, cycloalkyl, heteroaryl,
heterocycloaikyl, CN, NO,, OR’, SR7, C{OR®, C(OWR'RY, C(OYOR'OC(O)R?,
OC(OINR'R, NRRY, NRPC(OIR®, NRC(OYOR', S(OIR®, S(OINR'R'Y, S(O),RY,
NR’S{O),R®, and S(O),NR'R".

{60691} In some embodiments, R, R’, R’, and R” are independently selected from H,

halo, and Cy4alkyl.
{60692] In some embodiments, R R* R’ and R*are each H.
[00693] In some embodiments, R'is H, halo, or Cjsalkyl.

[60694] In some embodiments, R’ is H, halo, Cjsalkyl, Cosalkenyl, Coyalkynyl, 4
haloalkyl, CN, NO,, OR’, SR”, C(OR®, C(ONR'R", C(O)OR', OC(O)R®,
OC(OINR'RY, NR'R", NR'C(OIR®, NRPC(OYOR, S(OIR®, S(ONR'RY, S(O)LR®)

10

NRS(O),R®, or S(ORNRRY.

[60695] In some embodiments, R’is H, halo, Cy4 alkvl, C;.qhaloalkyl, halosulfanyl, CN,
or NR’R'

[80696] In some embodiments, R’is H, halo, Cy alkvl, Cy.ahaloalkyl CN, or NRR™
[00697] In some embodiments, R’ is H.
[60698] In some embodiments, R®is H or Cy.salkyl.

[00699] In some embodiments, R”is H.

al
i
i-

[60760] In some embodiments, R' and R' are independently selected from H, halo, Ciy
alkvl, Cyaalkenyl, Coaalkynyl, Cyqhaloalkyl, halosulfanyl, Cy 4 hydroxyalkyl, €4
eyanoalkyl, Cy', CN, NO,, OR®, SR®, C(O)R®, C{OINRRY, C{OYOR", GC{OIR”,
OC(ONRRY, NRRY, NREC(OIR”, NREC(OINRRY, NREC(OYOR, C(=NR)INRR",
NRECE=NRYNRRY, S(OIR®, S(OINRRY, S(01,R°, NRS(OL,R", C(=NOH)R®,
C(e=NO(Chg alkyi)Rb, and S{ORNRRY, wherein said Cig alkyl, Co.g alkenyl, or Cag
alkynyl, 1s optionally substituted with 1, 2, 3, 4, 5, or 6 substituents independently
selected from halo, Ci4alkyl, Cosalkenyl, Cryalkynyl, Ciybaloalkyl, halosulfanyl, Ci4
hydroxyalkyl, Cr.4 cyanoalkyl, Cy', CN, NO,, OR® SRY, C(O)R", C(OINRRY, C(O)ORY,
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OC(OIR®, OC(OINRRY, NRRY, NRC(OIR®, NRC(OINRRY, NR°C{OYOR”,
CENRINRRY, NRECENRINRRY, S(OIR”, S(OINRRY, S(O):R”, NR°S(O):R”,
C{=NOHR", C(=NO{C salky)R", and S(O)NRR?.

[60761] In some embodiments, R' and R' are independently selected from H, halo, OH,
CN, {Cya)alkyl, (Cysyhaloalkyl, halosulfanyl, SCN, (Cyg)alkenyl, (Cogabkoynyl, (T4

shydroxvalkyl, (Cir.4)cyanoalkyl, arvi, heterocaryl, cycloalkyl, and heterocycloalkyl

[00782] In some embodiments, R'' and R'? are independently selected from H, halo, OH,
CN, (Cra)alkyl, (Ciadhaloalkyl, (Coulalkenyl, (Cogjalkynyl, (Crsdhydroxyalkyl, (Ch.

gevanoalkyl) aryl, heteroaryl, cycloalkyl, and heterocvcloalkyl

{00703] In a preferred embodiment, the JAK-2 inhibitor is ruxolitinib (available from
Incyte Corp. and Novartis AG). In a preferred embodiment, the JAK-2 inhibitor 1s
ruxolitinib phosphate {available from Incyte Corp. and Novartis AG). In a preferred
embodiment, the JAK-2 inhibitor 1s (R)-3~(4-(7H-pyrrolo[2.3-dpyrimidin-4~-y1}-1 H-
pyrazol-1-yl)-3-cyclopentylpropanenitrile. In a preferred embodiment, the JAK-2
inhibitor is the phosphate salt of (R)-3-(4-(7H-pyrrolof2,3-d]pyrimidin-4-y1)-1H-pyrazol-
L-y)-3-cyclopentylpropanenitrile. In a preferred embodiment, the JAK-2 imnhibitor is
(3R)-3~cyclopentyl-3-[4-(7TH-pyrrolo]2,3-d]pyrimidin-4-y1)-1 H-pyrazol-1-
vipropanenitrile. In a preferred embodiment, the JAK-2 inhibitor 15 a compound of

Formula (XXX}

& Formula (XXX)

NH

or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof. The
preparation of this compound is described in U.S. Patent Nos. 8,604,043, 7,834,022,
8,486,902, 8,530,485, 7,598,257, 8,541,425, and 8,410,265 and U.S. Patent Application
Publication Nos. 2010/0298355 A1, 2008/0312258 A1, 2011/0082159 Al, 2011/0086810

]
O
s’
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Al, 2013/0345157 A1, 2014/0018374 A1, 2014/0005210 A1, 2011/0223210 Al,
2011/0224157 A1, 2007/0135461 A1, 2010/0022522 A1, 2013/0253193 A1,
2013/0253191 A1, 2013/0253190 A1, 2010/0190981 A1, 2013/0338134 A1,
2008/0312259 A1, 2014/0094477 A1, and 2014/0094476 A1, the disclosures of which
are incorporated by reference herein. In an embodiment, the JAK-2 inhibitor is a
compound selected from the structures disclosed in U.S. Patent Nos. 8,604,043,
7,834,022, 8,486,902, 8 530,485, 7,598,257, 8.541,425, and 8,410,265 and U.S. Patent
Application Publication Nos. 2010/0298355 A1, 2008/0312258 A1, 2011/0082159 Al,
2011/0086810 A1, 2013/0345157 A1, 2014/0018374 A1, 2014/0005210 A,
2011/0223210 A1, 2011/0224157 A1, 2007/0135461 Al, 2010/0022522 Al,
2013/0253193 A1, 2013/0253191 A1, 2013/0253190 A1, 2010/0190981 Al,
2013/0338134 A1, 2008/0312259 Al, 2014/0094477 A1, and 2014/0094476 A1, the

disclosures of which are incorporated by reference herein.

[00704] Ruxolitinib may be prepared according to the procedures given in the
references above, or by the procedure of Example 67 of UK. Patent No. 7598257, the
disclosure of which is specifically incorporated by reference herein. Briefly, the

preparation is as follows:

[08705] Step 1. (2F)- and (273-3-Cyclopentylacrylonitrie. To a solution of 1L.OM
potassium tert-butoxide m THF (235 mL) at 0° C. was added dropwise a solution of
diethy] cyanomethyiphosphonate (39.9 mlL, 0.246 mol} in TBF (300 mL). The cold bath
was removed and the reaction was warmed to room temperature followed by recooling to
0° C., at which time a solution of cyclopentanecarbaldehyde (22.0 g, 0.224 mol) in THF
{60 mL) was added dropwise. The bath was removed and the reaction warmed to
ambient temperature and stirred for 64 hours. The mixture was partitioned between
diethyl ether and water, the agueous was extracted with three portions of ether, followed
by two portions of ethyl acetate. The combined extracts were washed with brine, then
dried over sodium sulfate, filtered and concentrated in vacuo io afford a mixture
containing 24.4 g of olefin isomers which was used without further purtfication {(89%).
'H NMR (400 MHz, CDCI3): 8 6.69 (dd, 1H, trans olefin), 6.37 {t, 1H, cis olefin), 529
(dd, 1H, trans olefin}, 5.20 (d, 1H, cis olefin}, 3.07-2.95 (m, 1H, cis product), 2.64-2.52
{m, 1H, trans product}, 1.98-1.26 {m, 16H).
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{00706] Step 2. (3R)- and (35)-3-Cyclopentyi-3-[4-(7-[2-(trimethylsilyljethoxy jmethyi-
TH-pyrrolo{2,3-d-pyrimidin-4-y1}-1H-pyrazol-1-yl]propanenitrile. To a solution of 4-
(1H-pyrazol-4-v1)-7-[2-(trimethylsyljethoxy jmethyl-7H-pyrrolof2,3-d}-pyrimidine
{15.0 g, 0.0476 mol) in ACN (300 mL) was added 3-cyclopentylacrylonitrile (15 g, 0.12
mol) (as a mixture of cis and trans isomers), followed by DBU (15 mL, 0.10 mol}. The
resulting mixture was stirred at room temperature overnight. The ACN was evaporated.
The muxture was diluted with ethyl acetate, and the solution was washed with 1.0 N HCL
The aqueous layer was back-extracted with three portions of ethyl acetate. The combined
organic extracts were washed with brine, dried over sodium sulfate, filtered and
concentrated. The crude product was purified by silica gel chromatography (gradient of
ethyl acetate/hexanes) to yield a viscous clear syrup, which was dissolved 1n ethanol and
evaporated several times to remove ethy! acetate, to afford 19 .4 g of racemic adduct
{93%). The enantiomers were separated by preparative-HPLC, (OD-H column, 15%
ethanol/hexanes}) and used separately in the next step to generate their corresponding final
product. The final products {see Step 3) stemmung from each of the separated
enantiomers were found to be active JAK mhibitors; however, the final product stemming
from the second peak to elute from the preparative-HPLC was more active than its
enantiomer. The products may be 1solated by preparative HPLC or other means known
to those of skill in the art for use in Step 3 below. 'H NMR (300 MHz, CDCI3): § 8.85
(s, 1H), 8.32 (s, 2H), 7.39 (d, 1H), 6.80 (d, 1H), 5.68 (s, 2H), 4.26 (dt, 1H), 3.54 (t, 2H),
3.14 (dd, 13, 2.95 (dd, 1H), 2.67-2.50 (m, 111}, 2.03-1.88 (m, 1H), 1.80-1.15 (m, 7H),
0.92 (1, ZH), ~0.06 (s, 9H); MS(ES): 437 (M+1).

{06767 Step 3. To a solution of 3-cyclopentyl-3-[4-(7-[2-

(trimethyisilyDethoxy fmethyl-7H-pyrrolo{2,3-d]-pyrimidin-4-y1}- 1 H-pyrazol-1-
yiipropanenitrile (6.5 g, 0.015 mol, R or § enantiomer as isolated above) in DCM (40
mb} was added TFA (16 mL) and this was stirred for 6 hours. The solvent and TFA were
removed in vacuo. The residue was dissolved in DCM and concentrated using a rotary
evaporator two further times to remove as much as posstble of the TFA. Following this,
the residue was stirred with ethylenediamine (4 mL, 0.06 mol} in methanol (30 mL}
overnight The solvent was removed in vacuo, water was added and the product was

extracted into three portions of ethyl acetate. The combined extracts were washed with
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brine, dried over sodium sulfate, decanted and concentrated to afford the crude product
which was purified by flash column chromatography (eluting with a gradient of
methanol/DCM). The resulting mixture was further purified by preparative-HPLC/MS
{C18 eluting with a gradient of ACN/H20 containing 0.15% NH4OH) to afford product
(2.68 g, 58%). 'H NMR (400 MHz, D6-dmso). § 12.11 (br s, 1H), 8.80 (s, 1H), 8.67 (s,
1H), 8.37 (s, 1H), 7.60 (d, 1H), 6.98 (d, 1H), 4.53 (dt, 1H), 3.27 (dd, 1H), 3.19 (dd, 11),
2.48-2.36 (m, 1H), 1.86-1.76 (m, 1H}, 1.68-1.13 (m, 7H); MS(ES): 307 (M+1).

{60708] Ruxolitintb prepared according to the steps above, or any other procedure, may
be used as its free base for the compositions and methods described heren. Ruxolitinib
may also be used in a salt form. For example, a crystalline phosphoric acid salt of (R)-3-
(4~(7TH-pyrrolo[2,3~-dlpyrimudin-4-y1}-1 H-pyrazol-1-y1)}-3-cyclopentylpropanenitrile may
be prepared from the free base as follows according to the procedure given in Example 2
of U.8. Patent No. 8,722,693, the disclosure of which is specifically incorporated herein
by reference. To a test tube was added (R)-3-(4-(7TH-pyrrolof2,3-dlpyrimidin-4-y)-1H-
pyrazol-1-vi)-3-cyclopentylpropanenitrile (153 .5 mg) and phosphoric acid {56.6 mg)
followed by sopropyl alcohol (JPA} (5.75 mL). The resulting mixture was heated to
clear, cooled to room temperature, and then stirred for another 2 hours. The precipitate
was collected by filtration and the cake was washed with 0.6 mL of cold IPA. The cake
was dried under vacuum to constant weight to provide the final salt product (171.7 mg).
The phosphroic acid salt is a 1:1 salt by "H NMR and crystallinity is confirmed by X-ray
powder diffraction (XRPD). Differential scanning calorimetry (D8C) of the produce
yields a sharp melting peak at about 198.7° C.

{06709] In an embodiment, the JAK-Z inhibitor is a compound of Formula (XXXX1):

Formula (XXXI) CN

or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof,
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wherein:

118 8Gyor CO;

R'is Cisalkyl, Cscycloalkyl, phenyl, 5- or 6-membered heteroaryl, indolyl, NR*R’, or
OR’, wherein said alkvl, cycloalkyl, phenyl, or heteroarvi is optionally substituted with 1,
2, or 3 substituents independently selected from F, CN, and Csalkyl;

R*and R’ are independently selected from H, Ci4alkyl, and phenyl; and

R*is Crsalkyl, phenyl, or benzyl.

In some embodiments, when L is 805, then R'is other than OR".

In some embodiments, when L 1s SO, then RYis Cpg alkyl, Cy7cycloalkvl, phenvl, 5- or
6-membered heteroaryl, or NR'R”, wherein said alkyl, cycloalkyl, phenyl, or heteroaryl is
optionally substituted with 1, 2, or 3 substituents independently selected from F and Cy4
alkyl.

In some embodiments, when L is CO, then R'is Ca cycloalkyl, phenvl, 5- or 6-
membered heteroaryl, indolyl, NR'R®, or OR?, wherein said cycloalkyl, phenyl, or
heteroaryl 1s optionally substituted with 1, 2, or 3 substituents independently selected
from CN and Cy 4alkyl

In some ernbodiments, L 18 50,

In some embodiments, L 1s CO.

In some embodiments, R’ is methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl, 2-
methylprop-1-yl, 1-methylprop-1-yi, each optionally substituted with 1, 2, or 3 F.

In some embodiments, R’ is Ci4 alkyl

In some embodiments, R' is ethyl.

In some embodiments, R’ is Ca7 cycloalky! optionally substitated by Cialkyl.

In some embodiments, R' is phenyl optionally substituted with ¥, methyl, or CN.

In some embodiments, R’ is S-membered heteroaryl selected from thienyl, pyrazolyl,
pyrrolyl, 1,2 4-oxadiazolyl, and isoxazolyl, each optionally substituted with € qalkyl
In some embodiments, R’ is pyridiny].

In some embodiments, R' is NR'R’ or OR*.

In some embodiments, L is $O;and R'is Cy alkyl.

{00718} In an embodiment, the JAK-2 inhibttor 15 baricitimb (available from Incyte

Corp. and Eli Lilly & Co.). In an embodiment, the JAK-2 inhibitor is 2-(3-(4-(7H-
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pyrrolo[2,3-djpynimidin-4-yl)-1H-pyrazol-1-yl}-1-(ethylsulfonyljazetidin-3-
vilacetonitrile. In an embodiment, the JAK-2 mhibitor is a compound of Formula

()

N/: N =
v/ \

/
HN /

Z—2Z

Formula (XXXII) CN
or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereot. The
preparation of this compound 1s described 10 U.S. Patent Nos. 8,158,616 and 8,420,629,
U.S. Patent Application Publication Nog. 2009/0233903 Al; 2013/0225556 Al; and,
2012/6077798 Al, and International Patent Application Publication No. WO
2014/0028756, the disclosures of which are incorporated by reference heremn. Inan
embodiment, the JAK-2 inhibitor is a compound described in U.S. Patent Nos. 8,158,616
and 8,420,629, 1J.S. Patent Application Publication Nos. 2009/0233903 Al;
2013/0225556 A1; and, 2012/0077798 A1, and International Patent Application
Publication No. WO 2014/0028756, the disclosures of which are incorporated by

reference herein.

[06711] In an embodiment, the JAK-2 mhibitor 1s a compound of Formula { XXX

R7

Formula (XXXIII)
R
H
N
Rg X X
| (Re)n
/ N /
Ry z

or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereot,
wherein:
Q and Z are imdependently selected from N and CR': nis1,20r3;

R! is independently selected from hydrogen, halogen, R%, OR’, OH, R* OR* CN, CFs,
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(CHL)N(R ), NO,, RRY, SO,R?, NR'SO,R’, CORY, NR'COR’, COH, COR,
NR’COR®, R*CN, R'CN, R°OH, ROR” and OR'R*; or two R substituents together
with the carbons which they are attached to form an unsaturated 5 or 6 membered
heterocyclyl;

R’ is substituted or unsubstituted C;_alkyl or substituted or unsubstituted C ;s alkylene
where up to 2 carbon atoms can be optionally replaced with CO, NRY,, CONRY, S,
SC; or O

R is R?, Cay alkenyl or substituted or unsubstituted aryl:

R* is NH,, NHR?, N(R'),, substituted or unsubstituted morpholino, substituted or
unsubstituted thiomorpholino, substituted or unsubstituted thiomorpholino-1-oxide,
substituted or unsubstituted thiomorpholino-1, 1-dioxade, substituted or unsubstituted
piperazinyl, substituted or unsubstituted pipenidinyl, substituted or unsubstituted
pyridinyl, substituted or unsubstituted pyrrolidinyl, substituted or unsubstituted
pyrrolyvl, substituted or unsubstituted oxazolyl, substituted or unsubstituted
midazolyl, substituted or unsubstituted tetrahydrofuranyl and substituted or
unsubstituted tetrahydropyranyl;

R’ is substituted or unsubstituted Calkylene;

RO-R' are independently selected from H, R*CN, halogen, substituted or unsubstituted
Cualkyl, ORY, CORY, N(R'Y,, NO,, CON(R )y SO,N(RY),, N(SO,R™,, substituted or
unsubstituted piperazinyl, N(R)SO,R? and CF2_ R” is absent or substituted or
unsubstituted Cialkylene wherein up to 2 carbon atoms can be optionally replaced

with CO, NSO,R' NRY, CONRY, S, SO, or O; R is H or substituted or unsubstituted
Cigalkyl; and

R' is selected from H, halogen, substituted or unsubstituted ;.4 alkyi, GRZ, C(}ZR?‘, CN,

CON(R"), and CF;, or an enantiomer thereof.

{00712] In a preferred embodiment, the JAK-2 mhibitor 1s momelotinib (Gilead
Sciences). Momelotintb 1s also known as CYT-387. In a preferred embodiment, the
JAK-2 nhibitor 15 N-(cyanomethyl}-4-(2-({(4-morpholinophenylamino)pyrimidin-4-
vi}benzamide. In a preferred embodiment, the JAK-2 inhibitor 1s a compound of

Formula (XXXIV):

i L6
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=z
ZT

Formula (XXXIV)

O

or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof. The
preparation of this compound 1s described in U.S. Patent No. 8,486,941 and U.S. Patent
Application Publication Nos. 2010/0197671 Al; 2014/0005180 A1, 2014/0011803 Al,
and, 2014/0073643 A1, the disclosures of which are incorporated by reference herein. In
an embodiment, the JAK-2 inhibitor 1s a compound described in U S, Patent No.
8,486,941 and U.S. Patent Application Publication Nos. 2010/0197671 A1,
2014/0005180 A1; 2014/0011803 Al; and, 2014/0073643 A1, the disclosures of which

are incorporated by reference herein.

{00713] Inan embodiment, the JAK-2 inhibitor 1s a compound of Formula (XXXV):

Formula (XXXV)
Ra41
Y
A X41
HO ﬂ“z A \
Y10
Y42 / //
Y %42
N
Y
OH N~— N

or a tautomer thereof, or a clathrate thereof, or a pharmaceutically acceptable salt,
solvate, hydrate, cocrystal, or prodrug thereof, wherem:

Kar1s O, 8, or NR4g;

X418 CRys0r N

Yao1s N or CRys;

Yayis N or CRus;

Y1, for each occurrence, 1s independently N, C or CRyg;
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Z 15 OH SH, or NHR;

Ry 1s —H, —OH, —8H, an optionally substituted alkyl, an optionally substituted
alkenyl, an optionally substituted alkynyl, an optionally substituted cycloalkyl, an
optionally substituted cycloalkenyl, an optionally substituted heterocyclyl, an
optionally substituted aryl, an optionally substituted heteroaryl, an optionally

substituted aralkyl an optionally substituted heteraralkyl, halo, cyano, nitro,

guanadino, a haloalkyl, a heteroalkyl, an alkoxy or cycloalkoxy, a haloalkoxy,
NRoR11, —ORy, —C(O)R,, —C{O)YOR,, —C(5)Ry, —C{O)SRy, —C(S)SRy, —
C(SYOR7, —C(S)NR1gR 11, —C(NROR,7, —C(NRgIR7, —C(NRgINR Ry, —
C{NR3)SRy, —OC(O)R,, —OC(O)YOR,, —OC(SYOR,, —OC(:)OR,, —SC(O)R,, —
SC(OYOR,, —SC(NR3)OR;, —OC(S)R7, —SC(SIR7, —SC(S)OR,, —
OC{OYNRoR 11, —OCINR pR 1, —OC(NRgINR 1oR 11, —SC(O)NR10R1y, —
SC{NRg)NRioR 1, —SCSINR 10R 1, —OC(NRIR,, —SC(NRsIR,, —C(O)NR1oR 14,
------- NRC(OIR,, —NRAC(SIR7, —NR/C(S}OR 5, —NR,C(NRg)R7, —NR-C(O)0R5,
------ NRAC(NRIOR,, —NRA(OINR 1 oR 11, —NR,C(S)NR Ry, —
NR,;C(NRgINR 1R 11, —8R7, —S(O}R7, —OS(0)R7, —O8(0},0R,, —
OS5(0)pNR1oR 11, —S(O},0R7, —NRgS(O)}R7, —NR7S(O)pNRoR 13, —
NRS(0),0R7, —5{0)pNR R 11, —SS(0)p Ry, —S5(0),0R7, —S8{0),NR R 1, —
OP{ONOR7), or —SP(O)}OR7)a:

Ry is —H, an optionally substituted alkyi, an optionally substituted alkenyl, an optionally
substituted alkyvnyi, an optionally substituted cycloalkyl, an optionally substituted
cvcloatkenyl, an optionally substituted heterocyclyl, an optionally substituted aryl, an
optionally substituted hetercaryl, an optionally substituted aralkyl, an optionally
substituted heteraralkyl, hydroxyalkvl, alkoxyalkyl, a haloalkyl, a heteroalkyi, —
C{OWRy, —(CH,).C(OYOR,, —C(O)YORy, —OC(OIR,, —C({O)NR Ry, —S(O),R,
—S{O,0Ry, or —S{O)NR R,

Rujand Ry are, independently, —H, —OH, an optionally substituted alkyl, an optionally
substituted alkenyl, an optionally substituted alkynyl, an optionally substituted
cycloalkyl, an optionally substituted cycloalkenyl, an optionally substituted
heterocyclyl, an optionally substituted aryl, an optionally substituted heteroaryl, an

optionally substituted aralkyl, an optionally substituted heteraralkyl, hvdroxyalkyl,
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alkoxyalkyl, halo, cyano, nitro, guanading, a haloalkyl, a heteroalkyl, —C{O)}R,, —
C{OYOR,, —OC(O)Ry, —C{OINRoR 11, —NRC{O)R~, —SRy, —S(O) Ry, —
OS(0O)Ry, —S(0),ORy, —NRS(O) Ry, —S{O)NRoR 1, or Rys and Rustaken
together with the carbon atoms to which they are attached form an optionally
substituted cycloalkenyl, an optionally substituted aryl, an optionally substituted
heterocyclyl, or an optionally substituted heteroaryi;

Rysis —H, —OH, —SH, —NR7H, —ORy6, —8Ry, —NHR 6, —O(CH2)m0OH, —
O(CH)wSH, —O(CH)uNR7H, —S(CH2)uOH, —S{CH2)uSH, —S{CH ) NR7H, —
OC(OINR R, —SC{OINR 19R 11, —NR,C(OINR oR 11, —OC(O)R7, —SC(O)R7, —
NR,C(O)R7, —OC(O)OR,, —SC{O)OR,, —NRC(O)YOR,, —OCHC(O)R,, —
SCHC(ORy, —NR,CHLC(O)Ry, —OCH,C(OYOR,, —SCRL,C{O)YOR,
NR,CHLC{OYOR,, —OCHC{OYNR oR |, —SCHC(OINR oRy, —
NRyCH:C(O)WNR 10R 11, —O8{O) Ry, —8S(O)R7, —NR5S(0O) Ry, —OS(O)NRicR,

NR,C(NR$IOR 7, —OC(NRINR 1R 11, —SCINRINR 1R 11, or —NRGC(NgINR 1R 15

R, for each occurrence, 15 independently, selected from the group consisting of H, an
optionally substituted alkvl, an optionally substituted alkenyl, an optionally
substituted alkyvnyi, an optionally substituted cycloalkyl, an optionally substituted
cvcloatkenyl, an optionally substituted heterocyclyl, an optionally substituted aryl, an
optionally substituted hetercaryl, an optionally substituted aralkyl, an optionally
substituted heteraralkyl, halo, cyano, nitro, guanadino, a haloalkyl, a hetercalkyl
NR Ry, —ORy, —C(O)R,, —C(OYOR,, —OC(O)R,, —C(OINR Ry, —
NRC{OR7, —SRy, —8(0)pRy, —OS{O}Ry, —S{0),0Ry, —NRsS(O} R, or —
S{O)NRoR; 1

B

Ry and Rg, for each occurrence, are, independently, —H, an optionally substituted alkyi,
an optionally substituted alkenvl, an optionally substituted alkynyl, an optionally
substituted cycloalkyl, an optionally substituted cycloalkenyl, an optionally
substituted heterocyclyl, an optiovally substituted aryl, an optionally substituted

o
DB/ 84322047.1 212



WO 2016/024231 PCT/IB2015/056127

heteroaryl, an optionally substituted aralkyl, or an optionally substituted heteraralkyl;

Rypand Ry, for each occurrence, are independently —H, an optionally substituted alkyl,
an optionally substituted alkenvl, an optionally substituted alkynyl, an optionally
substituted cycloalkyl, an optionally substituted cycloalkenyl, an optionally
substituted heterocyclyl, an optionally substituted aryl, an optionally substituted
heteroaryl, an optionally substituted aralkyl, or an optionally substituted heteraralkyl;
or Rjpand Ry, taken together with the nitrogen to which they are attached, form an
optionally substituted heterocyclyl or an optionally substituted heteroarvl;

Rye, for each occurrence 1s, 1s independently, a lower alkyl;

p, for each occurrence, 13, independently, 1 or 2; and

m, for each occurrence, 1s independently, 1, 2, 3, or 4.

[00714] In an embodiment, the JAK-Z inhibitor 13 a compound of Formula (X VI):

Formula (XXXVI) Rss R
52
R55 /
N
HO.
/>7R53
X5
N
| )

or a tautomer thereof, or a clathrate thereof, or a pharmaceutically acceptable salt,

solvate, hydrate, cocrystal, or prodrug thereof, wherem:

Xus1s CRsy0t N,

Z1 1s —OH or —SH;

Rsg 15 selected from the group consisting of —H, methyl, ethyl, isopropyl, and
cyclopropyl;

Rs; 15 selected from the group consisting of —H, methyl, ethyl, n-propyl, 1sopropyl, n-

CHC(OYOH, and —C(ON(CH; )

butyl, n-pentyl, n-hexyl, —(CH,»OCH;,

Rss and Rsg are each, independently, —H, methyl, ethyl, or isopropyl; or Rs; and Rsstaken
together with the carbon atoms to which they are attached form a phenyl,
cyclohexenyl, or cycloocteny] ring; and

Rssis selected from the group consisting of —H, —OH, —OGCH;, and —OCH,CH;.
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{00715} In a preferred embodiment, the JAK-2 inhibitor is ganetespib. In a preferred
embodiment, the JAK-2 inhibitor 1s 5-(2,4-dihydroxy-5-isopropylphenyl)-4-(1-methyl-
1H-indol-5-y1}-2 4-dihydro-3H-1,2 4-triazol-3-one. In a preferred embodiment, the JAK-
2 inhibitor 1s a compound of Formula (XXXVII):

\

Formula (XXXVII) N \
HO
N
OH N\NH

or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof. The
preparation of this compound is described in U.S. Patent Nos. 7,825,148 and 8,628,752,
U.S. Patent Application Publication Nos. 2006/0167070 Al; 2014/0024030 A1,
2014/0051665 Al; 2014/0045908 A1, 2012/01280665 A1, 2013/0109045 Al and
2014/6079636 Al, and, International Patent Application Publication No. W0
2013/170182; WQ 2013/028505, WO 2013/067162; W0 2013/173436, WO
2013/006864; WO 2012/162584; W3 2013/170159, W( 2013/067165;, WO
2013/074594;, WO 2012/162372, W 2012/162293; and WO 2012/155063, the
disclosures of which are incorporated by reference herein. In an embodiment, the JAK-2
mhibitor is a compound described in U.S. Patent Nos. 7,825,148 and 8,628,752, U S.
Patent Application Publication Nos. 2006/0167070 A1; 2014/0024030 Al; 2014/0051665
Al; 2014/0045908 Al; 2012/0128665 Al; 2013/0109045 A1, and 2014/0079636 A1,
and, International Patent Application Publication No. WO 2013/170182; WO
2013/028505; WO 2013/067162; WO 2013/173436; WO 2013/000864; WO
2012/162584; WO 2013/170159;, WO 2013/067165;, WO 2013/074594, WO
2012/162372; WO 2012/162293; and WO 2012/155063, the disclosures of which are

mncorporated by reference herein.

[006716] In an embodiment, the JAK-2 inhubitor 1s a compound of Formula (XXX VIH):

DB1/ 84322047 1 214



WO 2016/024231 PCT/IB2015/056127

Formula (XXXVIII) \(@/

CH,R;

or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof,
wherein the compound is defined by the following (I} or (IL).

(I): X represents CH or N; R, represents a halogen;

Ry represents: (1) H, (2) a halogen, (3) cyano,{4) a group represented by the following
general formula [2]:

RC

{wherein * indicates the binding position; and R®, R” and R" are the same or different and
each represents (a) H, or (b} alky! optionally substituted by hydroxy or alkoxy, or
alternatively two of R®, R” and R" are taken together with the adjacent C to represent a
N-containing saturated heterocyclic group and the other one i1s H, the saturated
heterocyclic group optionally substituted by alkvisulfonyi},

(5) a group represented by the following general formula [3}:

{wherein * has the same meaning as described above; and R” and R% are the same or
different and each represents {a} H, (b} alkyl optionally substituted by one or two groups
selected from the group consisting of hydroxy, amino, dialkylamino, a saturated cychic
amino group, alkylcarbonylamino, alkyisulfonylamino, aryl, hetercaryl optionally
substituted by alkyl, tetrahvdrofuranvi, and carbamovl, (¢} alkylcarbonyl, {d)

alkylsulfonyl, (e} carbamoyl, or (f} hetercaryl optionally substituted by alkyl, or

b
i
Wi
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alternatively R and RY are taken together with the adjacent N to represent a saturated
cyclic amino group, which may optionally be substituted by one or two groups selected
from the group consisting of (a) halogen, (b} cyano, {c} hydroxy, {(d} alkyl optionally
substituted by one or two groups selected from the group consisting of hydroxy, alkoxy,
amino, alkoxycarbonylammo, alkylsulfonylamino, and atkylcarbonylamino, (e}
cycloalkyl, (f) haloalkyl, (g} alkoxy, (h} oxo, (1) a group represented by the following
general formula [4]:

O

S
| [4]

RH

*

C . . H .
{wherein * has the same meaning as described above; and R represents alkyl or arvl), (§)

a group represented by the following general formula [5]:

{wherein * has the same meaning as described above; and R and R’ are the same or
different and each represents H, alkyl, carbamoyl, alkylcarbonyl, or alkylsulfonyl), (k) a
group represented by the following general formula [6]:

* Rk

[6]
O

{wherein * has the same meaning as described above; and R® represents alkyl, hydroxy.
amino, alkylamino, dialkylamino, cycloalkylamino, (cycloalkyhalkylamino,
(hydroxyalkyljamino, (alkoxyalkyljamino, alkoxy, alkylsulfonylamino, or a saturated
cychic aming group), and (1) a saturated cyclic amino group optionally substituted by
hydroxy; and the saturated cyclic amino group, which is formed by combining RY, R®
and the adjacent N, may form a spiro-linkage with a group represented by the following

general formula [7A] or [7B]:
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{wherein has the same meaning as described above)},

{6) a group represented by the following general formula [8]:

pee g

{wherein * has the same meaning as described above; and R" represents (a) alkyl, (b)
hydroxy, {c} alkoxy, (d} saturated cyclic amino group optionally substituted by alkyl or
alkyisulfonyl, or (e} an amino optionally substituted by one or two groups selected from
the group consisting of alkyl, cycloalkyl, (cycloalkylalkyl, aralkyl; haloalkyl,
dialkylaminoalkyi, alkoxyalkyl, and hydroxyalkyl},

(7% a group represented by the following general formula [S]:

X

*

(91 | )
=
RM/V\RN

. : : ~ M N o,
{wherein * has the same meaning as described above; and R™, R and R are the same or

RO

different and each represents H, halogen, cvano, alkoxy, carbamoyl, sulfamovl,
monoalkylaminosulfonyl, or atkylsulfonyl, or alternatively two of R™ RV and R%are
taken together to represent methylenedioxy),

(8) —OR" (R" represents an alkyl optionally substituted by a group selected from the
group consisting of hydroxy, dialkylanmino, alkoxy, tetrahydrofuranyl, and cycloalkyl, or
an optionally O-containing saturated cyclic group optionally substituted by hydroxy), or
(9} a heteroary! optionally substituted by one or two groups selected from the group
consisting of cvano, halogen, hydroxy, alkoxy, alkylcarbonyl, carbamoyl, alkyl,

cycloalkyl, (cycloalkylialkyl, aralkyl, hydroxycarbony! and alkoxyalkyl;

~J
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R represents H or hydroxy;

R, represents H or alkyl; and

Rsrepresents H or alkyl;

(11): X represents —CR™;

R” represents a group represented by the following general formula [10]:
* RE

[10]
0

{(wherein * has the same meaning as described above; and R” represents (a) amino
optionally substituted by one or two groups selected tfrom the group consisting of alkyl,
cycloalkyl, (cycloalkylalkyl, and alkoxyalkyl, (b) alkoxy, (¢} hydroxy, or {d} a saturated
cychic amino group);

Ry represents a halogen;

R: represents H;

Rsrepresents E or hydroxy;

Rsrepresents H or alkyl; and

Rsrepresents H or alkyl.

{86717] In a preferred embodiment, the JAK-2 inhibitor 18 N§-018. In an embodiment,
the JAK-2 inhibitor is (8)-N-(1-(4-flucrophenyDethy)-6-( 1 -methyl-1 H-pyrazol-4-y1}-N'-
{pyrazin-2-yhpyrimidine-2,4-diamine. NS-018 has been described in Nakaya, ef al.,
Blood Cancer . 2614, 4, e174. In an embodiment, the JAK-2 mhibitor has the chemical

structure shown in Formula (XXXIX):

F
H H
N N N N
(Y (T
N/ / N =
Formula (XXXIX)

\\
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or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof. The
preparation of this compound is described in U.S. Patent Nos. 8,673,891 and 8,586,591,
U.S. Patent Application Publication Nos. 201 1/0288065 Al and 2013/0131082 A1, and
International Patent Application Publication No. WO 2012/020787 and WO
2012/020786, the disclosures of which are incorporated by reference herein. Inan
embodiment, the JAK-2 inhibitor 1s a compound described in U.S. Patent Nos. 8,673,891
and 8,586,591, U.S. Patent Application Publication Nos. 2011/0288065 Al and
2013/0131082 Al, and International Patent Application Publication No. WO
2012/020787 and WO 2012/020786, the disclosures of which are incorporated by

reference herein.

[00718] In an embodiment, the JAK-2 inhibitor 15 a compound of Formula (XL}

N/\\N
> N
N/

o) N

Formula (XL) X

or a stereoisomer, tautomer, or pharmaceutically acceptable salt, solvate, hydrate,
cocrystal, or prodrug thereof, wherein:

Y s Crgalkyl

Xs Crgalkyl;

Ris
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any of which are optionally fused with a S or 6 membered carbocycle or heterocycle

having one heteroatom selected from NR” or 8, said fused carboeycle or heterocycle

being optionally substituted with 0-3 R"

R’ is H, halo, CN, Cyealkyl substituted with 0-3 RS, CF;, CONR'R®, NR°R®, COOR”",
SO—{Craalkyl, CCOIRY, cycloalkyl substituted with 0-3 R®, furanyl,

tetrabydropyranyi, or pynidinyl;

R%is H, Cisalkyl substituted with 0-3 R®, Cas cycloalkyl substituted with 0-3 R®,

tetrahydropyranyl, or dioxotetrahydrothiophenyli;
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R"is H or Cysalkyl;

R’is H, halo, CN, OH, 0—(C.galkyl, 0—(C.4)alkyl-O0—(Cralkyl, NH,, N(Cy4
alkyl),, C{OMN(C 4 alkyl)y, SO—(Ciu)alkyl, or morpholiny! or piperazinyl, either of
which are optionally substituted with 0-1 C4 alkyl;

R%is Cisalkyl, or azeridinyl, azetidinyl, pyrrolidinyl, piperidinyl, morpholinyl,
miperazinyl, dioxidothiomorphohinyl or tetrahydropyranyl, any of which are
substituted with 0-2 R®; and

R¥is H, halo, CN, Cy4alkyl, OH, 0—(C.galkyl, SO—{C yalkyl, NHC(O}—(C\.
salkyl, morpholinyl, OC(O)—(C4)alkyl, C{OIN(C 14 alkyl), or O—(Cig)alkyl-0—
(Ci.palkyl

[00719] In an embodiment, the JAK-2 inhibttor 1s a compound of Formula (X1,

wherein:

Ris:
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any of which are optionally substituted with 0-3 R,

{06728] In an embodiment, the JAK-Z inhibitor 1s a compound of Formula (XL),

wheretn Y 1s methyl and X is ethyl.

{06721} In another embodiment, the JAK-2 inhibitor 1s a compound of Formula (XL},

wherein:

blsls’
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{00722] To an embodiment, the JAK-2Z inhibitor 1s a compound of Formula (XL),

wherein:

R s

FPpv- 273
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any of which are optionally substituted with 0-2 R"

{00723] Inan embodiment, the JAK-2 inhibitor 15 a compound of Formula (XL},
wherein

Ris:

[ >
N/

Ry

R'is H, halo, CN, Csalky! substituted with 0-3 RS, CF4, CONRR®, COOR®, SO,—(C.
aalkyl, C(O)Rd, cycloalkyl substituted with 0-3 R, or pyridinyl;

R%is H, Cisalkyl substituted with 0-3 R®, Cy cycloalky! substituted with 0-3 R®,
tetrahydropyranyl or dioxotetrahydrothiophenyl;

R%is H or Crsalkyl;

R"is H, halo, OH, O—(C, s)alkvl, SO»—(Ci.4)alky! or morpholinyl;

R%is Crsalkyl, or azetidinyl, pyrrolidinyl, morpholinyl, piperaziny! or
dioxidothiomorpholinyl, any of which are substituted with 0-2 RS,

R°is H, halo, CN, OH, O—(C,4)alkyl, SO»—(C.9alkyl, NHC(O—(C;.palkyl or

morpholinyl.

{00724} In an embodiment, the JAK-2 inhibitor 15 a compound of Formula (X1},
wherein:

Ris:

R'is H, halo, Crsalkyl substituted with 0-3 R, CFs, CONR'RY, COOR”, C(O)RY,

cycloalkyl substituted with 0-3 R® or furanyl;

XV]
XS]
W
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R’is H, Cigalkyl substituted with 0-3 RS, SO,—(C.)alkyl, cycloalkyl substituted with
0-3 R, or tetrahydropyranyl;

R*is H, or C) ¢ alky! substituted with 0-3 R,

RPis Hor Oy alkyl;

R%is H, halo, N, OH, O—(Cy)alkyl, 0—(Cy4)alkyl-0—(C) yalkyl, NH,, N(Cy4
alkyl),, CION(C 4 alkyl),, SO,—Cy4)alkyl, or morpholiny! or piperazinyl, either of
which are optionally substituted with 0-1 Cy4alkvl;

R%is Crealkyl, or morpholinyl, piperazinyl or dioxidothiomorpholinyl, any of which are
substituted with 0-2 R®; and

Ris H, Cyalkyl, ON, OH, NHC(O)—(C,.9)alky! or morpholinyl.

[006725] In an embodiment, the JAK-2 inhibitor 15 a compound of Formula (X1},

wherein:

Ris:

R4
R'is Cy.salky! substituted with 0-3 R, and
Riis Crgalkyl

[00726] In a preferred embodiment, the JAK-2 inhibitor 1s BMS-911543. In a preferred
embodiment, the JAK-2 inhibitor 15 N, N-dicyclopropyl-4-((1,5-dimethyl-1H-pyrazol-3-
vijyamino}-6-ethyl-1-methyl-1,6-dihydroimidazo[4,5-dlpyrrolo[2,3-b]pyridine-7-
carboxamide. In a preferred embodiment, the JAK-2 inhubitor 1s a compound of Formula

(XLI):
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Formula (XLI)

o

or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof. The
preparation of this compound is described in U.S. Patent Nos. 8,673,933 and 8,202,881
and U.S. Patent Application Publication Nos. 2013/0225551 Al and 2011/0059943 Al,
the disclosures of which are incorporated by reference herein. In an embodiment, the
JAK-2 inhibttor 1s a compound described in U.S. Patent Nos. 8,673,933 and 8,202,881
and U.8. Patent Application Publication Nos. 2013/0225551 Al and 2011/0059943 Al,

the disclosures of which are incorporated by reference herein.

{008727] In a preferred embodiment, the JAK-2 mhibitor is gandotinib.  In a preferred
embodiment, the JAK-2 inhibitor 1s 3-(4-chloro-2-fluorobenzyl}-2-methyl-N-{5-methyl-
1H-pyrazol-3-yl)-8-{morpholinomethyliimidazo{1,2-0lpyridazin-6-amine. In a preferred

embodiment, the JAK-2 inhibitor 1s a compound of Formula (XLH}:

N

O/W
k/ Formula (XLII)

—= / /N

L
N

Iz

Cl

F
or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof. The
preparation of this compound 1s described 1n U S, Patent No. 7,897,600 and U.S. Patent
Application Publication Nos. 2010/0152181 Al and 2010/0286139 Al, the disclosures of

v
b
~J

DB 1/ 843220471



WO 2016/024231 PCT/IB2015/056127

which are incorporated by reference herein. In an embodiment, the JAK-2 inlubitor s a
compound described in U.S. Patent No. 7,897,600 and U.S. Patent Application
Publication Nos. 2010/0152181 Al and 2010/0286139 A1, the disclosures of which are

meorporated by reference herein.

{00728] In an embodiment, the JAK-2 inhibitor 18 a compound of Formula (XUIH):

————

Formula (XLIII)

Rx Ny
| )\ AR
Ry N Q

or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof,

wherein:

R*and RY are independently selected from the group consisting of -T-R’ and -L-Z-R’;

Q' is selected from the group consisting of —CR® =CR"” — and wherein said —
CRY'=CR"— may be a cis or trans double bond or a mixture thereof,

R'is -T-(Ring D};

Ring I3 ts a 5-7 membered monocyclic ring or 8-10 membered bicyclic ring selected from
the group consisting of aryl, heteroaryi, heterocvelyi, and carbocyclyl, said heteroaryl
or heterocyclyl ring having 1-4 ring heteroatoms selected from the group consisting
of nitrogen, oxygen, and sulfur, wherein each substitutable ring carbon of Ring D 15
independently substituted by oxo, ~T-R° or —V-Z-R’, and each substitutable ring
nitrogen of Ring D is independently substituted by —R*;

T is a valence bond or — (C(R(")z)uA~;

A 1s a valence bond or a C;-Cs alkvlidene chain wherein a methylene unit of said Ci5
alkylidene chain is optionally replaced by —O—, —8— —N (R4) ------- A
CONH—, —NHCO—, —80;—, —8C;NH-~—, — HSOy—, — COy—, — OOy,
—OC(ONH—, or —NHCO,—;
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7 15 a Cr4alkylidene chain;

L is selected from the group consisting of —0—, —8— —SO—, —80,—, —
NR"ISO,—SO,NRY—, —NER)—, —CO0—, —CO—, —NRHCO—, —
N(ROHC(OYO—, —NERHCONRY—, —NRHSO,NRY—, —NERINR}—, —
COW(RY—, —OC{ONR—, —C(R®)—0—, —C(R )—, —C(R*,S0—, —
CR®180—, —C(RORSONERY—, —CRMLNEY—, —CRM)NEOC(O)—, —
CROLNROCO)0—, —CRO=NNRY—, —C(RO)=N—0—, —
CROLNRONR)}—, —C(RNRYSONR ) —, and —CR®LNEROCONR—;

R%and R are independently selected from the group consisting of —R and -T-W—R®, or
R*and R? taken together with their intervening atoms form a fused, 5-8 membered,
unsaturated or partially unsaturated ring having 0-3 ring heteroatoms selected from
the group consisting of nitrogen, oxygen, and sulfur, wherein each substitutable ring
earbon of said fused ring formed by R*and R? is independently substituted by halo,
0x0, —CN, —NO,, R, or —V—R°, and each substitutable ring nitrogen of said ring
formed by R%and R? is independently substituted by —R?;

R’ is selected from the group consisting of —R, -halo, —OR, —C{(=0)R, —CR, —
COCOR, —COCH,COR, —NQ,, —CN, —8(O)R, —S(O)R, —8R, —N(RY),, —
CON(R), —SONR )z, —OCE=0)R, —NRYCOR, —N(RNYCOAC ¢ aliphatic), —
NROINRY,, —C=NN(R"),, —C=N-—OR, —NRCON(R ), —NRISO;N(R},,
------- NRHNSOR, and —OCEOINR),;

each R 1s independently hydrogen or an optionally substituted group selected from the
group consisting of s aliphatic, Cs.jparyl, a heteroaryl ring having 5-10 ring atoms,
and a heterocyclyl ring having 5-10 ring atoms;

each R* is independently selected from the group consisting of —R’, —COR’, —
COy(optionally substituted Cy ¢ aliphatic), —CON (R'/}z, and —SOZR7;

each R’ is independently selected from the group consisting of —R, halo, —OR, —
CE=0)R, —COR, —COCOR, —NO,, —CN, —S(0)R, —SO,R, —SR, —N(R*),,
—CON(RY,, —SON(RY),, —OCE0IR, —N(RHCOR, —N(RYCO, (optionally
substituted C aliphatic), —N{RIN(R ), —C=NNR");, —C=N—OR, —
NRHCONRY),, —NERHSONRY,, —NERHSO.R, and —OCE0INRY,;

V 1s selected from the group consisting of —0—, —8— —SO— —8S0— —
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NR"IS0,—, —SONRY—, —N(R")—, —CO0—, —CO—, —N(RCO—, —
N(ROHC(OYO—, —NERHCONRY—, —NRHSO,NRY—, —NERINR}—, —
C{OMN(R®)—, —OC(OIN(R)—, —C(R*),0—, —C(R"),S—, —C(R*)80—, —
CR}80,—, —CROLSONRY—, —CRLNERY—, —CR )LNEROC(0)—, —
CROLNROIC(OY0—, —CRO=NNERY—, —CRy=N—0—, —
CREOLNERONR ) —, —CRNRYSONR Y —, and —C(R™)NROCONRY—;

W is selected from the group consisting of —C(R®),0—, —C(R% 18—, —C(R"),50—,
—CR,LSOr—, —C(R*RSONR ) —, —CRNRY—, —CO0—, —COr—, —
CROHOC(0)—, —CRHOC{OWNR)—, —CRLNERHCO—, —
CR LNROHC0)0—, —CRO=NN(R")}—, —C(RO)=N—0—, —
CRMYNERONER)—, —CR*LNERDSONR ) —, —CROLNRHYCONR)—, and
—CONRY—;

each R®is independently selected from the group consisting of hvdrogen and an
optionally substituted Cy.s aliphatic group, or two R groups on the same nitrogen
atom may be taken together with the nitrogen atom to form a 3-6 membered
heterocyclyl or heteroary] ring;

each R® is independently selected from the group consisting of hydrogen and a Ci4
aliphatic group, or two R” on the same carbon atom are taken together to form a 3-8
membered carbocyclic ring;

each R is independently selected from the group consisting of hydrogen, a €4 aliphatic
group, halogen, optionally substituted arvl, and optionally substituted heteroarvi, or
two R® on adjacent carbon atoms are taken together to form a 5-7 membered
carbocyclic ring; and

each R’ is independently selected from the group consisting of hydrogen and an
optionally substituted Cy. aliphatic group, or two R’ on the same nitrogen are taken
together with the nitrogen to form a 5-8 membered heterocycly! or heteroaryl ring.

{06729] In a preferred embodiment, the JAK-2 inhibitor 1s ENMD-2076. In a preferred

embodiment, the JAK-2 inhibitor 1s (£)-V-(5-methyl-1H-pyrazol-3-y1}-6-(4-

methylpiperazin-1-y1)-2-styrylpyrimidin-4-amine. In a preferred embodiment, the JAK-2

whibitor is a compound of Formula (XLIV):
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y—NH
M )=
HN
= |N
K\ X F
N N
P N\) Formula (XLIV)

or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof. The
preparation of this compound is described in U.S. Patent Nos. 8,153,630; 7,563,787, and,
8,114,870 and U.S. Patent Application Publication Nos. 2008/0200485 A1,
2007/0142368 Al; 2009/0264422 A1, 2011/0318393 Al and, 2009/0029992 A1, the
disclosures of which are incorporated by reference herein. In an embodiment, the JAK-2
mhibitor 1s a compound described in U S. Patent Nos. 8,153,630; 7,563,787, and,
8,114,870 and U.S. Patent Application Publication Nos. 2008/0200485 A1,
2007/0142368 Al; 2009/0264422 AY; 2011/0318393 A1, and, 2009/0029992 Al, the

disclosures of which are incorporated by reference herein.
{00736} In an embodiment, the JAK-2 mhibitor 1s a compound of Formula (XLV):

M N

N
o NH

——
N
H

R—E—A
Formula (XLV)

or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, prodrug, tautomer or
N-oxide thereof,

wherein M 1s selected from a group D1 and a group D2:
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DI
N
% ()
k/x
N
H D2
OMe
_<”
u OMe

and wherein:

{A) when M 1s a group D1

X 1s selected from O, NH and NCHj;;

A 1s selected from a bond and a group NR; where R; is hydrogen or methyl;

E is selected from a bond, CH,, CH{CN} and C(CHs),

Ry 1s selected from:

(1) a cycloalkyl group of 3 to 5 ring members optionally substituted by hydroxy, fluorine,
amino, methylamino, methyl or ethyl;

(1) a saturated heterocyclic group of 4 to 6 ring members containing 1 or 2 heteroatom
ring members selected from O, N, S and $O,, the heterocyclic group being optionally
substituted by (C.4)alkyl, amino or hydroxy; but excluding unsubstituted 4-
morpholinyl, unsubstituted tetrahydropyran-4-yl, unsubstituted 2-pyrrolidinyl, and
unsubstituted and I-substituted piperidine-4-yi;

{(1u) a 2,5-substituted phenyl group of the formula:

Rs

OMe
wherein (a) when X is NH or N—CH;, Rs 1s selected from chlorine and cyano;
and (b} when X 15 O, R5 15 CN;
(iv} a group CReR-7Rg wherein Ry and Ry are each selected from hydrogen and methyl,
and Rg 1s selected from hydrogen, methyl, (C.4)alkylsulphonylmethyi, hydroxymethyl
and cyano,
{v) a pyridazin-4-yl group optionally substituted by one or two substituents selected from

methyl, ethyl, methoxy and ethoxy;

£
[
3]
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{(vi) a substituted imidazothiazole group wherein the substituents are selected from
methyl, ethyl, amino, fluorine, chlorine, amino and methylamino; and

{(vi1) an optionally substituted 1,3-dihydro-isoindol-2-y1 or optionally substituted 2,3-
dihydro-indol-1-yl group wherein the optional substituents in each case are selected from
halogen, cyano, amino, Cy.4 mono- and dialkylamino, CONH, or CONH—{(C 4)alkyl, C,.
salkvl and Cy 4 alkoxy wherein the Ci4alkyl and € 4 alkoxy groups are optionally
substituted by hvdroxy, methoxy, or amino;

{viu} 3~pyridy] optionally substituted by one or two substituents selected from hydroxy,
halogen, cvano, amino, C.4 mono- and diualkylamino, CONH; or CONH—C4alkyl, Ci4
alkyiand C,4alkoxy wherein the €4 alkyl and Cy 4 alkoxy groups are optionally
substituted by hydroxy, methoxy, or amine, but excluding the compounds 2-oxo-1,2-
dihydro-pyridine-3-carboxylic acid [3-{5S-morpholin-4-ylmethyl-/H-benzoimidazol-2-y1)-
[H-pyrazol-4-yl}-amide and 2,6-dimethoxy-N-{3-{5-morpholin-4-ylmethyl- /1 H-
benzoimidazol-2-yh)-/ H-pyrazol-4-yl}-nicotinamide;

{1x} thiomorpholine or an S-oxide or S,S-dioxide thereof optionally substituted by one or
two substituents selected from halogen, cyane, amino, €4 mono- and dialkylammno,
CONH; or CONH-—Csalkyl, Cigalkyl and Cigalkoxy wherein the Crgalkyl and Cis
alkoxy groups are optionally substituted by hydroxy, methoxy, or aming; and

when B-A 1s NR;, Ry 15 additionally selected from:

(x) 2-fluorophenyl, 3-flusrophenyl, 4-fluorophenyl, 2, 4-difluorophenyl, 3 4-
diftusrophenyl, 2,5-diftucrophenyl, 3,5-difluorophenyl, 2,4, 6-trifluoropheny], 2-
methoxyphenyl, 5-chloro-2-methoxyphenyl, cyclohexyl, unsubstituted 4-
tetrahydropyranyl and tert-butyl;

{(x1} a group NRoR ;1 where Rjo and Ry are each Ciqalkyl or Ryp and Ry are linked so
that NR (R, forms a saturated heterocyclic group of 4 to 6 ring members optionally
containing a second heteroatom ring member selected from O, N, § and 8O-, the
heterocyclic group being optionally substituted by C1-4 alkyl, amino or hydroxy;

{x11) pyridone optionally substituted by one or two substituents selected from hydroxy,
halogen, cvano, amino, Cj_y mono- and dialkylaminoe, CONH2, CONH—C salkyl, C4
alkvl and Cy.4alkoxy wherein the C 4 alkyl and €4 alkoxy groups are optionally

substituted by hydroxy, methoxy, or amino;
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when E-A ts C{(CH3 ), NR; or CH»-NR,, R, 15 additionally selected frony
{(x111} unsubstituted 2-furyl and 2,6-difluorophenyl; and

when E-A ts C{(CH3};NR;, R 1s additionally selected from:

{(x1v} unsubstituted phenyl; and

when E 1s CH,, R, 1s additionally selected from:

{xv) unsubstituted tetrahydropyran-4-vi; and

(B) when M 1s a group D2:

A 1s selected from a bond and a group NR; where R, 1s hydrogen or methyl;
E 15 selected from a bond, CH;, CH(CN) and C{(CHas),;

Ry 15 selected from:

(xvi} a Z-substituted 3-fury! group of the formula:

| A\

o) N

Rs

R4
wherein Ry and Rs are the same or different and are selected from hydrogen and €4
alkyl, or Ry and R;s are linked so that NRyRs forms a 5- or 6-membered saturated
heterocyclic group optionally containing a second heteroatom or group selected from O,
NH, NMe, S or 805, the 5- or 6-membered saturated ring being optionally substituted by
hydroxy, fluorine, amino, methylamino, methy! or ethyl; (xvii) a S-substituted 2-furyi
group of the formula:

[
Rs™ N / \

wherein Ry and Rs are the same or different and are selected from hydrogen and Ci4
alkyl, or Ryand Rs are linked so that NRyRs forms a 5- or 6-membered saturated
heterocyclic group optionally containing a second heteroatom or group selected from O,
NH, NMe, 5§ or SO,, the 5- or 6-membered saturated heterocyclic group being optionally
substituted by hydroxy, fluorine, amino, methylamino, methyl or ethyl;

with the proviso that the compound is not 3-piperidin-i-yimethyl-furan-2-carboxylic acid
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[3-(5,6-dimethoxy-1H-benzoimidazol-2-yi}-1 H-pyrazol-4-y1]-anude;

wherein Rg is hydrogen, methyl, ethyl or 1sopropyl, G 1s CH, O, S, 8O, 8G; or NH and

{xviu} a group of the formula:

the group is optionally substituted by one, two or three substituents selected from Ci4
hydrocarbyl, hydroxy, Ci4 hydrocarbyloxy, fluorine, amino, mone- and di-Cig
alkylamino and wherein the C;4 hydrocarbyl and C;4 hydrocarbyloxy groups are each
optionally substituted by hydroxy, fluorine, amino, mono- or di-Cj ; alkylamino; and
{(xix} a 3,5-disubstituted phenyl group of the formula:

@

N

Cl
wherem X is selected from O, NH and NCHj;; and
(C) when M 1s a group D1:
and X 18 O; A 13 a group NR, where R, 15 hydrogen; E 1s a bond; and R 15 2,6-
difluorophenyl; then the compound of the Formula (XL.V) 15 an acid addition salt selected
from salts formed with an acid selected from the group consisting of acetic, adipic,
alginic, ascorbic (e g. L-ascorbic), aspartic {e.g. L-aspartic), benzenesulphonic, benzoic,
camphoric {e.g. (+) camphoric), capric, caprylic, carbonic, citric, cyclamic, dodecanoate,
dodecyisulphuric, ethane-1, 2-disuiphonic, ethanesulphonic, fumaric, galactaric, gentisic,
glucoheptonie, D-gluconic, glucuronic {e.g. D-glucuronic), glutamic (e g. L-glutamic), a-
oxoglutarie, glveolic, hippuric, hydrochloric, 1sethionic, isobutyric, lactic (e.g. (+)-L-
factic and (43-DL-lactic), lactobionic, taurylsulphonic, maleic, malie, (~)-L-malic,
malonic, methanesulphonie, mucic, naphthalenesulphonic (e g. naphthalene-2-sulphonic},
naphthalene-1,5-disulphonic, nicotinic, oleic, orotic, oxalic, palmitic, pamoic,

phosphoric, propionic, sebacic, stearic, succinic, sulphuric, tartanc (e.g. (+)-L-tartaric),

3]
9]
Wi
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thiocyanic, toluenesulphonic {e.g. p-toluenesuiphonic), valeric and xinafoic acids.

{06731} In a preferred embodiment, the JAK-2 mhibitor is AT-9283. In a preferred
embodiment, the JAK-2 inhibitor 1s 1-cyclopropyl-3-(3-(5-{morpholinomethyl}-1 H-
benzo[dlimidazol-2-yI}-1H-pyrazol-4-yhurea In a preferred embodiment, the JAK-2

whibitor is a compound of Formula (XLVI):

0 }
Formula (XLVI)
>\N
HN H
N
Q<
k/N N N/NH

or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof. The
preparation of this compound is described in U.S. Patent Nos. 8,399,442 and 7,977 477
and U.S. Patent Application Publication Nos. 2010/0004232 A1, 2014/0010892 Al;
2011/0224203 A1, and, 2007/0135477, the disclosures of which are incorporated by
reference herein. In an embodiment, the JAK-2 inhibitor 1s a compound described in
U.S. Patent Nos. 8,399,442 and 7,977,477 and U.S. Patent Application Publication Nos.
2010/0004232 A1; 2014/0010892 A1, 2011/0224203 Al; and, 2007/0135477, the

disclosures of which are incorporated by reference herein.

[006732] Inan embodiment, the JAK-2 ihibitor 15 a compound of Formula XLV

Aff—— L
Rz
B
)\ Arz
R; N 22/
Formula (XLVII)

or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof,
wherein:
R'and R* are each independently selected from the group consisting of: H, halogen,

alkyl, alkenyl, alkynyl, haloalkyl, haloalkenyl, heteroalkyl, cycloalkyl, cycloalkenyl,
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heterocycloalkyl, heterocycloalkenyl, aryl, heteroaryi, cycloalkylalkyl,
heterocycloalkylalkyl, arylaltkyl, heteroarylalkyl, aryvlalkenyl, cycloalkylheteroalkyl,
heterocycloalkyiheteroalkyl, heteroarylheteroalkyl, arviheteroalkyl, hydroxy,
hydroxyalkyl, alkoxy, alkoxyalkyl, alkoxyaryl, alkenyloxy, alkynyloxy,
cyvcloalkylkoxy, heterocycloalkyloxy, arviexy, arylalkyloxy, phenoxy, benzyloxy,
hetercaryloxy, amino, alkylamino, amioalkyl, acylamine, arylanuno, sulfonylanino,
sulfinylamino, —COOH, —COR’, —COOR’, —CONHR’, —NHCOR®, —
NHCOOR’, —NHCONHR’, alkoxycarbonyl, alkylaminocarbonyl, sulfonyl,
alkylsulfonyl, alkylsulfinyl, arylsulfonyl, arylsulfinyl, aminosulfonyl, —SR’,
R*S(OR’—, R*S(0),R—, R*CIOINRIR*—, R'SONRIR —, R*'NERYC(O)R"—,
RIN(R’ISOR —, RINERIC(OIMNR IR — and acyl, each of which may be
optionally substituted;

each R*, RY, and R” is independently selected from the group consisting of H, alkyl,
atkenyl, atkynyl, haloalkyl, heteroalkyl, cycloalkyl, heterocycloalkvl, aryl, heteroaryl,
cycloalkylalkyl, heterocycloalkylalkyl, arvlalkyl, heteroarylalkyl and acyl, each of
which may be optionally substituted,

each R®is independently selected from the group consisting of a bond, alkyl, alkenyl,
alkynyl, halocalkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl,
cycloalkylalkyl, heterocycloalkvialkyl, arylabicyl, heteroarylalkyl and acyl, each of
which may be optionally substituted;

7" is independently selected from the group consisting of a bond, O, §, —N(R }—, —
NRC alkyl-, and —CoalkyIN(R )

each R’ is independently selected from the group consisting of H, alkyl, atkenyl, atkynyl,
haloalkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylatkyl, heteroarylalkyl and acyl, each of which may be
optionally substituted,;

Ar'and Ar’ are each independently selected from the group consisting of aryl and
heteroaryl, each of which may be optionally substituted;

L 1s a group of formula:

XY X

. =1 - ; 1 2. y. : x r
wherein X' is attached to Ar' and X?is attached to Ar?, and wherein X', X?and Y are

£
o8]
~J
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selected such that the group L has between 5 and 15 atoms in the normal chain,

X' and X”are each independently a heteroalkyl group containing at least one oxygen
atom in the normal chain,

Y is a group of formula —CR*=CR"— or an optionally substituted cycloalky! group,

wherein R and R” are each independently selected from the group consisting of H, alkyl,
alkenvl, alkynyl haloalkyl, hetercalkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl,
cycloalkylalkyl, heterocycloalkylalkyl, arvlalkyl, heteroarylalkyl and acyl, each of
which may be optionally substituted, or

R*and R may be joined such that when taken together with the carbon atoms to which
they are attached they form a cycloalkenyl or cycloheteroalkenyi group;

or a pharmaceutically acceptable salt, solvate, hvdrate, cocrystal, or prodrug thereof, or
an N-oxide thereof.

In certain embodiments Z” is selected from the group consisting of a bond, —N(R")}—,
and —S— In one specific embodiment Z7 is —N(R")— In an even more specific
embodiment 77 is —N{FH)—,

Ar' and Ar’are each independently selected from the group consisting of aryl and
heteroaryl and may be monocyclic, bicychic or polycychic moieties. In certain
embodiments each of Ar' and Ar’ is a monoeyclic or bicyclic moiety. Tn certain
embodiments each of Ar'and Ar”are a monocyclic moiety.

In certain embodiments Ar' is selected from the group consisting of’

3
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;‘ .\\"\.?}
é ‘.\
bt &
W3 RN
SN
Kl 3
Pl
I3 v

2T S

wherein V', V2, V7 and V* are each independently selected from the group consisting of
N, and C(R');

W is selected from the group consisting of O, § and NR':

W' and W are each independently selected from the group consisting of N and CR';

wherein each R" is independently selected from the group consisting of: H, halogen,
atkyl, alkenyl, alkynyl, haloalkyl, haloalkenyl, heteroalkyl, cycloalkyl, cycloalkenyl,
heterocycloalkyl, heterocycloalkenyl, aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, hetercarylalkyl, arvialkenyl, cycloalkylheteroalkyl,
heterocycloalkylhetercalkyl, heteroarythetercalkyl, arvibeteroalkyl, hydroxy,
hydroxvalkyl, alkoxy, alkoxyalkyl, atkoxvaryl, alkenvloxy, alkyayloxy,
cycloalkylkony, heterocycloalkyloxy, aryloxy, aryvlalkyloxy, phenoxy, benzyloxy,
hetercaryloxy, amino, alkylamino, aminoalkyl, acylamine, arylamino, sutfonylamino,
sulfinylamine, —COOH, —COR’, —COOR’, —CONHR', —NHCOR’, —
NHCOOR®, —NHCONHR', alkoxycarbonyl, atkylaminocarbonyl, sulfonyl,

alkylsulfonyl, alkyisulfinyl, arylsulfonyl, arylsulfiny!, aminosuifonyl, —8R’,

RIN(RMSOR —, RIN(RYC(OIN(R IR — and acyl, each of which may be
optionally substituted,
wherein B, R* R and R®are as defined above.

In certain embodiments Ar’ is selected from the group consisting of;

e 23
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ORI

AT LT RN

AP INR

st

: SR S R 3 & 5 6 .
wherein VI, V AVARY; 4, W, W L w , R R* R°and R®are as defined above.

In certain embodiments Ar’ is selected from the group consisting oft

R S

wherein each R 1s independently as defined above,
k 15 an mteger selected from the group consisting of G, 1, 2, 3, and 4; and
n is an integer selected from the group consisting of 0, 1, and 2.

S . ) 1. o ..
In vet an even further embodiment Ar is selected from the group consisting of;
J fancd o

'4\3\:';\@‘.}‘\*\‘\"
N

R 10 - -
wherein R 1s as defined above.

In certain embodiments Ar' 1s selected from the group consisting of’

3
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. I . o
wherein each R 1s independently as defined above, and
q 1s an integer selected from the group consisting of 0, 1 and 2.

In certain embodiments Ar’ is selected from the group consisting oft

¢
Uy
k! iy
~ 32{,/ / b,
S Ry T Syt
VO
f
P N,
y /
L‘“J‘i
I ‘L"‘ OV FLTL IV or By
.
wy "j
5 “,
% li"f At S
{ \L\\\/ g L3
LT )
i\ ; L p
o S
; >
T, \§
™ e

In certain embodiments At 1s selected from the group consisting of’

g 2 S N
= R > a g
; i = { &
b i i :
H & 3 &
\.,\»,\\{ P N =
o %y
My
iy

3
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In certain embodiments At is selected from the group consisting of:
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wherein V°, V®, V7 and V® are independently selected from the group consisting of N, and
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CR™:

wherein each R" is independently sefected from the group consisting of: H, halogen,
alkyl, alkenyl, alkynyl, haloalkyl, haloalkenyl, heteroalkyl, cycloalkyl, cycloalkenyl,
heterocycloalkyl, heterocycloalkenyl, aryl, heteroarvl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, hetercarylalkyl, arylalkenyl, cycloalkyltheteroalkyl,
heterocycloalkylheteroalkyl, heteroarylhetercalkyl, arylhetercalkyi, hydroxy,
hydroxyalkyl, alkoxy, alkoxyalkvl, alkoxyaryl, alkenyloxy, alkynyloxy, cycloalkylkoxy,
heterocycloalkyloxy, arvioxy, arylalkyloxy, phenoxy, benzyloxy, heteroaryloxy, amino,
alkylamino, anunoalkyl, acylamino, arylamino, sulfonvlammno, sulfinylamino, —COOH,
—COR’, —COOR’, —CONHR', —NHCOR’, —NHCOOR’, —NHCONHR",
alkoxycarbonyl, alkylaminocarbonyl, sulfonyl, alkylsulfonyl, alkvisulfinyl, arvisulfonyl,
arylsulfinyl, aminosulfonyl, —SR’, R*S(OR*—, R'S{O),R—, R'C(OIN(RTIR*—,
RISONERIR —, R'NRICIOIR —, RINERHISOR —, RIN(RHIC(OINERHR — and
acyl, each of which may be optionally substituted.

. R 9. . .. .
In certain embodiments Ar 1s selected from the group consisting of’

\.«*L(\A‘Lf‘:u'h‘\.}\]‘ J\.M\J}:_"\J’U\f‘
.
e e
= \1 atwd - Ry
AR
4 ) VT A LE?
3 i, -
ol - L \\?\T{R\
AT ST TR,

wherein each R' is independently as defined above
o is an integer selected from the group consisting of 0, 1, 2, 3, and 4; and
p is an nteger selected from the group consisting of G, 1, 2, and 3.

In certain embodiments Ar” is selected from the group consisting of’

3
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wheremn each R 15 as defined above.

. . ) 2. ~ .o
In a further embodiment Ar”is selected from the group consisting of:
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{00733] In an embodiment, the JAK-2 inhibitor 15 a compound of Formula (XLVIH):

Rk

R

H Ri1do
Formmda (XL VI

or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof,

ol 2 10 il ol 42 .
wherein R, R, R, R, X', X°, Y, k and o are as defined above.

[00734] In an embodiment, the JAK-2 inhibttor 1s a compound of Formula (XLIX):

-
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Formula (XLIX)

or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof
ol p? pl0 pll oyl w2 a .
wherein R, R*, R, R"', X', X°, Y, q and o are as defined above.

{008735] In an embodiment, the JAK-2 inhibitor is a compound of Formula (L)

\X2

0
)\ N

R11)o

R2

Ry
Formula (L)
or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof,

cnl pl pl0 pll <l w2 .
wherein R°, R° R, R, X7, X% Y, g and o are as defined above.

{88736] In an embodiment, the JAK-2 mhubitor 15 a compound of Formula (LI}

X4
(R10)q \/=( \ Y
NP \

Formula (LI)

or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof,
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wherein R, R*, R RY X' X v, g and o are as defined above.

{06737} Inan embodiment, the JAK-2 inhibitor is a compound of Formula (LII):

Formula (LII)
or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereot,

wherein RY, R% R RV X' Xy, q and o are as defined above.

{008738] In an embodiment, the JAK-2 inhibitor 1s a compound of Formula (LI}

Formula (LIII)

or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof,

Y Y R 11
wheremn R, R,

, R“, le Xl, Y, g and o are as defined above.

{00739] In embodiments where the JAK-Z inhibitor 1s a compound of Formulas
(XLVID-(LI), X', X and Y are chosen such that there are between 5 and 15 atoms in
the normal chain. In one embodiment, X', X and Y are chosen such that there are
between & and 15 atowns m the normal cham. In one specific embodiment, Xl, and Y
are chosen such that there are 7 atoms 1 the normal cham. Tnoanother specific

: S - ‘ ~
embodiment, X, X7 and Y are chosen such that there are 8 atoms m the normal chain,
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{88748} In embodiments where the JAK-2 inhibitor 1s a compound of Formulas
(XLVID-(LIID, X and X° are each independenily a hetersalky group containing at least
one oxvgen atom in the normal chain. In certain embodiments X is selected from the
eroup consisting of {a) —O{Csjalkyl-, (b —{CiabylC-) and (o) —{({ alkylO{C,.
Jalkyl In certain embodiments X' is selected from the group consisting of: {a) —
OCH,— (b —CHO0— (o) —OCH,CH— {d) —CHCHO—, (e} —CH,OCH,— and
{(Hy —CHCHOUH,—. Tnoone specific ermbodiment X 45 —OCH,—. In another specific
embodiment ¥ s —CH0— Tn another specitic embodiment s —OCHCH,— In
another specific embodiment X' is —CHCHLO0—. Tn another specific embodiment X ig
—{HOO0H— In another specific embodiment X is —CHLOCHLOCH,—. In certain
erobodimenis X° s selected from the group consisting of, {8} —O(C .aalkyl-, (B —{Cy.
spatkyiO-, and {¢) —{(CrsralkylG{CLsalkyl In certam embodiments X143 selected from
the group consiating of (8} —OCH— (b} —CH0-—, (¢} —OCHCH—, {d} —
CHOH G, {2} —CHLOUHy—, and (£} —CHCHOUH— In one specific

erobodiment X 1s —OCHy—. T another specific embodiment X is —{H,0-— In
£

------ CHRCHRG- Inanother specific embodiment X g OO H— In another

specific embodiment 318 - CH, OO0y

{80741] In a preferred embodiment, the JAK-2 inhibitor 18 pacritinib. Pacritinib 1s also
known as SB1518. In a preferred embodiment, the JAK-2 inhibttor 15 (E}_44—(2~
{pyrrolidin-1-yhethoxy}-6,11-dioxa-3-aza-2(4,2}-pyrimidina-1,4(1,3}-
dibenzenacyclododecaphan-8-ene. In a preferred embodiment, the JAK-2 mhibtitor 1s
14,19-dioxa-5,7,27-triazatetracyclo[19.3.1.17° 1*theptacosa-
1(25},2,4,6(27),8,10,12(26),16,21 ,23-decaene, 11-[2-(1-pyrrolidinyhethoxy]-, (16E}-. In
a preferred embodiment, the JAK-2 wnhibitor 1s (16E)-11-[2-{pyrrolidin-1-yl)ethoxy |-
14,19-dioxa-5,7.27-triazatetracyclo[19.3.1.1%° 1*"*Theptacosa-
1{24),2,4,6,8,10,12(26},16,21(25),22-decaens. In an embodiment, the JAK-2 inhibitor 1

a compound of Formula (LIV}):
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Formula (LIV)

(@)

Xy O\/\D
L

or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof. In

Iz

an embodiment, the structure of Formula (LIV) may be a tautomenic form. The
preparation of Formula (LIV) 1s described in U.S. Patent Nos, 8,143,255, 8,153,632; and,
8,415,338 and U.8. Patent Application Publication Nos. 2009/0258880 Al
2012/0142680 A1; 2012/0196855 Al and 2013/0172338 Al, the disclosures of which
are incorporated by reference herein. The preparation and properties of this JAK-2
mhibitor are known to those of ordinary skill in the art, and for example are described in:
Hart, ef ¢f., SB1518, a novel macrocyclic pyrimidine-based JAK2 mhibitor for the
treatment of myeloid and lymphoid malignancies, Lenkemia 2011, 25, 1751-1759; Hart,
et al., Pacritimb (§B1518), a JAK2/FLT3 mnhibitor for the treatment of acute myeloid
leukemia, Blood Cancer J., 2011, {1/}, e44; William, et al., Discovery of the
macrocycle 11-(2-pyrrohidin-1-yl-ethoxy}-14,19-dioxa-5,7, 26-triaza-
tetracyclo[19.3.1.1(2,6).1(8,12 jheptacosa-1(25),2(26),3,5,8,10,12(27},16,21,23-decaene
(SB1518), a potent Janus kinase 2/fms-like tyrosine kinase-3 (JAKZ/FLT3} inhibitor for
the treatment of myelofibrosis and lymphoma. J Med. Chem. 2011, 54, 4638-4638;
Poulsen, ef al. Structure-based design of oxygen-linked macrocyclic kinase inhibitors:
discovery of SB1518 and SB137§, potent intubitors of Janus kinase 2 (JAK2) and Fms-
like tyrosine kinase-3 (FLT3). J Comput. Aided Mol Des. 2012, 26, 437-450,

{00742] Tn an embodiment, the JAK-2 mhibitor is selected from the structures disclosed
in U.S. Patent Nos. §,143,255; 8,153,632; and 8,415,338 and U.S. Patent Application
Publication Nos. 2000/0258886 Al; 2012/0142680 Al; 2012/0196855 A1, and

2013/0172338 A1, the disclosures of which are mcorporated by reference herein.
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[00743] Ina preferred embodiment, the JAK-2 inhibitor is (F)-4*-(2-(pyrrolidin-1-
vijethoxy)-6,11-dioxa-3-aza-2(4,2)-pyrimidina-1{2,5}-furana-4(1,3)-
benzenacyclododecaphan-8-ene. In a preferred embodiment, the JAK-2 inhibitor 15 (9E)-
15-(2-(pyrrolidin-1-ylyethoxy)-7,12,25-trioxa-19,21,24-triaza-
tetracyclo[18.3.1.1(2,5).1(14,18)thexacosa-1(24},2,4,9,14(26),15,17,20,22-nonaene. Ina

preferred embodiment, the JAK-2 inhibitor 1s a compound of Formula (LIV-A):

O
Formula (LIV-A)
)N\ /é/ \/\N

X

or a pharmaceutically acceptabie salt, solvate, hydrate, cocrystal, or prodrug thereof. The
preparation and properties of this JAK-2 inhibitor are known to those of ordinary skill in
the art, and for example are described in: Madan, et al., SB1578, a novel mhibitor of
JAK2, FLT3, and ¢-Fms for the treatment of rheumatoid arthritis, J. fmmunol. 2612, 159,
4123-4134 and William et al., Discovery of the macrocycle {9E}-15-(2-(pyrrolidin-1 -
vijethoxy}-7,12,25-trioxa-19,21,24-triaza-tetracyclo{18.3.1.1(2,5). 1(14,1 8} }hexacosa-
1{24),2.4,9.14(26),15,17,20,22-nonaene {(SB1578), a potent inhibitor of janus kinase
2/fms-like tyrosine kinase-3 (JAKZ/FLT3) for the treatment of rheumatoid arthritis. ./
Med. Chem. 2012, 55, 2623-2640.

{00744] In an embodiment, the JAK-2 inhibitor 15 a compound selected from the
structures disclosed in U 8. Patent No. 8,349,851 and U.S. Patent Application Publication
Nos. 2010/0317659 A1, 2013/0245014, 2013/0296363 A1, the disclosures of which are
mcorporated by reference herein. In an embodiment, the JAK-Z inhibitor 1s a compound

of Formula (LV):
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R4
Formula (LV) /
- N
N
| :
RS /
\N

(R),
I | P

or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof,

wherein

R'and R are selected from (i), (if), (iii), (iv), and (v} as follows:

(1) Riand R? together form =0, =§, =NR" or =CR'"R'"

(ii) R'and R?are both —OR®, or R and R%, together with the carbon atom to which they

are attached, form dioxacycloalkyl;

(iti) RY is hydrogen ot halo; and R%is halo; and

(iv) R'is alkyl, alkenyl, alkynyl, cycloalkyl or aryl, wherein the alkyl, alkenyl, alkynyl,

cycloalkyl and aryl is optionally substituted with one or more substituents selected from

halo, cyano, alkyl, —RORY, —R*S$(0),R", —R*NR'R” and —C(OYOR"; and R’ is halo

or —ORE and

{v) R'is halo, deutero, — ORP, NRBR‘M, oF S(O)qus; and R%is hydrogen, deutero,

alkyl, alkenyl, alkynyl, cycloalkyi or aryl, wherein the alkyl, alkenyl, alkynyl, cycloalkyl

and arvl, s optionally substituted with one or more substitutents selected from halg,

cyano, alkyl, —ROR", —R*S(O};R" and —R'NR'R",

R is hydrogen, halo, alkyl cyano, haloalkyl, cyeloalkyl, cycloalkylalkyl hydroxy or
alkoxy;

R*and R’ are each independently hydrogen or alkyl;

each R® is independently selected from halo, alkyl, atkenyl, alkynyl, haloalkyl,
eycloalkyl, —R*OR"Y, —R*'NR'’R™, and —R*S(0)R";

each R’ is independently halo, alkyl, haloalky! or —R*OR™:

R%is alkyl, alkeny! or alkynyl;
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R is hydrogen, alkyl, haloalkyl, hydroxy, alkoxy or amino;

R'is hydrogen or alkyl;

R is hydrogen, alkyl, haloatkyl or —C{OYOR®;

R is selected from hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkylalkyl,
heterocyclyl, heterocyclylalkyl, aryl, aralkyl, heteroaryl, hetercaralkyl, —C{OR’, —

C{OYOR" and —C(O)NR'R’, wherein the alkyl, alkenyl, alkynyl, cycloalkyl,

cycloalkylalkyl, heterocyclyl, heterocyclylalkyl, aryl, aralkyl, heteroaryl and
heteroaralkyl are each optionally substituted with one or more substituents
mndependently selected from halo, oxo, alkyl, hydroxy, alkoxy, amino and alkylthio;
R and R" are selected as follows:
(i) R* is hydrogen or alkyl; and R' is selected from hydrogen, alkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkylalkyl, heterocyclyl, heterocyclvlalkyl, aryl, aralkyl, heteroarvl,
hetercaralkyl, alkoxy, —C({O)R', —C(O)OR", —C(OINR R and —8{0)R’, wherein
the alkyl, alkenyl, alkynyl, cycloalkyl, cyeloalkylalkyl, heterocyclyl, heterocyclylalkyi,
aryl, aralkyl, hetercaryl and heteroaralkyl are each optionally substituted with one or
more substituents mdependently selected from halo, oxo, alkyl, hydroxy, alkoxy, ammo
and alkylthio; or
(i) R and R™, together with the nitrogen atom to which they are attached, form
heterocyclyl or hetercaryl wherein the heterocyclyl or hetercaryl is optionally substituted
with one or more substituents independently selected from halo, alkyl, hydroxy, alkoxy,
amino and alkylthio and wherein the heterocyelyl is also optionally substitated with oxo;
R’ is alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkylalkyl, heterocyclyl, heterocyclylatkyl,
aryl, aralkyl, heteroaryl, heteroaralkyl, —C(OINR'R” or —NR'R’, wherein the alkyl,
alkenyl, alkynvl, cvcloatkyl, cycloalkylalkyl, heterocyclyl, heterocyclylaliyl, aryl,
aralkyl, heteroary! and hetercaralkyl are each optionally substituted with one or more
substituents independently selected from halo, oxo, alkyl, hydroxy, alkoxy, amino
and alkylthio;
R'®is hydrogen, alkyl, haloalkyl, hydroxy(Cys)alkyl, alkenyl, alkynyl, cycloalkyl,
cycloalkylalkyl, heterocyclyl, heterocyclylalkyl, aryl, aralkyl, heteroaryi or
heteroarylalkyl; wherein R is optionally substituted with 1 to 3 groups Q') each Q'

independently selected from alkyl, hydroxyl, halo, haloalkyl, alkoxy, aryloxy,

R
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alkoxyalkyl, alkoxycarbonyl, alkoxysulfonyl, hydroxycarbonyl, cycloalkyl,
heterocyclyl, arvl, heteroaryl, haloaryl and aming;

R and R are selected as follows:

(i) R" and R™ are each independently hydrogen or alkyl; or

(i) R and R™, together with the nitrogen atom to which they are attached, form a
heterocyclyl or heteroaryl which 1s optionally substituted with 1 to 2 groups each
mdependently selected from halo, alkyi, haloalkyi, hydroxyl and alkoxy;

each R 1s independently alkylene or a direct bond;

R is hydrogen, alkyl, alkenyl or alkyoyl;

R" is independently hvdrogen, alkyl, alkenyl, alkyny! or haloalkyl;

R”and R”are selected as follows:

(i} R” and R” are each independently hydrogen, alkyl, alkenyl, alkynyl, cycloalky! or
haloalkyl;

(it} R" and R”, together with the nitrogen atom to which they are attached, form a
heterocyclyl or heteroaryl which 1s optionally substituted with T to 2 groups each
mdependently selected from halo, alkyl, haloalkyl, hydroxyl and alkoxy;

n s O-4;

pis 0-5; and

each q 1s independently 0, 1 or 2.

[00745] In a preferred embodiment, the JAK-2 mhibttor 1s AC-410 {available from
Ambit Biosciences). In a preferred embodiment, the JAK-2 inhibitor s (3)-(4-
flusropheny }{4-{{5-methyl-1H-pyrazol-3-yHamino}qumazolin-2-ylimethanol. Ina

preferred embodiment, the JAK-2 mhibitor ts a compound of Formula (LVI}):

H

Formula (LVI) N/N
J)-

HN

X
Z
N

Ol
T

b
L
)
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or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof. The
preparation of racemic (4-fluoropheny Y{4-({S-methyl-1H-pyrazol-3-yhamino)quinazolin-
2-ylymethanol hydrochloride i1s described in Examples 3 and 12 of U.S. Patent No.
8,349 851, the disclosure of which is incorporated by reference herein. Other preparation
methods known to one of skill in the art also may be used. The preparation of the

compound of Formula (L VI) 15 also described in the following paragraphs.

{00746] The preparation of (4-fluoropheny{4-(5-methyil-1H-pyrazol-3-
yviaminojquinazolin-2-yhimethanone 1s accomplished by the following two steps (A and
B). Step A: To a solution of ethyl 4-chloroguinazoline-2-carboxylate (0.6 g, 2.53 mmol)
in THF (6 mL} at —40 °C, was added dropwise a 1 M solution of 4-
fluorophenylmagnesium bronude in THF (3 mL, 3.0 mmol, 1.2 eq). The mixture was
stirred at —40 °C for 4 h. The reaction was quenched by adding 0.5 N HCI solution (5
ml) and the nuxture was extracted with EtOAc (2 x 10 mL). The combined organic
layers were washed with brine and dried over MgSOy. The crude product was purified on
a silica gel column using a muxture of EtOAc-hexanes as eluent. (4-chloroquinazoline-2-
yI)(4-fluorophenylimethanone was obtained as a light yellow solid (440 mg, 60%). 'H
NMR (300 MHz, DMSO-d6) & 7.45-740 (m, 2T}, 8.07-8.03 (m, 1H), 8.17-8.13 (m, 2H),
8.23 (m, 2H), 8.42 (d, 1H); LC-MS (ESI) m/z 287 (M+H)". Step B: To a solution of (4-
chloroquinazohn-2-y{4-fluorophenylimethanone (84 mg, 0.30 mmol) in DMF (3mL)
were added DIEA (0.103 mL, 0.6 mmol} and 5-methyl-1H-pyrazol-3-amine (88 mg, 0.9
mmol at rt. The reaction mixture was heated at 40 °C overnight. The reaction was
quenched by adding water and the vellow precipitate was collected by filtration and
washed with water. The crude product was purified by silica gel chromatography eluting
with DCM/MeQOH to give (4-fluorophenyl}(4-(5-methyl-1H-pyrazol-3-
ylamino)quinazolin-2-ylmethanone (30 mg, 29%). "H NMR (300 MHz, DMS0-d6) §
2.19 (s, 3H), 6.54 (s, 1H), 7.40 (m, 2H), 7.68 (¢, 1H), 7.9-7.7 (m, 2H), 8.08 (m, 2H), 8.74
(d, 1HD), 10.66 (s, 111}, 12.20 (s, 1HLC-MS (ESI) m/z 348 (M+H)™

{00747} To a solution of 4-fluoropheny}{4-(5-methyl-1H-pyrazol-3-
yviaminojquinazolin-2-yhimethanone (60 mg, 0.172 mmol) in 1.1 MeOH/THF (10 mL) at
0 °C, was added NaBH; (64 mg, 1.69 mmol). The reaction nuxture was stirred at 6° C.

for 1.5 h. The reaction mixture was quenched by adding a few drops of acetone and
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concentrated to dryness. The crude solid was purified on HPLC to afford (4-
fluorophenyi{4-(5-methyl-1H-pyrazol-3-ylamino)quinazolin-2-yiymethanol (18 mg,
30%); H NMR (300 MHz, DMSO-d6) § 2.25 (s, 3H), 5.67 (s, 1H), 5.83 (bs, 1H), 6.40
{bs, 1H), 7.13 {m, 2H)}, 7.55-7.53 (m, 3H), 7.79 (s, 2H), 8.57 (bs, 1H), 1043 (5, 1H),
12.12 (bs, 1H); LC-MS (ESI) nvz 350 (M+H) .

{00748] To a suspension of (4-fluorophenyl }4-(5-methyl-1H-pyrazol-3-
viamino)quinazolin-2-yhmethanone (2.3 ¢} in 30% MeOH/DCM (60 mL} at 0 °C was
added dropwise 4M HCI/1 4-dioxane (10 mL). After all solid material had dissolved, the
mixture was concentrated under reduced pressure, and to the residue was added 30%
CH:CON/H,O (80 mb) and the mixture was sonicated unti] all solid material had
dissolved. The mixture was frozen and lyophilized overnight to atford (4-
fluoropheny{4~(5-methyl-1 H-pyrazol-3-ylaminojquinazohin-2-yymethanol
hydrochloride (100%). H NMR (300 MHz, DMSO-d6) § 2.25 (s, 3H), 6.02 (s, 1H), 6.20
(s, 1H), 7.27 (+, 2HL), 7.60 (qt, 2FD), 7.80 (t, 1H), 8.08 (1, 1), 8.23 (d, 17D, 8.83 (d, 1H),
12.16 (s, 1H), 14.51 (b, 1H); LC-MS (ESH m/z 350 (M+H)". The compound of Formula
(LV1}, (S)-(4-fluoropheny i ¥ 4-({(S-methyl-1H-pyrazol-3-yDammno)quinazolin-2-
yvimethanol, may be obtained from this preparation by chiral hiquad chromatographic
separation of the enantiomers, or by other well known technigues for resolution of
enantiomers, such as those described in: Ehel et al., Stereachemistry of Organic

Compounds, Wiley-Interscience, New York, 1994

[008749] In a preferred embodiment, the JAK-2 mhibitor 13 (R)-(4-fluoropheny}(4-((5-
methyl-1H-pyrazol-3-yllamino)quinazolin-2-ylimethanol, which is also known in the art
to be active as a JAK-2 inhibitor. 1n a preferred embodiment, the JAK-2 inhibitor is
racemic {4-fluorophenyl}{(4-((5-methyl-1 H-pyrazol-3-yhamino yquinazolin-2-yymethanol,

which is also known in the art to be active as a JAK-2 inhibitor.

{0087568] In some preferred embodiments, JAK-2 inhibitors having Formula (LV} or
Formula {1.V1}) can be prepared, isolated, or obtained by any method known to one of
skill in the art, including, but not limited to, synthesis from a suitable optically pure

precursor, asymmetric synthesis from an achiral starting material, or resolution of a

racemic or enantiomeric mixture, for example, chiral chromatography, recrystallization,

b
L
W
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resolution, diastereomeric salt formation, or derivatization into diastereomeric adducts

followed by separation.

{88731} A method for preparation of the compound of Formula (LVI)comprises
resolving racemic {(4-fluorophenyl}{4-(5-methyl-1H-pyrazol-3-ylamino)quinazolin-2-
vymethanol with chiral chromatography. In certain embodiments, the two individual
enantiomers are separated using a chiral column, wherein the stationary phase is silica gel

coated with a chiral selector such as tris-(3,5-dimethylphenylcarbamoyl cellulose.

{67521 A method for preparation of the compound of Formula (LY} comprises the step
of reducing the achural ketong (4-fluoropheny H{4-(S-methyl-1H-pyrazol-3-
yviaminojquinazolin-2-yhimethanone, prepared as described above or by other methods
known to one of skill in the art, with hydrogen in the present of a chiral catalyst. The
achiral ketone (4-fluorophenyl}{4-(5-methyl-1 H-pyrazol-3-ylamino)quinazolin-2-
viymethanone may be reduced to predonunantly a single enantiomenc product with g
chirgl reducing systen of “type &7 or “type B, wheraintype A and type B differ from
each other solely by having chiral awnlianes of opposite chiralities. In certain

embodimnents, the chiral catalyst 18 [{(S3—P-Phos RuCh (53-DATPEN]

[00733] The reduction of the achiral ketone (4-fluoropheny){(4-(5-methyl-1H-pyrazol-3-
ylamino)quinazolin-2-yhmethanone in presence of a chural catalyst may be carried out in
isopropyl aleohol as a solvent. The reduction of achiral ketone (4-fluorophenyy{4-(5-
methyl-1H-pyrazol-3-ylaminolquinazolin-2-ylimethanone in the presence of a chiral
catalyst 1s carried out n isopropyl alcohol and water mixture as a solvent. Isopropyl
aleohol and water are used m a ratio of 111, 8:1 or 9:1. DMSO 15 used as a cosolvent in
the reaction. Alternatively, BMSO 1s used m amounts of 10, 20 or 30°% based on the total
amount of 1sopropyl alcohol and water muxture. Alternatively, 1sopropyl alcohol, DMSO
and water are used inaratio of 1:1:1, 4:4:0.5, 8:1:1, 47:47.6, 41:58:1, 44:50:6, or
18:79:3. Alternatively, isopropyl alcohol, DMSO and water are used in a ratio of 41:58:1.
Alternatively, isopropyl alcohol, and DMSO are used 1in a ratio of 1:1. Alternatively, the
reduction is carried out n presence of a base, such as potassium hydroxide, potassium tert
butoxide and others. Alternatively, the base 1s used in 2-15 mol %, in one embodiment, 2

mol %, 5 mol %, 10 mol %, 12.5 mol % or 15 mol %. Alternatively, the reduction is
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carried out at a temperature of 40-80 °C, in one embodiment, 40 °C, 50 °C, 60 °C, 70 °C
or 80 °C. Alternatively, the reduction is carried out at a temperature of 70 °C.
Alternatively, the reduction s carried out at a pressure of 4 bar to 30 bar, in one
embodiment, 4, 5, 10, 15, 20, 25 or 30 bar. Alternatively, the reduction is carried out ata
pressure of 4 bar. Alternatively, the catalyst loading in the reaction 15 100/1, 250/1, 500/1,
1000/1, 2000/1, 3000/1, 4000/1, 5000/1, 7000/1, 10,0000/1 or 20,000/1. In certain

embodiments, the catalyst loading mn the reaction is 2000/ or 4000/1.

{00754] A method for preparation of the compound of Formula (L V1comprises the step
of reducing the achiral ketone (4-fluorophenvi}{4-(S-methyl-1H-pyrazol-3-
ylamino)quinazolin-2-yhmethanone with a ketoreductase {e.g., alcohol dehydrogenase).
See Moore, ef al., Ace. Chem. Res. 2067, 40, 1412-1419; Daussmann, et ¢l., Fngineering
in Life Sciences 2006, 6, 125-129; Schiummer, ef al., Specialty Chemicals Magazine
2008, 28, 48-49; Osswald, er al., Chimica Oggi 2007, 25(Suppl.), 16-18; and
Kambourakas, et al., PharmaChem 2006, 5(9), 2-5.

{80735} An alternative method for preparation of the compound of Formula (LVI)
comprises the step of reducing the achiral ketone (4-fluoropheny{4-(S-methyl-1H-
pyrazol-3-ylamino)quinazolin-2-ylymethanone with a reducing reagent (e.g., borane or
borohydride reagents) 1n the presence of a chiral catalyst. In certain embodiments, the
reducing agent 1s borane or a borohydride reagent. In certain embodiments, the chiral
catalyst is a chiral oxazaborolidine. Cory, et af., Tetrahedron Letters 1996, 37, 5675,

Cho, Chem. Soc. Rev. 2009, 38, 443.

[087586] Another method for preparation of the compound of Formula (LVI} comprises
the step of reducing the achiral ketone {(4-fluoropheny}{4-(5-methyl-1H-pyrazol-3-
viamino)qunazolin-2-y hmethanone via asymmetric hydrosilylation, as described in U.S.
Patent Application Publication No. 2008/0269490, the disclosure of which is specifically

mcorporated herein by reference.

{86757] Another method for preparation of the compound of Formula (LVI} comprises
the step of reducing the achiral ketone (4-fluorophenyl}{4-(5-methyl-1H-pyrazol-3-
yvlamino}quinazolin-2-ylymethanone via transfer hydrogenation catalyzed by an indium

complex, as described in Malacea, ef al., Coord. Chem. Rev. 2019, 254, 729-752.

b
W
~J
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{00758] The starting materials used in the synthesis of the compound of Formula (L VI)
provided herein are etther commercially available or can be prepared by a method known
to one of skill in the art. For example, the achiral ketone (4-fluoropheny!){4-(5-methyi-
1H-pyrazol-3-ylaminoquinazolin-2-vlymethanone can be prepared according to the
methods described in U.S. Patent Nos. 8,349,851, issued January 8 2013, and 8,703,943,
issued April 22, 2014, the disclosures of which are incorporated herein by reference in

their entireties.

{00759] In an embodiment, the JAK-Z inhibitor 15 a JAK-2 inhibitor described in U.S.
Patent Application Publication No. US 2013/0225614 A1, the disclosure of which are
spectfically incorporated herein by reference. In an embodiment, the JAK-2 inhibitor is a

compound of Formula (LV-A):

Formula (LV-A)

/@/(Rz)r
R5
\N

NN AN
AN

(R%n (Rp

R' R2

or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof,
wherein

A 1s azolyl other than pyrazolyl;

R' and R? are selected from (i), (i), (i), (iv) and (v) as follows:

(1} R'and R’ together form =0, =S, =NR or ::CRMR”;

(i) R' and R” are both -OR®, or R' and R’, together with the carbon atom to which they
are attached, form cycloalkyl or heterocyclyl wherein the cycloalkyl is substituted
with one to four substituenis selected from halo, deutero, alkyl, haloalkyl, -OR | -N{(R
b, and -S{O}R and wherein the heterocyclyl contains one to two heteroatoms

wherein each heteroatom is independently selected from O, NR? S, S(O) and S{O),;
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(iii) R! is hydrogen or halo; and R” is halo;

(iv) R’ is alkyl, alkenyl, alkynyl, cycloalkyl or aryl, wherein the alkyl, alkenyl, alkynyl,
cycloalkyl and aryl are each optionally substituted with one to four substitutents
selected from halo, deutero, alkyl, cycloalkyl, heterocyclyl, aryl, hetercarvl, cyano,
=0, =N-OR”', -R*'OR"', -R*N(R™"),, -R*S(O)R”, -C(O)R™, - C(OYOR™ and -
CIOW(R™), ; and

(v} R' is halo, deutero, -OR'%, -NR"RY, or -5( O)QR,H; and R is hydrogen, deutero, alkyl,
alkenyl, alkynyi, cycloalkyl or arvl, wherein the alkyl, alkenvl, alkynyl, cycloalkyl
and aryl are each optionally substituted with one to four substitutents selected from
halo, eyano, alkyl, -R*OR", -R*S${0)¢R" and -R*NR'R”,

R’ is hydrogen, deutero halo, alkyl, cyano, haloalkyl, deuteroalkyl, cyeloalkyl,
cycloalkylalkyl, hydroxy or alkoxy;

R’ is hydrogen or alkyl; each R® is independently selected from halo, alkyl, alkenyl,
alkynyl, haloalkyl, cycloalkyl, -R*OR™, -R*NRRY and -R™S(0),R";

each R’ is independently halo, alkyl, baloalkyl or -R*ORY;

R 15 alkvl, alkenyl or alkynyl;

R’ is hydrogen, alkyl, haloalkyl, hydroxy, alkoxy or amino;

R' is hydrogen or alkyl;

R is hydrogen, alkyl, haloalky! or -C{OYOR®;

R is selected from hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkylalkyl,
heterocyclyl, heterocyelylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, -C(O)R", -
C(OYOR" and -C(O)NR'R’, wherein the alkyl, alkenyl, alkynyl, cycloalkyl,
cycloalkylalkyl, heterocyclyl, heterocyclylatkyl, aryl, aralkyl, hetercaryl and
heteroaralky! are each optionally substituted with one or more, in one embodiment,
one to four, in one embodiment, one to three, in one embodiment, one, two or three,
substituents independently selected from halo, oxo, alkyl, hydroxy, alkoxy, amino
and alkylthio;

R" and R'* are selected as follows:

(i} R" is hydrogen or alkyl; and R'* is selected from hydrogen, alkyl, alkenyl,
alkynyl, cycloalkyl cycloalkylalkyl, heterocyclyl, heterocyclylalkyl, aryl, aralkyl,
heteroaryl, hetercaralkyl, alkoxy, ~C{O)R", -C(O)OR", -C(O)NR'R” and -S(O)R’,
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wherein the alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkylalkyl, heterocyclyl,
heterocyclylalkyl, arvl, aralkyl, heteroaryl and hetercaralkyl are each optionally
substituted with one or more, in one embodiment, one to four, in one embodiment,
one to three, in one embodiment, one, two or three, substituents independently
selected from halo, oxo, alkyl, hydroxy, alkoxy, amino and alkylthio; or
(i R" and RY, together with the nitrogen atom to which they are attached, form
heterocyclyl or heteroaryl wherein the heterocycly! or heteroaryl are substituted with
one or more, in one embodiment, one to four, in one embodiment, one to three, in one
embodiment, one, two or three, substituents independently selected from halo, alkyl,
hydroxy, alkoxy, amino and alkylthio and wherein the heterocyclyl is optionally
substituted with oxo; R" is alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkylalkyl,
heterocyclyl, heterocyclylalkyl, aryl, aralkyl, hetercaryl, heteroaralkyl, -C{(OJNR'R”
or -NR'R’, wherein the alkyl, alkenyl, alkynyl, ¢ycloalkyl, cycloalkylalkyl,
heterocyclyl, heterocyclylalkyl, aryl, aralkyl, hetercaryl and hetercaralkyl are each
optionally substituted with one or more, in one embodiment, one to four, in one
embodiment, one to three, in one embodiment, one, two or three, substituents
independently selected from halo, oxo, alkyl, hydroxy, alkoxy, amino and alkylthio;

R'® is hydrogen, alkyl, haloalkyl, hydroxyalkyl, alkenyl, alkynyl, eycloalkyl,
cycloalkylalkyl, heterocyclyl, heterocyclylalkyl, aryl, aralkyl, hetercaryl or
heteroarylalkyl, wherein R'® is optionally substituted with 1 to 3 groups Q', each Q'
independently selected from alkyl, hydroxyl, halo, oxo, haloalkyl, alkoxy, aryloxy,
atkoxvyalkyl, alkoxycarbonyi, alkoxysulfonyl, carboxyl, cycloalkyl, heterocyelyl, aryl,
heteroaryl, haloaryl and aming;

R'? and R™ are selected as follows:
(i) R" and R* are each independently hydrogen or alkyl; or
(i) R" and R”, together with the nitrogen atom to which they are attached, form a
heterocyclyl or heteroaryl which are each optionally substituted with 1 to 2 groups
each independently selected from halo, oxo, alkyl, haloalkyl, hydroxyl and alkoxy;

R*! is hydrogen, alkyl, alkenvl, alkynyl, haloalkyl or cycloalkyl:

each R* is mndependently hydrogen, alkyl, alkenyl, alkynyl, haloalkyl or cycloalkyl; or

both RY, together with the nitrogen atom to which they are attached, form a
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heterocyclyl optionally substituted with oxo;

R* is alkyl, alkenyl, alkyny! or haloalkyl;

R* is hydrogen or alkyl;

each R" is independently alkylene or a direct bond;

R" is hydrogen, alkyl, alkeny! or alkynyl;

R" is independently hydrogen, alkyl, alkenyl, alkynyl or haloalkyl;

R and R” are selected as follows:
(i} R” and R” are each independently hydrogen, alkvl, alkenvl, atkynyl, cycloalkyl or
haloalkvl; or
(it) R” and R”, together with the nitrogen atom to which they are attached, form a
heterocyclyl or heteroaryl which are optionally substituted with 1 to 2 groups each
independently selected from halo, alkyl, haloalkyl, hydroxyl and alkoxy;

n s O-4;

pis 0-5;

each q is mdependently 0, 1 or 2; and

ris 1-3.

{867603] In an embodiment, the JAK-2 inhibttor of Formula (LV-A) 15 a compound of
Formula (LV-B}):

Formula (LV-B)

/@/Mr
R5
™~ N

XX =4

or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof,
wherein
A 1s mdazolyl, oxazolyl, thiazolyl, thiadiazolyl, or triazolyl;

R’ is hydrogen, alkyl, haloalky! or cycloalkyl;
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each R is independently selected from halo, alkyl, alkenyl, alkynyl, haloalkyl,
eycloalkyl, -R*OR"™, -R*NR”R™ and -R*S(0Q)R";

R is halo;

R'® is hydrogen, alkyl, haloalkyl, hydroxyalkyl, alkenyl, alkynyl, cycloalkyl,
cycloalkylalkyl, heterocyclyl, heterocyclylalkyl, aryl, aralkyl, hetercaryl or
heteroarylalky!l, wherein R'® is optionally substituted with 1 to 3 groups @', each ¢’
mndependently selected from alkyl, hydroxyl, halo, oxo, haloalkyl, alkoxy, aryloxy,
alkoxyalkyl, alkoxycarbounyl, alkoxysulfonyl, carboxyl, cycloalkyl, heterocyclyl, arvl,
heteroaryl, haloaryl and amino;

R and R™ are selected as follows:

(i} R and R™ are each independently hydrogen or alkyl; or

(i) R” and R, together with the nitrogen atom to which they are attached, form a

heterocyclyl or heteroaryl which are each optionally substituted with 1 to 2 groups

each independently selected from halo, oxo, alkyl, haloalkyl, hydroxyl and alkoxy;
each R is independently alkylene or a direct bond;

RY is hydrogen, alkyl, alkenyl or alkynyt;

R” and R” are selected as follows:

(i} R” and R” are each independently hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl or
haloalkyl; or

(i) RY and R”, together with the nitrogen atom to which they are attached, form a
heterocyclyl or heteroary!l which are optionally substituted with 1 to 2 groups each
independently selected from halo, alkyl, haloalkyl, hydroxyl and alkoxy;

i s (-3,

each q is independently 0, 1 or 2; and

ris 1-3.

{00761] In a preferred embodiment of the JAK-2 mhibitor of Formula (LV-A} or (LV-

B), R’ is hydrogen or alkyl.

{00762] In a preferred embodiment of the JAK-2 mhibitor of Formula (LV-A) or (V-

B), A 1s imidazolyl, oxazolyl, thiazolyl, thiadiazolyl, or triazolyl

g
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{00763] In a preferred embodiment of the JAK-2 imhibitor of Formula (LV-A) or (V-
B), R’ is fluro.

{00764] In a preferred embodiment, the JAK-2 mhibitor of Formula (LV-A)yisa
compound of Formula (LV-C):

R4
Formula (LV-C) /
N
[
5 ~
R\N N (R®),
R7
gl
(R®), |
/ . =
R'" R?

or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof,
where

R' and R are selected as follows:
(i} R’ and R together form =0;
(i) R" and R’, together with the carbon atom to which they are attached, form
dioxacycloalkyl or cycloalkyl wherein the cycloalkyl is substituted with one to four
substituents selected from halo, deutero, alkyl, cycloalkyl, heterocyclyl, arvl,
heteroaryl, cvano, =0, and hydroxy;
(iii) R' is hydrogen or halo; and R’ is halo;
(iv) R' is alkyl, and R? is hydrogen, alkyl, halo, hydroxy or alkoxy; or
(v) R is halo, hydroxy or alkoxy; and R” is hydrogen or alkyl;

R’ is hydrogen, alkyl or eycloalkyl,

R* is hydrogen or alkyl;

R’ is hydrogen or alkyl;

R’ is halo; and

nis 0-3.

{08765} In a preferred embodiment of the JAK-2 inhibitor of Formula (LV-C), nis 0.
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{00766] In an embodiment, JAK-2 inhibitor of Formula (LV-A) has the structure of
Formula (LV-D):

Formula (LV-D)

S\ (R
W
RS /)
\N N
R7
AN \N
(R%), I
/ N/
R' R?

or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof,
where

R' and R? are selected as follows:

(i) R and R* together form =0

(i) R' and R?, together with the carbon atom to which they are attached, form
dioxacycloalkyl or cycloalkvl wherein the cycloalkyl is substituted with one to four
substituents selected from halo, deutero, alkyl, cycloalkyl, heterocyelyl, aryl,
heteroaryl, cyano, =0, and hydroxy;

(iii} R" is hydrogen or halo; and R” is halo;

(iv) R'is alkyl, and R’ is hydrogen, alkyl, halo, hydroxy or atkoxy; or

(v) R’ is halo, hydroxy or alkoxy; and R” is hydrogen or alkyl; R” is hydrogen, alkyl or
cycloalkyl,

R’ is hydrogen or alkyl;

R is halo; and

nis 0-3.
{00767] In a preferred embodiment of the JAK-2 mhibitor of Formula (LV-D}, n1s .

{00768] In a preferred embodiment, JAK-2 inhibitor of Formula (LV-D) 15 selected from
the group consisting of
(4-fluorophenyl}{4-({1-methyl-1 H-imidazol-4-yhammo}quinazolin-2-yymethanol;

{4-({(1H-imidazol-4-ylaminojguinazolin-2-y1){4-fluorophenylimethanol;
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{4-fluorophenyl}(4-(thiazol-4-ylaminojquinazolin-2-yimethanol;
{4-fluorophenyl}(4-((5-methylthiazol-2-yhamino)quinazolin-2-yDmethanol;, and 2-
(difluoro(4-fluorophenylymethy}-N-(1-methyi-1 H-inudazol-4-viquinazolin-4-
amine,

or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof.

{00769} In an embodiment, the JAK-2 inhibitor s a compound of Formula (LVI):

Rz
R N
3 N
X = \\
| NH
N = N s
\r N
HN R4
Formula (LVII)
NZ |N
K/\J
(Rsn

or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof,

wheremn:

R!is selected from hydrogen, hydroxy, amino, mercapto, Calkyl, Coealkenyl, Ca.
salkynyl, Ciealkoxy, Ciealkanovioxy, N—{CealkyDamino, N N-—{(C,.
salkylhamino, Cisalkanoylamino, Ciealkylsulphonylamine, 3-S-membered
ecarbocyclyl or 3-S-membered heterocyelyl; wherein R may be optionally substituted
on carbon by one or more R®; and wherein if said heteroeyely! containg an —NH—
moiety that nitrogen may be optionally substituted by a group selected from R”;

R’ and R’ are independently selected from hydrogen, halo, nitro, cyano, hydroxy, amino,
carboxy, carbamoyl, mercapto, sulphamoyl, Ciealkyl, Cogalkenyl, Coalkynyl, C;.
salkoxy, Cisalkanoyl, Cigalkanoyloxy, N—(Cisalkylaming, N, N—{{ salkyl},-
aming, Crealkanoylamino, N—(Cealkvicarbamovi, N N—{Csalkvlcarbamoyl,
CrealkyiS(O), wherein a 1s 0 to 2, Cisalkoxycarbonyl, N—{Cyealkyhsulphamoyl,
NN—(Cealkyhzsulphamoyl, (Crealky); N—S{O),—NH—, (Cealkyh)NH—
S(Op—NH—, NH,»—S8(0),—NH—, (Calkyl)N—S8(0),—N(Cqalkyl)-, (C..
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salky DNH—S{O),—N(C | galkyly-, NH—S(O)—N(C\qalkyl)-, N—(C galkyl}-N—

(Cysalkylsulphonyllamino, Cysalkyisulphonylamino, carh@cyciyin}{w— or

heterocyclyl-R*; wherein R” and R’ independently of each other may be optionally

substituted on carbon by one or more R®; and wherein if said heterocycly! contains an

—NH— motety that nitrogen may be optionally substituted by a group selected from

Rg;

R* is selected from cyano, carboxy, carbamoyl, Ciealkyl, Cogalkenyl, Cogalkynyl, Cy.
calkanoyl, N—(Cealkyhcarbamoyl, N, N—{(Csalkyl)carbamoyi, C,.
salkoxycarbonyl, carbocyely] or heterocyclyl; wherein R* may be optionally
substituted on carbon by one or more R'’; and wherein if said heterocyclyl contains
an —NH— moiety that nitrogen may be optionally substituted by a group selected
from R

R’ is selected from halo, nitro, eyano, hydroxy, amino, carboxy, carbamoyl, mercapto,
sulphamoyl, Crsalkyl, Cogalkenyl, Cogalkynyl, Cigalkoxy, Ciealkanovi, Cy.
salkanoyloxy, N—(Cealkylamino, N,N-—{(Csalkylpamino, Ciealkanoylamino,
N-—{Csalkylicarbamoyl, N,N—(Cyealkylycarbamovl, CisalkylS(0O), whereina 15 0
to 2, Crealkoxyearbonyl, N—{CisalkyDsulphamoyl, N N—(Cyealkyisulphamoyl,
Crealkylsulphonylamino, carboeyclyl or heterocyclyl; wherein R” may be optionally
substituted on carbon by one or more R'%; and wherein if said heterocyclyl contains
an —NH-— moiety that nitrogen may be optionally substituted by a group selected
from R'™;

=0, 1, 2 or 3; wherein the values of R’ may be the same or different;

Rg, RS, R'%and R are independently selected from halo, mitro, cyano, hydroxy, amino,
carboxy, carbamoyl, mercapto, sulphamovl, Ciealkyl, Cogalkenyl, Cogalkynyl, Cy.
salkoxy, Cyealkanovl, Cysalkanoyloxy, N—{(C salkylanmino, N N—(Cy.
salkylyamino, Cisalkanoylamino, N—(C salkylicarbamoyl, N N—(C;.
calkylhcarbamovl, CiealkylS{O), wherein a 1s 0 to 2, Cjsalkoxycarbonyl, N—(C,.
salkyDsulphamovl, N N—(Csalkyl}sulphamoyl, Ciealkyisulphonylaming,
carbocyelyl or heterocyelyl; wherein R®, R®, R' and R independently of each other
may be optionally substituted on carbon by one or more R'; and wherein if said

heterocyclyl contains an —NH— motety that mitrogen may be optionally substituted
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by a group selected from R'>;

® R R RPand R are independently selected from Cjsalkyl, Cygalkanoyl C;.
salkylsulphonyl, Cy qalkoxycarbonyl, carbamoyl, N—{Csalkyljcarbamoyl, N, N—
(Csalkylicarbamoyl, benzyl, benzyloxycarbonyl, benzoyl and phenyisulphonyl;
wherein R7, R, R"!, R" and R" independently of each other may be optionally
substituted on carbon by on or more R'%;

R and R' are independently selected from halo, nitro, cyano, hydroxy, amine, carboxy,
carbamoyl, mercapto, sulphamoyl, Ciealkyl, Crealkenyl, Coealkynyl, C)galkoxy, Ci.
salkanoyi, Cysatkanoyloxy, N—(Cygalkylamino, N N—(Cealkyl}amino, Ci.
salkanoylamino, N—{Csalkyljcarbamoyl, N,N—C.salkyl)carbamoyi, Cy.
salky18(0), wherein a 15 0 to 2, Ciealkoxycarbonyl, N—{(C calkyl)sulphamovl,
N,N—(C.gsalkylpsulphamoyl, Cisalkyisulphonylamino, carbocyelyl or heterocyclyl;
wherein R and R' independently of each other may be optionally substituted on
carbon by one or more R': and wherein if said heterocyclyl contains an —NH-——
moiety that nitrogen may be optionally substituted by a group selected from R'™;

R s selected from halo, nitro, cyano, hydroxy, triflusromethoxy, trifluoromethyi,
aming, carboxy, carbamoyl, mercapto, sulphamoyl, methyi, ethyl, methoxy, ethoxy,
acetyl, acetoxy, methylammo, ethylamino, dimethylamino, diethylamune, N-methyl-
N-ethylamino, acetylaming, N-methylcarbamoyl, N-ethyicarbamoyl, N,N-
dimethyicarbamoyl, N,N-diethyicarbamoyl, N-methyi-N-ethylcarbamoyl, methylthio,
ethylthio, methylsulphinyl, ethylsulphinvi, mesyl, ethyisulphonyl, methoxyecarbonyl,
ethoxycarbonyl, N-methylsulphamoyl, N-ethylsulphamoyl, N N-dimethylsulphamoyl,
N, N-diethylsulphamoyl or N-methyl-N-gthylsulphamoyl; and

R' and R*' are independently selected from a direct bond, O, —N{R?}—, —C(O)—
, —NR™YC(O)—, —C(OIN{R*™M—, —S(0)—, —SO;N(R”}— or —N(R*)80,—,
wherein R™, R”, R* R* and R™ are independently selected from hydrogen or ).
catkyland s 15 0-2;

R'?is selected from Crgalkyl, Cysalkanoyl, Ciealkylsulphonyl, Cysalkoxycarbonyl,
carbamoyl, N—(C;salkyljcarbamoyl, N,N—{(C qalkyl}carbamoyl, benzyl,
benzyloxycarbonyl, benzoyl and phenyisulphonyl;

or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof.

37
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{00778} Inan embodiment, the JAK-2 inhibitor is a compound of Formula (LVII),

wherein:

R’ is selected from hydrogen, hydroxy, amino, mercapto, Cisalkyl, Chealkenyl, Cy.
calkynyl, Crsalkoxy, Crealkanoyloxy, N—(Csalkyvhaming, N N—(C,.
salkylyamino, Cisalkanoylamino, Cysalkylsulphonylamine, 3-5-membered
carbocyclyl or 3-5-membered heterocyclyl, wherein R' may be optionally substituted
on carbon by one or more R and wherein if said heterocyclyl contains an —NH—
moiety that nitrogen may be optionally substituted by a group selected from R,

R%and R’ are independently selected from hydrogen, halo, nitro, cyano, hydroxy, amino,
carboxy, carbamoyl, mercapto, sulphamovl, Cisalkyl, Cogalkenyl, Cogalkynyl, C;.
salkoxy, Ciealkanoyl, Cigalkanovloxy, N—(Csalkylamino, NN—(C\.
salkyipamino, Crsalkanoylamino, N—(Cygalkvlycarbamoyl, N N—(C;.
salkylycarbamoyl, CrsalkylS{0), wherein a1s 0 to 2, Csalkoxycarbonyl, N—{C;.
salkylsulphamovi, NN—(C} qalkylhsulphamoyl, Ciealkylsulphonylaming,
carbocyelyl-R— or heterocyclyl-R*'—; wherein R? and R” independently of each
other may be optionally substituted on carbon by one or more R®, and wherein if said
heterocyclvl contans an —NH-— moiety that nitrogen may be optionally substituted
by a group selected from R,

RYis selected from cyano, carboxy, carbamovyl, C; ealkyl, Crealkenyl, Caeatkynyl, C;.
salkanoyl, N—{(salkyicarbamoyl, N, N—{(Cealkylhcarbamoyi, Cy.
calkoxycarbonyl, carbocyelyl or heterocyclyl; wherein R* may be optionally
substituted on carbon by one or more R'Y; and wherein if said heterocyclyl contains
an —NH-— moiety that nitrogen may be optionally substituted by a group selected
from RH;

R’ is selected from halo, nitro, cyano, hydroxy, amino, carboxy, carbamoyl, mercapto,
sulphamovl, Cgalkyl, Coealkenyl, Cogalkynyl Cyalkoxy, Cygalkanoyl, Cy.
calkanovioxy, N—(C, salkyljamino, N,N—{((C qalkylhamino, € satkanoylaming,
N—{(C salkylicarbamoyl, N N—(C galkylhcarbamovl, CisalkylS{O), whereina s 0
to 2, Crealkoxycarbonyl, N—(C; salkyl}sulphamoyl, N N—(C, salkyl)sulphamoyl,
C\calkylsulphonylamine, carbocycly! or heterocyclyl; wherein R” may be optionally

. ) .o . .
substituted on carbon by one or more R”; and wherein if said heterocyclyl contains an
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—NH— motety that nitrogen may be optionally substituted by a group selected from
RrY
n=0, 1, 2 or 3; wherein the values of R’ may be the same or different;

R R® R"and R are independently selected from halo, nitro, cyano, hydroxy, amino,
carboxy, carbamoyl, mercapto, sulphamovl, Cqalkyl, Cogalkenyl, Cogalkynyl, Cy.
salkoxy, Cyealkanovl, Cjsalkanoyloxy, N—{(Cjsalkylanmino, N N—(Cy.
salkylyanuno, Ciealkanoylamino, N—{(Cealkylycarbamoyl, N N—(C,.
calkyipcarbamovl, Ci.ealkylS(O), wherein a 15 0 to 2, Cyealkoxycarbonyl, N—(C,.
salkyDsulphamovl, N,N—(C).galkvipsulphamoyl, Ciealkyisulphonylamino,
carbocyelyl or heterocyelyl; wherein R®, R®, R and R' independently of each other
may be optionally substituted on carbon by one or more R'; and wherein if said
heterocyclyl contains an —NH— motety that mitrogen may be optionally substituted
by a group selected from R';

R, R”, R", R and R are independently selected from Crealkyl, Crealkanoyl, Cy.
salkylsulphonyl, Ciealkoxycarbonyl, carbamoyi, N—{(C; salkyljcarbamoyl, N.N-——
(Crealkylcarbamoyl, benzyl, benzyloxycarbonyl, benzoyl and phenylsulphonyl;
wherein B, R”, R, R” and R" independently of each other may be optionally
substituted on carbon by on or more R'?;

R"Yand R'®are independently selected from halo, nitro, cyano, hydroxy, amino, carboxy,
carbamoyl, mercapto, sulphamoyl, Cisalkyl, Cosalkenyl Coealkynyl, Cisalkoxy, C;.
salkanovl, Cisalkanoyloxy, N—{({salkyamino, NN—{(Cealky.amineg, ;.
salkanoylamino, N—{Cysalkyljcarbamoyl, N, N—{Csalkylcarbamoyi, Cy.
«alky18(0), wherein a 1s G to 2, Ciealkoxycarbonyl, N—(Ccalkyi)suiphamoyl,
N,N—{C salkylhsulphamovl, O salkylsulphonylamino, carbocycelyl or heterocyelyl;
wherein R and R'® independently of each other may be optionally substituted on
carbon by one or more R'"; and wherein if said heterocyclyl contains an —NH—
moiety that nitrogen may be optionally substituted by a group selected from R';

R'is selected from halo, nitro, cvano, hydroxy, trifluoromethoxy, triflucromethyi,
amino, carboxy, carbamoyl, mercapto, sulphamovi, methyl, ethyl, methoxy, ethoxy,
acetyl, acetoxy, methylamino, ethylamino, dimethylamino, diethylamino, N-methyl-

N-ethylamino, acetylamino, N-methylcarbamoyl, N-ethyicarbamoyl, N,N-
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dimethylcarbamovl, N,N-diethyicarbamoyl, N-methyl-N-ethyilcarbamoyl, methylthio,
ethylthio, methyisulphinyl, ethylsulphinyl, mesyl, ethylsulphonyl, methoxycarbonyl,
ethoxycarbonyl, N-methvyisulphamovl, N-ethylsulphamoyvl, N,N-dimethylsulphamoyl,
N, N-diethylsulphamoyl or N-methyl-N-ethylsulphamoyl; and

R" and R* are independently selected from —O—, —N{(R*}—, —C{O)—, —
N(RPYC(O)—, —C{OIN(R™)—, —S(0)—, —SON(R” ) — or —N(R**)S0,—;
wherein R*, R™, R*, R* and R® are independently selected from hydrogen or C1.
catkvland s 15 0-2;

R'%is selected from Crealkyvl, Ciealkanovl, Cygalkvisulphonvi, Cisalkoxycarbonyl,
carbamoyl, N—(C;salkyljcarbamoyl, N N—(C | qalkyljcarbamoyl, benzyl,
benzyloxycarbonyl, benzoyl and phenylsulphonyl;

or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof.

{06771} Inan embodiment, the JAK-2 inhibitor is a compound of Formula (LVII),

wherein:

R!is selected from hydrogen, hydroxy, amino, mercapto, Cisalkyl, Cogalkenvl, Oy
salkynyl, Crealkoxy, Crsalkanoyloxy, N—{Csalkyljamino, N,N-—{C;.
salkylhamino, Crealkanoylamino, Cisalkylsulphonylamino, 3-5-membered
carboeyclyl or 3-5-membered heterocyclyl; wherein R’ may be optionally substituted
on carbon by one or more R and wherein if said heterocyelyl contains an —NH-—
moiety that nitrogen may be optionally substituted by a group selected from R’

R?and R are mdependently selected from hydrogen, halo, nitro, cvano, hydroxy, amino,
carboxy, carbamoyl, mercapto, sulphamovl, Ciealkyl, Cogalkenyl, Cogalkynyl, Cy.
salkoxy, Crealkanovl, Cisalkanoyloxy, N—{Cjsalkyllamino, NN—(Cy.
salkylhamino, Oy salkanoylamino, N—{C i salkvl}carbamoyl, N N—(C;.
salkylycarbamovl, CsalkylIS{0}), wherein a1s G to 2, O salkoxycarbonyl, N—{C;.
salkyDsulphamovi, N N—(Csalkyl}sulphamoyl, N—{Csalkyl}-N—(Cy.
salkylsulphonyhamino, Ciealkyisulphonviaming, carbocyclyl-R'”-— or heterocyclyl-
R*—; wherein R? and R’ independently of each other may be optionally substituted
on carbon by one or more R®; and wherein if said heterocycly! contains an —NH—
moiety that nitrogen may be optionally substituted by a group selected from R”;

R’ is selected from cyano, carboxy, carbamoyl, Cygalkyl, Coealkenyl, Cogalkynyl, Cy.
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salkanoyl, N—(Csalkyicarbamoyl, N N—(C qalkyl)carbamovi, Cy.

calkoxycarbonyl, carbocyclyl or heterocyclyl; wherein R* may be optionally
substituted on carbon by one or more R'Y; and wherein if said heterocycly! contains
an —NH-— moiety that nitrogen may be optionally substituted by a group selected
from R“;

R’ is selected from halo, nitro, cyano, hydroxy, amino, carboxy, carbamoyl, mercapto,
sulphamovl!, Ciealkyl, Cogalkenyl, Coealkynyl, Cigalkoxy, Cigalkanovl, C;.
salkanovloxy, N—(C galkyDamino, N, N—(C qalkyl);amino, Cyealkanoyiamino,
N—{Csalkyhearbamoyl, NN—(Cgalkylhcarbamoyi, CiealkylS(O), whereina 15 0
to 2, Crealkoxyearbonyl, N—(C; salkyDsulphamoyl, N, N—(C.salkylpsulphamoyl,
C.salkylsulphonylamine, carbocyelyl or heterocyclyl; wherein R” may be optionally
substituted on carbon by one or more R'; and wherein if said heterocyclyl contains
an —NH- moiety that nitrogen may be optionally substituted by a group selected
from R";

=), 1, 2 or 3; wherein the values of R’ may be the same or different;

RS, R®, R'%and RY are independently selected from halo, nitro, cyano, hydroxy, amino,
carboxy, carbamoyl, mercapto, sulphamoyl, Ciealkyl, Chgalkenyl, Coealkynyl, Ty,
salkoxy, Cisalkanoyl, Ciealkanoyloxy, Ne—{(CiealkyDamino, N,N—{(.
saltkylyamino, Cyealkanoylamino, N——(Cyalkycarbamoyl, N N—(Cy.
salkylhcarbamoyl, CiealkyiS(O), wherein a 13 0 to 2, Crealkoxycarbonyl, N—(C.
salkylisulphamoyl, N,N—{C salkvihsulphamovl, Cisalkvisulphonylaminoe,
carboeyclyl or heterocyclyl; wherein R®, R, R' and R" independently of each other
may be optionally substituted on carbon by one or more R'*, and wherein if said
heterocyclyl contains an —NH-— motety that nitrogen may be optionally substituted
by a group selected from R';

R, R’ RY R" and R" are independently selected from (Cr.¢Jalkyl, (Cis)alkanoyl, (Cy.
sjalkylsulphonyl, (Cis)alkoxycarbonyl, carbamoyl, N—{{(C¢)alkylicarbamoyi,

N N—{{C galkylicarbamoyl, benzyl, benzyloxycarbonyl, benzoyl and
phenylsulphonyl; wherein R, R”, R'", R and R independently of each other may be
optionally substituted on carbon by on or more R'?;

14 16, - : ~
R and R are independently selected from halo, nitro, cvano, hydroxy, amino, carboxy,

9]
~J
[
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carbamoyl, mercapto, sulphamoyl, (Cislalkyl, (Coglalkenyl, (Crglalkynyl, (Ci.
sjalkoxy, (Cigjatkanoyl, (Cigalkanoyloxy, N—{(Cig)alkyljamino, N N—((C,.
sialkylhamino, (C)galkanoylamino, N—{{C;.¢alkylcarbamoyl, N N—{({(C.
sjalkyl}carbamovl, (C)alkylS{O), wherein a 15 0 to 2, {Cs)alkoxycarbonyl, N—
((Crs)alkyDsulphamoyl, N N—{({(C slalkyi);sulphamoyl, (C;)alkylsulphonylamino,
carbocyelyl or heterocyelyl; wherein R and R'® independently of each other may be
optionally substituted on carbon by one or more R''; and wherein if said heterocyclyl
containg an —NH-— moiety that nifrogen may be optionally substituted by a group
selected from R'%;

R is selected from halo, nitro, cyano, hydroxy, triflucromethoxy, trifluoromethyl,
amino, carboxy, carbamoyl, mercapto, sulphamovl, methyl, ethyl, methoxy, ethoxy,
acetyl, acetoxy, methylamino, ethylanuno, dimethylamino, diethylanuno, N-methyl-
N-ethylamino, acetylamino, N-methylcarbamoyl, N-ethyicarbamoyl, N,N-
dimethyicarbamoyl, N,N-diethylcarbamoyl, N-methyl-N-ethylcarbamoyl, methylthio,
ethylthio, methylsulphiny!, ethylsulphinyl, mesyl, ethylsulphonyl, methoxyearbonyl,
ethoxycarbonyl, N-methvisulphamoyl, N-ethylsulphamoyi, N, N-dimethylsulphamoyl,

N, N-diethylsulphamoyl or N-methyl-N-ethylsulphamoyl; and

wherein R*, R”, R” R” and R* are independently selected from hydrogen or (€.
syalkyl and s 15 0-2;

R'*is selected from (Cre)alkyl, (Cre)alkanoyl, (Crelalkylsulphonyl, (C1.
syalkoxycarbonyl, carbamoyl, N—{{C i gjalkyl}carbamoyl, N N—{{C;.
syalkyl}carbamoyl, benzyl, benzyloxycarbonyl, benzoyl and phenylsulphonyl;

or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof.

{00772] Particular values of the variable groups contained in Formula (LV11} are as
follows. Such values may be used, where appropriate, with any of the definitions, claims
or embodiments defined hereinbefore or hereinafter in relation to compounds of Formula
(LVII).

R’ is selected from (C.g)alkyl, {Cis)atkoxy, 3-5-membered carbocyciyl, and N N—(C.

sjalkyl}amino, wherein R' may be optionally substituted on carbon by one or more

PR
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R® and wherein R%is halo,

R'is (C1g)alkoxy or 3-3-membered carboeyelyl.

R'is selected from (Crgjalkyl, (Ci5)alkoxy or 3-5-membered carbocyclyl.

R'is (Crg)alkyl or {Cre)alkoxy.

R'is 3-5 membered carbocyclyl.

R'is NN((C6)alkyl)amino.

R'is (Crealkyl.

R'is (Crajalkyl

R'is (Cre)alkoxy.

R'is selected from methyl, methoxy, trifluoroethoxy, isopropoxy, cyclopropyl, and N,N-
dimethylamino;

R'is isopropoxy or cyclopropyl.

R is methyl, methoxy, isopropoxy or cyclopropyl.

R'is selected from methyl, methoxy, isopropoxy, N.N-dimethylamino, and cyclopropyl.

R!is isopropoxy.

R'is methyl.

R'is ethyl.

R' is selected from methyl, ethyl, propyl, and butyl.

R'is selected from {(C1.4)alkyl, (C4)alkoxy, and eyclopropyl.

R' is methoxy.

R'is cvelopropyl. R'is N, N-dimethylamino.

R’ is selected from hydrogen, halo, nitro, and (Cy¢)alkyl, wherein R may be optionally
substituted on carbon by one or more R, and wherein R® is halo.

R’ is selected from hydrogen, chioro, fluoro, bromo, nitro, and trifluoromethyl

R*is halo.

R%is (C.s)alkyl, wherein R may be optionally substituted on carbon by one or more RY;
and wherein R” is halo.

R”and R are independently selected from hydrogen, halo, nitro, cyano, hydroxy, amino,
carboxy, carbamoyl, mercapto, sulphamoyl, (Cie)alkyl, (Coglalkenyl, (Crglalkynyl,
(Cr.e)atkoxy, (Cigjatkanovl, (Cisalkanoyloxy, N—{{C;slalkyhamino, N N—((Cy.
satkvihamino, (Cygalkanoylanuno, N—((C, gjalkylcarbamoyl, N.N—((C,.
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syalkyl)carbamoyl, (Ch.6)alkylS{O), wherein a 15 0 to 2, {(Cy.¢)alkoxycarbonyl, N—
({CpalkyDsulphamoyl, N N—((C\.¢jalkyihsulphamoyl, (Cy6)alkylsulphonylamino,
carbocyclyl-R""— or heterocyelyl-R*'—; wherein R* and R’ independently of each
other may be optionally substituted on carbon by one or more RY; and wherein if said
heterocyclyl contains an —NH— moiety that nitrogen may be optionally substituted
by a group selected from R’.

R%and R’ are independently selected from hydrogen, halo, nitro, cyano, hydroxy, amino,
carboxy, carbamoyl, mercapto, sulphamoyl, (Cre)alkyl, (Coglalkenyl, (Crglalkynyl,
(Cr.g)alkoxy, (Cigalkanovl, (Cielalkanoyloxy, N—{{C.¢)alkyDamino, N N—((C1.
sratkvipamino, (Crejalkanoylanuno, N—((C1 gjalkylcarbamoyl, N.N—((C,.
satky)carbamoyl, (Ch.6)alkvIS(O), wherein a 15 0 10 2, (Cr.s)alkoxycarbonyl, N—
(Cgralkvhsulphamoyl, NN—((Cgalkylzsulphamoyl, N—((Cr.syalkyh-N—((C,.
syalkylsulphonyhamine, (Ciealkyisulphonyiamine, (:arbocyclbew ------- or
heterocyclyl-R*—; wherein R? and R independently of each other may be optionally
substituted on carbon by one or more R®; and wherein if said heterocyely! contains an
------- NH-— moiety that nitrogen may be optionally substituted by a group selected from

R9

R” and R’ are independently selected from hydrogen and halo.

R*and R’ are independently selected from hydrogen and chloro.

R’and R  are independently selected from hydrogen, fluoro, chloro, bromo, N-methyl-N-
mesylamino and morpholino.

R’ is halo and R’ is hydrogen.

R%is chloro and R is hydrogen.

R’ is chloro or fluoro and R’ is hydrogen. R’ is selected from hydrogen, halo, cyano, N—
({Cis)alky}-N—((Cgjalkyisulphonyamine, (Cslalkyl, (T ¢)alkyll,N—S(O)—
N((C.atkyl)-, and heterocyclyl-R*'— wherein R’ may be optionally substituted on
carbon by one or more R® wherein R®is halo; and wherein R’ isa bond.

R’ is hydrogen.

R is halo.

9]
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R’ is selected from N—((C;.salkyD-N—((Cy.)alkylsulphonyamino and ((C).
sJalky D N—S{O)—N{C galkyl)-.

R’ is selected from heterocyclyl-R*'—, wherein R’ may be optionally substituted on
carbon by one or more R’ wherein R’ is halo; and wherein R*is a bond.

R’ is selected from hydrogen, chloro, cyano, trifluoromethyl, (CHappN—S8(O0)—
N(CH;)—, N-methyl-N-mesylamino, and morpholino.

R’ is (CHy),N—8(0),—N(CHz)}—.

R is N-methyl-N-mesylamino,
R’ is morpholino,

R*is (Crejalkyl.

R*is methyl

R’ is halo.

R’ is fluoro.

=l

N{IPHYC(O)—, —COINR ), —8(0)e—, —SONR”}— or —N(R*)80;—
wherein R”, R™, R™, R* and R® are independently selected from hydrogen or (C.
sralkyl and 5 15 0-2.

Therefore in a further aspect of the invention there 1s provided a compound of Formula
(LVH} (as depicted herein above) wherein:

R'is selected from {C1.s)alkyl, (Cy¢)alkoxy or 3-5-membered carbocyelyl;

R' and R are independently selected from hydrogen, halo, N——{{Cy.s)atkyl)-N—((C1.
syalkylsulphonyllamine, or heteroeyelyl-R*

R*is (Crgalkyl

R’ is halo;

B

n=1;
R*'is a direct bond;

or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof.

{00773} Therefore, in an embodiment of the invention, the JAK-2 inhibitor is a
compound of Formula (LVII) wherem:

R'is (Cyg)alkoxy;

9]
~J
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R”and R are independently selected from hydrogen and halo;
RYis (Crealkyl;

R’ is halo;

n=1;

or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof.

{00774} In an embodiment of the invention, the JAK-2 inhibitor i1s a compound of

Formula (LVIL) wherein:

R' is methyl, methoxy, isopropoxy or cyclopropyl;

R%and R’ are independently selected from hydrogen, fluoro, chloro, bromo, N-methyl-N-
mesylamino and morpholing;

R*is methyl;

R’ is fluoro; and

n=l;

or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof.

{80775} In an embodiment of the invention, the JAK-2 inhibutor 15 a compound of

Formula (LVII} whereut

R!is selected from (Crejalkyl, (Cig)alkoxy, 3-5-membered carbocyclyl, and N N—(C,.
sialkylhamino, wherein R may be optionally substituted on carbon by one or more
R®;

R” is selected from hydrogen, halo, nitro, and (Cr.e)alkyl, wherein R* may be opticnally
substituted on carbon by one or more RS;

R’ is selected from hydrogen, halo, cyano, N——{{C.g)alkyD)-N-—((C,.
syalkylsulphonyllamine, (Ciglalkyi, ({(CrelalkyN—S8(O)—N{(C ¢Jalkyl}-, and

more R®;
R is (Crgalkyl
R’ is halo;
R®is halo;
Rr%is halo;

R* s a bond; and

B

n=1;

V]
~J
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or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof.

{86776} In an embodiment of the invention, the JAK-2 inhibitor 1s a compound of

Formula (LVIL) wherein:

R'is selected from methyl, methoxy, trifluoroethoxy, isopropoxy, cyclopropyl, and N, N-
dimethylamino;

R’ is selected from hydrogen, chloro, fluoro, bromo, nitro, and trifluoromethyl;

R’ is selected from hydrogen, chlore, cyano, wifluoromethyl, (CHi)N—S(O)—
N(CH;)—, N-methyl-N-mesylamino, and morpholing;

R*is methyl;

R’ is fluoro; and

nis l;

or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof.

{86777} Inan embodiment of the invention, the JAK-2 inhibttor 15 a compound of

Formula (LVII} whereut

R is selected from (Cr.s)alkoxy, wherein R’ may be optionally substituted on carbon by
one or more Rﬁ;

R’ is selected from hydrogen and halo:

R’ is selected from hydrogen, halo, and heterocyelyl-R*

R*is (Cre)alkyl;

R’ is halo,

R®is halo;

R is a bond;

nis 1;

or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof.

{06778] In an embodiment of the invention, the JAK-2 inhibitor 1s a compound of

Formula (LVH} wherein:

R'is selected from (C1.4)alkyl, (Cy4)alkoxy, and eyclopropyl;

R’ is selected from hydrogen, halo, nitro, and (Cy¢)alkyl, wherein R may be optionally
substituted on carbon by one or more R,

R’ is selected from hydrogen, halo, cyano, N-—— {{Cisialky}-N—((Cy.

9]
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sialkylsulphonylamino, (Cyglalkyl, ((Cre)alkylN—S8(O)—N{(Cs)alkyl)-, and
heterocyclyl-R*'—, wherein R’ may be optionally substituted on carbon by one or
maore Rg

RYis (Crealkyl;

R’ is halo;

R"is halo;

R is halo;

R*!is a bond; and

n=l;

or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof.

[88779] In a preferred embodiment, the JAK-2 inhibitor 1s AZD-1480. 1n a preferred
embodiment, the JAK-2 inhibitor is (S)-5-chloro-N*~(1-{ 5-fluoropyrimidin-2-yethyl)-
N*-(5-methyl-1H-pyrazol-3-ylpyrimidine-2,4-diarine. In a preferred embodiment, the

JAK-Z inhibitor has the chemical structure shown in Formula (LVIH):

Cl
() ]\A
/&)\N J\/
Formula (LVIII)

or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or piodiug thereof. The
preparation of this compound is described in U.S. Patent No. 8,088,784 and U.S. Patent
Application Publication Nos. 2008/0287475 Al; 2010/0160325 A1, and, 2012/0071480
A1, the disclosures of which are mncorporated by reference herein. In an embodiment, the
JAK-2 inhibitor 1s selected from the compounds described in U.S. Patent No. 8,088,784
and U8, Patent Application Publication Nos, 2008/0287475 A1, 2010/0160325 Al; and,

2012/0071480 A1, the disclosures of which are mcorporated by reference herein

{06786] In an embodiment, the JAK-2 inhibttor s a compound of Formula (LIX):

9]
~
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/X4

/ \K
Formula (LIX) n

(Re)n

or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof,
wherein:

R'and R* are independently selected from hydrogen, halo, nitro, cyano, hydroxy,
trifluoromethoxy, amino, carboxy, carbamovl, mercapto, sulphamoyl, Cigalkyl, Crs
alkenyl, Chrsalkynyl, Cigalkoxy, Ciealkanovl, Cialkanoyloxy, N—(C;.
salkyDaming, N,N-—{C¢ alkylh-ammo, Cealkanoyiamino, N—{Ci
atkyhcarbamoyl, N N—{Csalkyly-carbamovl, CiealkyIS{O}, wherem a 18 G to 2,
s alkoxyearbonyl, N—{C1¢ alkyljsulphamoyl, N N—(Cigalkyi}sulphamoyl, Cig
alkylsulphonylamino, carbocycly! or heterocyclyl; wherein R' and R? independently
of each other may be optionally substituted on carbon by one or more R®; and
wherein if said heterocyclyl contains an —NH-— moiety that nitrogen may be
optionally substituted by a group selected from R

one of X', X*, X° and X*is =N, the other three are independently selected from
=R =CR"— and =CR"—;

R’ is hydrogen or optionally substituted C s alkyl; wherein said optional substituents are
selected from one or more R

R* and R are independently selected from hydrogen, halo, nitro, cyano, hydroxy,
triflucromethoxy, amino, carboxy, carbamovi, mercapto, sulphamoyl, Cigalkyl, Crs
alkenyl, Chrsalkynyi, Cigalkoxy, Crealkanoyl], Cigalkanovioxy, N—{(Ci¢
altkyhamino, N N—{(C galkylhamino, C; ¢ alkanoylamino, N—(Cy ¢ alkylicarbamoyvl,
NN—{C ¢ alkylcarbamoyl, CisalkylS(O), wherein a 1s 0 to 2, Cis alkoxycarbonyl,
N—Csalkyhsulphamoyl, N N—(C ¢ alkylysulphamovl, Calkyisulphonylanuno,
carbocyclyl or heterocyclyl; wherein R* and R™ may be independently optionally
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substituted on carbon by one or more R'; and wherein if said heterocycly! contains
an —NH-— moiety that nitrogen may be optionally substituted by a group selected
from R";

A 1s a direct bond or Calkylene; wherein said Cy»alkylene may be optionally
substituted by one or more R',

Ring C s carbocyclyl or heterocyclyl; wherein it said heterocyclyl contains an —NH—
moiety that nitrogen may be optionally substituted by a group selected from R'>;

R is selected from halo, nitro, cyano, hydroxy, triflucromethoxy, amino, carboxy,
carbamoyvl, mercapto, sulphamoyvl, C;galkyl, Crgalkenyl, Casalkynyl, Cigalkoxy,
Cigalkanoyl, Cisalkanovioxy, N—(C)salkyDamino, NN—(C salkylhammo, Cis
alkanoylamino, N—(C s alkyl)carbamoyl, N N—(C | ¢ alkyl}carbamoyl, Cis

alkviS(O), wherein a 15 O to 2, Cysalkoxycarbonyl, N—(C ¢ alkyl)sulphamoyl,

~Y

N N-(C ¢ alkyasuiphamoyl, Cyealkyisulphonylamino, carboeyclyl-R - or

more R and wherein if said heterocycly] contains an —NH-— moiety that nitrogen
may be optionally substituted by a group selected from R';

nis 0, 1, 2 or 3; wherein the values of R’ may be the same or different;

RY, R”and R are independently selected from hydrogen, halo, nitro, cyano, hydroxy,
trifluoromethoxy, amino, carboxy, carbamovi, mercapto, sulphamoyl, Cigalkyl, Cig

~

alkenyl, Chrsalkynyi, Cigalkoxy, Crealkanoyl], Cigalkanovioxy, N—{(Ci¢
atkyhamino, N N—{Csalkylhamino, C; ¢ alkanoyvlaming, N—(Cy ¢ alkylicarbamovi,
N, N—{C salkylhcarbamoyl, CigalkyviS{(O), wherein a 15 0 to 2, Cigalkoxycarbonyl,
N—{CrsalkyDsulphamoyl, N,N—{{¢ alkylhsulphamovl, €5 alkylsulphonylanino,
carboeyclyl-R*— or heterocyclyl-R*—; wherein R®, R” and R’ independently of
each other may be optionally substituted on carbon by one or more R'; and wherein
if said heterocyclyl contains an —NH— motety that nitrogen may be optionally
substituted by a group selected from R';

R RY R® RY RYand R'%are independently selected from halo, nitro, cyano, hydroxy,
trifluoromethoxy, amino, carboxy, carbamovi, mercapto, sulphamoyl, Cigalkyl, Cig
alkenyl, Cyrpalkynyl, Cigalkoxy, Crsalkanoyl, Cigalkanovioxy, N—(Cy ¢

altkyhamino, N N—(Cy qalkylhamino, Cy ¢ alkanoylamino, N—(Cy ¢ alkylicarbamovl,

DB/ 84322047.1 280



WO 2016/024231 PCT/IB2015/056127

NN—{C ¢ alkylcarbamoyl, CisalkylS(O), wherein a 1s 0 to 2, Cis alkoxycarbonyl,
N—Csalkyhsulphamoyl, N N—(C ¢ alkylysulphamovl, Calkyisulphonylanuno,
carbocyciyi-Rz"'— of hetemcyciyinRzg—; wherein R®, R', RY RY R'®and R™®
independently of each other may be optionally substituted on carbon by one or more
R*; and wherein if said heterocyclyl contains an —NH— moiety that nitrogen may
be optionally substituted by a group selected from R*;

R/, rRE RY R”, R and R* are independently selected from Cigalkvl, Crsalkanoyl, Cy.
s alkylsulphonyl, Cysalkoxycarbonyl, carbamovl, N—(Cy ¢ alkyljcarbamoyl, N, N—
(C1.s alkyljcarbamoyl, benzyl, benzyloxycarbonyl, benzoyl and phenvlisulphonyl;
wherein R’ R, R”, RY, R? and R* independently of each other may be optionally
substituted on carbon by on or more R™;

R*"and R* are independently selected from halo, nitro, cyano, hydroxy,
triflucromethoxy, amino, carboxy, carbamoyi, mercapto, sulphamoyl, Cigsalkyl Cig
atkenyl, Cogalkynyl, Cigalkoxy, Crealkanoyl, Ciealkanoyioxy, Ne—{(Ci6
atkyhamino, N, N—{Cysalkylhanmino, C;¢ alkanoylamino, Ne—{(Cys alkylicarbamoyl,
N, N-—{Csalkylhcarbamoyl, CigealkyIS{O), wherein a 15 0 to 2, Cigalkoxycarbonyl,
Ne——{Crg alkyhsulphamoyl, N,N—{{( s alkylpsulphamoyl, C1salkylsulphonylamino,
Cisalkylsulphony-N—(Cy¢ alkyljamino, carbocyclyl-R - or heterocyelyl-R> %
wherein R? and R™ independently of each other may be optionally substituted on
carbon by one or more R*; and wherein if said heterocyclyl contains an —NH—
moiety that nitrogen may be optionally substituted by a group selected from R*%;

1{25, Rz(’, R’ R?‘S, R” R%, R and R are independently selected from a direct bond, —
Oy o N(R e, OO, —N(R (O, —CAOINR ) 8Oy

independently selected from hydrogen or Cygalkyl and s is 0-2;

R* is selected from halo, nitro, cvano, hydroxy, trifluoromethoxy, triflucromethyi,
amino, carboxy, carbamoyl, mercapto, sulphamovi, methyl, ethyl, methoxy, ethoxy,
acetyl, acetoxy, methylamino, ethylamino, dimethylamino, diethylamino, N-methyl-
N-ethylamino, acetylamino, N-methylcarbamoyl, N-ethylcarbamoyl, N,N-
dimethylcarbamovl, N,N-diethyicarbamoyl, N-methyl-N-ethyilcarbamoyl, methylthio,

ethylthio, methyisulphinyl, ethylsulphinyl, mesyl, ethylsulphonyl, methoxycarbonyl,
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ethoxycarbonyl, N-methvyisulphamovl, N-ethylsulphamoyvl, N,N-dimethylsulphamoyl,
N, N-diethylsulphamoyl, N-methyl-N-ethylsulphamoy! or phenyl; and
R*is selected from Crgalkyl, Cigalkanoyl, Cisalkylsulphonyl, Cisalkoxyearbonyl,
carbamoyl, N—(C; alkyljcarbamoyl, N,N—(C s alkylicarbamoyl, benzyl,
benzyloxycarbonyl, benzoyl and phenyisulphonyl;
or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof.
{00781] In a preferred embodiment, the JAK-Z inhibitor 1s (8)-5-fluoro-2-((1-(4-
fluorophenyliethyllamino)}-6-({S-methyl-1H-pyrazol-3-yllamino}nicotinonitrile. Ina

preferred embodiment, the JAK-2 inhibitor 1s a compound of Formula (LX)

N

A\ g

/ —

NH
A >~ /

HN N N N

H
Formula (LX)

F
or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof. The
preparation of this compound 1s described in U.S. Patent No. 8,324,252 and U S Patent
Application Publication Nos. 2008/0139561 Al and 2013/0090358 A1, the disclosures of
which are imcorporated by reference herein. Tn an embodiment, the JAK-2 inhibitor 1s
selected from the compounds described in U.S. Patent No. 8,324,252 and U.S. Patent
Application Publication Nos. 2008/0139561 Al and 2013/0090358 Al, the disclosures of

which are mcorporated by reference herein

{00782] In an embodiment, the JAK-2 inhibitor 1s a compound of Formula (LXIT):

Formula (LXII)

o
DB/ 84322047.1 282



WO 2016/024231 PCT/IB2015/056127

or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof, ora

stereoisomer thereof, wherein:

DisCHor N;

EisCHorN;

Xis CH,, NRy, O or §;

UisCHor N;

Vis CH or N;

YisCHor N;

ZisCHorN;

R1 is NRsRg, CRS5RGR,, S8R or ORs;

R; 15 (C=0)0H, (C=0)NH,, (C=0)NHR; or heterocyclyl;

Rs1s
(3} hydrogen;
(b} Cigalkyl, which 1s optionally substituted with halo, hydroxyl, amino, phenyl,
heterocyelyl, Cisalkyl or Ryg;
(¢} Crsalkenyl, which 1s optionally substituted with halo, hydroxyl, aming,
phenvyl, heterocyclyl, Crsalkyl or Ry;
{(d} Ca.ip cycloalkyl, which 1s optionally substituted with Ciealkyl, ORy, NRgRy,
phenvyl {which is optionally substituted with Cy ¢ alkyl, OR, or NRgRy), halo, Ry
or heterocyclyl;
(e} —(CORe;
(f) —(CO}—NRsRq;
(2} Csoi0 heterocyclyl, which is optionally substituted on either the carbon or the
heteroatom with {1-6 alkyl, halo, Ryo, ORy, NRsRy, phenyi (which is optionally
substituted with C1-6 alkyl, ORy or NRgRy), —(CO)R; or —(CO}—NR;zRq;
{h) ORy;
{1) NRgR4;
(1) halo;
(k) Aryl, which is optionally substituted with one or more groups selected from
Cygalkyl {which 1s optionally substituted with one to three halo), halo or Ryy;

(1) Hetercaryl, which is optionally substituted with one or more groups selected
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trom C alky! (which s optionally substituted with one to three halo), halo or
Rio;

{m} O-aryl, which is optionally substituted with one or more groups selected from
Cigalkyl, halo or Ry

{n} O—C, ¢ alkyl, which is optionally substituted with C;salky, halo or Ryg; or
(o) L-A-Ryy;

Riis
(a) hvdrogen;
(b} Ci.salkyl, which 1s optionally substituted with halo, hydroxyl, amino, aryl or
heterocyclyl;
(¢} Cs.10 cycloalkyl, which is optionally substituted with C s alkyl, OR;, NRsRy,
pheny! (which 1s optionally substituted with Csalkyl, ORy; or NRgRyy),
heterocyclyl, aryl or heteroaryl;
{d} —(CO)Rg;
(&} —{CO)—NRgsRq;
(£} Cy-10 heterocyclyl, which s optionally substituted on either the carbon or the
heteroatom with Ciealkyl, OR 1y, NRgR 1, phenyl {which 1s optionally substituted
with Csalkyl, ORy; or NRgRy;), heterocyclyl, —(CORs or —{(CO)»—NRzRs;
(g) ORy;
{(h} NRsRyy;
(1) Aryl, which is optionally substituted with one to five halo or Ry
(j) Heteroaryl {(wherein the heteroarvl has 5 or 6 members in which 1, 2, 3, or 4 of
the atoms 15 a hetercatom selected from N, § and ), which is optionally
substituted with one to five halo or Ryg;

JLERE

(a) hydrogen;

(b) Cy zalkyl, which is optionally substituted with halo, hydroxyl, amino, aryl,
cycloalkyl or heterocyclyl;

(¢} Cs.0 cycloalkyl, which is optionally substituted with Cigalkyl, (Cis
alkyDaryl, (CalkyhORo, OR4, NRgRy, phenyi (which 1s optionally substituted
with Cygalkyl, ORy, NRgRy, heterocyclvl, —(COIRE or —{(CO)}—NRzRs};
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{d) —(CO)Rs;
(8) —(CO)—NRsR;
(£} Crs alky{C=0INRRCR®C=0)NRR;
(g} Cy.i0 heterocyclyl which is optionally substituted on either the carbon or the
heteroatom with one to three substituents selected from Cy¢ alkyl, halo, ORy,
NRsRy, —{(COIRs, (CO)—NRgRo or phenyl (which s optionally substituted with
Ciealkyl, ORy4, NRgRy, heterocyelyl, —(CO)Rg or —{(CO)}—NR3Ry);

Rs 15
(a) hydrogen;
(b) Cizalkyl, which is optionally substituted with halo, hydroxyl, amino, aryl,
cycloalkyl or heterocyclyl;
(¢} Cs.10 cycloalkyl, which 1s optionally substituted with Cigalkyl, (Cig
atkyharyl, {C16 alkyDHOR,, OR4, NRRy, phenyl (which is optionally substituted
with U salkyl, OR4, NRsRy, heterocyclyvl, —{CO)Rs or —{(CO)}—NR3Rs;
{d) —(CORs;
(e} —{COr—NRgRo;
(£} C1.6alkyH{C=0ONRCR{C=={3NR;R;
(g} Cy-10 heterocyclyl which 1s optionally substituted on either the carbon or the
hetercatom with one to three substituents selected from Ci s alkyl, halo, ORy,
NRgRy, —{(CORg, (CO}—NRRy or phenyl {which is optionally substituted with
Cisalkyl, ORy, NRgRy, heterocyclyl, —(CORg or —{(CO}—NR:Ry);

Ryis
(3) hydrogen;
(b} Cigalkyl, which is optionally substituted with halo, hydroxvi, amino, phenyl
or heterocyclyl;
(¢} Cs.q0 cycloalkyl, which is optionally substituted with € alkyl, ORy, NRgRy,
phenyl (which is optionally substituted with C, ¢alkyl, ORy, NRgRy, heterocyclyl,
—{CO)Ry or —(CO}—NRgRo};
(d) Cy.i0 heterocyclyl which is optionally substituted on either the carbon or the
heteroatom with C ¢ alkyl, OR4, NR3Ry, phenyi (which s optionally substituted
with Cy ¢ alkyl, ORy, NRgRy, heterocyclyl, —(CO)Rg or —(CO)}—NRgRq):

]
o]
i
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Or Rs and R, together with the atoms between them, can form a three to ten membered
heterocyclic or hetercaryl ring which s optionally substituted with Cy alkyl, (Ci
alkyBaryl, (Cs alkenvharyl, (Ci6 alkyDBORs, ORy, NRzRy, phenyl (which 1s optionally
substituted with Cs alkyl, ORy, NRsRy, heterocyclyl, —(CORg or —(CO)}—NRgRy), —
(CORz, —(CO)—NRERY, or heterocyclyl;
Ry 18 hydrogen or Cysalkyl, —(CORy,, —(CONR
Ry 1s hydrogen or Cygalkyl;
Rio 18

{a) hydrogen;

{(by COaRyy;

(¢} C(O)R1;

(d) NHR 1

(e} NR;1Ryz;

(f NHS(ORR;

{2} NHC(O)Ryy;

() NHC(O)OR

(i) NH-—C=(NH)NH,;

(3) NHC{OWNH;;

(k) NHC(O)NHR,;;

(1) NHC(O)NRuRy;

(m) NC3-6cycloalkyl;

{n} C(O)NHRyy;

{0) C{OINR Ry 2;

(p) SO;NHR,;

(q) SO,NHC(O)Ry;; or

{r} SORy5;
Ry 1s selected from the group consisting of:

(a) hydrogen,

(b) Csecycloalkyl, which is optionally substituted with aryl, heteroaryl or one to

five halo;

() Croalkyl, which 1s optionally substituted with aryl, hetercaryl, or one to five
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halo;
(d) Aryl, which is optionally substituted with one to five halg;
(e} Heteroary! (wherein the heteroaryi has 5 or 6 members in which 1, 2, 3, or 4 of
the atoms 1s a hetercatom selected from N, S and O), which is optionally
substituted with one to five halo;
Ry 1s selected from the group consisting of:
{(a) hydrogen,
(b) Cyealkyl, which is optionally substituted with aryl, heteroary! or one to five
halo;
(¢) Cascycloalkyl, which 1s optionally substituted with aryl, heteroaryl or one to
five halo;
(d) Aryl, which 1s optionally substituted with one to five halo;
{e} Heteroaryl {wherein the heteroaryl has 5 or 6 members in which 1, 2, 3, or 4 of
the atoms 1s a heteroatom selected from N, S and O}, which 1s optionally
substituted with one to five halo;
A s absent or is selected from the group consisting oft aryl or hetercaryl {wherein the
heteroaryl 1s a monocyclic ring of S or 6 atoms or a bicyclic ring of 9 or 10 atoms n
which 1, 2, 3, or 4 of the atoms 1s a heteroatom selected from N, § and O), wherein said
aryl or heteroary! is optionally substituted with one or more substituents selected from
halo, {Cy.xjalkyl, —C{O)YOH, CFs, —80(Cis)alkyl, SGN(Cisjalkyl, SONHC(O)—
{Cradalkyl or N(CHs ),

L is absent or s selected from the group consisting of, —{CHy k—W— , —Z—(CH, Jk—

optionally substituted with one or more groups selected from Cisalkyl or Cscyeloalkyl;
W is selected from the group consisting of: O, NH, NC, qalkyl and S{(O)m, with the
proviso that when W is O, S{O)m, NH or NC,salkyl and simultaneously A is absent then
Rip1s COR,, CORyy, CONHRY, or CONRGRyy

k=0,1,2,3 4, 0r5;

m=0 1, or 2; and

n=0, 1,2, or 3.

b
o=}
~J
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{00783] In a preferred embodiment, the JAK-2 mhibitor 1s ({K}-7-(2-amuinopyrimidin-5-
yvi}-1-({1-cyclopropyl-2,2 Z-triftuoroethyllamino}-3H-pyrido{4,3-Aindole-4-
carboxamide, which is also named 7-(Z-aminopyrimidin-S-y)-1-{[{1R}-1-cyclopropyl-
2,2, 2-trifluoroethyllamino | -5H-pyridof4,3-h lindole-4-carboxamide. In a preferred

embodiment, the JAK-2 inhibitor 1s a compound of Formula (LX)

Formula (LXII)

HN

CF3

or a pharmaceutically acceptable salt, solvate, hydrate, cocrystal, or prodrug thereof.
The preparation of this compound 1s known to those of ordinary skill in the art, and 1s
described in Lim, er ¢/, Discovery of 1~-amino-5H-pyridof4,3-blindoi-4-carboxanude
inhibitors of Janus kinase-2 (JAKZ) for the treatment of myeloproliferative disorders, /.
Med. Chem. 2011, 54, 7334-7349, the disclosure of which s mcorporated by reference
herein.

{00784] In an embodiment, the JAK-2 mhibitor 15 a compound selected from the JAK-2
inhibitors disclosed in U.S. Patent No. U8, 8,518,964 or U.S. Patent Application
Publication Nos. 2010/0048551 Al, the disclosures of which are incorporated by
reference herein.

PD-1 Inhibitors

{00785] The PD-1 inhibttor may be any PD-1 inlubitor or PD-1 blocker known in the art.

In particular, it 15 one of the PD-1 inhibitors or blockers described in more detail in the
following paragraphs. The terms “inhibitor” and “blocker” are used interchangeably
herein in reference to PD-1 inhibitors. For avoidance of doubt, references herein to a PD-
1 inlubitor that 1s an antibody may refer to a compound or antigen-binding fragments,

variants, conjugates, or biosimilars thereof. For avoidance of doubt, references herein to
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a PD-1 inhibitor may also refer to a compound or a pharmaceutically acceptable salt,

ester, solvate, hydrate, cocrystal, or prodrug thereof.

{00786] In some embodiments, the compositions and methods described include a PD-1
mhibitor. In some embodiments, the PD-1 inhibitor is a small molecule. In a preferred
embodiment, the PDD-1 inhibitor 1s an antibody, a fragment thereof, including Fab
fragments, or a single-chain variable fragment (scFv). In some embodiments the PD-1
whibitor is a polyclonal antibody. In a preferred embodiment, the PD-1 inhibitor is a
monoclonal antibody. In some embodiments, the PD-1 inhibitor competes for binding
with PD-1, and/or binds to an epttope on PD-1. In an embodiment, the antibody
competes for binding with PD-1, and/or binds to an epitope on PD-1. In some
embodiments, the PD-1 inlubitor 1s included in a composition or a method and s further
combined with a BTK mhibitor, a PI3K inhibitor, and/or a JAK-2 inhibitor. In some
ernbodiments, an anti-PD-1 monoclonal antibody 1s included 10 a composition or a
method and is further combined with a BTK mhibitor, a PI3K inhibitor, and/or a JAK-2
mhubitor. In some embodiments, an anti-PD-1 monoclonal antibody 18 included n a
composition or a method and 1s further combined with a BTK inhibitor and/or a JAK-2
mhubitor.  In some embodiments, a PD-1 inhibitor 18 mncluded m a composition or a
method and is further combined with a BTK inhibitor. In some embodiments, an anti-
PD-1 monoclonal antibody s included 1 a composition or a method and 1s further
combined with a BTK inhibitor. In some emboduments, a PD-1 inhubitor s included in a
composition or a method and 1s further combined with a PI3K inhubitor. In some
embodiments, an anti-PD-1 monocional antibody is included in a composttion or a
method and 18 further combined with a PI3K mhibitor. In some embodiments, a PD-1
mhibitor is included in a composition or a method and is further combined with a JAK-2
mhibitor. In some embodiments, an anti-PD-1 monoclonal antibody s included ina
compostiion or a method and is further combined with a JAK-2 inhibitor. In preferred
embodiments, the compositions described herein provide a combination of a PD-1
mhibitor with a BTK inhibitor, or methods of using a combination of a PD-1 inhibitor
with a BTK inhibitor. In some embodiments, the PD-1 inhibitors provided herein are
selective for PD-1, in that the compounds bind or interact with PD-1 at substantially

lower concentrations than they bind or interact with other receptors.

DB/ 84322047.1 289



WO 2016/024231 PCT/IB2015/056127

{00787] In some embodiments, the compositions and methods described include a PD-1
mhibitor that binds human PD-1 with a K of about 100 pM or lower, binds human PD-1
with a Ky of about 90 pM or lower, binds human PD-1 with a Kp of about 80 pM or
lower, binds human PD-1 with a Ky of about 70 pM or lower, binds human PD-1 with a
Kp of about 60 pM or lower, binds human PD-1 with a Ky, of about 50 pM or lower,
binds human PD-1 with a Ky, of about 40 pM or lower, or binds human PD-1 with a Kp
of about 30 pM or lower.

{00788] In some embodiments, the compositions and methods described include a PD-1
inhibitor that binds to human PD-1 with a Ky, of about 7.5 x 10° I/M-s or faster, binds
to human PD-1 with a Kueoc of about 7.5 x 10° UM:s or faster, binds to human PD-1 with
4 Kassoc F about 8 x 10° /M-s or faster, binds to human PD-1 with a Kueee of about 8.5 x
10° UMs or taster, binds to human PD-1 with a Kyeec 0f about 9 < 1 O VM-s or faster,
binds to human PI3-1 with a Ky of about 9.5 x 10° I/M-s or faster, or binds to human

PD-1 with a kaseoc of about 1 x 10° UM-s or faster.

[00789] In some embodiments, the compositions and methods described include a PD-1

mhibitor that binds to human PD-1 with a kgieee of about 2 # 1 07 Us or slower, binds to

s

human PD3-1 with a Kaissoe 0f about 2.1 < 107 /s or slower , binds to human PD-1 with a
Kaissoe Of about 2.2 x 107 Vs or slower, binds to homan PE-1 with a Kaueo of about 2.3 =
107 Vs or slower, binds to human PD-1 with a Kaiseee of about 2.4 ~ 107 s or slower,
binds to human PD-1 with a kg of about 2.5 x 107 /s or slower, binds to human PD-1
with a Kgieee of about 2.6 x 107 Vs or slower or binds to human PD-1 with a Kaissoe 0F
about 2.7 x 107 I/s or slower, binds to human PD-1 with a Kgjee of about 2.8 x 107 1/s or
slower, binds to human PD-1 with a kgisec of about 2.9 X 107 is or slower, or binds to

N - y
human PD-1 with a Kgiseoe of about 3 % 107 1/5 or slower.

{80796] In some embodiments, the compositions and methods described include a PD-1
mhibitor that blocks or inhibits binding of human PD-L1 or human PD-1L.2 to human PD-1
with an ICs of about 10 nM or lower, blocks or inhibits binding of human PD-L1 or
human PD-L2 to human PD-1 with an ICs; of about 9 nM or lower, blocks or inhibits
binding of human PD-LI or human PD-L2 to human PD-1 with an 1Csy of about 8 nM or

lower, blocks or inhibits binding of huoman PB-LI or human PD-L2 to human PD-1 with
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