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SYR INHIBITORS
FIELD

{80811 The present disclosure relates to compounds and 1o their use In the treatmeni
of various diseases, including cancer and inflanumatory conditions. The disclosure also
relates to methods for preparation of the compounds and Yo pharmaceutical compositions

comprising such compounds.
BACKGROUND

{6082} Protein kinases, the largest family of homan enzymes, encompass well over
300 proteing. Spleen Tyrosine Kinase {Syk} is a member of the Syk family of tyrosme
kinases, and is a regulator of early B-cell development as well as mature B-cell

sctivation, signating, and survival.

10631 The inhibition of Syk activity can be usefl for the treatment of allergic
disorders, autoimnuine diseases and inflanmatory diseases such as: SLE, rheumatoid
arthritis, multiple vasculitides, wdiopathic thrombocyiopendc porpura (ITP), myasthenia
gravis, allergic rhinitiy, chronic obstructive pulmonary disease (COPDY, adult respiratory
distress syndrome {ARDs) and asthmea. In addition, Svyk has been reported {0 play an
fmportant role in ligand-independent tonic signaling through the B-cell receptor, known
o be an mporiant survival signal in B-cells, Thus, inhibition of Syk activity may also
bre useful in treating cortain types of cancer, including B-cell tvmphoma and leukemia.
LS. Patent Numbers 8,455,493 and 8,440,667 disclose Syvk inhabitors, the disclosures of

which are hereby incorporated by reference fn thelr entivety.

{4} There 15 a contimued need 1o provide compounds that are effective Syk
inhibitors, including compounds having desirable pharmacokinetic properties for use as
therapeutics for ireating cancers and other diseases, meluding for use as potential
combinations with other therapeutios or chemotherapeutica agents for freatmg

hemostologic and solid tamor cancers.
SUMMARY

LR Accordingly, the present disclosure provides compounds that function as Syk

mhibitors, ¥o one embodiment, the disclosure provides g compound of Foomla I
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& wherein #* indicates the carbon atom of the indicated phenyl

ring of Fornuda I to which R’ is attached;
R? is H or 2-hydroxyethoxyl;
R’ is ¥ or methyl; and
14 is H or methyl.

{066] In some embodiments of the compound of Pormuda I, or & phanaceutically
HO
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* |, Insome embodinents, R'is *

HEEUR in some embodiments of the cosnpound of Formula L or 2 pharmacentically
acceptable salt thereof, RY is H. In some embodiments of the compound of Formula L, or

a pharmaceutically acceptable salt thersof, R? i 2-hydroxyethoxvl.

[B6048] In some embodiments of the compound of Foroula 1, or & pharmaceutically
acceplable salt thereof, R’ is H. In soms smbodiments of the compound of Fornmla §, or

a pharmacsotically acceptable salt thereof, R” is methyl.

HE I some embodiments of the compound of Formouls 1 or a pharmaceuntically
accaptable salt thereof, RY is M or methyl. In some embodiments of the compound of
Formmila I, or 8 pharmaceutically acceptable salt thereof] &' is H. In some embodiments
of the compownd of Formula I, or 8 pharmacentically scceptable salt thersof, R is
methyl

{6018] In some embodiments of the compound of Formmda I, or a pharmacenticaliy
0

/Nj
L e
i

acceptable salt thersof, R is H ; R is H or 2-hydroxyethoxyl; B is H or methvl;

and B is H or methyl. In one variation of Formula 1, or 2 pharmaceutically accsptable

Ll
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salt thereof, Rl is # R R sHor methyl; and ®lisHor methyl. In another
o

[Yj
;
variation of Formula I, or & pharmaceetically acceptable salt thereof, R' s+ (1 R%is

2-hydroxvethoryl: B is F; and R is H or methyl.

811} In some emboduments of the compound of Formula I, or a pharmaceutically

e
N
acceptable sali thersof, R'is b oand any one of RY R and R* s H. In another
Wi
o
b
»

variation of Fornmla §, or a pharmaceutically acceptable salt thersef] R is .

andd any two of B, P and R* s 1.

[adi} in some smbodiments of the compound of Formula § or a pharmaceutically
O

L‘[; 4, o /ﬁ]
ha

N
acceptable salt thereof, ®is 3:‘ and any one of R, R® and B is H. In some

smbodiments of the compound of Formula T, or a phavmacoutically scceptable salt

OH
- (a\
"i‘j ;
thereof, R'is * and any two of RZ, R and R* s HL
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HEEEH In some embodiments of the comppound of Formuda § or 3 pharmaceuotically
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and & R and B are each H and R is H or methyl,

[914]  In some emmbodiments, the compound of Forouda I is selected from the group

consisting oft
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N : or a pharmaceutically acceptable salt thereoll

[BB15] In some smbodiments, the compound of Formaula 1 is selected from the
group consisting of

2-{5-{{6-{6-amoino-S-methylpyrazin-2-yhivmidazof 1, 2-a jpyrazin-8-yDamine }-2-{4-
{oxetan-3-yDpiperazin- 1-yhiphenoxyiethanod;

g
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&-{&-aminopyrazin-2-yH-N-{$-{4-{oxnetan-3-y]Ipiperazin-1-yDphenviimidazo] 1,2~
ajpyrazin-§-amine;

2-{{4-{4-{{6-{b-amincpyrazin-2-yliimidaze } , 2-ajpyrazin-B-
yhaminojphenylpiperazin-1-ylmethyljpropane-1,3-diol;
2-{5-{{6-{G-auninopyrazip-2-ylimidaro{ 1 2-alpyrazin-8-yhamino -2 -{4-{oxctan-3-
viypiperazin- I-vi}phenoxyiethanol;

(R 4-{4-{{6-{6~aminopyrazin-2~-yi sidasof 1, 2-a)pyrazin-8-
vijamme)phenylimorpholin-2-vlimethanol;
G-{B-aminopyrazin-2-vii-S-methy -N-(4-{4-{oxetan-3-vlipiperazin-1 -
shiphenytimudazo{ 1, 2-slpyrazin-S-amine; and

&-{ G-amino-S-methylpyrazin2-y13-N-{4-{4-{oxetan-3-viipiperazin-1-
viphenyiimidazo] 1,2-alpyraxin-R-amine;

or 8 phamacentically acceptable salt thereof,

[0014] Provided herein are alse methods of using the compound of Formuda L or a
pharmaceutically acceptable salt thersof, in the trostment of a disease or condition in a
subject, such as a human. Such diseases and conditions include inflammatory
dizorders, allergic disorders, antoimmune diseases, or a cancer {Including carcinoma,

sarcoma, melanoma, lymphoma and leukemia).

6817} In some instances, the diseases and conditions that may be treated with the
compounds disclosed herein include cancers such as bladder cancer, breast canver,
colorectal cancer, endometrial cancer, kidnev/renal-cell cancer, hng cancer, pancreatic
cancer, prostate cancer, thyroid cancer, lenkemda, melanoma, and non-Hodgkin’s

tymphoma.

[BO18} in some gmbodiments, the disease is cancer, incloding a hematologic
maligrancy or 8 solid hrnor. In some embodiments, the cancer is lymphoma, multiple
myeloma, or leukemia, In some embodiments, the hematologic malignancy 18

leukemia or lyrophoma,

Y In some smbodiments, the disease or condition that may be wreated is g
hematologic malignancy selected from the group consisting of ymphoma {e.g. small
bymphooyhe lymophoma (SLL), non-Hodgkin®s lvmphoma (NHL), indolent non-
Hedgkin’s ymphoma (iNHL), refractory INBEL, mantle cell lymphoma (MCL),

fotlicular bvmphows (FL), lymphoplasmacytic lymphoma (LPL), marginal zons
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tvmphoma (MZL}, immunoblastic large cell Iymphoma, lymphoblastic lymphoma,
Splende margina! zone B-cell lvmiphoma (/- villous lymphocoytes), Nodal marginal
zone lvinphoma (+- monoeytod B-oells), Extranodal marginal zone B-cell lymphoma
of ncosa-associgted tymphoid tissue (MALT) type, T-cell lvmphoma {e.g. cutansous
T-cell lymphoma, extranodal T-cell lymphoma, anaplastic large cell Iymphoma,
angioimmuncblastic T-cell lymphoma, mycosis fungoides), B-cell lvmphoma, diffuse
iarge B-cell lymphoma (DLBCL), Mediastinal large B-cell lymphoma, Intravascular
large B-cell lymphoma, Primary effusion ymphoma, small non-cleaved cell
tymaphoma, or Burkitt's lymphoma), multiple myeloma, plasmacytoma, and leukemia
{z.p. acute Iymphooytic leakemia {ALLY, T-cell acute hymphobastic leukemia (T-
ALL}, B-cell acute lyrophoblastic levkemia (B-ALL), B-cell prolymphocytic leukemia,
acute myeloid lenkemia (AML), chronic lymphocytic leukenua (CLLY, juvenile
myelomonoecytic leokemia (JMML), munimal residual disease (MR, hairy cell
feukenna, myelofibrosis {e.g. primary or secondary myelofibrosis}, or chronic myvelodd
fenkemia (UML), myelodysplastic ayndrome (MDS), myeloproliferative disease

{MPD), and Waldsstrom’s macrogiobulinemia (W)

jBo20; Inn some embodiments, the cancer is a solid fomor, In some embodiments,
the solid nmmor 15 from & cancer selected from the group consisting of pancreatic
cancer, urological cancer, bladder cancer, colorectal cancer, colon cancer, breast
caneer, prosiate cancer, renal cancer, hepatocelhular cancer, thyroid cancer, gall
bladder cancer, lung cancer {e.g. non-small cell long cancer, small-cell lung cancer),
ovarian cancer, cervical cancer, gastric cancer, endometrial cancer, esophageal cancer,
head and neck concer, melanoma, neurcendocrine cancer, CINS cancer, brain tumors
{e.g., glioma, suaplastic oligodendroglioma, adult glichlastomsa madtiforme, and adult
anaplastic astrocytoma}, bone caneer, soft issue sarcoma, retinoblastomas,
newroblastomas, peritoneal effusions, malignant pleural effusions, mesothelomas,
Wikns tumors, trophoblastic neoplasms, hemangioperioytomas, Kapost's sarcomas,
myxoid carcinoma, round cell carcinoma, squamous cell carcinomas, ssophageal
sguamous oell carcinomas, oral carcinomas, cancers of the adrenal cortex, and

ACTH-producing funors.

{8821} in some embodiments, the disease or condition that may be treated ig
aglected from the group consisting of systenuce lopus erythemadosus (SLE), myestenia
gravis, Goodpasture's syndrome, glomerulonephritis, hemorrhags, polmonary

e
i
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hemorrhage, atherosclercsis, rtheumaiond arthritis (RA), psoriatic arthritis,
monoarticular arthritis, ostecarthritis, gouty arthritis, spondylitis, Behoot disease,
sutotmmune thyroiditis, Reynaud’s syndrome, scute disseminated encephalomyelitis,
chronie idiopathic thrombocoytopenic purpura, multiple sclerosis (MS), Sidgren’s
syndrome, auntommmune hemolytic anemia, tissue grafl rejection, hyperacute rejection
of transplanted organs, allografl rejection, graft-versus-host disease, diseases involving
leukocyte diapedests, disease states due to leukooyie dysorasia and metastasis,
granulocyie transfusion-associated syndromes, oytokine-induced toxicity, scleroderma,
vasculitis, ssthma, psoriasis, inflaromatory bowel disease {o.g. chronic inflamumatory
bowel disease, ulcerative colitls, Crobn's disease, necrotizing enterocolitis), irritable
bowel syndrome, dermatomyositis, Addison’s diseage, Parkinson’s disease,
Alzhetmer’s discase, disbetes, type I diabetes mellitus, sepsis, septic shook, endotoxic
shock, gram negative scpsis, gram positive sepsis, and toxic shock syndrome, multiple
organ injury syndrome secondary (o septicemia, traums, hypovolemic shock, slergic
conjunctiviiis, vemal conjunctivitis, and thyroid-associated ophthalmopathy,
eosinophihic granuloima, eczema, chronic bronchitis, acute respiratory distress
syndrome, allergic rhinitls, corvaa, hay fever, bronchial asthma, silicosts, pulmonary
sarcoidosis, plaurisy, alveokhis, emphysema, pneumeonia, bacierial pneumonia,
bronchiectasis, and pulmonary oxvgen foxicity, reperfusion inpury of the myocardium,
brain, or extremities, thermal injury, cystic Shrosie, keloid formation or scar Hasue
formation, fever and myalgias due to infection, and brain or spinal cord injury due to
minoy auma, diseases involving levkocyie diapedesis, acute hypersensitivity, delaved
hypersensitivity, urticaria, food sllorgies, skin sanbum, nflammatory pelvic diseass,
urethritls, wveltis, sinusitis, pneureonitts, encophalitis, memngitis, myocarditis,
neplwitis, osteomyelitis, myositis, hepatitis, alcoholic hepatitis, gastritie, enteritis,
coniact dermatitis, atopic dermatitis, gingivitis, appendicitie, pancreatitis, cholooystitis,

polveythomia vera, essential thrombocythemia, and polycystic kidney disease.

8822} in some embodiments, the disease 15 an antomymune disease. In some
embodiments, the autoimmune disease 18 systenmic lopus ervibematosus (SLE},
myestonia gravis, rheumatoid arthritis (RA), acwie dissemsinated encephalomyelitis,
idiopathic thrombooytopenic purpura, multiple sclerosis (MS), Sjoegren’s syndrome,
paoriass, autoimmune hemolytic anemia, asthing, uloerative colitds, Crohn’s diseass,

irrifable bowel disease, or chronic obstructive pulmonary disease ({COPDY. In some

&
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embodiments, the discase is sxcessive or desiructive ivpnune reactions, such as
asthma, rheumatoid arthritis, maltiple sclerosis, chronic obstructive pulmonary disease

{COPIN, or systemic fupos erythematosus.

HEPARY] in sowne embodiments, the disclosure provides pharmaceutics! compositions
comprising a conpound of Forpula ¥, or a pharmaceutically acceptable salt thereof, and

a pharmacsutically acceptable vehicle.

{8624} In some embodiments, the disclosure provides pharmaceutical compogsitions
comprising a themapeutically effective amount of g coroponnd of Formula L or a
pharmaceutically acceptabls salt, pharmacentically acceptable ester, stereoisomer,
mixture of sterecisomers or tantomer thereof, and at least one pharmaceutically
acceptable vehicle, Examples of pharmaceutically acceptable vehicle may be selected

from carriers and other excipionts, adjuvants and the like,

8825} Also provided are mathods of treating a disease or condition in a subject in
need thereot by administering © the subject a therspeuntically effective amownt of a
compound of Formuuda |, or 2 pharmacentically acceptable salf, pharmaceutically
acceptalie ester, sterecisomer, mixture of stsreoisomers or tautomer thereof, or a
pharmaceutical composition thereof. Tn one variation of 2 method of treating a disease
or condition 1o a subject in need thereof {o.g., 2 human n need thereof), the method
comprises administering o the subject 4 therapeutically effective amount of a compound
of Formuda I or & pharmaceutically acceptable salt thereof. In some embodiments, the
disease or condition i an inflammatory disorder, an allergic disorder, an sutobmmmune

disease, OF & Canoer.

{6826} Also provided is 8 method of inhibiting kinase activity of 8 Syk kinase
polypeptide by contacting the polypeptide with & compound of Formula Tor s
pharmaceutically accepiable salt, pharmacentically scceptable sster, stereoisomer,
miixture of stergoizsomers or tantomer thersof, In one aspect is provided a method of
inhibiting kinase activity of a Syk kinase polypeptide by contacting the polypeptide with

a compound of Formule § or 8 pharmacsutically acceptable sali thereof

ooz Also provided are methods of methods for treating cancer in a subject in need
thereof, comprising administering o the subject a therapentically sffective smount of a
compound of formuls §, or 2 pharmacentically acceptable salt thereof, in combination

with a vinca-alkaloid, or a pharmacentically acceptable salt thereof In some
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embodiments, the subject is a fowean who has a cancer responsive 10 Syk activity. In
another embodiment, the subiect is a buman who has a solid cancer fumor which
gxpresses Svk. In some embodiments, the subject is a human who has g 17p deletion, a
TES3 mutation, NOTCHI, a SF3B1 mutation, 2 11g deletion, or any combination
thereof. In one embodiment, the subject is a buman who has a 17p deletion, a TPS3
mutation, or a combination thereof, Io another embodiment, the subject is a buman who

has NOTCHI, a SF3B1 mutation, & 11g deletion, or any combination thereof,

BR2R] In some embodiments, the vincs-alkaloid is selected from the group
consisting of vineristine, vinblastine, vindesing, vinorelbing, desoxyvincaminol,
vincaminol, vinburnine, vincamajine, and vineridine, and pharmacentically acceptable
salts thereof. In certain embodiments, at least one vinca-alkaloid is selected from the
group consisting of vincristine, vinblastine, vindesine, vinorelbine, desoxyvincaminol,
vinganinol, vinburnine, vincamaiine, and vineriding and pharmaceutically accopiable
salts thereof. In some embodiments, the vinca-alkaloid is selected from the group
consiating of vinenstine, vinblasting, vindesine, and vinorelbine, and pharmaceutically
acceptable salts thereof. In other embodiments, the vinca-alkaloid is selected from the
group consisting of vincristine and vinblastine, and pharmaceutically sceeptable sailtg
thereof. In one smbodiment, the vinca-alkaloid s vincristine and pharmaceutically
acceptable salts thereofl In another embodiment, the vinca-alkaloid is vinblastine and

pharmacentically acceplable salts thereofl

LA Provided herein are also methods for troating cancer in a subject in need
thereof, comprising admmistering 1o the subject a therapeutically effective amount of a
compound of formula I, or 8 pharmacsutically accepiable salt theveof, and a
therapeutically effective amount of 8 vinca-alkaloid, or 2 pharmacentically acceptable

salt thereof. In cortain embodiments, the compound of formuda Tis
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and the vinca-alkaloid i3 selected from the group of vincristine or vinblastine. In one

embodiment, the compound of formula L is
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and the vinca-atkalod is vineristine. In snother embodinment, the compound of formula i

i8

and the vinca-alkaloid is vinblastine.

{60347 Provided herein are also methods for treating cancer in a subject i nesd
thereof, comprising admimstering to the subject a therapentically effective amoumt of a
compound of fornmila 1, or 8 pharmaceutically acceptable salt thereof, and a
therapegtically effective amount of a vinca-alkalodd, or a pharmaceutically acceptable
salt thereof, wherein: the subject is 8 human who is not undergoing any other anti-cancer
treatments; and the subjeot is (1) refractory to at least one anti~cancer treatmaent, or {1} in
relapse after treatoeny with af least one anti-cancer therapy, or & combination thereof. In

certain embodiments, the compound of formula is
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and the vinca~-alkalnid ig selected from the group consisting of vincristine or vinblastine.

In one embodiment, the compound of formula T is
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and the vinca-alkaloid is vincristine. In another smbodiment, the compound of formula 1

is

O
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and the vinca-altksloid iy vinblastine,

{8631} Provided berein are also figures and exameples tHustrsting that the combination
of the compeound of forpmla I, or & pharmaceutically acceptable salt thereof, and a
therapeutically effective amount of a vinca-alkaloid, or s pharmacentically acceptable
salf thereto, has unexpected improvements over the effects of the compound of formula
I, or the vinca-alkaloid, alone in monotherapy or adouinistered as a sole agent in the
treatment of certain cancers and their respective cell hnes. In some embodiments, the

vinca-alkaloid is selected from the group consisting of vineristine and vinblasting.

{8632} In some embodiments, the subject is refractory to at least one anbi-cancer
treatment. In other emchodiments, the subject is in relapse aftor treatment with af least

one anti-cancer ireatment.

{6833} In some embodiments, about 50 mg to 300 mg of the compound of formula I,
or a pharmaceutically acceptable salf thereof is administered o subject once daily. In
other embodiments, about 100 myg to 2530 mg of the compound of formula 1, or a

pharmaceutically acceptable salt thereof, 5 adnunistered {o the subject once datly. In
i2
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one embodiment, about 180-200 mg of the compound of formula L ora

phammacentically acceptable salt thereof, 1s administered t© subject once daily.

{86341 In ope variation, the subject is a buman who bas 8 17p deletion, 2 TPS3
mwstation, or & combination thereof] and about 50 mg to 300 mg of the compound of
formula L or a pharmaceutically accepiable salt thereof, is administered to the subject
once daily. In another variation, the subject is a bumen who has a 17p deletion, a TES3
mtation, or a combination thereof; and abowt 100 myg to 250 mg of the compound of
formula 1, or a pharmaceutically acceptable aalt thereof, is administered to the subject
once daily. In yet another variation, the subject is 2 butean who has a 17p deletion, a
TPS3 mutation, or a combmation thereof] and about 180 to about 200 myg of the
compound of formula §, or & pharmacsutically acceptable salt thereof, is administered

o the subject once dagly.

{60357 In other embodiments, the vinca-alkaloid, or 3 pharmaceuticslly accsptable salt
thersef], i adminisiered o the subject once a week at clinically approved or sub-
clinigally approved amounts. In some embodiments, the amount of the vinca-atkaloid
is admimstered to the subject once a week at 8 sub-clinscally approved amount. In
other embodiments, the vinca-slkaloid is vincristine and the amount of vincristing, or 2
pharmacestically acceptable salt thereof, is administered at & dose between 0.1 mg-M°
and 1.5 mg-h. In other embodiments, the vinca-alkaloid is administered to the subject
once a wesk at a dose of between 0.25 mg-M2 and 1.0 mg-M2 and the vinca-alkaloid
is selected from the group consisting of vinoristine and vinblasting. In other
crmbodiments, the vinea-alkaloid is administered to the subject once daily at a dose of
between 0.1 wg-M2 and (.2 mg-M2 and the vinca-alkaloid is selected from the group

congisting of vineristine and vinblastine,

[5836] In cortain embodiments, the compound of formula (I or 2 phamacentically
acceptable salt thereof is adminisiered before the vinca-alkalodd, or a pharmaceutically
acceptable salt thereof In other embodiments, the vinea alkaloid, ora
pharmacentically scceptable salt thereof, is aduuinistered before the compound of

formla (1) or a pharmaceutically acceptable salt thereof,

164371 1o one emmbodiment, the compound of formula (I) or 8 pharmaceutically
aceaptable salt thereof, and the vinca-alkaloid, or 2 phammaceutically acceplable salt

13
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thereof, are admimstered simultsneonsly, wherein the vinca-alksloid s administered
via IV and the compound of formula 15 administered via tablet. In other
embodiments, the compound of formuda (I} or 2 pharmaceutically accepiable salt
theveot, and the vincs-alkaloid, or a pharmacentically scceptable salt thereof, are
adounistered once 2 day. In other embodiments, the comapound of formula (Dora
phammaceutically acceptable salt thereof, and the vinca-alkaloid, or a pharmaceutically
scceptable sali thereof, are administered once a week. In one embodiment, the
compound of formuds ) or & pharmaceutically acceptable calt thereof, is administered
onee a day, and the vinca-atksioid, or a pharmaceutically accepiable salt thersof] is

administered once a week,

{B038] In some embodiments, the cancer is 2 hematologic malignancy. In certain
embodiments, the cancer is 3 leukamis. In one embodiment, the Jeukeria s chronic
vephoeytic leakensda (CLL}) In certain embodinoents, the cancer is & lymphoma. In
one embodiment, the lvmphoma ts non-Hedgkin’s lvmphoma {(NHL). In one variation,
the NHL 1s diffuse large B-cell vmphoma (BLBCL), mantle cell Iymphoma (MCL),
follicular lymphoma (FL}, small lymphoeytic lvowphoma (SLL}, lvmphoplasmacytic
tyrophoma {LFL), and/or rmearginal zone lymphoma (MZL). Thus, it is understood that
inn one aspect the subject is @ lnuman who has a hematologic malignancy, such as

leukemia or lymphoma.

{839 In certain embodunents, the cancer is selectad from the group consisting of
acute lymphoeyvtic loukemia {ALL}, acute myeloid leukemia { AML), chronic
iymphiocytic loukennia (TLL}, small lvmphocytic lymphoma {SLLY, myslodyaplastic
syndrome {(MDS), myeloprobiferstive disease (MPD), chronie myeloid loukemia
{CML}, multiple myeloma (MM}, non-Hodgkin’s lymphoma {NHL), indolent non-
Hodgkin’s lymphoma (INHL), refractory INHL, mantle cell lymphoma (MCL),
follicular lymphoma (FL), Waldestrom’s macroglobulinemia (WM}, T-cell lymphoma,
B-coll iymphorsa, diffuse large Bcell lymphoma (BLBCL), Iymphoplasmacytic
Iymyphoma {LPL}, and marginal zone lymphoma (MZL)L

{8048] In some smbodiments, the cancer 13 a solid tunor cancer {or solid cancsy
tmor). In certain embodiments the cancer is 8 solid tumor and expresses spleen

tyrosine kinase (Svk) activity, In other embodiments, the solid tumor canver is selecied
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from the group counsisting of pancreatic, hung, colorectal cancer, ovarian, and

hepatocelinlar,

U3 E Also provided is a kit that includes a compound of Foronda I, or g
pharmaceutically accepiable salt, pharmaceuntically acceptable sster, stereoisomer,
mixture of sterseisomers or tmutomer thersof, Tn one aspect, the kit comprises a
componnd of Formuda I, or 8 phanpacentically acceptable salt thereof. The kit may
comprise a label and/or nstructions for use of the compound in the treatment of 2
dizease or condition in a subject {e.g., human} in nead thereof, In some embodiments,
the disease or condition may be associated with or mediated by Syk activity. In other
embodiments, the kit may also contain instructions for uss of 8 vinca-alkaloid in
cornbination with the compound of Formuda 1 in the treatment of a disease or condition
i a subject {e.g., hwunan) in nead thevreof. ¥o cortain of these embodiments, the dissase
or eondition is cancer {o.g. hematologic malignancy, solid fumer cancers) that may be

associated with or mediated by Syk activity,

{6042} Also provided are articles of manufaciure that include 2 compound of
Formula §, or a pharmacoutically acceptable salt, pharmacentically acceplable ester,
stergoisomer, nmixtore of sterecisomens or fantomer thereof; and 8 container. [none
aspect, the article of manufacture comprises a compound of Formula L ora
phammacewtically acceptable salt thereofl In one embodiment, the container may be a

vial, jar, ampoule, preloaded syringe, or an intravenous bag.

[B043} Additional aspects and embodiments of this disclosure are deseribed
throughout,

DESCRIPTION OF THE FIGURES
B4} FIG. 1A and 1B depict and summarize the inhibitory effects of the
combination of 8 compound of Figure 1, 6-(6-ammopyrazin-2-y1-N-{4-{(4-{onetan-3-
yhipiperazin--yiiphenyDimidazol 1 2 -alpyrazin-B-amine, angd one of two of the vinca-
atkaloids, vigeristine {1A) and vinblasting (18), respectively, in the DLBCL cell ling,
DHL-10 when compounds were co-administered,
[B045] FIG, 2A and 2B summarize the inhibition of cell viability by the combination
of a compound of Formula §, 6-{¢-aminopyrazin-2-vI}-N-{4-{d-{oxstan-3-vipiperazin- 1~

yhphenyhinddarol 1,2-alpyrazin-B-amine, and vineristine in the Syk-sxpressing
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malignant colon cell line, MiaPaca, and in the non-Syk expressing malignant colon cell

fine, HepGl.

{0346] FIG. 3 depicts the level of Svk expreesion in the MiaPacs and HepG2

malignant colon cell nes.

60471 FIG, 4 summanzes the levels of Syk expression in malignant cell lines from

lung, panereas, snd colon,

DETAILED DESCRIPTION

048] It has surprisingly been discovered that compounds of Formula I, or
phanmaceutically accepiable salts thereof, possess advantageous properties, making them
atiractive compounds for use as described herein, The compeounds, in addition to being
Syk inhibitors, possess destrable sofubtlity and pharmacokinetic properties. These
findings are particularly striking in view of the properties of comparable parameters of

compounds of similar base structure.

{6049 The following description sets forth exemplary compoaitions, methods,
parameters and the like. I shoold be recognized, however, that such description is not
intended as a hnitation on the scope of the present disclosurs but is nstead provided as

a description of exemplary srobodirsents.

{6056] Also described for a compound of Formula | are the pharmaceutically
acceptable salts, pharmacoutically acceptable esters, pharmaceutically accsptable
sobvates, hydrates, isomers {including optical isomers, racemates, or other mixtures
thereof}, tatomers, isotopes, polymorphs, and pharmaceutically accepiable prodrugs of

such compounds.

RS Y The compounds of the disclosure may possess an asyounetric center, and can
be produced as a racenuic mixture or as individos! enantiomers. The individual
enantiomers may be oblained by ssymmetric synthesis or by reselving g racemic or non-
raceme mixtore of an intermediate at some appropriate stage of the synthesis, The
individual enantiormers may also be obtained by resolution of the compound by
conventional means, such as erystallization i the presence of a resolving agent, or
chromatography, using, for example a chiral high pressure Houid chromatography

{HPLC) cobumn. The individual enantiomers as well as racenie and non-racemic
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mixtures of enantiomers are within the scope of the present disclosure, all of which are
mtended to be included within the structores depicted in this specification unless

otherwise specifically indicated.

HEH B Provided herein are also methods for ireating cancer in & cerfain population
of subiects {e.g., bumans} in need thereof, comprising administering to such subiects a
therapeutically effective amount of a compound of formula 1, or 8 pharmaceutically

accepiable salt, in combination with 8 vinca-alkaloid, or 2 pharmacentically acceptable

salt thereofl In certain ewsbodinents, the compound of forraula s

o
L,A\NA}
L\V*N~ PN
S
?*:5"' \T;;N")
ML N PN

-

%)

which may also be referred o by its compound name 6-{G-aminopyrazin-2-y1-M-{4-(4-
{oxetan-3-vlipiperazin- 1 -ylphenviiimidazo{ § 2-alpvrazin-&-amine. One skilled in the
art understands that the compound strocture may be named or identified using other

commonty recognized nomenclatare systems and symbols inchuding CAS and TUPAC.

{B353] Provided herein are also figures and examples lustrating that the
conthination of a compound of formula § or a pharmaceutically scceptable salt thereof
and a therspeutically effective amoumt of a vinca-alkaloid, or a pharmaceutically
acceptable salf thereto, bas unexpected improvements over the effects of the compound
of foromula I, or the vinea-alkaloid, alone in monotherapy or admimstered as & sole agent
in the treatment of certain cancers and their respective cell lines. In some embodiments,
the compound of formule 1 is 8-{S-aminopyrazin2-yipN-(4-(4-{oxetan-3-yDpiperazin-1-
vijphenyiimidazol 1, 2-alpyrazin-8-amine, and the vinca-alkaloid is selected from the

group consisting of vinoristine and vinblastine.
{66541
BDefinitions

LAY As nsed in the present disclosure, the following words and pheases are
generally infended o have the mesnings as sot forth below, except (o the extent that the

context in which they are used indicates otherwise.
17
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[0058) “Isomers” are different compounds that have the same molecular formula,

Isomers inchude sterecisomers, enantiomers and diastereomers.

HBETY “Stereoisomers”™ gre isormers that differ only in the way the atoms are

arranged in space.

{H058] “Enantiomers”™ are a pair of stereolsomers that are non~supertmposable mirror
images of cach other, A 11 mixture of a pair of enantiomers 18 a “racemic” mixture.

The term ") 13 used to designate a racemic mixiire where appropriate.

{BG89] The shsolute sterecchemistry is specified according to the Cabn Ingold
Prelog R S systere. When the compound is 8 pure enantiomer the stersochenustry at
gach chiral carbon may be specified by either R or S. Resolved compounds whose
absolote configuration is unknown are designated {+) or {-) depending on the divection
{dextro- or lasvorotary) that they rotate the plane of polarized light at the wavelength of

the sodium I line,

R The term “therapeutically effective armount” refers to an amount that is
sufficient to offect treatment, a8 defined below, when administered 10 s subjecti {e.g., a
mammal, such as 3 human} in need of such treatment. The therapeutically effective
amount will vary depending apon the subject and disease condition being trealed, the
weight and age of the subject, the soverity of the disease condition, the manner of
administration and the like, which can readily be determined by one of ordinary skilt in
the art. For example, a “therapeustically effective amount™ of a compound of Formula |,
or & pharmacentically accepiable salt thereot, is an amount sufficient to wodulate Svk
expression of activity, and thereby treat a subject {e.g., & hwan} suffering an indication,
or to ameliorate or alleviate the existing symptoms of the indication. For example, a
therapeutically effective szpount may be an amount sufficient (o decrease a sympiom of

a disease or condition responsive to inhibition of Svk activity.

{60611 The term “polymorph” refers to different orysial structures of a orystalline
compound. The different polymorphs may result o differences i erystal packing
{packing polymorphism) or differences in packing between different conformers of the
same molecule {conformational polymorphism). It is understond thet any polvimnorph of
a compound of Foromla 1, or a pharmacoutically acceptable salf thereof, wsed inthe
treatment of a disease or condition as described herein, while possibly providing varied

properties, incloding phavmacokinetic properties, once absorbed into the subject, results

i8
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in the compound of Formula L, such that the use of 2 compound of Formula §
encompasses the use of any polymorph of a compound of Formula I or a

pharmaceutically acceptable salt thergof.

D362} The term “solvate” refers o a complex formed by the combining of a
compound of Formula 1 and 2 solvent. 1t is understood that any solvate of a compound
of Formudda T used in the treatment of a disease or condifion as described herein, while
possibly providing varied properties, including phanmacokinetic properties, once
absorbed into the subject, results m the compound of Formuls 1, such that the use of 2
compound of Formula § encowpasses the vse of any solvate of a compound of Formula
L

063 The term “hydrate” refers to the complex formed by the combining of 8
comporind of Formuda § and water, Tt s understood that any bydrate of a compound of
Formula Tused in the treatment of a discase or condition as desoribed herein, while
possibly providing varied properties, inchuding phanmacokinetic properties, oncs
abaorbed into the sebject, results in the compound of Formula 1, such that the use of g
compound of Formula { encompasses the use of any bydrate of a compound of Formula

L

[ 04] The term “prodrug” refers to a compound derived from or readily converted
o & compound of Fornnla I that include chemical groups which, in vive, canbe
converted and/or can be split off Yrom the remainder of the moleculs to provide &
corppound of Formula [ or active moiety of the diug, or 2 pharmaceutically acceptable
sall thereof or a biologically active metabolite thersofl It s undersiood that any prodrag
of a compound of Formula { used in the treatment of & dissase or condition as described
herein, while possibdy providing varied propertics, including pharmacokinetic properties,
once absorbed into the subject, resulis in the compound of Formuda 1, such that the use
of a compound of Fornula I encompasses the use of any prodrug of 8 compoumd of

Formula L

{B6S] Also provided herein are isotopically labeled forms of compounds detailed
herein. {sotopically labeled compounds have structures depicied by the formulas given
hercin except that one or more stoms are replaced by an atom having a selected stomic
mags or mass mumber. Examples of isotopes that can be incorporated into compounds of

the disclosure fnchude isotopss of hydrogen, carbon, nitrogen, oxygen, phosphorous,
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finorine and chloring, such as, but pot limited to 'H {denteriuom, I3}, 13 {tritium}, e,
E3C, HC, BN, B2 EP, 32?, 5 5, ¥t and 1 Various isotopically labeled compounds of
the present disclosure, for example those into which radiosctive isotopes such as °H, ’C
and "*C are incorporated, are provided. Such isotopically labeled compounds may be
useful in metabolic studies, reaction kinetic studies, detection or imaging fechmigues,
such as positron enussion tomography (PET} or single-photon emission computed
tomography (SPECT) including drug or substrate Hasoe distribution assays or in
radioactive freatment of subjects (e g. huoans). Also provided for isotopically labeled
compounds desertbed hevein are any pharmeaceutically acceptable salts, pharmaceuntically
acceplable estors, pharmaceutically accepiable solvates, hydrales, enantiomers, mixture
of enantiomers, taomers, polymorphs, and pharmaceutically accepiable prodrugs

thersof

[8868]  The disclosure also inclndes the compound of Formula L org
pharmsceutically acceptable salt thereof, in which frove 1o n hydrogens atiached to g
carbon ston isfare replaced by deuterivm, in which 1 is the number of hydrogens in the
molecals, Such compounds may exhibif increased resistance to metabolism and are thus
useful for increasing the half hife of the compound of Formula §, or & pharmaceotically
acceptable salt thereof, when administered t© 3 mammal. See, for example, Foster,
“Dewterium Isotope Effects in Studies of Drug Metabolism”, Trends Pharmacol. Set.
S{121824-527 (1984). Such compounds are synthesized by means well known in the
art, for example by emploving starting materials in which one or more hydrogens have

been replaced by devterium,

{88671 Dieuterium labeled or substituted therapeutic compounds of the disclosure
may have improved DMPK (drug wmetabolism and pharmacokinstics) properties, refating
o distribution, metabolisie and excretion (ADME}. Substitution with heavier isotopes
such as deuterium may afford certain therapeutic advantages resnlting from greater
raetabolic stability, for example inoreased in vive half-life, reduced dosags reguirements
and/or an improvement in therapoutic index. An UF labeled compound may be wseful for
PET or SPECT studies. Izotopically labeled compounds of this disclosure and prodrugs
thereot can generally be prepared by carryving out the procedures disclosed in the
schemes or in the examples and preparations described below by substituting a readily

available isotopically labeled reagent for a non-isotopically labeled reagent. Tt ig
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understood that deuterium in this context is regarded ag a substituent in the compound of

Formula L

RS The concentration of such a beavier isotope, specifically dentertum, may be
defined by an isotopic enrichment factor. In the compounds of this disclosure any atom
not specifically designated as a particular isolope is meant {o represent any stable isotope
of that atom. Unless otherwise siated, when a position Is designated specifically as “H”
or “hydrogen”, the position is understood to have hydrogen at s natural abundance
isotopic composition. Accordingly, in the compounds of this disclosure any atom

specifically designated as a dewterinm (D) is meant fo represent dewterium.

RIS The term “inhibition” indicates a decrease, such as a significant decrease, in
the baseling activity of a biclogical activity or process. “Inhibition of Svk activity”
refers 1o a decrease i Syk activity ax a divect or indivect reaponse o the presence of g
compound of Formula L or a phavmacentically acceptable salt thereof, relative to the
achivity of Svk in the absence of such compound or & pharmacsatically scceptable salt
thereof. The decrease in activity may be due io the direct interaction of the componnd
with Syl or due o the interaction of the compound(s) described horein with one or mors
other factors that in turn affect Syk activity, For example, the presence of the
corepound(s} may decrease Syk activity by directly binding 1o the Syk, by causing
{direcily or indirectly} ancther factor to decrease Svk activity, or by (directly or
mdivectly) decreasing the amount of Syk present in the cell or organism. In some
embodiments, the inhibition of Syl activity may be compared in the same subject prior

0o treatment, or other subiccts not receiving the treatment.

{6878} Tuhibition of Syk activity also refers to obsarvable inhibition of Syk activity
in g standard biochemical assay for Svk acuvity, such as the ATP hydrolysis assay

described in Example 8 below.

{8071} In some embodiments, the compouad described herein, e.g. # compoursd of
Formulda |, or a pharmaceutically accepiable salt thersof] inhubits Syk kinase activity
with an Iy value less than or equal to | micromolar, such as 0.1 oMo 1 pMor 1 oM
o 1 uML In some smibodiments, the compound or a pharmaceutically acceptable salt
thereof has an ¢ value loss than or equal to less than 500 panormolar, such as 0.1 nM
1o 308 oM or I oM to 500 oM. In some smbodiments, the compound ora

pharmaceutically acoeptable salt thereof has an IUs; value less than or equal to Jess than
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200 nanomolar, such az 4.1 oM 1o 200 oM or 1 oM to 200 i, In some smbodiments,
the compound or a pharmaceutically scceptable salt thereof has an ICsq value less than
or equal to less than 100 nanomolar, suchas 0.1 eM o 100 sM or I oM 0 100 sM. In
some embodiments, the compound or a pharmaceutically acoepiable salt thereof has an
ICsp value less than or equel 0 50 nanomoly, sochas 0.1 nM to S0 nM or | oM 10 58
o, In some embodiments, the compound or s pharmacsutically accepiable salt thereof
has an ICs value lese than or equal 0 20 nanomolar, such as 0.1 nM to 20 nMor I oM
o 20 uM. In some emsbodiments, the compound or a pharmaceutically acceptable salt
thereot has an ICs; value less than or equal 1o 10 nanomelar, such as 0.1 aM o 10 aM or
1 oM to 10 M. Insome embodiments, the 105, value is measured as descrtbed in the

assay of BExample 8.

8872l “Inhibition of B-cell aetivity” refers to a decrease in B-cell activity as a direct
or indirzet responss o the presence of & compound of Formmuda §, or a pharmaceutically
acceptable salt thereof, relative to the activity of B-cells in the absence of such
compound or 2 pharmacentically scceptable salt thereof. The decrease in activity may
be due io the direct interaction of the compound with Syk or with one or move other

factors that in turn affect B-cell activity,

{8073] Inbibition of B-cell activity also refers to observable indubition of CDIE6
gxpression m a standard assay. In some embodiments, the compound deseribed heretn
has an ICs; value less than or equal to 10 oucromolar, such as 1 oM 1o 10 uM or 10 aM
to 1) pM. In some emobodiments, the compound has an ICs valoe less than or equal io
less than | micromolar, such as 1 ob to 1 gM or 10 nd to | pM. Insome
embodiments, the compounnd bas an ICq value less than or equal to 300 nanomolar, such

as 1 nM to 500 1 or 10 ndd to 500 ndL

874} “B cell activity” also inchudes activation, redisiribution, reorganization, or
capping of one or more various B cell membrane recepiors, or membrane-bound
wamunegiobudin, e.g., IgM, 180, and gD, Most B celle also have membrane recepiors
for the Fe portion of IgG in the form of sither antigen-antibody complexes or aggregated
1gG. B cells aleo carry membrane recoptors for the activated components of
complement, e.g., 03h, 03d, €4, and Clg. Theee various membrane receptors and
mwembrane-bound immunoglobuling have membrane mobility and can wndergo

redistribution and capping that can ipitiste signal transduction.
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jBaTsl B cell activity also inclodes the svothesis or production of antibodies or
ronunogiobuling. Immuenoglobuling are synthesized by the B cell series and have
connon structural features and structural units, Five immunoglobulin olasses, 1e, 1gG,
IgA, M, IgD3, and IgE, arve recognized on the basis of structural difforences of their
heavy chains inchuding the amino acid sequence and length of the polypeptide chain.
Antibodies to g given antigen may be detected in all or several classes of
immumoglobulins or may be restricted to a single clase or subclass of mmumoglobulin,
Autoaptibodies or autoimmune antibodies way Hkewise belong t© one or several classes
of immumoglobuiing. For example, rheumatowd factors {amtibodies to IgG) are most

often recognized as an Igh imonunoglobulin, but can alse consist of IgG or IgAl

B878] in addition, B cell activity also is intended o include a series of evenis
leading to B cell clonal expansion {proliferation) from precwrsor B lymphocytes and
differsntiation into antibody-synthesizing plasma cells which takes place in conjunction

with antigen-binding and with cyiokine signals from other cells,

077 “inhibition of B-cell probiferation” refers to inhibition of proliferation of
gbnormal B-cellg, such as cancerous B-cells, o.g. lymphoma B-cells and/ or inkabition of
normal, noa-diseased B-cells. The term “inhibition of B-cell proliferation” indicates any
significant decreass in the number of B-cells, sither in vitvo or o vive. Thus an
inhibition of B-eell proliferation in vitro would be any significant decrease in the number
of B-cells in an in vitro sample contacted with a compound of Formmla T ora
pharmaceatically acceptable salt thereof as compared to 3 matched sample not contacted

with the compound{s).

[6878] {nhilition of B-cell proliferation alse refers to observable whibition of B-eell
proliferation in a standard thymidine meorporation assay for B-coll proliferation, o.5.
such assay as known in the art. In some embodiments, the compounds described herein,
e.g. a compound of Formula I, or & pharmaceutically acceptable salt thereof] hag an ICsp
value less than or equal to 10 micromolar, such as 1 oM 1o 16 pM or 10 oM 1o 10 pM.
In some emmbodiments, the compound or 2 pharmaceniically acceptable salt theveof has
an I0se value loss than or equal to less than 1 micromolar, such as 1 oMo T uM or 10
nh o 1 uM. In some emnbodiments, the compound or a pharmaceutically acceptable salt
thersof has an ICs; value less than or equal to 500 nanomolar, such as T uM o 300 oM
or 10 oM 1o 500 M. In some embodiments, the compound or & phammaceutically
acceptable salt theveot has an sy value less than or equal to 200 nanomeolar, suchan §
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aM to 2060 nM or 16 M 0 200 oM. In some smbodiments, the compound ora
pharmaceutically acceptable salt thereof has an ICsg value less than or equal to 100

ngnomolar, such ag 1 ndM to 100 nM or 10 od to 100 nbi.

LI The “reduction in basophi! activation” refers to the sbility of compounds as
described hersin to reduce the activation of basophils. Basophi! activation is involved,
for example, in inflammatory and autoinymwe diseases as desoribed herein, and the
reduction of activation of basophils is desired 1n compounds as described herein, ¢.¢. a
compound of Formula 1, or & pharmaceutically acceptable salt thereof. The activation of
basophils can be assessed by the measurewment of CD63 expression by basophils, such as
by 2 CDE3 human whole blood basophil cellular assay (25% blood), e.g. such as the

assay desoribed m Example © below,

16985] in some embodiments, the commpound described herein e.g. 8 compound of
Formutla I, or a pharmacentically scceptable salt thereof, has an BECsp value in a suitable
D63 assay of less than or equal to 10 mwicromolar, suchas 1 sdM o 10 pM or 10nM 1o
10 aM. in some erebodiments, the compound or & pharmaceutically acceptable salt
thereof, bas an ECs, value less than or equal 1o lese than 1 micromolar, such as 1 adM o 1
pbMor 1 nM to 1 pM. In some embodiments, the compound or a pharmaceutically
acceptable sall thereof has an ECsq value less than or equal to S0 nanomolar, such as 1
nh to 500 nM or 10 oM o 300 oM. In some embodiments, the compound ora
pharmacentically acceptable salt thereot has an HCy; value less then or equal io 200
nanomelar, such as 1 oMM to 200 oM or 10 o3 10 200 od. In some embodiments, the
compound or a pharmaceutically acceptable salt thereof hag an BCsp value less than or
egual to 130 nanomolar, such as 1 nd 0 150 oM or 10 nd 10 150 oM. In some
gmnbodiments, the compound or a pharmacewtically acceptable salt thereof has an 1
value less than or sgual to 100 nenomolar, such as 1 od to 100 oM or 10 nd o 100 nM.
In some embodiments, the compound or a pharmaceutically acceptable salt thereof has
an By value loss than or equal to 753 nanomolar, such as I oM to 7S oM or 10 aM 10 75
oM. In some embodiments, the ECs value is measured as described in the assay of

Exampla 5.

{081 The “kinetic solubility” refers (o an assessment of the solubility of a
compound in 2 saitable buffer, such as phosphate buffer at pH 7.4, at 3 given
fermperatare, for example at 37 °C. In on instance, kinetic solubility is measured at 37 °C
in phosphate buffer at pH 7.4, such as by the assay as described in BExample 10,
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UL In some embodiments, the compounds described herein, e.g. a compound of
Formula I, or 8 pharmaceotically scceptable salt thereof, has a kinetic solubility at 37 °C
i phosphate buffer at pH 7.4 of greater than or egual to 10 pM, such as 10 gM 1o 300
i or 10 ubd o 250 pM. Ip some embodiments, the compound or 8 pharmaceutically
acceptable salt thereof has a kinstic sohdbility at 37 °C in phosphate buffer at pH 7.4 of
greater than or equal to 30 pM, such as 20 M 1o 300 pM or 20 ubM 10 250 pb. In some
embodiments, the compound or a pharmaceutically acceptable salt thereof has a kinetic
solubility at 37 °C in phosphate buffer at pH 7.4 of greater then or squal to 30 uM, such
as 30 uM to 5300 pM or 30 ub 4o 250 pM. In some embodiments, the compound or a
pharmacentically acceptable salt thereof has a kinetic solubility at 37 *C in phosphate
buffer at pH 7.4 of greater than or equal to 40 pM, such as 40 pM 1o 500 pM or 40 oM
o 250 uM. In some embodiments, the compound or ¢ pharmacentically acceptable salt
thereof has a kinetic solubility at at 37 °C in phosphate buffer pH 7.4 of greater than or
equal to 30 M, such as 3¢ ubd to 300 ud or 50 pM to 250 pM. In some embodiments,
the compound or a phanmaceutioally accepiable salt thereof has a kinetic solubility at 37
°C in phosphate buffer at pH 7.4 of greater than or egoal to 60 M, such as 60 uM to
500 pM or 60 pM 10 250 pM. In some smbodiments, the compound or a
pharmaceutically acceplable salf thersof has a kinetic solubility 5t 37 °C in phosphate
buffer at pH 7.4 of greater than or equal to 70 pM, such as 70 uM to 500 pM or 70 pM
0 250 uM. In soms embodiments, the compound or a pharmaceutically acceptable salt
thersof has a kinetic solubility at 37 °C in phosphate buffer at pH 7.4 of greater than or
equal to 80 M, such as 80 pM to 300 ubd or 80 uM to 250 ud In some smbodimenis,
the compound or 2 pharmacentically acceptable salt thereof has g kinetic solubility at 37
C in phosphate buffer at pH 7.4 of greater than or equal to 90 uM, such as 90 pM to
SO0 pbd or 90 pM 10 250 pM. In some embodiments, the kinetic sohibility is measured

by the assay as described i Example 10,

[BG83] The “human hepatocyie stability” is a measure of the stability of the
eomponnds to metabolism by huuman bepatocyies, and is assessed as the predicisd
hepatic plasma clearance of the commpounds in Liwkg, The predicted hepatooyie

clearance can be measured, for example, by the assay described in Example 11

REERES In some emboduments, the compounds described herein, e.g. 8 compound of
Formuia | has a predicted hepatic plasma clearance of less than or squal to 0.50 Liwke,
such as G.003 L/h'kg to .50 Liw'kg or 0.01 LiAwkg to 0.50 Lbvkg. Insome

2
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empbodiments, the compound has a predicted hepatic plasma clearance of less than or
egual 0 .49 L/rke, such as 0.005 L/brkg to 0.40 Liwikg or .01 Lir'kg to .40
L/hrkg. In sorse emmbodiments, the compound hags a predicted hepatic plasma clearance
of Iess than or equal to 0.30 L/hokg, such as 0.008 L/hr'kg 10 0.30 Lihrfkg or .01
Liw/kg to 0.30 Liwkg. Yo some embodiments, the compound has a predicied hepatic
plasma clearance of less than or equal to 0.20 L/hr/ke, such as 0.005 Liow/ky to .20
fdkg or .01 Lk to 0.20 Lihe'kg. In some embodiments, the compound has a
predicted hepatic plasma clearance of Jess thaw or equal to 0,10 L/hrke, such as 0,005
Lihrikg 0 010 Lih/kg or 8.01 Uhrke 10 8.10 Uibrke, In soms embodiments, the
compound has a predicted hepatic plasma clearance of lees than or equal to (.09 L'he/kg,
such as 8.005 L/wkg to 0.09 Lihw/kg or 0.01 Liw/kg to 8.09 Luw'kg. In some
embodiments, the compound has  predicied hepatic plasma clearance of leys than or
aogual to 8.08 Lhwke, such as 0.003 LAw/ke to .08 Lin/kg or 0.01 D/hw/kg to .08
Lihwkg. In some embodiments, the compound has 8 predicvied bepatic plasma clearance
of less than or equal to .07 L'hokg, such as 0.008 Lihw/kg o 0.07 Uihekg or 0.01
Lrhrkg 1o 0.07 Lhw'kg. In some smbodiments, the compound has a predicted hepatic
plasma clearance of or less than or equal to .06 Liwkg, such as 0.008 Dhr/kg t0 0.0
L/w/kg or 0.01 Lidw/kg to 0.06 L'dwkg. In some embodiments, the predicted hepatocyie

clearance is measured by the assay described in Example 11

[B08S] An "allergy” or “allergic disorder” refers to acquived hypersensitivity to a
substance (alergen). Allergic conditions inchude eorema, sllergic rhinitis or corvea, hay

fever, bronchial asthma, urticaris (hives) and food allergies, and other atopic conditions.

[GORG] "Asthma” refers to a disorder of the respivatory system characterized by
mflammation, navrowing of the atrways and nereased reactivity of the airways to
inhaled agents. Asthues s frequently, although not exclusively associated with atopic or

allorgic symptoms,

8871 By “significant” is meant any detectable change that is statistically significant
in a standard parametric test of statistical significance such as Student’s Ttest, where p

< (.08,

{608E] A “disease responsive to inhibition of Syk activity” is a disesse in which

inhibiting Syk kinase provides a therapeutic bonefit such as an amehoration of
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symptoms, decrease in dissase progression, delay of discase onset, or trdubition of

aberrant activity of cerlam cell-types (monocyies, B-cells, and mast calls}.

G891 *Subject” refers 1o an animal, such as 8 mammal, that has been or will be the
object of treatment, observation or experiment. The methods deseribed herein may be
useful in both human therapy and veterinary appheations. In some embodiments, the
subject 18 8 mammal; in some embodiments the subject s human; and in some
embodiments the subject is chosen from cats and dogs. “Subject in need thereof” or
“human in need thereof™ refers to a subdect, such a3 a human, who may have or is
suspected 1o have dissases or conditions that would benefit from certain treatment; for
example treatment with a compound of Formmla §, or 3 pharmaceutically acceptable salt
thereof, as described hersin. Thig incindes a subject who may be determined & be at
risk of or susceptible to such dissases or conditions, such that weatment would prevent

the dacase or condition from developing.

G096} “Treatment”™ or “ireating” is an approach for obtalning beneficial or desired
results including clinical results. Beneficial or desired clinical results may inchude one

or more of the following:

{1} inhibiting the disease or condition {e.g., decreasing one or more
symptoms resulting from the diseass or condition, and/or dinvinishing the extent of the

disease or condition);

(i}  slowing or arresting the development of one or more clisdeal symptoms
associated with the disease or condition {e.g., stabilizing the disesse or condition,
preventing or delaying the wonseming or progression of the disease or condition, and'or

preventing or delaving the spread {(e.g., metastasis) of the discase or condition}; and/or

(it}  relieving the disease, that is, causing the regression of clinieal
sympioms {e.g., amelioraling the disease state, providing partial or total remission of
the disease or condition, enhancing effect of another medication, delaying the

progression of the disease, moreasing the quality of kfe, and/or prolonging survival).

jBas1] “Drelaving” the development of a dizssase or condition means to defer, hinder,
slow, vetard, stabilize, and/or postpone development of the disease or condition. This
delay can be of varying lengthe of time, depending on the history of the disease or

condition, and/or subject being treated. A method that “delave” development of a disease
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or condition is a method that reduces probability of disease or condition development in
# given tume fame and/or reduces the extent of the disease or condition in a given iime
frame, when compared o not using the method. Such comparisons ars typically based on
clinical studies, using a statistically significant munber of subjecis. DHsease or condition
development can be detectable using standard methods, such as routine physical exams,
mammography, imaging, or biopsy, Development may also refer to disease or condition
progression that may be imitially undetectable and includes oocurrence, recurrence, and

anset.

{6093} In many cases, the compounds of this disclosure are capable of forming acid
and/or base salts by virtue of the presence of anuno and/or carboxyl groups or groups

similar thereto.

{BO93] “Pharmaceutically acceptable salts” include, for exavple, salls with inorganic
aeids and salts with an orgamie scid. Examples of salis may inchude hvdrochloride,
phosphate, diphosphate, hydrobromide, sulfate, sulfinate, nitrate, malate, maleate,
fumarate, tarirate, sucsinale, citrate, acetale, laciate, methanesulfonate (mesylate),
henzenesuflonsie (besviate), p-tohuenesalfonate (osylate), 2-hydroxyethyisulfonate,
henzoate, salicylate, stearate, and alkanoate (such as acetate, HOOU{CH),-COOH
where 1 is {4}, In addition, if the compounds described hergin are obtained as an acid
addition aali, the free base can be obtaned by basifving a solution of the acid salt.
Counversely, if the product is a free base, an addition salt, particularly a pharmaceutically
acceptable addition salt, may be produced by dissolving the free base in 2 suitable
orgamc solvent and freating the solution with an acid, in sceordance with conventional
procedures for preparing acid addition salts from base compounds. Those skilled in the
art will recognize various synthetic methodologies that may be used {6 prepare nontoxic

phammaceutically acceptable addition salts.

B84} i{n some embodiments of the disclosure, the phanwaceutically acceptable sall
of a compound of formula 1 is 5 mesylate salt. In some embodiments of the disclosure,
the pharmaceoutically scoeptable salt of the vincs-alkaloids is a sulfate sslt. In soms
eiebodiments of the disclosure, the pharmaceutically acceptable sall of 2 compound of
formula 1 1s 2 mesylate salt and the pharmaceutically acceptable salt of the vinca-
alkaloids is a sulfate salt, In one embodiment of the disclosure, the pharmaceutically
acceptable sall of 2 comppound of formula { is & mesyiate sall and the vinca-alkaloid is
vingristing, wherein the pharmaceutically scceptable salt is vinceristine sulfate.
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E R in some embodiments of the methods described herein, the compound of
formula I or a pharmacentically acceptable sall, is present in 2 pharmaceutical
composition comprising the compound of formula §, or 2 pharmacsutically acceptable
salt, and at least one pharmaceutically acceptable vehicle. Pharmaceutically scoeptable
vehicles may include pharnmaceutically acceptable camiers, adjuvants and/or other
excipients, and other ingredients can be deewned phanmaceutically accepiable insofar as
they are compatible with other ingredients of the formulation and not deleterious o the

recipient thereofl

{096} The pharmaceutical compositions of the compound of formula | described
herein can be manufactured using any conventional method, e g, mixing, dissolving,
granuiating, dragee-making, levigating, enulsifving, sncapsulating, entvapping, melt-
spinoing, spray-drving, or lyophilizing processes. An optimal pharmaceutical
formulation can be determoined by one of skill in the art depending on the route of
admindstration and the desired dosage. Such formulations can influence the physical
state, stability, rate of i vive release, and mate of in vive clearancs of the adminstered
agent. Depending on the condition being treated, these pharmaceutical compositions can

he formulated and administered systemically or locally.

{0097} As used herein, “pharmaceutically acceptable exciplent” is a
pharmaceutically sceeptable velicle that inchides, without hmitation, any and all
carriers, solvents, dispersion media, coatings, antibacterial and antifungal agents,
isotopic and absorption defaying agents and the like. The wse of such media and agents
for pharmacentically active substances is well known in the art, Except insofar as any
conventional media or agent is incompatible with the active ingredient, iy use in the
therapeutic compositions is condernplated. Supplementary active ingredients can also be

incorporated into the compositions.

jHae8] The term “carrier” refers to an excipient or vehicle that inchudes without
Hmitation diluents, disintegranis, precipitation inhibitors, surfactants, glidants, binders,
fubricants, and the like with which the compound i3 administered. Carriers are generally
described hereln and also in “Remington's Pharmaceutical Sciences” by E.W. Martin.
Examples of carriers include, but are pot limited to, aluminum monostearste, aluminum
stearate, carboxymethylcelhulose, carboxymethyloellulose sodivm, crospovidone,
glveeryl fsostearate, glveeryl monostoarate, hydroxyethyl ceilulose, hydroxyethyt
celtulose, hydroxymethy! cellulose, hydroxvoctacosany! hydronysiearste, hvdroxypropyl
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cellulose, hydroxypropyl cellidose, hydroxyvpropyl methyvlcellnlose, lactose, lactose
monohydrate, magnesivm stearate, mannitol, microcrystalline collulose, poloxamer 124,
poloxamer 181, poloxamer 182, poloxamer 188, poloxamer 237, poloxamer 407,
povidone, silicon dioxide, colloidal silicon dioxide, sificone, silicone adhesive 4102, and
silicone emulsion. It should be understood, however, that the carrters selected for the
pharmaceutical compositions, and the awovnts of such carriers in the composition, may
vary depending on the method of formulation {e.g., dry granulation formudation, solid

dispersion formulation),

{0099 The term “diluent” generally refers 1o g cubstance that is used to dilute the
compound of interest prior to delivery. Diluents can also serve o siabilize compounds,
Examples of diluents roay include starch, saccharides, disaccharides, sucrose, lactose,
polysaccharides, cellulose, cellulose sthers, hydroxypropyl celhilose, sugar aleohals,
sylitol, sorbitol, maltitol, microerystalline cellulose, valoium or sodivm carbonate,
lactose, lactoss monohydrate, dicalcium phosphate, celhilose, compressible sugars,
dibasic caleinm phosphate dehydeste, mannitol, miorocrystattine cellulose, and tribasic

calchun phosphate,

[8188]  The term “disintegrant” gencrally refers to a substance which, upon addition
o & solid preparation, facilitates its break-up or disintegration after administration and
permits the release of an active ingredient as efficiently as possible to allow for its rapid
dissolution. Examples of disintegrants may inchade maize starch, sodivm siarch
elycolate, croscarmellose sodivan, crogpovidone, microorystalline cellulose, modified
com starch, sodium carboxymethyl starch, povidone, pregelatinized starch, and alginic

acid.

LEHE N The torm “precipitation inhibitors” generally refers to a substance that
prevents or inhibits precipiiation of the active agent from a supersaturated sohution. One

sxample of a precipitation inhthitor meludes hydroxvpropylmethyleellolose (HIPMO).

{6182}  The term “surfactants” gonerally refers o a substance that lowers the surface
tension betwsen 8 liguid and 8 solid that could improve the wetting of the active agent or
fmprove the solubility of the active agent. Examples of surfactants include poloxamer

and sodinm lauryl sulfate.

[B8103]  The term “glidant” generally refers to substances used in tsblet and capsule

formulations o improve flow-properties during tablet compression and {0 produce an

P
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anti-caking effect. Examples of ghdants may include colloidal silicon dloxide, tale,

fumed gilica, starch, starch dertvatives, and bentonits.

{68184} The term “binder” generally refers to any pharmaceutically acceptable film
which can be used o hind together the active and inert componends of the carrier
together o maintain cohesive and discrete portions. Examaples of binders may melude
hydroxypropyieellulose, hydroxypropylmethyicelluiose, povidone, copovidone, and

ethyl cellulose,

061051 The term “lulwicant” generally refers to a substance that is added o a powder
hlend &0 prevent the compacted powder mass from sticking to the sguipment during the
tableting or encapsulation process, A lubricant can aid the ejection of the tablet form the
dies, and can improve powder flow. Examples of lubricants may inchide magnesium
stearate, stearic acid, silica, fats, caleium stearate, polyvethylene glveo!, sodium stearvi
furnarate, or tale; and solubilizers such as fatty acids inclading lauric acid, olsic acid,

and $o/Cyp farry aoid.

{08186] By the torm “vinca-alkaloids” are mean those compounds, and
pharmaceutically acceptable salis thereof, which are derived from the Madagascar
pertwinkle plant, and have been used fo treat diabetes, high blood pressure, and various
cancers. Examples of vinca-atkaloids include vinoristine, vinblastine, vindesine,
vinorelbine, desoxyvincaminol, vincaminol, vinburnine, vincamsaine, and vineridine.
Typically, there have been four major vinea alkaloids in clinical use: vinblastine,
vinorelbine, vinoristine, and vindesine. All vinca alkaloids are administered

mtravenously (VY.

1861071 The vinca-aikaloids, and pharmacentically accepiable salts thereof, of the
present disclosurs are eviotoxics — they halt the division of cells and cause cell death.
During cell division, vines alksloid molecules bind to the building blocks of a protein
called ftubulin, mbubiting 4s formation. Tubulin protein normally works in cells (o create
microtubules. These microtubules provide cells with both the structwre and fexibility
they need to divide and replicate. Without nucrotbules, celis cannot divide. As opposed
1o & Syk inhibitor, which inhibits spleen tyrosine kinase, vinca-alkaloids mechanism
occupying tubulin’s building bock struchure, thus preventing, in theory, the formation of

microtubules and thus interfering with cancer cells’ ability to divide.
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6810881  Owe of the vinca-alkaloids of this disclosure, vinblastine, inhibils
angiogenesis, or the process by which new blood vessels grow from pre-existing ones.
Angiogenesis is an essential step in a tumor’s transition o malignancy. Vinblastine is
generalfy apphed o treat Hodglin's disease, non-Hodgkin’s lymphoma, breast cancer,
and germ cell tuanors. Side effects of vinblastine include: toxicity to white blood cells,
navsea, vomiting, constipation, dyspnea, chest or temor pain, wheezing, and fever.
Vinhlastine is alse occasionally associated with antidivretic hormone secretion and

angina.

001097 Another vincs slkaloid of this disclosure is vinorsibine, which 1e stmalar in its
effects to vinblasting. Vinorelbine has exhibited significant antitumor activity in paticnts
with breast cancer and antiproliferation ¢ffocts on osteosarcoma (hbene tumor cells)
Vinorelbine treatment can result in side effects including decreased resisiance io
infection, bruising or bleeding, anenua, constipation, disrrhes, nauses, numbness or
tingling in the bands and feet, fatigue {also called peripheral neuropathy), and
mflammation at the injection site. Less common side effects inclode hadr losg and

allergic reaction.

[08118] Avnother example or embodiment of the vines alkalowds of this disclosure s
vigcristine, or pharmacentically acceptable salis thereofl Vincristine has g high affinity
for wbulin dimers {dimers are building blocks of & protein only two blocks long) and can
attach and reattach at different siles gquickly, thus in theory preventing the dimers” ability
to reassemble {build) the tubules, thus destabilizing the tubulin and inhibiting
microtubule formation. Vineristine is FDA approved to treat acute leukemig,
rhabdomyosarcoma, neuroblastoma, Wilm’s fumor, Hodglin's discase, and other
ivmphomas. Vincristine’s most common side effects are: peripheral nowropathy,
suppression of bone marrow activity, constipation, Bervous system toxicily, nausea, and
vomiting, with neuropathy being the most common and serious side effect. As a result,
there are reports of some subjects being treated with vincristine for oncology having had

o stop vinoristing treatment,

{88111} The fourth common vinca-alkaloid is vindesine, or pharmaceutically
acceptable salts thereof. Vindesine has g serom half-ife of only 24 hours, but similar
stfects (intended and side) o that of vinblastine. Vindesine {s commonly administered at
a dose of 3 milligrares per square meter of body surface during trestment for melanoma,
hung cancers, and {combined with other drugs) vlerine cancers, Additional side effects
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from vindesine include: anemia, blood cell toxicity, fatigue, Hagling or pricking

sensations in the skin, and skin toxicity.
Compends

[@83112] Compounds are provided bere and elsewhere throughowt, such as in the

Semmnary and in the Examples.

{06113 The compounds provided herein are named using ChemBioDraw Ulis 12.0,
and one skilled in the art understands that the compound structure may be named or
identified using other commonly recognized nomenclative systems and symbols

including CAS and IWPAC.

{00134} Accordingly, provided hersin are componnds that fimetion as Syk inhibitors.

In one aspect, the disclosure provides a compound of Formula It
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Formuda §

or a phammaceutically acceptable salt thereof, wherein:

X HO\:L\}& ?H
o

E j flfﬁ'/"“gj
N
R is selected from the group consisting of &, &, *

OH
&Q\L«G\J
2?‘
and

+  wherein * indicates the carbon atom of the indicated
phenvl ring of Formula T to which R' is attached;
R isHor I-hydroxyethonvl;
R is Hor mothyl; and

R*is H or methvl.
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{BOILS]  In some embodiments of the compound of Formula §, or 8 pharmaceutically

& MO
™

HQ\«/‘\

)

( 7 N
) O
acceptable salt thersof, %' ig selected from the group congisting of  » | & .

i""!;, ,0\ [Nj
EN’K g\i;
i ; 1. R .
and % . Insome embodiments, RN is = | In some embodiments, RY is
Ho\l
O \} oH
@ Lﬁﬁfgl
}}!/ \N/
+ . Insome embodiments, B &s *

[H6116]  In some embodiments of the compound of Formala §, or 8 pharmacentically
acceptable salt thereof, Y jo H. In some embodiments of the compound of Formula 1, or

a pharmaceutically acceptable salt thersof, RY is 2-hydroxvethoxyl,

{06117} Insome embodiments of the compound of Formila §, or 2 pharmaceutically
acceptable salt thereof, R is H. In some embodiments of the compound of Formula I, or

a pharmaceutically accepiable salt thereof, R is methyl.

{B8118] In some embodiments of the compound of Formuda § or a pharmaceutically
acceptable salt thereof, R js H or methyl. In some embodiments of the corapound of
Formula I, or 2 pharmaceutically acceptable salt thereof, R is H. In some embodiments
of the compound of Formula 1, or a pharmaceutically acceplable salt thereof, R s

methyl.
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{08119} In some omboduments of the compound of Forranda §, or a pharmaceutically
G N
? HQ\\J\
UM T
- j o N.,j
WG

N
. . o . i
scceptable salt theveot, R s salected from the group congigtingof  + H
o
7 - fO\\E
3. ey 2
and +» L and R is H, Insome embodiments of the compound of Formula L ora

pharmaceutically acceptable salt thereof, R’ {s selected from the group consisting of

&I

[N\ /N\ Lv’%h[cij
) 0 C
%, %, and « L and R s Z-hydroxyethoxyl.

[68138]  Insome embodinsents of the compound of Formula § or a pharmaceutically

5.0
Q)

N

A ~
. L

M
~ X - . Y «
acceptable salt thereof, R in selocted from the group consisting of  » L
On
E.r‘.vfl" If,,f}
\.?
and 4L and B is 1 In some ershodiments of the componad of Formula §, or a

harmaceutically acceptable salt thereof, %’ is selected from the group consisting of
P ¥ P BrOup i

\> HO 1
Mo Ot
! 1
[ ] C N
: \? - '\?/
¥ *  and i, and R is methyl.
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{68121}  In some embodiments of the compound of Formuda [ or 8 pharmaceutically

Se

N
acoeptable salf thereof, R! is selected from the group consisting of % L
o354
g”i’::J r’,G]
i\tf
and s, and RY is H or methyl. In some embodiments of the compound of

Formala I, or 2 pharmaceutically acoeptable salt thereof, B! is selected from the group

o\ HO.,_
gv. 9-‘.0\\“ )\\E i
"N’\. N E/ 2
E | g 7 !I[“ g j
PR S
! il il
consisting of % | = and « and R s B In some smbodiments

of the compound of Fornuda §, of 2 pharmacentically acceplable salt thereof, R is

{p HO._
.,
\R HO\V/‘“\ o
N\. l ; G
[ J N i ’/ j
N‘/ \N/) N
} C . . ; nd .
selected from the group consisting of  * i . and i . and Ris
group &

mathyl |

001221 Insome embodiments of the compound of Formanla 1, or 2 pharmaceutically

&0,

N i
[ j [Nj
“f y
{ . - o . :
seceptable sali thersof, R' is selocted from the group consisting of % *
oM
.’/,’J’ [Oj
Iy )
and i R s Hand B is H. In some embodiments of the compound of Formula
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1, or 3 pharmaceutically acceplable salt thereof, R' is selected from the ErOup consisting

O%.,‘.\’ RO
> ™
Ho\/ \’\. O

: ;:s b, o
Q0

« , and & R is 2-hydroxvethonyl and R is H. In some

ernbodiments of the compound of Formuda L, or a pharmacentically scogptable salt

3 HO.._
o
<(> AN W €

Sle O
- ()

! i ¥
thereof, R’ is selected from the group consisting of  + * L and o,

R is H and R 13 methyl. In some embodiments of the eompound of Formula L or a

pharmaceutically scoeptablo salt thereof, R’ is sclected from the group consisting of

= HO
Q HO\/j\\E OM
{Nj M ,E,:,_,% (Q
N [ /J \Nj
o

i w2 - , 3
= and + , R™is 2-hydroxyethoxy! and R is methyl,

{88123] in some embodiments of the compound of Formula [, or 8 pharmacentically

o ]

| h
e j P
: ¢ W

S i

b \h‘;/ d
- - . '
sceeptable salt thereof, R is selected from the group consisting of 4 ,
O
f"*’a., (G\
and ¢ LR is Hand B s H or methyl In some embodiments of the compound of

Formula I, or a pharmacentically accaptable salt thereof, R' {s selected from the group
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Q HO,
HG"\j\ o]
N ]

O [J
“;;3 " ™R
e ) 7., —
consisting of % i, and 5, R is 2hydroxyethoxyt and R s Hoox

methyl. In some embodiments of the compound of Formula Lora phaﬁnaceuticaﬁv

e
) }

Ny f
acceptable salt thereof, R is selected from the group consisting of 5& \ i ,

- [a\_
"
4

& , R is Hand RY i B Jo some embodiments of the compound of Formmula I,

ora phamiageumaﬁy acceptable salt thereof, R’ ia selecied from the group consisting of

Q Hr 1 oK
L P ? L""f :
/’ e o . N}

, i , and ¢ . RY i 2-hydroxyethoxyl snd RY is H. Tn some

embodiments of the compound of Formula T, or a phammaceutically acceptable salt
o HO

™
HO By
N 3 3
[ ] /N\\ ‘,’,',h’[loj
N :\\N/l ~

. . . e i i ‘
therent, R is selocted from the group consisting of &, and *

R is H and R* is methyl. In some smbodiments of the compound of Formula 1, or a
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pharmacentically acceptable salt therent, R’ is selscted from the group consisting of

3,
HO
HO\,/L’ o
N

OIS
o0 U

N N
i 3. 4 -
* & , and . . R s 2-hydroxvethoxyl and R s methyl

7

1663124]  In some embodiments of the compound of Formuda 1, or 3 pharmaceutically

=
9

[\N/ [Nj

N
el o« N C . . | ;
avcepiable salt therenf, R is selected from the group consisting of % | *

O
E;{/,- s, [0\
-

)

and )

Formmuds I, or 2 pharmaceutically acceptable salt therenf, R is selected from the group

0 WO
Q :"‘O\M/Ll o
[J ) - /0)
;E\; N N - L &

consistingof  * « L and s , R is methy! and B is H or methyl.

R is Hand B i3 H or methyl. In some embodiments of the compound of

In some embodiments of the compound of Formuda I, or 8 pharmaceutically acceptable

ﬁ\ MO,
ol

N
O
N S
salt thereof, R is selected from the group consisting of  # i L and
oM
v, fﬁj
L,
N

¢, RYisHand B is H. In some embodiments of the compound of Formula §, or

a pharmacentically accepiable salt thereof, R s selected from the group consisting of
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HO.,
HG\)\
’\: T.«!

\z-<>0

E j f?;l\ "”"‘"[’O‘\E
"';;5 Lﬁi/ "‘}EA/
3. . .
%, # and * R is methyl and R is B I some embodiments of

the compound of Formula 1, or a pharmsceutically acceptable salt thereof, R is selected

=
£

P N“-\ 1”"#. ["O\J
;;;/ \ E xj \??»
N . 3. 4.
from the group consisting of %, = and ¢ RisHandR s
& ! & 2

methyl. In some embodiments of the compound of Formula L ora phammwuﬁaa

& .0,
olie

acoeplable salt thereof, R is selected from the group consisting of : ) .

faly

and ¥, R is methyl and R® is methyl.

{00128]  In some embodiments of the comopound of Formula § or a pharmacentically

0.,5% O
Cwll,
( A o P &
\?J ()

acospiable salt thersof, RY {s selected from the group consisting of  » ?:
o
IJ;,,,' SO
L
and i . R*is H, RrisHandR s Hor methyl, In some embodiments of the

compound of Formuda I, or a pharmaceutically accepiable salt therent, R is selected
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A i ] . .
from the group consisting of & s, and + L RisH, RYis Hand
R is H. In some embodiments of the compound of Formula §, or a pharmaceutically
o

HO

N J R
“ Eg

acceptable salt thereof, R is selocted from the group consisting of & ,
Ot

Wi, Rt

J

N/

and i , R? is H, R is Hand R is methyl,

{B0126]  Insome embodiments of the compound of Formula 1, or a pharmaceutically

¢ )
L
J O

-

B
, . |
acceptable salt thereof, R is selected from the growp consisting of  ~ 4
O
"
and i, R is 2-hydroxyethoxyl, B is H and R is H or methyl. T some

embodiments of the compound of Formuds 1, or 8 pharmaceudically acceptable sah

& HO

\> HC\)\’ o
_ i b oo,
U

e e

. . . .y .
thersof, R’ is selected from the group consisting of | : , and : .
R? is 2-hydroxyethoxyl B is Hand RY s B In some embodimenis of the compound of

Formula i, or a pharmaceutically acceptable salt thereof, R’ is selected from the grou
¥ P group
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N
{ j e Nx] i"fm, E“" Q\]
??3 L\N” “n
.. ; ; 2. 3.
ponsisting of % & angd + , R* s 2-hydroxyethoxyl, B is H and

R is methyl,

1271 Inosome embodiments of the compound of Formula §, or a pharmacentically
<0«\' HO
-y
o ﬁ

N &
SiNe
SO
seceptable salt thereof, R is sclecied from the group consistingof  + :

oM

|

and *
compound of Formula I, or a pharmaceutically acceptable salt thereof| R’ is selected

8 HO
™
Ho‘\./”‘)\" O

N ) P
O 0O

\F? PE‘] \\!?f

L and

i 7. 3.
* R H, R is methyl

R is H, R is methyl and R is H or methyl. (n some smbodiments of the

from the group consisingof  * |

and R* is H. In some embodiments of the eomnpound of Formuls 1, or 2 pharmaceutically

; N
acceptable salt thereof, R is selscted from the group consisting of %, L
Of
Ef)‘l_,,, /Oj
., |
and s L RYISH, R s methyl and B is methyl
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{01281  In some embodiments of the compound of Formula §, or & pharoacentically

O, e
H\)\

HC\_)\
N j

) O

N X
. < .
acceptable salt thereof, 7' ig selected from the group consisting of % | &
OH
g"’ifh O"
L
and : , B is 2hydronvethoxyl, RY is methy! and R® is H or methyl, In some

embodiments of the compound of Formmla 1, or a pharmaceutically acceptable salt

O HOL,
1
Q HO\V/ \’ O
N
JEN E
O
¥ N
t
#* ar

thereof, B is selecied from the group consisting of  » , and *

R? is 2-hvdroxyethoxyl, R is methyl and R® is 5. In some embodiments of the

compound of Formula §, or a pharmaceutically acceptable salt thereof, R’ is sclected

S HO
ﬁ/ HO\:"L' oH

W
) C e
"~ [ j e .f]

B N/ R

. ; ] .
from the group consisting of  » | i, and xR
2-hydroxyethoxyl, B is methyl and K s methyl.

{88129 In some embodiments of the compound of Formmula §, or a pharmaceutically

:/Nj
‘\E?

scocpiable salt thereof, R' 15 »  , and B% is H. In some embodiments of the

<y
553
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compound of Formuda I, or a pharmacentically acceptable salt thereof, R' i » |, and

R? is 2-hvdroxyethoxyl.

{3168] In some embodiments of the compound of Formula 1, or a pharmaceutically
0

N\
(]
:;4
gcceptable salt thereof, Rlis = , and R is H. In some embodiments of the

T
&

compound of Formula §, or a pharmacentically acceptable salt thereof, R'is + |, and

R’ is methyl.

{8181} in some embodiments of the compound of Formula I, or a pharmacentically
)

{ W>
/Nj
L“f
acceplable salt thereof] Bis = . smd B isHor methyl, In some embodiments of the

Y

o,
ij
o

i

sompound of Formula I, or a pharmaceutically acceptable salf thereof, R' d¢ &, and
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R is B T some embodiments of the compound of Formula 1, or 3 pharmaceutically
o

Y

N\

(L

acceptable salt thereof, R is 4 , and B® iz methyl,

{0183} In some embodiments of the comwponnd of Fornwla 1 or & pharmaceutically
o

5

-~ Nj
LNI

. H 2. . .
acceptable salt thereof, Ris = , B is Hand R* s H. In some embodiments of the

. . . o . ; 2
compound of Formula I, or 2 pharmacentically acceplable salt thereof, R s+  R% s

2-hydroxyethoxvl and R s H. In some embodiments of the compound of Formuda §, or
»

)¢
()

a pharmaceutically acoeplable salt theveof, ' is » R s Hand B s methyl. In

somne embodiments of the compound of Formula L, or a pharmaceutically acceptable salt
&

K’Nj
E\'\N.r

thereof, R is 4 ,R% s 2-bydroxyethoxyl and R’ ia methyl,
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8183 In some embodiments of the compownd of Formula §, or a pharmaceutically
o

N
. j
i
y

accepiable salt thereof] i 4 . RrisHand R s Hox methyl. In gome

embodiments of the compound of Foromala 1, or a pharmaceutically acceptable salt
0

é>j
5
thereof, R is H , R* is 2-hydroxyethoxyl snd % is H or methyl. In some

smbodiments of the compound of Formula §, or a pharmacestically acceptable sali
o

T
®

SR TN ¥ . . . -
thereof, Ry = R s Hand R’ is H. Tn some embodiments of the compound of

Formula L ora phsﬂnacé:uticany acoeptable salt thereof] R'is + ,RYis2-

hydroxyethoxyl and B is H. In some embediments of the compound of Formla ¥, ora

<}

$
"

. . i 2, .
pharmaceutically scoeptable sal thersof, R s+, R is Hand RY is methyl. In some
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embodiments of the compound of Foromla I, or 8 pharmaceutically acceptable salt
0

)¢
.

thereof, R i ¢ , RY is 2-hydroxyethoxyl and B is methyt.

{184} in soune embodiments of the compound of Formuls 1, or a pharmacentically
G

) | . .
acoeptable salt thereof, R' &5+, R is Hand R s H or methyl. Tn some

emmbodiments of the compound of Formula §, or 8 phanmaceutically acoeptable salt
0

¢
.

thereof, R ix = ,R'is methyl and R* is H or methyl, Tn some embodiments of the

compound of Farmala I, or a pharmaceutically acceptable salt thereof, ' iz = R is

H and R is H. In some embodiments of the compound of Formula §, ora
o

Y

)
o
pharmaceutically acceptable sall thereof, R fs L R is methyl and R¥ i B, In some

gmbodiments of the compound of Formula I, or 8 pharmaceutically acceptable salt
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/
“\

thereof, R’ is : . R‘ is H and R? is methyl. In some embodiments of the compound

C ]
of Formuda I, or & pharmaceutically acceptable salt thereof, R' is ; ? is mathyl

and B* is methyl,

{155 In some smbodiments of the compound of Formala [ or s pharmaceutically
2

Efj
§
acoeptable salt thereof, Rig » R ieHandR sHor methyl. In some

ambodiments of the compound of Formula 1, or a pharmaceutically scoeptable salt

thereof, R'is  » L R%ieH, R is Hand B 8 H. In some embodiments of the
O

)¢
>

compound of Formula I, or & pharmaceutically accepiable salt thereof, R' is i , B

H. FisHand R s meathyl
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[B106) in some smbodiments of the compound of Formula §, or 8 pharmaceutically
o

EY\E]
A ‘
acceptable salt thereof, ® g o+, R is 2-hydroxyethoxyl RP s Hand R s Hor

methyl, In some embodimends of the compound of Fornuda 1, or a pharmaceutically
o

)¢
.

acceptable salt thereof, R'is i , R’ Z-hydroxvethoxyl, RisHad Y isH In
2 5 3

some smbodiments of the compound of Formula 1, or 2 pharmaceutically acceptable sali
¥

Y
()

. i 3. 3. i .
thereof, R is  » |, BT is 2-hydroavethoxyl, R is H and R” is methyl,

18167 In some embodiments of the compound of Formula 1, or 2 pharmaceutically
0

Y
.

aceeplable salt thereof] ® g 4 \ R’ s H, R s methyl and RYisHor methyl, In
gome embodiments of the compound of Formula §, or 3 pharmacentically acceptable salt
®

e
X‘s

)

[Nx‘f
I

thersof, Rlig * R R g H, R s methyl and R*is H. In some embodiments of the
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!
N

(J

N
compound of Formula I, or a phanmaceutically acceptable salt thersof, R’ is i SR i

H, R® is methy! and R’ is methyl.

G188} in some gmbodunents of the compound of Formula §, or a pharmaceutically

0
$
A |
acceptable salt thereof] Rlis = ,Ris Z-hvdronyethoxyl, 7 s methyl and BisHor

methyl. In some embodiments of the compound of Formula {, or & pharmaceutically
o

X
»

aceeptable salt thereof, R s § . R s 2-hydroxyethoxyl, RY is methyl and R is 1L

In some embodiments of the compound of Fornuida I, or a pharmaceutically scceptable
o

Y

sali thereof, ' de  » |, R is 2-hydroxyethoxyl, R is methyl and R® is methyl,

[3199]  In some smbodiments of the compound of Formula §, ov 8 pharmaceutically
HEO

N

A
W

»
acceptable salt thereof, R is + ,and K’ is H. Yo some embodiments of the
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compound of Formuls T, or 2 pharmacentivally accepiable salt thereof, R is
HQ.,

1

Hi}v \
C
»
i LandRYis 2-hydroxysthoxyl,
L RL In some embodiments of the compound of Formula I, or a pharmaceutically

i

N
ol
acceptable salt theveot, &' s & ,and B is H. In some embodiments of the
compound of Formula I, or 8 pharmaceutically scceptable salt thereof, R' is

H‘I}\

HO\V/LE
R

[ Nj
i

« ,and R’ i methyl
By In some ermbodiments of the compound of Formula § or a pharmacentically

HQ\

|

O o \

N

®

accepiable salt thereof, R 1s i and R s Hor methyl. Insome embodiments

of the compound of Fornmula §, or 3 pharmacentically acceptable salt thereof, R' s
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HO
HO\)\’
)
\T/

5 L and BY s H. In some embodiments of the compound of Formula §, or a

pharmaceutically acceptable salt thereof, R is « , and R* is methyl.

{8113 In some embodiments of the compound of Fermula 1, or & pharmacentically

B!
LN
™)
N‘/‘

v

accepiable salt thereof, R g . R is Hand R is H. In some embodiments of

the compound of Formuls §, or a pharmaceutically accepiable salt thereof, ’lis

HO
MO
[Nj

s L R%is 2-bydroxvethoxyl and &’ is H. In some embodiments of the

compound of Formala I, or a pharmacsutically acoeptable salt thereof, R is
HO

H&\)E
(’ :

9
N
: , B*is ¥ and R is methyl. In some embodiments of the compound of

Y
MO

()

M
Formula §, & is s , R* is 2-hydroxyethoxyl and R s methyl,
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{8113 in some embodiments of the compound of Formula §, or a pharmaceutically

\//i\’\

p
.

acceptable salt theveof, R is bR s Had R s Hor methyl In some

embodiments of the compound of Formuls 1, or a pharmacentically accepiable salt
HO
&
w w”

thereof, B {s £ L R%is 2-hydrogyethoxy! and B s H or methyl. In some

embodiments of the compound of Formoula I, or a phanmacentically acceptable sali

thereaf, R is v, R%is H and R is H. ¥n some embodiments of the compound
HO

:'60..\1

S

N

(\l
~

n
of Formula L, or 8 pharmscentically scoeptable salt thereof, R is LOR%en-
hydroxyethoxyl and R s H. In some embodiments of the compound of Formula [, ora

MO

HOL

LN
9

-
i

pharmaceutically acceptable salt thereof, R is s R isHadR s methyl,

A
L
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In gome smbodiments of the compound of Formula §, or a pharmaceutically acceptable

salt thereof, R' is i, R is 2-hydroxyethoxyl and R is methyl,

{114} in some embodiments of the compound of Foronula L, or a pharmaceutioally
HG

HO

acceptabde salt thersof, R'ig ® RigHand R s Hor methvl In some

embodimenis of the compound of Formula 1, or a pharmaceutically acceptable saly
HE,

HO\JW

N

()

i
*

thereof, B is , R’ is methyi and FisHor methyl, Insome embodiments

of the compound of Formula 1, or a pharmacentically aceeptable salt thoreof, &' s
HO

HOL

L

or a pharmacentically acceptabls sall thereof, R i , R is methyl and R iz

H. In some embodiments of the compound of Fornuls 1, or a pharmacewtically
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HG,

aceeptble salt thereof, R is &, R%is M and R is methyl. In some

emtbodiments of the compounnd of Formula I, or & phanmacentically acceptable salt
HO

2,
®

~

thereot, R is &, R s methyl and B s methyl.

{8118} In some embodiments of the compound of Formula |, or a pharmaceutically

N
)

acceptable salt thereod, ®is H . R is HR s Had B isHor methyl In
some embodiments of the cmmpoﬁnd of Formuda , or 2 pharmaceutically acceptable salt

F0,

™

"50\/\

N

.

N I
thereot, R'is : . ®Yis H, R isHand R is H. In some embodiments of the

compound of Formula 1, or a pharmacsutically acoeptable sali thereof, R' is
HO,

o)
)

s RYisH R is H and B s methyl,
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{8116} In some embodmments of the compound of Foromla §, or a pharmaceutically

HQ

HOW

(Nj
eVl

acceptable salt thereod, R'is i LR s 2-bydroxyethoxyl, RisHandRis ¥
or methyl In some embodiments of the compound of Formula 1, or a phamaceutically
HO.
o
1
)
acceptable salt thereof, Rlis i LR s 2-hvdroxyethoxyl, RisHand R* s HL

In some embodiments of the compound of Formula §, or a pharmsceutically acceptable
HO

m\)\j
[N\:
e

i

salt thereof, B' 15 PR 2-hydroxyethoxyl, R is H and R is methyl.
@117} In some embodiments of the compound of Formuls §, or 2 pharmaceutically

HOL

HO

accepiable salt theveof, ®lis H . B s HR s methyi and RUisHor methyl

In some embaodiments of the compound of Formula 1, or a pharmaceutically acceptable

y
HJ\

HO\/J\'

M

N
»
hY

salt thereof, R is 4 JRABH R s methyl and BY is H. In some embodiments
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of the compound of Formula §, or a pharmaceutically acceptable salt thereof, R is

i RYsH, R methyl and ® s methyl,

LR In some embodiments of the comapound of Formula § or 8 pharmaceutically

M
HO\/ \}
H
@
acoeptable salt thereof, RY is &, R%is 2hydroxvethonyl, R is methyl and &

is H or methyl In some embodiments of the compound of Formula L ora

HO.\)\

)
(J

pharmacsutically acceptable salt thersof, RY is i (R s I-hydroxyethoxyl, R’

is methyl and RYis H. In some embodiments of the compound of Formula [, or a

HEG
\:
H()\/,i\}
/Nj
o
pharmaceutically acceptabls sall thergof, R is = , R is 2-hydroxyethoxyl, R’

is methyl and R? is methyl,

{B119] in some emnbodiments of the compound of Formula I, or a pharmaceutically

OH
Efi;,’J/JG
5

\'\
!

acceplable salt thereot| R s « , and R is H. In some smbodiments of the
3
E’"’:‘;. x"o"\
L
compound of Formouls [ R'is « ,and R is 2-hydroxyethoxyl
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{6128  Insome exsbodiments of the compound of Formula I, or a pharmaceutically
o

PN

2
Y,

»

N
acceptable salt therest, R is i , and R is H. In some embodimenis of the
o
i;,l‘, ’,,0\

J
\NJ

compound of Formeala §, or a pharmaceutically acceptable salt thereof, R' is :

e

and & is methyl

jai2y in some embodiments of the compound of Formmala 1, or a pharmaceutically
o

il"“v ’,Oj
N
acceptable sali thereod, R'is « ,andR'isHor methyl In some smbodimenis of

the commpound of Formaula §, or a pharmaceuntically acceptable salt thereot| R'ia
oH
o

,’fa,,
]

NN/

i . . - . -
® , and R is H. In some embodiments of the compound of Formula L ora

OH
l,.,,,hfc)
L b

;

pharmaceutically acceptable salt thereof, R'is 5 ,and RYis methyl,

{8122} In some embodiments of the compound of Formuls I, or a pharmaceutically

aM
on
N

acceptable salt thereot, Riis i ,R%is Hand B is H. In some embodiments of

.f,',,r’

the compound of Formula §, or 8 pharmacentically acceptable salt thereof] R s
031

()

™y

¢ <. N i . .
+ , R%Yis 2hydroxyethoxy! and RY is H. In some embodiments of the compound
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{H
y
|

of Formula L, or a pharmaceutically acceptable salt thereof, R'ig x 2% is H and
& is methyl. In some embodiments of the compound of Formula I, or a

OH

Q

9

\N/

pharmaceutically acceptable salt thersof, R’ is : , B2 i Z-hydroxyethoxyl and 1
is methyl

{H123] in some embodiments of the compound of Formula §, or a pharmacentically
oH

3
e

LT
N

)

N/’
acceptable salt thersof, R s ¢ , RYis Hand RY is H or methyl. In some

gmbodiments of the compound of Formaida §, or a pharmacentically acceptable salt

£
L"«‘y,, /Gj
S
thereof, R is s , R s 2-bydroxysthoxyl and RYis Hor methyl, In some

embodiments of the compound of Formula §, or a pharmaceutically acceptable salt
o
5

L/,,,,[ j

B
N | 3. 4 . . o
thereof, R’ i3 + , R%izs Hand R 18 H. In some embodiments of the compound of
oH
o

L"'ia,r -
)

N
Forpmda 1, o1 2 phanmaceutically acceptable salt thereof, B! i v R
hvdroxyethoxyl and R is H. In some embodiments of the gompound of Formula L ora
O
o

I””x, [ j

N
pharmacentically scoeptable salt thereof, R' is 4 , R is Hand R is methyl. In

39



WO 2016/010809 PCT/US2015/039677

some embodiments of the compound of Formula & or a phanmaceutically accepiable sali
O
o

l”fn. -
9

\N/“

thereof, R is k VR s 2-hydroxyethoxyl and R’ s methyl

{124} In sorne embodiments of the compound of Formuda §) or a pharmaceutically

o
ey, PReN
i
acceptable sall thereof, R is 5 Rz Hand R is H or methyl. In some

embodiments of the compound of Forouula I, or 2 pharmaceutically acceptable salt

Qon
=Ny
.

thereof, R ia & LR is methyi and R e H or methyl. In some embodiments of

the compound of Formula I, or a phatmaceutically acceptable salt thersof, R is

)

\N/

QH

,"4’:,, /o

R s Hand R is H. In some embodiments of the compound of Formula I, or

O
I/f,h‘ [Oj
N7

a pharmaceutically acceptable salt thereot] R'is & Kihmethviand R 5 H I

some embodiments of the compound of Formuda 1 or a pharmacentically acceptable salt

Ok

L’fi,, /,Ow

N .tf
3
thereof, B’ is ; SR s Hand R is methyl In some embodiments of the
on
lrm N
e E \E
)\E\E!I'f
compound of Formuls 1, or 8 phammaceutically acceptable salt thereof, R s *

®" is methyl and R is methyl,
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{8125} in some embodiments of the compound of Forouida I or a pharmaceutically
oM

f;‘g_,‘gf,,ﬁ\

w

scceptable sall thereof, B in H SR H R isHand R s Hor methyl, Insome
gmbodiments of the compound of Formmla 1, or a pharmaceutically acceptable salt
o

S,

.

N
. . § P . . . .
thereot, R' is fLUR B H, R is Hand R is H. In some smbodiments of the
004
- [a\
b
compound of Pormula I, or a pharmacentically acoeptable salt thereof, B is &

R H, R isHand R is methyl

¥

{812s] In sorne embodiments of the compound of Formuda I, or 8 pharmaceudcally
oM
af.i_,," 5:3\
()
N . 5
scceptable salt thereod, R'is s L Ris 2-hydroxvethoxvl, R s Hand R* s Hor
methyl, In some embodiments of the compound of Formulda I, or a pharmacentically

5 JEe g

1

\,Nf

acceptable salt thereof, ' s & LR s 2-hydroxyethoxyl, FisHand R isH In

some embodiments of the compound of Formula § or a pharmaceutically acceptable salt
ik

,

G
(R [f’ “T

\.f"’

thereof, R is i , B is 2-hydroxyethoxyl, K s Hand R is methyl

{8127} in some smbodimenis of the compoeund of Formuda I or 8 pharmaceutically
O

acceptable salt thereof, B s i RY s H, R s methyl and B s H or methyl. In
some embodimerds of the compound of Formula § or s pharmacentically acceptable salt

61
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thereof, R’ is & R%is H,® i methyl and R is H. In some embodiments of the
oH

&

'fi.-_,,!f e

e
L
corapound of Formula 1, or a phammaceutically accepiable salt thereof, B! is .

£ s H, R is methyl and R® {s methyl.

2

16128] in some smbodiments of the compound of Formula L, or & pharmaceutically

o
by 0
()
acceptable salt thereof, r'ig H SR s 2-hydroxyethoxyl, R s methyl and R*is H

or methyl, In soms embodiments of the compound of Fornula I, or a pharmacentically
Ok

2 ” V,O-.

)

Moo
N
scceptable sali thersof, RY is 4 , R? is 2-hydroxyethosyl, R is methyl and B is

H. In some embodiments of the compound of Fornula §, or 2 pharmaceutically
oH

!,f,‘," /,.»C’\

.

i

acceplable salt thereof, R' {s : , RY is 2-hydroxyethoxyl, R s methyl and R is
methyl.

{8139 Embodiments herein that refer to the compound of Formula 1 in one aspect
also refer 1o & pharmacentically acceptable salt of the compound of Formula §, even if
not explicity stated as such.

{9138} in some emboduments, the compound of Formulda 1 is selected from the group

congisting of}

&2
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0:_‘}& QLE\,N,,\}
e \[;;\ i\xN\[,ff*\ﬂ
(SN 0 \‘/ {\\“’}\NH
Nrfa ,;;N N/} ;:;N\
HML N \,N\f MM ,N\T,ix\\/hhf
UG
97
HO T TN
o e
\\\fJ\NH HO e
e - ““"’LT"%
M. A g Hoh N Naf
] .
" ’ W ?
S
o™ e
HOL ‘LVN\«;”/\ E\,N\ N
QL W
N,}\T%N NpL\T;N
HoN_ N N Hahe N A N v
T ry
) M cand
&
L—»’\N/\}
L\/N o
\C“’E\“NH
P
HaN &NB}. \\“:‘fN\z{"‘
g ; or a pharmaceutically accepiable salt thereof

sy In some embodiments, the compound of Formula 1 s selected from the group
consisting off

2-{ 5-{{6~{Gramino-S-methylpyrazine-2-yinmidazo] 1, 2-a jpyrazin-&-vllaming }- 2 {4~
{oxetan-3-yhpiperazin- I-vhiphenoxyethanok;
&-{Gaminopyrazin-2-yi-N-{4-(4-{oxetan-3-yvhpiporazin-1-yhphenyi imidazol 1,2~
alpyrazin-8-amine;

A-{{A- {46~ {G-aminopyrazin-2-viimidazo[ 1 2-alpymzin-8-vlamine phenvlipiperazin-
-vImethylipropane-1,3-diok;

&3
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2e{ 3-{{6~{G-aminopyrazin-2-vimidazol 1, 2-alpyrazin-8-yiamino}2-{4-{oxsian-3~
vilpiperazin-1-vhphenoxyjethancl;

{RA-{4-{(6-{S~ammopyrazin-2-yDimidaro[], 2-alpyrazin-8-
yhamine jphenylDmorpholin-2-yhmethanol;
S-{G-aminopyrazin-2-y-S-methyl-N-{4-{(4-{oxetan-3-yhpiperazin-1-
yhphenylinidazol 1, 2-alpyrazin-B-aming; and

G{ Seamino-S-methvipyem-2-yD-N-{4-{4-{oxctan-3- vl ipiperazin- 1~
vhphenyhimidazol 1, 2-alpyrazin-8-aming;

or a pharmacentically acceptabls sall thersof,

[8132] Also provided herein is a compound of Formuda T

R‘;O

FER Sy WK
RN

Hel N\j/L\\rNJ

R{;(][\/\N%j Rg%

Formula I

or a pharmaceuntically acceptable salt thereof, wherein

HO
<
HO
M. |
)0
ey \?/
R is selected from the group consistingof %, ¥ and

OH
)
i
* whersin ® indicates the carbon atom of the mndicated phenyl
ring of Formula I o which R} is atiached;

R%isHor Z2-hydroxvethoxyl;

R™ is H or methyl; and

RYis H, halogen (e, F, Cl, By, or I}, methyl, or halo substituied methyl (e

methyl wherein 1 to 3 hydrogen atoms are substituted by 1 1o 3 halogen
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atoms, which may be the same or different, e.g. fuoromathyl,

chioromethyl, diftuoromethyl, dichloromethyl, chlorofluoromethyl,

wifluoromethyl, and the Hke).

133} Representative compounds of the invention are Hsted in Table A below. The

compounds in Table A are pamed using ChemBieDraw Ultra 12.0 and it should be

understood that other names be used to identify compounds of the same structure. Other

compounds or radicals may be named with common names, ot systematic or non-

systematic names. The compounds may aise be named using other nomenclature

systems and symbols that are commmondy recognized in the art of chemistry including, for

example, Chenvical Abstract Service {CAS) snd Intemational Union of Pure and Applied

Chemistry TUPAC) Any smbiguity in naming of commpounds can be resolved by

deforring o the strocture, where provided.

Table A. Representative Compounds

Sructure Name
97
- A
\\,rN £FN
l i G-{G-amino-F-methylpymein-2-y-N-{4-{4-{oxstan-
>N I-ylipiperazin-1-yhiphenyhimidazo{ 1, 2-alpyrazin-8-
LA AN Fmine
HNL_ N N
” ‘ /L? y A
o
[N g /\\}
L\/N\..f-p’ e . . . .
L i &-{G-aminopvrazin-2-yH-N-(d-{4-{onetan-3-
S vhipiperazin-1-yiphenyliimidazof §,2-alpyraszin-&-
NPy anmine
HQN.\E}N NP NGE N
‘}N i
97
O . l\\f.N, S
L\NJ\ NH {(R}-{4-{4-{{6~{G-aminopyrazin-2-yhiimidazo{ 1 2~
Iy " ajpyvrazin-8-yhamine jphenyl morpholin-2-
LR Dmethanol
Hal ?Pé\ /J%\ ,1:\!}) Y }
o
\,N.
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\‘?:::B‘\N/\\
i /g‘i\ N
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{8134} The compounds described herein, e.g. 8 compound of Formula L ora

pharmaceutically accepiable salt therof, provide distinet advaniages as Syk inhdbitors.

The compounds described herein sre inhubitors of Syvk kinase activity, as measured, for

example, as the inbibition of Svk kinase activity in a biochemnical assay or as the

reduction in basophil activation as measured by CIDG3 expression, as described in the

Examples. The compounds described heremn also have desirable properties foruse as a

pharmacentical, inchuding kinetic solubility at 37 °C in phosphate buffer st pH 7.4 and

fow levels of hepatoovie clearance, These features resolt in Syk inhibitors for treatment

of disease with pharmacokinetic characteristics that provide a therapeutic window such
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that the compounds can be effective in smaller doses than currently known compounds,
As such, the compounds provide effective doses with roiniroal off farget activity, which
may reduce unwanted side effects, lessen the chance of drug-drug interactions, and
increase a subject’s compliance with a given therapeutic regimen,
{135] In some embodiments, the compounds described herein, ¢.g. 8 compound of
Formula §, or a phamnmaceutically acceptable salt thereod, is effective in ong or more of
Svk kinase activily inhibition or reduction of basophil activation as measured by CI363
expression, for example, the compound inhibits Syk kinase activity with an ICy value
{ess than or equal o 1 micromolar, less than or equal 1o 500 nanomolar, less than or
equal to 200 navomolar, less than or equal to 100 nanomolar, less than or equal to 50
nanovnolar, less than or equal 1o 20 nanomolar, or less than or equal to 10 nanomolar, as
demonstrated by a suitable assay for Svk Kinase activity, such as the assay as described
in Example B; and/or reduces CIN3 expression activity with an ECs vahue less than or
equal to 1 micromolar, lesa than or equal to 300 nanomelar, less than or equal 1o 200
nanomolar, less than or equal to 150 navomalar, less than or equal to 100 nanomolar, or
less than or equal to 75 nanomaolar, as demonsirated by a suitable assay for the
measurement of CDE3 expression in basophils, such as the assay ag described in
Exaneple 8.
{0136} in some embodiments, the compound of Formula §, or & pharmacentically
accepiable salt thereof, 18 effective in both of Syk kinase inhibition and reduction of
CD363 expression, for example, the compound has Syk kinase activity with an 10 value
{ess than or equal fo 1 micromolar, less than or equal to 500 nanomolar, less than or
equal to 200 nanomolar, less than or egual to 100 nanomolar, less then or equal to 50
nanemolar, less than or equal to 20 nanomolar, or less than or egual to 10 nanomolar, a8
demonstrated by a suitable assay for Syk kinaze activily, such ax the assay as described
irt Example 8; and has reduction 1 CD63 expression with an ECq value less than or
equal to 1 micromolar, ess than or equal to 500 nanomelar, less than or squal to 200
nanomualar, less than or equal 1o 130 nanomaolar, less than or equal to 100 nanomolar, or
less than or equal 1o 73 nanomolar, ag demonstrated by a suitable assay for the
measurement of T3 expression i basophils, such as the assay as deseribed in
Example 9.
913N In some embodiments, 1 addition o having the property of one or more of
Syk kinase inhibition or reduction of basophil activation as reeasured by CD63
expression, including having both of the propertics of Syk kinage inhibition and
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reduction of basophul activation as measured by CD63 sxpression, the compound of
Formula § or 2 pharmaceutically aceeptable salt thereot, has desirable properties for use
as a pharmaceutical, including one or wore of kinetic solubility and low levels of
hepatooyte clegrance. In some embodiments, the compound of Formula L, ora
pharmacentically acceptable salt thereot, has a desirable property of one or more of
linetic solubility and low levels of hepatooyte clearance, inchuding kinetic solubility at
37 °C in phosphate buffer at pH 7.4 of greater than or equal to 10 uMM, greater than or
equal to 20 pM, groater than or equal to 30 M, greater than or equal to 40 uM, greater
than or equal to 5} pM, greater than or equal to 60 M, greater than or equal to 70 pM,
greater than or equal to 80 uM, or greater than or aqual to 80 pM,| as dereonstrated by a
suitable measure of kinetic solubility, such as the assay as described in Example 19;
and/or predicted bepatocyie clearance of less than or equal to (.50 Liwke, Tess than or
equal to .40 L/h/kg, leas than or egual to 0.30 Li/kg, less than or sgual 10 0.20
L/hrkeg, less than or equal to 010 Ldw/kg, less than or equal to 0.09 Liudkg, less than or
squal to .08 L'hw/kg, loss than or equal to .07 L/hr/ke, or less than or equal to .06
Liwr/kg, as demonstrated by a suitable measure of predicted hepatooyte clearance, such
as the assay as described in Example 11,
{B138] in some embodiments, the compound of Formula I, or & pharmacsutically
accepiable salt thereof, has a desirable property of kinetic sohibility, and low levels of
hepatocyte clearance, including kinetic solability at 37 °C in phosphate buffer at pH 7.4
of greater than or squal to 10 ubf, greater than or squal to 20 M, greater than or equal
to 30 M, greater than or equal to 40 oM, greater than or equal to 30 aM, greater than or
equal to 60 pM, greater than or equal to 70 ubd, greater than or equal to 80 uM, or
greater than or equal t© 80 udd, as demonstreted by a suitable measure of kinetic
solubility, such as the assay as described in Example 18 and predicted hepatooyie
cicarance of less than or equal to (.50 Libo'kg, less than or equal to (.40 Lihwkg, less
than or equal to 0.30 L/wr/ke, less than or equal to 8.20 Liw/kg, less than or equal o
0,190 Lihadke, less than or equal to .09 L/he/ke, Tess than or equal 10 0.08 Lihrkg, less
than or equal to .07 L/ho'kg, or less than or equal to .06 Liwkg, as demonstrated by a
suitable measure of predicted bepatocyte clearance, such as the assay as deseribed in
Example 11
{3134 In some emboditents, the corapound of Formula § or & pharmaceutically
acoepiable sali thersof] is effective in both of Syk kinase fnlubition and reduction of
1363 exprossion, and has a desirable property of kinetic solubility, and low levels of
48
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hepatocyte clearance, for example, the compound has Svk kinase activity with an 10
vahue less than or equal (o 1 micromolar, less than or equal to 300 nanomolar, loss than
or egual 1o 200 nanomolar, less than or egual o 100 nanomolar, less than or equal to 50
nanomolar, less than or equal fo 20 nanomolar, or less than or equal fo 10 nanomelar, as
demonsirated by 3 suitable assay for Svk kinase activity, such as the assay as deseribed
in Bxanple §; and has redoced CDS3 expression with an Bl value loss than or equal to
1 micromolar, less than or eqgual to 300 nanomolar, less than or equal fo 200 nanomolar,
fess than or cgual to 150 nanomolar, fess than or sgual to 180 nanomolar, or less than or
eqoal to 75 nanomolar, as demonstrated by a suttable assay for the measurement of
CI363 expression m basophils, such as the assay as deseribed o Example 10; and kinetic
solubility st 37 °C tn phosphate buffer at pH 7.4 of greater than or equal to 10 uM,
greater than or squal to 20 ph, greater than or equal to 30 pM, greater than or equal to
40 M, greater than or egual to 50 uM, greater than or equal to 60 pM, greater than or
equal to 70 pM, greater than or equal to 80 uM, or greater than or equal to 90 ubd, as
demonstrated by a suitable measure of kinetic sohability, such as the aasgy as described
m Example 19; and predicted hepatooyte clegrance of less than or egual to 0.50 Lihnkg,
Ivss than or equal Yo (.40 L/huvkg, loss than or equal to 0.30 L/'hw'kg, less than or equal to
0.20 L/hr'kg, less than or equal to 0,18 L/wkg, less than or equal to .09 L/hw/kg, less
than or equaal o 0.08 Lihw/ke, less than or equal to 0.07 Liw/kg, or less than or equal 1o
.06 LAuikg, as domonstrated by a suitable measure of predicted hepatocyte clearance,

such as the assay as described in Example 11,

Methods of Use

R & Provided is a method of treating a subject, for example, a mammal, suchas g
human, having & disease responsive to inhibition of Syk activity, comprising
administrating to the subject baving, or suspected of having, such a disease, an effective
amount of a compound of Formula 1, or a pharmacentically acceptable sall thersofl In
ong aspect, the suabject, such as 8 human, is administered 3 pharmacesutical compeosition
conywising a compound of Formula L or a pharmaceutically acceptable salt thersof, and
a pharmaceutically acceptable vehicle.

161411 In some smbodiments, the compound of Formnida 1, or a pharmaceutically
accoptable sall thereof, weay be administered o a subject {e.g., & human) who is at risk or

hags a family history of the disease or condition.
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{8142} in some embodiments, the compound of Fornuda I or 8 pharmaceutically
gccepiable salt thereof] may also inhubit other kinases, such that disease, dissase
sympioms, and conditions associated with these kinases are also treated,

B143] Methods of treatment also include inhibiting Syk activity and/ or inhibiting
Becell activity, by inhibiting ATP binding or hydrolysis by Syk or by some other
machanism, in vive, i1 3 subject suffering from a disease responsive to inhibition of Syk
activity, by administering an effective concentration of a compovnd of Formyda I, ora
phanmaceutically acceptable salt thereofl An example of an effective concentration
wonld be that coneentration safficient to mbibit Syk activity in vire, An effective
conceniration may be ascertained experimentally, for example by assaying blood
concentration of the compound following administration fo 8 human, or theorstically, by
calculating bicavailability.

{1144} in some embodiments, the condition responsive o inhibition of Syk activity
and/ or B-cell activity is cancer, an allergic disorder andfor an autoimmune and/or
inflammatory disease, and/or an scute inflanvestory resction,

{8145] Also provided s & method of inhibiting B-cell activity in a subject in need
thereof comprising adminisiering an sffective amount of a compound of Formula §, or a
pharmaceutically acceptable salt thereot,

{11461 Also provided is 2 meethod of inhibiting B-cell proliferation in a subject in
need thereof comprising adipinistering an effective amount of a compound of Formnda I,
or a pharmaceutically accepiable salt thereof.

{3147} Also provided is a method of treating a subject having cancer, an allergie
disorder and/or an mutoimmoune and/or inflammatory disease, andior an acute
inflammatory reaction, by admmistering an effective amownt of a compound of Formmula
i, or g pharmaceutically acceptable salt thereofl

8148} In some embodiments, the conditions and diseases that can be troated using 2
compound of Formnda 1, or a2 phammaceutically acceptable salt thereof, include, but are
not lmited tolymphoma {e.g. sinall lyvmphooytic lvmphoma (SLL}, non-Hodgkin’s
tymphoma {NHL}, indolent nop-Hodgkin®s lymphoma NHL), refractory INHL, mantle
cell bymphoma (MCL), folliculer lynephoma (FL), bophoplasmacytic lvmphoma (LPL),
marginal zone lymphoma (MZL), immunoblastic large cell lymphoma, lymphoblastic
Iymphoma, Splenic marginal zone B-cell lymphoma (/- villons lymphooyies), Nodal
marginal zone lymphoma (V- monocyioid B-cells}, Extranodal marginal zone B-cell

tymphoma of mucosa-associated lymphoid tissus (MALT) type, T-cell ymphomas {e.g.
T



WO 2016/010809 PCT/US2015/039677

cutaneous T-cell vmphoma, extrancdal T-cell ymphoms, anaplastic large cell
Ivmphoms, angioimmuncblastic Tecell hmphoms, mycosis fungoides), B-cell
bymphoma, diffuse large B-oell Iymphomas (BLBCL), Mediastinal large B-oell
tymphoma, Intravascular large B-cell lvinphoma, Primary effusion tymphoma, small
non-cleaved cell lymphoma, or Burkitt’s lymphoma), multiple myeloma, plasmacytoma,
and leokemia (e.g. acute bymphocoytic loukemia (ALL), T-cell acute lymphoblastic
lenkemia (T-ALL), B-oell acute ymphoblastic leukemia (B-ALL}, B-cell
prolymphocytic leukenya, acnte myeloid leukemia {AML), chronie lymphocoytic
leukemia (CLLY, juvenile myelomonocytic leukemia (IMML}, miniraal residual dissase
(MR}, hatry coll leukernis, mayelofibrosis {e.g. primary or sscondary myelofibrosis), or
chronic myeloid lenkernia (CML), myelodysplastic syndrome (MDS),
myveloproliferative discase (MPD), Waldestront’s macroglobulinemia (W),
polyoythemia vera, essential thromborythemis, pancreatic cancer, wological cancer,
bladder cancer, colorectal cancer, colon cancer, breast cancer, prostate cancer, renal
cancer, hepatocelhudar cancer, thyroid cancer, gall bladder cancer, lung cancer {e.g. non-
small cell lung cavcer, small-cell lung cancer}, ovarian cancer, cervical cancer, gastric
cancer, endometrial cancer, esophageal cancer, bead and neck cancer, melanoma,
neuroendocrine cancer, CNS cancer, brain himors {e.g., ghioma, snaplastic
oligodendroghoma, adult glioblastoma mubiforme, and adult anaplastic astrocytomal,
bone cancer, sofl tissue sarcoms, retinoblastomas, neuroblastomas, perftoneal effusions,
malignant pleural effusions, mesotheliomas, Wilms tumors, trophoblastic neoplasms,
hemangiopericyiomneas, Kapost's sarcomas, myxoid carcinoma, round cell carcinoma,
squamous cell carcinomas, ssophageal squamous cell carcinomas, oral carcinomas,
cancers of the adrenal cortex, ACTH-producing twmors, systemic lupus erythematosus
{SLE), myestonda gravis, Goodpasture's syndrome, glomernlonephritis, hemorrhage,
ralmonary hemorrhage, stherosclerosis, rheumatoid arthritis (RA), psoriatic arthritis,
mongarticalar arthritts, ostecarihritis, gouty arthritis, spondylitis, Behget disease,
autommmune thyrowditts, Reynaud’s syndrome, acute disseminated encephalomyelitis,
chronic idiopathic thrombocytopenic purpura, multiple sclevosis (MS), Sj8gren’s
syndrome, antobmmune hemolytic anenya, Hissue grall rejoction, hyperacude rejection of
transplanted organs, allograft rejection, grafi-versus-host disease, diseases involving
isukocyte diapedesis, discass states due o leukocyte dvserasia and metastasis,
gramifoeyte transfusion-associgted syndromes, cytokine-induoced toxicity, seleroderma,

vasculitts, asthma, psoriasis, inflammatory bowel digsease {e.g. chronic inflasumatory
1
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bhowel dissase, ulcsrative colitls, Crohn’s disease, necrofizing enterocolitis}, irritable
howel syndrome, denmatomyositis, Addison’s disease, Parkinson’s disease, Alzheimer’s
disease, diabetes, type I diabetes mellitus, sepsis, septic shock, endotoxic shock, gram
negative sepsis, gram positive sepsis, and toxic shock syndrome, nwltiple organ infury
syndrome secondary 1o seplicemis, traums, hypovolemic shock, allergic conjunctivits,
vornal conjunctivitis, and thyroid-associated ophthahoopathy, eosinophilic granuloma,
eczema, chronic bronchitis, acute respiratory distress syndrome, allergic rhinitis, corvea,
hay fever, bronchial asthma, silicosis, pulmonary sarcoidosis, pleurisy, alveokiis,
emphysema, pneumonia, bacterial pnetmonda, bronchiectasts, and pulmonary oxygen
toxicity, reperfusion injury of the myocardim, brain, or extremities, thermal injury,
cystic fibrosis, keloid formation or scar tissue formation, fever and myalgias due to
miection, and brain or spinal cord wpury doe to nunor traums, diseases nvolving
isukocyie dispedesis, acute hyperseansitivity, delayed hypersensitivity, urticaria, food
allergies, skin sunburn, inflammatory pelvic diseass, urethritis, uveilis, sinusitis,
poewmonitis, encephalitis, meningitis, myocarditis, nephritis, osteomyelitis, myositis,
hepatitis, alcobobic hepsatitis, gastritts, enferitis, contact dermatitis, atopic dermatitis,
gingivitis, appendiciiiy, pancreatitis, cholocystitis, and polyeystic kidney disease.
8149 In some embodiments, provided is a method of reating a subject having an
allergic disorder and/or an autoimmune and/or nflammatory disease, and/or an acute
inflamynatory reaction by administering an effective amount of a compound of Formula
I, or a pharmacentically acoeptable sall thereof In some embodiments, the disesse is
sefected from the group consisting of systemic lupus srythematosus, myestenia gravis,
Goodpasture's syndrome, glomernlonephritis, hemorrhage, pulmonary hemorrhage,
atherosclerosis, rheumatoid arthritie, peoristic artheitis, moncarticolar arthritis,
ostenarthritis, gouly arthritis, spondylitis, Behget disease, avtoimmune thyroiditis,
Revnaud's syndrome, acute disseminated encephalomyelitis, chronie idiopathic
thrombocytopenic purpara, multiple sclerosia, 8ifgren’s syndrome, aupimmune
hemolytic anenua, tissue graft rejection, hyperacute rgjection of transplanted organs,
allogra® rejection, graf-versus-host dissase, diseases mvolving leukooyte diapedesis,
disesse states due to loukocyie dyserasia and metastasts, gramilocyte
transfusion-associated syndromes, cvtokine-inducad toxicity, scleroderma, vasculitis,
ssthma, proriasis, chronic inflammatory bowel digease, ulcsrative colitis, Crohn’s
disease, necrotizing enterocolitis, irvitable bowel syndrame, dermatomyositis, Addisen’s

discase, Parkinson’s disease, Alzheimer’s disease, diabetes, type I diabetes meliitus,
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sepsis, septic shock, endotoxic shock, gram negative sepsis, gram positive sepsis, and
toxic shock syndrome, multiple organ fnjury syndrome secondary to septicemia, ravma,
hypovolemic shoek, allergic conjunctivitis, vernal conjunctivitis, and thyroid-associated
ophthalmopathy, eosinophilic gramiloma, eczema, chronic bronchitis, acule respiratory
distress syndrome, allergic rhinitie, corvea, hay fever, bronchiad asthma, silicosts,
pulmonary sarcoidosts, plevrisy, sbveolitls, enophysems, pneumonia, bacterial
puemmonia, bronchiectasts, and pulmonary oxygen toxicity, reperfusion injury of the
myacardium, brain, or exirenuties, thermal injury, cystic fibrosis, kelodd formation or
scar tissne formation, fever and myalgias due o infection, and brain or spinal cord injury
due to minor trawma, diseases mvolving leukocyte diapedests, scute hypersensitivity,
delayed hypersensitivity, urticaria, food allergies, skin sunburn, inflammatory pelvic
disease, urethritis, uveitis, sivusitis, preamonitis, sncephalitis, meningitis, myocarditis,
nephritis, osteomyelitis, myositis, hepatitis, slooholic hepatitis, gasiritis, enteriiis, contact
dermatitis, atopic dermatitis, gingivilis, appendicitis, pancreatitis, cholooystitis, and
polyeystic kiduey disease,

{8158} In some smbodiments, provided 1s 3 method of treating a subject having an
auntoinnumne disease selected from the group consisting of 3 systemic fupas
erythematosus, mysstenia gravis, rhewmatoid artheitls, acute disseminated
encephalomyelitis, idiopathic thrombooytopenic purpora, multiple sclerosis, Sjoegren’s
syndrome, psoriasis, autoinomune hemolylic snenua, asthma, ulcerative colifis, Crobn's
disease, irritable bowel disease, and chronic obstructive pulmonary disease by
admimsiering an sffective amount of a compound of Formula ¥, or a pharmaceutically
acceplable salt thereof. In some smmbodiments, the autcimmune dissase has excessive or
destructive immune reactions, such as asthina, rheumatoid arthrigis, muitiple sclerosis,
chronic obstructive pulmonary disease, or systemic lupus ervihematosus,

1%y in some embodinsents, provided is a method of treating & subject having
rhewmatoid arthritis, by administering an effective amount of a4 compound of Formmula §,
or 8 phavmacentically acceptable salt thereof

{3152] Svk is 3 known inbibitor of apoptosts in lyophoma B-cells. Defective
apoptosts coniributes to the pathogenesis and drog resistance of luman leukemias snd
bophomas, Thus, further provided is a method of promoting or inducing apoptosis in
cells expressing Syk comprising contacting the cell with a compound of Formula L ora

pharmaceutically acceptable salt thereof
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LLERRY: in some embodiments, provided is a method of treating 2 sabject having
cancer selected from the group consisting of carcinoms, sarcoma, melanoma, bymphoma
and loukemia, In some embodiments the cancer I8 a solid fumor or a hereatologic
malignancy.

HERTY in sorme embodiments, provided is a method of treating a subject having 8
hematologic malignancy selected from the group consisting of small Tvimphoevtic
tymphoma, non-Hodgkin's lyropboma, indolent non-Hodgkin's lymphoma, refractory
iNHL, mantle cell lyrophoma, follicular lvmphoma, lymphoplasmacytic lymphoms,
marginal zone lymphoma, mmunoblastic large cell lvonphoma, Iymphoblastic
tymphoma, Splenic marginal zone B-cell hvmphoma (/- villous hymphooytes), Nodal
marginal zone lymphoma (-~ monocyioild B-cells), Extranodal marginal zone B-cell
fymplioma of mucosa-associated lymphoid Hesue type, cutansous Tecell lyvmphoma,
sxtranodal T-cell bymphoma, anaplastic large cell lyrophoma, angiotmmmnoblastie T-cell
bymphoma, mycosis fungoides, B-eell lyrophoma, diffuse large B-cell ymphoma,
Mediastinal large B-cell lymphoma, Intravascular large Becell lymphoma, Primary
etfusion lymphoma, small non-cleaved cell lymphoma, Burkitt's lymphoma, maltiple
mysloma, plasmacytoma, acute vrophocytic leukemia, T-cell acute lymphoblastic
leukemia, B-cell acute fvmphoblastic leukemis, Becell profymphocytic leukenys, acute
myeloid lenkemia, chronie lymphocoytic leukemia, juvenile myelomonocytic leukemia,
mumimal residual disease, hairy cell lenkemita, primary myelofibrosis, secondary
myeloitbrosis, chronic myeloid leukemia, myelodysplastic syndrome, mysloproliferative
disease, and Waldestrom’s macroglobulinemis.

{11588) in somwe embodiments, provided is a method of treating a subject having
cancer, whereing the cancer is leukemia or lymphoma, by administering an effective
ameumnt of a compound of Formuda §, or 2 pharmacentically scceptable salt thereof, In
some embodiments, the cancer is selected from the group consisting of acute
ivmophooytic levkemia, acube myeloid leukemia, chronic lvmphooytic lsukemis, small
bvmphooytic Tymphoma, myelodveplastic syndrome, myeloproliferative disease, chronic
myeloid loukemia, multiple myeloma, indolent non-Hedglan’s Iymphoma, refractory
iNHL, non-Hodgkin’s lvmphoma, mantle cell lvmphoms, follicolar lvmphoma,
Waldestrom’s macroglobulinemia, T-cell lymphoma, B-cell lvmphoma, and diffose
large B-cell lymphoma, In one ombodiment, the cancer is Tecell acute Iymphoblastic
leukemia, or B-cell acute lymphoblastic leukenya. The non-Hodgkin lymphoma

encompasses the indolent B-eell diseases that elude, for example, follicular lymphoma,
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Iymphoplasmacytic lvmphoma, Waldenstrom macregiobulinemis, and margina! zone
Iymphoma, as well 85 the aggressive lymphomas that include, for example, Burkit’s
Iviophoma, diffuse large Becell lymphoma and mantle cell lymphoma. Inone
embodiment, the cancer i indolent non-Hodgkin®s hymphoms.

8156} In some embodiments, provided is & method of treating a subject having &
hematologic maligoancy by administering an effective amount of a compound of
Formuda §, or 8 pharmacentically acceptable salt thereof. In specific embodiments, the
hematologic malignancy is leukemia (e.g., chronic tymphooyiic levkemis) or lymphoma
{e.g., non-Hodgkin's byrophoma).

{8187} o some embodiments, provided is a method of reating 2 subject having
chronic lvmphocoyvtic leukenia by administoring an effoctive amount of & compound of
Formala I, or a phaneacentically scceptable salt thereofl

[B188]  In some embodiments, provided s 8 method of treating a subject having a
solid tumor by administering an effective amount of g compound of Formula [ or s
pharmaceutically acceptable salt thereof. In some embodiments, the solid tumor is from
a cancer selected from the group consisting of pancreatic cancer, wrological cancer,
biadder cancer, colorectad cancer, colon cancer, breast cancer, prostate cancer, renal
cancer, hepatocellular cancer, thyroid cancer, gall bladder cancer, fung cancer {e.g. non-
srmall cell long cancer, small-cell hing cancer), ovarian cancer, cervical cancer, gasiric
cancer, endometrial cancer, esophageal cancer, head and neck cancer, melanoma,
neuroendocring cancer, CNS cancer, brain tumors {e.g., glioma, angplastic
sligedendroghioma, adult glioblastoma multiforme, and adolt ansplastic astrocviomal,
hone cancer, soft tissus sarcoma, retinoblastomas, newreblastomas, poritoneal effusions,
malignant plevral effusions, mesotheliomas, Wilms tumors, trophoblastic neoplasms,
hemangiopericytomas, Kapost's sarcomas, myxoid carcinoms, round cell carcinoma,
squamous cell carcinemas, esophageal squamous cell carcinomas, oral carcinomas,
cancers of the adrenal cortex, and ACTH-producing tumors. In some embodiments, the
solid tumor is from non-small cell lung cancer, small-cell hing cancer, colon cancer,
NS cancer, melanoms, svarian cancer, ronal cancer, prosiate cancer, and breast cancer,
{B189] Also provided herein is 8 compound as described herein, e.g. a compound of
Formuia §, or a pharmaceuntically acceptable salt thereof, for use in the weatment of a
digease or condition as deseribed herein, e.g. 8 cancer {including carcinoma, sarcoms,
melanoma, lymphoma and leukemia}, an allergic disorder and/or an sutoimmune and/or

milammatory disease, and/or an acute inflammatory resction.
7
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Bial} Also provided hersin is a compound as deseribed herein, e.g. & compound of
Formula §, or a pharmacsutically acceptable salt thereof, for use in the manufaciure of a
medicament for the treatment of a disease or condition as described herein, e.g. 4 cancer
{incheding carcinoms, sarcoma, melanomng, lyvmphoma and leckemia), an allergic
disorder and/or an autoimmune and/or inflammmatory disease, and/or an acuie
inflammatory reaction.

8161} Also provided berem are methods for using a compound of formula §, ora
pharmacentically scceptable salt thersof, to selectively or specifically inhibit Syvk
activity therapeutically or prophylactically, i combination with a vinca-alkaloid, or
pharmaceutically acceptable salt thereof, 1o selectively or specifically inkibit tubndin or
wicrotabule formation therapeutically or prophyiactically. The method comprises
adomunistering a compounnd of formala § or a phavmaceotically scceptable salt thersof, or
a pharmacsutical compositon thereof, m combination with a vinca alkaloid, or a
pharmacentically acceptable salt thereof, to 8 subject {e.g., a uman) in need thereof in
sn amount sufficient to inhibit Syk activity sand/or mhibit tubulin or microtubule
formation. The method can be smployed to freat subjects {e.g., humasns} suffering from,
or subject io, a condition whose symptoms or pathology is mediated by Syk exprossion
OF aciivity.

{8162} “Treatment” or “treating” is an approach for obiaining bensficial or desired
results inchuding chinical results, Beneficial or desired clinical results may inchude one
oy more of the following:

{i} decreasing one more symptoms resudiing from the disease;

{1}  diminishing the extent of the disease andfor siabilizing the disease {e.g.,

delaying the worsening of the disesss);
{iii}  delaying the spread {e.g., metastasis) of the disease;

{iv} delaying or slowing the recorrence of the disease and/or the progression

of the disease;

{v}  amchorsting the disease siate and/or providing a remission {whether
partial or total} of the disease andfor decreasing the doge of ong or more other

medications reguired €0 ireat the disease;

{vi}  increasing the quality of life, and/or
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{vit} prolonging survival

[§163} “Drelaving” the development of a disease or condition means to defer, hinder,
slow, retard, stabilize, and/or postpone development of the disease or condition. This
delay can be of varying lengths of time, depending on the history of the disease or
condition, and/or subject being treated. A method that “delays” development of a disease
or condition is a method thet reduces probability of disesse or condiion development in
g given time frame and/or reduces the extent of the diseass or condition in a given time
frame, when corapared to not using the method. Such comparisons are typically based on
clinical studies, using a statistically significant mumber of subjects. Disease or condition
development can be detectable using standard methods, such as routine physical examas,
manueography, imaging, or biopsy. Development may also refer to disease or condition
progression that may be inttially undeteciable and includes occorrence, recwrence, and
onset.

{8164} The compound of formaula L, or a pharmacentically acceptable salt thereof, in
combination with a vinca alkaleid, or & pharmacsutioslly aceeptable salt thereof, may, in
some embodiments, be administered to 8 subject {e.g., 3 huraan) who s atrisk orhas a
family lastory of the discase or condition.

{68165} The term “inhibition” indicales a decrease in the baseline activity of &
biological setivity or process. “Inhibition of activity of Syk activity” refers {0 2 decrease
in activity of 3vk g5 a dirset or Indirect response o the presence of the compound of
formula I, or a pharmaceutically acceptable salt thereof] relative to the sctivity of 8yk in
the absence of such compound or a pharmaceutically acoeptable salt thereofl In some
embodiments, the inhibition of Syk sctivity may be compared in the same subject pricy
to treatment, or other subjects not receiving the trestment. “Inhibition of activity of
tubulin formation” refers to a decrease in tubulin formation gs a divect or indirect
response o the presence of a vinea-alkaloid, or a pharmaceutically acceptable salt
thereot, relative o the activity of tubulin formation in the sbeence of such vinca-atkaloid
or a pharmaceutically acceptable salt thereofl In some smbodiments, the inkdbition of
tubulin formation may be compared in the same subject prior to treatment, or other
subjects oot receiving the treatment,
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FHERGY In sovne embodiments, the compound of formuda § or s pharmacentically
accepiable salt thereof, or 2 pharmacentical composition thereof, n combivation with a
vinca-alkaloid, or a pharmaceutically acceptable salt thereof] is used in the treatment of
cancer. In certain embodiments, the compound of formmula §, or a pharmaceutically
acoeptable salt thereof, in combination with a vinca-alkaloid, or a pharmacentically
acceptable sall thereof, is used in the treatment of a hematologic malignancy. In some
embodiments, the compound of formnuda 1, or & pharmaceutically acceptable sall thersof,
in combination with 8 vinca-slkaloid, or a pharmaceutically accepiable ealt thereof,
inhibits the growth or proliferation of cancer cells of hematopoistic origin. In some
embodiments, the cancer cells are of Iymphoid origin, and in certain embodiments, the
cancer cells are related to or derived from B lymphocytes or B lymphooyie progentiors.
{87} Hematologic malignancies amenable 10 treatment using the method disclosed
m the present disclosure nchide, withowt limitation, tymphomas {e.g., malignant
neoplasms of lvmphoid aod reticuloendothelial tissues, such as Burkits lymphoms,
Hodgking® lymphoma, non-Hodgkins” lymphomas, lvmphocytie lvmphomas); multiple
myelomas; leukenuias {e.g., lymphocytic leokemdas, chronic myeloid (myelogenous)
leukemias). Other cancer cells, of hematopoietic origin or otherwise, that express Svk
also can be treated by admindstration of the polymorphs and compositions thereof
described herein.

{0168] In particulsr embodiments, the hematologic malignancy is lenkemia or
Iymphoma. In certain embodiments, the hematologic malignancy s scute lvmphocoytic
feukemia (ALL), acute myeloid leukemia (AML), chronic lymphocytic leukemda {CLL),
small lymphooytic lyvmphoma (SLL), myelodysplastic syndrome (MDS),
myeloproliferative disease (MPL), chronie myeloid leukemia (CMLY, muliiple myeloma
(MM}, non-Hodglin™s bymphoma (NHL), indolent non-Hodghkan's ymphoma (INHLY,
refractory INHL, mantle cell lymphoma (MCL), follicular lviophoma (FL},
Waldestrom’s macroglobulinemia {WH), Tecell lymphoma, B-cell lymphoma, diffuss
farge B-cell lyrophoma {(DLBCL), lvmphoplasmacytic lymphoms (LPL), and marginal
zone lymphoma (MELL

{81681 In one cmxbodiment, the cancer s T-cell acute lyvmphoblastic lenkemia (T-
ALL}, or Becell acute lvmphoblastic levkenua (B-ALL}. In apother embodiment, the
cancer 13 chronie Ivmphooytic levkemia (CLL). In yet another embodiment, the cancer
is non-Hodgkin’s lymphoma (NHL). In one embodiment, the NHL is diffuse large B-
cell lvmphoma (DLBCL), mantle cell bvinphoma (MCL), follicular bymphoma (FL),
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small yrophoevtic ymphoma (SLL), lvmphoplasmacytic lvmphoma (LPL), and
marginal zone lvmphoma (MZL). In one smbodiment, the cancer i3 indolent non-
Hodgkin’s lymphoma (INHL).

{8176 In some emmbodiments, the compound of formula 1, or a pharmaceutically
accepiable salt thereof, or a pharmaceutical composition thereof, in cormbination with a
vinca-alkaloid, or a pharmaceutically acceptable salf thereof] is used in the treatment of 2
solid tumor cancer. In certain embodiments, the compound of formuda ¥, ora
pharmaceutically acceptable salt thereof, in combination with a vinca-alkaloid, ora
pharmeceutically sceeptable salt thereof] (2 used i the treatment of certain solid umor
cancers, such 88 pancrestic cancer, hing cancer, colon cancer, colo-rectal cancer, breast
cancer, esophageal cancer, adenocarcinoma, hepatocelhilar cancer. In cenain
smbodiments, the compound of formula I, or a pharmaceutically acceptable salt thereof,
in combination with a vinca-alkaloid, or a pharmacentically sceeptable salt thereof] is
used in the treatment of cerlain solid tomor cancers which have an expression of Syk
activity or in which Syk is expressed. Other solid tomeor cancer cells that express 8vk
also can be treated by administration of the polymorphs and compositions thereof
described herein.

171 In vet another aspsot, provided are methods of treating a subject {e.g,
human) having 8 Syk-mediated disorder by adnunistering a compound of formula |, ora
pharmaceutically accepiable salt thereof, or a pharmaceutical composition thereof, in
combination with a vinca-alkaloid, or a pharmaceutically acceptable salt fhereof] to the
subject. Provided ave also methods of modulating Syk in » subject {e.g., a human) by
admindstering a compound of formulda I, or & phammaceutically accoptable salt thereof, or
8 pharmacentical composition thereof, in combination with a vinca-alkaloid, or g
pharmaceutically acceptable salt thereof to the subject,

18173 in any of the methods described herein, the compound of formmala §, or a
pharmaceutically accepiable salt thereof, may be administered to the individual 85 2 voit
dosage, for examaple in the form of a tablet. In any of the methods deseribed herem, the
vinca-aikaloid, or a pharmaceutically acceptable salt thereof, may be administered to the

mdividual vig TV (inlravenons) debivery.

18173] Any of the methods of weatment provided hereln may be used to treat cancer
at an advanced stage. Any of the mothods of treatment provided hersin may be used to

treat cancer at locally advanced stage. Any of the methods of treatroent provided hevein
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moay be used 1o ireat early stage cancer. Any of the methods of reatment provided herein
may be used o ireat cancer in remission. In some of the embodiments of any of the
methods of trestment provided herein, the cavcer has reccowrred afier remission. In some
grnbodiments of any of the methods of treatment provided herein, the cancer s

progressive cancer.

Subfects

{1741 Any of the methods of teatment provided may be wsed to treat a subject who
has heen diagnosed with or is suspected of having an allergic disorder and/or an
autoirgnene and/or inflammatory disease, and/or an acute inflarmmatory reaction ora
CAnOST.

{1751 In some of the embodiments of any of the methods provided herein, the
subiect ie & human who i3 at risk of developing a cancer {e.g., 8 human who is
genstically or otherwise pradisposed o developing 8 cancer) and who bas or has not
been diagnosed with the cancer. As used herein, an “at risk” subject is & subject who is
at risk of developing cancer {e.g., a hematologic malignancy). The subject may or may
not have detectable disesse, and may or may not have displayed detectable disease prior
0 the treatment methods described herein, An at risk subject may have one or more so-
called risk factors, which are measurable parameters that correlate with development of
cancer, such as described herein. A subject having one or more of these risk factors hasg a
higher probability of developing cancer than an individual without these risk factor{s).
{8176} These risk factors may foclude, for exampls, age, sex, race, dist, history of
previous disease, presence of precursor dissase, genstic {e.g., hereditary) considerations,
and environmendal sxposure. In some embodiments, a subject at risk for cancer ncludes,
for example, a subject whose relatives have experienced this disease, and those whose
visk is determined by snalysis of genstic or biochenycal markers, Prior history of having
cancer may also be a risk factor for instances of cancer rectrrance.

6177 Provided herein are also methods for treating @ subject {e.g, 8 human) who
axhibits one or more symaptoms associated with cancer {e.g., 2 hematologic malignancy).
In some embodiments, the subject is at an early stage of cancer. In other embodiments,
{he subject is a8t an advanced stage of cancer.

B178) Provided herein are also methods for (reating a sobject {e.g, 8 lnunan) who i3
undergoing one or more standard therapes for treating cancer {e.g., 8 hematologic
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malignancy), such as chemotherapy, radiotherapy, immunotherapy, andfor surgery.
Thus, 1 some foregoing embodiments, the corapound of Formula L or a
pharmaceutically acceptable salt thereotf, administered before, during, ov afier
adnunistration of chemotherapy, radiotherapy, immunotherapy, andfor surgery.

{81791 in snother aspect, provided herein are methods for tresting a subject {2z, 8
human) who is “refractory” t0 a cancer treatment or who is In “relapse”™ afler treatment
for cancer {e.g., a hematologic malignancy). A subject “refractory” {0 an anti-cancer
therapy means they do not respond (o the particadar reatment, also reforred to as
resistant, The cancer may be resistant to trestment from the beginming of treatment, or
may become resistant during the course of treatment, for example after the treatment has
shown some effect on the cancer, but not enough 1o be considered a remission or partial
remission. A subject in “relapse” means that the cancer has returned or the signs and
syniptoms of cancer have returned after a period of inprovement, ¢.g. afler a treatment
has shown effective reduction in the cancer, such as after a subject is in remission or
partial remission,

{184} In some embodunents, the subject may be & human who is (i) refractory o at
lzast one anti-cancer therapy, or (i1} in relapse after reatment with at least one anti-
cancer therapy, or both () and (31}, In some of erobodiments, the subject is refractory 1o
at loast two, at least three, or at least four anti-cancer therapy {(inclading, for exarople,

standard or experiieental chemotherapies),

{181} In some embodbments, the subject is refraciory {o at least one, at keast two, at
least three, or st least four anti-cancer therapy {includimg, for example, standard or
experimental chemotherapy} selected from fludarabing, ritiimab, obinutuzumab,
aikylating agents, alemtoniunab and other chemotherapy troatments such as THOP
{evclophosphamide, doxornbicin, vineristine, preduisone); R-CHOP {ritodmab-CHOP),
hyperCVAD (byperfractionated cyclophosphamide, viveristine, doxorubicin,
dexamethasone, methotrexate, oytarabine); RohyperCVAD (rinimab-hyperCVADY,
FOM {(fludarabine, cyclophosphanide, mitoxantrons); R-FUM {ritoximab, fludarabine,
cycliophosphamide, mitoxanivoneg}; borlezonub and riteximab; temsirolimus and
ritaximab; temsirolimus and Veleade™; Todine-131 tositumomab {Bexxar™) and CHOP;
CVP (evelophosphamide, vincristing, preduoisons); R-UVP {rituximab-CVP); ICE
{iphosphamide, carboplatin, etoposide); R-ICE (ritenimab-ICE)Y, FCR (Hudarabine,
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eyelophosphamide, rituximab); FR (fludarabine, rituximab); and DT PACE

{dexamethasone, thalidomide, cisplatin, Adriamyein”, cyclophosphamide, etoposide).

{0182} {ther examples of chemotherapy treatments {including standard or
experimental chemotherapies} are described below. In addition, treatment of certain
ivmphomas is reviewed in Cheson, B.I3, Leonard, 1P, “Monoclonal Antibody Therapy
for B-Cell Non-Hodgkin’s Lymphoma” The New England Jouwraal of Medicine 2008,
359(6}, p. 613-626; and Wierda, W.G., “Current and Investigations] Therapies for
Patients with CLL” Hemalology 2006, p. 285-294, Lympbomas incidence patterns in the
Untted States is profiled in Morton, LM, @2 @f. “Lymphoma Incidence Patterns by
WHO Subtype in the United States, 1992-20017 Blood 2006, 107(13, p. 265-276.

[B183] For example, treatment of non-Hodgkin®s Iymphomas (NHL), especially of
Becell ongin, inchide the use of monocionsl antibodies, standard chemotherapy
approaches {e.g., CHOP, CVP, FCM, MCP, and the like), radicimmumotherapy, and
combinations thergof, especially integration of an antibody therapy with chemotherapy.
Examples of unconjugated monoclonal antibodies for Non-Rodgkin's lymphoma/B-cell
cancers nelude rituximab, alembusumab, human or humanized ant-CD20 antthodies,
fumiliximab, anti-TRAIL, bevacizumab, galiximab, epratuziamab, SGN-40, and anti-
CD74, Examples of experimental antibody agents used i freatment of Non-Hodgkin’s
Iymphoma/B-cell cancers include ofatunumab, ka6, PROIZ1921, alemburumnab,
galiximab, SGN-40, CHIR-12.12, epratunienad, huniliximab, apolizomab, milatusumab,
and bevacizumab, Examples of standard regimens of chemotherapy for Non-Hodgkin’s
ymophoma/B-cell cancers include THOP {cyclophosphamide, doxorubicin, vinoristing,
prednisone), FCM {(fludarsbing, eyelophosphamide, mitoxantrone), CVE
{eyvclophosphamide, vineristine and preduisone}, MCP {(mitoxanirone, chiorambucil, and
preduisolone), R-CHOP (ritoximab plus CHOPY, R-FCM (rituddmab plos FOM), R-CVP
{rinpcimab plus CVP), and R-MCP (R-MCTP}. Examples of radiotmmunctherapy for
Mon-Hodghin’s lymphoma/B-osll cancers inclode yitnum-90-labeled ibritumomalb

Huxetan, and iodine-131-labeled tositmmomab.

{8184] in another example, therapeutic treatments for mantle cell hmphoma (MCL)
mclude combinstion chemotherpies such as CHOP {oyclophosphamide, doxorubicn,
vineristing, pradnisone), hyperCVAD (hyperfractionated cyclophosphamide, vineristine,
doxorubicin, dexamethasone, methotrexate, eviarsbing} and FOCM (fludarabine,
eyclophosphamide, mitoxantrone). In addition, those rogimens can be supplemented
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with the monocional antibody rituximab (Ritoxan) to form combination therapies R-
CHOP, hyparCVADR, and R-FOM. Oiher approsches inchude combining any of the
abovernentioned therapies with stem cell transplantation or treatment with TR
{iphosphamide, carbopiatin and etoposide). Other approachss to treating mantle cell
fymphoma includes impmunctherapy such as using monoclonal antibodies lke Rituximab
{Rituxsan}. Ritwximab can be used for treating indolemt B-oell cancers, inchuding
marginal-zone lymphorea, WM, CLL and small bvmphocoytic lymephoma. A combination
of Riximab and chemotherapy agenis is expecially effective. A modified approach is
radicimonmotherapy, wherein a monocional antibody s combined with a radivisotope
particle, such as fodine-131 tosttumomab (Rexxar™) and Yiteinm-90 ibritemomals
tiuxetan (Zev&ﬁn@}g In another exampls, Bexxar® is used in sequential treatment with
CHOP. Another immamotherapy example inchudes using cancer vaceines, which is based
upon the genetic mskeup of an individual subject’s tumor. A lymphoma vaceine
example is GTOP-99 {M}f&f’ax@}, Yt other approaches 0 reating mantle gell
fymphoms ncludes avtologons stem cell transplantation coupled with high-dose
chemotherapy, or reating mantie cell lymphoma inchides admindstering proteasoms
inhibitors, such as Velcade™ {bortezomib or PS-341), or antiangiogenesis agents, such as
thalidomide, especially in combination with Ritivan,  Another treatment approach is
adrministering drugs that lead to the degradation of Bel-2 protein and increase cancer cell
sensifivity 1o chemotherapy, such as oblimersen {Genasense) in combination with other
chemotherapeutic agents. Ancther trestment approsch includes sdministermg mTOR
inhibitors, which can lead to inhibition of cell growth and even cell death; 2 non-limiting
example is Temesivolimus {CCL-779), and Temsirolimus in combination with Ritwran®,

Veloade® or other chemotherapentic agents,

[B185] Other recent therapies for MCL have been disclosed (Nature Reviews; Jares,
P. 20073 Such examples include Flavopiridel, PDN332991, R-roscoviting {Selicilib,
CYC2(2}), Styryl sulphones, Obatoclax (GXI5-070), TRATL, Anti-TRAIL DR4 and
DRS antibodies, Terosirolimus ({CC779), Bverolimus (RADDGL), BMSE-345541,
Cureumnin, Vorinostat {SAHAY, Thalidonide, lenalidomide {Reviimid®, €C-501 33, and
Celdanamyein (17-AAG)

{8186] Examples of other therapeutic agents used o treat Waldensirony’s
Macroglobulinemis (W) inchade perifosine, bortezomib (Veloade™), rituximalb,

siidenafi} ciivate { ‘y’iagx"’a@), CC-5103, thalidomide, spratizumab (L2~ anu-C22
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humanized antibody), simvastatin, enzastaurin, campath-1H, dexamethasone, T PACE,
oblimersen, antineoplaston A10, antineoplaston AS2-1, alemtnzumab, bela alethine,
cvelophosphamids, doxonibicin hydrochloride, prednisone, vineristine suifate,
fludarabine, filgrastim, melphslan, recombinant mterferon alfa, carmustine, cisplatin,
cyclophosphamide, cytarabine, etoposide, meiphalan, dolastatin 10, indiuwm In 111
monocional antthody MN-14, ytirturm Y 90 humanized epratusumal, anti-thymooyte
globulin, bussifan, cyclosporine, methotrexate, mycophenolate mofetil, therapeutic
allogeneic Iymophoeytes, Yiriam ¥ 90 ibritomoroab thusetan, sirolimus, tacrolimus,
carboplatin, thioteps, paclitaxel, aldesleukin, recombinant interferon alfa, docetaxel,
ifostamide, mesna, recombinant interlewdkin-12, recombinant interlenkin-11, Bel2
family protein inhibitor ABT-263, denilenkin diftitox, tanespimyein, everolimus,
pegfilgrastim, vorinostat, alvocidib, reconthinamt 113 ligand, recombinant human
thrombopeistin, lymphokine-activated killer cells, amifostine tribpvdrate,
gminocamptothecin, irinotecan hydrochloride, caspofungin acetate, clofarabine, epoetin
alfa, nelarabine, pemiosiatin, sargramostim, vinorelbine ditartrate, WT-1 analog peptide
vaccine, WT'T 126-134 peptide vaccine, fenretinide, ixabepilone, oxaliplatin, monocional
antibody CDTS, monoclonal antibody CD20, omegs-3 fatty acids, mitoxantrone
wvdrochloride, octreotide acetate, tosifumomab and iodine I-131 tositumnmals,
motexatfin gadolinium, arsenic irinxide, tipifamib, autologous human tumor-

derived HEPPU-06, veltuzumab, bryostatin 1, and PEGylated lposomal doxorubicin

hydrochloride, and any combination thereof

{8187 Examples of therapeutic procedures used {o treat WM include peripheral
blood stem cell iransplantation, autologous hematopoietic stom cell tansplantation,
auiologous hone marrow transplantation, antibody therapy, biclogical therapy, enzyme
mhibitor therapy, total body irvadistion, infusion of stem cells, bone marrow ablation
with stem cell sapport, in visro-treated peripheral blood stem coll transplantation,
umibilical cord blood transplantation, inununoenzyme techunigue, phamacological study,
fow-LET cobalt-60 gamuma ray therapy, bleomyein, conventional surgery, radiation

therapy, snd sonmyeloablative allogeneic hematopoietic stem cell transplantation,

LR B Examples of other therapeutic sgents used to treat diffuse large B-cell
iymphoma {DLBCL) drug therapies (Blood 2005 Abramson, 1) include

cyclophosphamide, doxorubicin, vineristing, predudsone, anti-CD20 monocional
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anttbodies, eloposide, bleomyein, many of the agents listed for Waldenstrom’s, and any

combingtion thereof, such as ICE and BR-ICE.

{Higs] Examples of other therapeutic agents used to treat chronic vmphooyiic
jeukemia (CLL) (Spectrum, 20006, Fernandes, 1.} nclude Chlprambueil {Leukeran),
Cyelophosphamide {Cyloxan, Endoxan, Endoxana, Cyclosting, Fludarabine (Fludara),
Pentstatin (Nipent), Cladribine {Leustarin), Doxorobicin (Adriamyein™, Adriblastine),
Vineristing (Oneovin), Pradnisone, Predmdsolone, Alemtuzumab {Campath,
MabCampath), many of the agents listed for Waldenstrom’s, and combination
chemotherapy and chemoimmunotherapy, incloding the common combination regimen:
CVP {evclophosphamde, vinenistine, predaifsone); R-OVE (ntuximab-OVPY, ICE
{(iphosphamide, carboplatin, etoposide); R-ICE (rituximab-ICE); FCR (fludarabine,

cyelophosphanude, rituximab); and FR (fludarabine, rituximab),

(G198 In another aspect, provided 13 a method of sensitizing a subject {eg., a
homan) who is (1) refiactory to at Jeast one chemotherspy treatment, or {8) in relapse
after treatronont with chemotherapy, or both (i) and (i), wherein the method comprises
administering a compound of Formula 1, or a pharmaceutically scoeptable salt thereof, or
a pharmaceutical composition thereof, 1o the subject. A subject who is sensitized is g
subiject whe is responsive 10 the treatment involving administration of the compound of
Formula [, or a pharmacentically acceptable salt thereof] or who has not developsd

resistance to such treatrnent.

{8191 In ancther gspect, provided herein are methods for ireating 2 subject {e.g., &
human) for a cancer, with comorbidity, wherein the treatment is also effective in treating
the comorbidity. A “comorbidity” to cancer is a disease that occurs at the same time as

the cancer.

{9182} in some embodiments, provided herein are methods for treating a subject
{e.g., 3 human} for chronie lymphooytic levkemis (CLL), with comorbidity, wherein the
reatment is also effective in treating the comorbidity. Many sublects with CLL will
have one ot more other dissases, for example diseases affecting the blood pressure
system, vascudar and heart systems, endoerioe and metabolic systoms, genftowrinary
systeny, musculoskeletal system, respiratory system, neurclogical system, upper and
fower gastrointestinal systems, psychiatric system, ear, nose and throat systems, renal

svstem, or liver system. Specific morbidities of CLL include, but are not linvted to, one
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or more other cancers {e.g. breast, head and neck, lung, melanoma, non-Hodgkin’s T~
cell Iymphoma, prostate, colon, small intestine, gynecologic and urinary tract),
hypertension, yperlipidemia, coronary artery disease, peripheral vascular discases,
cardipmyopathy, vulvular heart disease, atrial fibrillation, cerebrovascular disease {(e.g.
transient ischemic atiack, stroke), chronic obstuctive pulmonary disease, joint disease,
peplic wlesr, inflanunatory bowel disease, psychiatric ilness, thyroid disease, benign
prosiate hyperplasia, diabetes mellitus, and osteoarthritis (Satram-Hoang ef al., Jowrnal
of Cancer Therapy, 2013, 413211329 Thurmes ot al,, Levkemio & Lymphoma, 2008;
49{1149-56).

{8193 Tn some embodiments, a method of treating 8 comorbidity of Cll ina
subject (e.g., & huunan}, wherein the method comprises admintstering a compound of
Formula I, or 8 pharmaceutically scoeptable salt thereof] or 2 pharmaceutical
composition thereof, to the subject. In some embodiments, the comorbidity is selected
from the group consisting of one or more other cancers {e.g. breast, head and neck, hing,
melanema, non-Hodghin’s T-cell Ivmphoma, prostate, colon, small intesting,
gynecologic and urinary fract), hypertension, hyperlipidemia, coronary ariery disease,
peripheral vascular diseases, cardiomyopathy, valvular heart discase, atral fibrillation,
cerghrovascular discase {e.g. twansient ischenmic attack, stroke), chronic obstructive
pulmonary disease, joit disease, peptic ulcer, inflammatory bowal disease, paychiatric

iliness, thyroid diseass, benign prostate hyperplasia, diabetes mellitus, and osteoarthritis,
Monotherapy and Combinstien Therapdes

G184 Also provided are methods of treatment in which a compound of Formula §
or & pharmacentically accepiable salt thereof, is the only active agent given to a2 subjeet
and also includes methods of ireatment in which a compound of Formula L ora
pharmaceutically accepiable salt theveof] is given 1o a subject in combination with one or
more additional active agents. Both monotherapy and combination therspies are intonded
and described for use in the methods detailed hereln, such as in a method of treating any

of the diseases or conditions detailed herein and for use with any subject detailed herein,
Monotherapy

HESRY In some embodimeants, a method of reating cancer, an sHergic disorder
and/or an anfoimmune and/or nflammeatory disesse, and/or an acute inflammatory

reaction comprises administening o a subject in need thersof an effective amount of a
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compound of Formula 1, or a pharmaceutically acceptable sall thersof, wherein the
subiect is not undergoing therapy for the same diseass or condition with avother agent or

procedure.

98] In some embodiments where the compound of Formula L ora
pharmaceutically acceptable salt thereof, is administered a5 a monotherapy o the subject
who has been diagoosed with or is suspected of having a cancer, the subject may be a
huiman who is (3) refractory to at least one anti~cancer therapy, or (ii} in relapse after
reatment with at least one anti-cancer therapy, or both (1) and (). In soms of
embodiments, the subject is refraciory to at least two, at least three, or at least four anti-
cancer therapy {including, for example, standard or experimental chemotherapies). For
example, in some embodiments, the sebject may be a human who is () refracioryio g
therapy using an anti-CH20 antibody, av alkyiating agent {e. g., bendanwusting), 8 purine
analfog {e.g., Oudarabine), an anthracycline, or any combination thereof; (i) m relapse
after reatment with an anti-CD20 antibody, an alkylating agent {2 2., bendamustine}, 2
purine anglog {e.g., Budarabine), an anthracycline, or any combination thereof] or both
{iy and {11}

BivT A human subject who s refractory to at lesst one anti-cancer therapy and/or
is i relapse after reatment with at least one anti-cancer therapy, as described above,
may have undergone one or more prior therapics. In some embodiments, such subjects
have undergone one, two, three, or four, or at least one, at least two, at least three, af
least four, or at least five, or between one and ten, betwesn one and nine, befween one
angd eight, betwesn one and soven, betwesn one and six, betwesn one and fve, or
between one and four, anti-cancer therapies prioy to freatment using the methods
deseribad herein {e.g., prior o the adminstration of the compound of Formula 1, or a

pharmacentically acceptable salt thereof, as a monotherapy).

jai1%8] It should be pnderstood that when a subject {e.g 8 human) is treated with the
compound of Formulda 1, or 2 phammaceuntically accepiable salt thereof, as 2 monotherapy,
the sulject may also underge one or more other therapics that are not anti-cancer

therapies,

19 In some embodiments, 8 method of treating 8 comorbidity of a cancer,
mciuding but not lmited o TLL, in a sulyect {e.g., a human} who has been diagnosed

with cancer, e.g. TLL, wherein the method comprises administering a therapy to treat the
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comorbidity in combination with 2 compound of Formula I, or & pharmaceutically
accoptable salt therent, or a pharmaceutical composition thereod, to the subject. In some
embodiments, the comorbidity is selected from the group consisting of one or more other
cancers {e.g. breast, head and neck, bung, melanoma, non-Hodgkin’s Tecell lymphoma,
prostate, colon, small intesting, gynocologic and urinary tract), hyperension,
hyperlipidentia, coronary artery disease, peripheral vascular diseases, cardiomyopathy,
valvular heart disease, ainal fibrillation, cercbrovascular disease {e.g. transient ischemic
aftack, stroke), chronic obstructive pulnonary disease, joint disease, peptic wicsr,
inflamunatory bowel disease, psychiatric illness, thyroid disease, benign prostate

hyperplasia, disbetes mellitus, and ostecarthritis,

Combination therapies

02641 In some embodiments, a method of treating cancer, an allergic disorder
and/or an sutolmmune and/or inflanymatory disease, and/or an acute nflammatory
reaction comprises administering to a subject in need thereof an effective amount of a
compound of Formuda 1, or a pharmaceutically acceptable salt thereof, together with a
second active agent, which can be useful for treating a cancer, an allergic disorder and/or
an suictmmune and/or inflammatory diseass, and/or an acute inflammatory reaction.

For example the sscond agent may be an anti-inflanmmatory agent. Treatment with the
second active agent may be prior {o, concomitant with, or following treatment with a
compound of Formda 1, or a pharmacentically scceptable salt thoreof In some
embodiments, a compound of Formaula 1, or & phermaceutically acceptable salt theveof i

compbined with another active agent i & single dosage form.

B84 Provided herein are aleo methods of tweatment tn which the compound of
Formula L, or 8 pharmaceniically acceptable sali thereof, admindstered o 8 subject {e.g.,
a lnunan} who has been diagnosed with or is suspected of baving a cancer is given to the
subject in comiunation with one or more additional therapies, incloding one or moore of
the anti-cancer therapies described above. Thus, in some embodiments, the method for
reating cancer in a subject {e.g., 8 human} it vesd thereof, comprises administering to
the subject a therapeutically sffsctive amount of 8 compownd of Formula L or a
pharmaceutically accepiable salt thereof, or a pharmaceutical composition thergof,
together with one or more additional therapies, which can be usefisd for treating the

cancer. The one or more additionad therapies may wvolve the adminisiration of one or
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more therapeutic agents. Suitable anti-cancer therapeutics that may be used in
combination with a compound of Formuds §, or 3 phanmaceutically acceptable salt
thereof include, but are not Hmited to, one or more agents selected from the group
consisting of chemotherapeutic agents {e.g. mitomyein C, carboplatin, taxol, cisplatin,
packitaxel, etoposide, doxorubicin), radiotherapautic antitumor agents, topoisomerase 1
inhibitors {e.g.camptothesin or topoiecan), topotsomerase [¥ inhibitors {g.g. deunomyein
and ctoposide), atkylating agents {e.g. cyclophosphamide, melphalan and BCNUD,
tubulin dirccted agents {e.g. taxol and vinblastine), PI3K inhibitors {e.g. compounds A,
B, and C below}, mhibitors of lysyl oxidase-like 2, and hiological agents {e.g. antibodies

such as antl CD20 antibody, IDEC §, imnwunotoxing, and eviokines).

8202 In some embodiments, the method for freating cancer in a subject{e.g., a
human) in need thereof, comprises administering o the subject a therapeutically
sffective amount of & componnd of Formula §, or a pharmaceutically acceptable salt
thereof, or 2 pharmaceuntical composition therent with one or more additional therapies
selected from the group consisting of fludarabine, rituximab, obinutuzumab,
alemtunimab, oyclophosphamide, chlorambucil, doxorubicin, doxorubicin
hydrochloride, vincristing, vincristing suifate, melphalan, busulfan, carmustine,
prednisons, predmisolone, dexamethasone, wethotrexate, cytarabine, mitoxanirone,
mitoxantrone hydrochloride, bortezomib, temsirolimus, carboplatin, stoposide,
thalidomide, cisplatin, lumiliximab, ant-TRAIL, bevacizumab, galiximab, epratuzumab,
SGN-40, anti-CD74, ofatuumamab, haZ0, PROIIIO2T, CHIR-12.12, apolizumab,
mulatusumal, bevacizumab, virom-90-labeled ibrinnuomab tuxetan, ositmomab,
iodine-131 tosttumomab, iphosphamide, GTOP-99 vaccine, oblimersen, Flavopiridol,
PRO332991, Roroscovitine, Styryl sulphones, Obatoclax, TRAIL, Anti-TRAIL DR4 and
DIRS antibodies, Bverolimus, BMS-345341, Curcumnin, YVorinostat, lenaldomide,
Geldapamyen, perifosine, sildenafil citrate, CC-5103, simvastatin, enzastaurnia,
campath-1H, DT PACE, antincoplaston A1, antineoplaston AS2-1, beta alethine,
filgrastimy, recombinant imerforon alfa, dolastatin 10, indium In 111 monsclonal
antibody MN-14, anti-thymocvie globulin, oyelosporing, mycophenolate mofetil,
therapeutic allogeneic ymphooyies, tacrolimaos, thiotepa, paclitaxel, sldesleukin,
docetaxel; Hostamide, mesoa, recombinant interlenkin-12, recombinant interlenkin-i 1.
ART-263, dentleukin diftilox, fanespimycin, everolimus, pegflgrastim, vorinostat,

atvocidib, recombinant 13 Hgend, recombinant buman thrombopoietin, lymphokine-
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activated killer colls, amifostine irihydrate, anunocamplothecin, ivinotecan
hydrochloride, caspofuongin acetate, clofarabine, epostin alfh, nelarabine, peniosiatin,
sargramostim, vinorelbine ditertrate, WT-1 anslog peptide vaccine, W1 126-134
peptide vaccing, fenretinide, ixabepilons, oxaliplatin, monoclonal antibody TN G,
monocions! antibody CD20, omega-3 fatty acuds, oclvestide acetate, motexafin
gadolintum, arsenic trioxide, tipifarnih, sutelogous human tumor-derived HSPPC-94,
veltumunab, bryostatin 1, FEGyisted liposomal hvdrochloride, peripheral blood stem
cell ransplantation, autologous homatopoietic stem coll transplantation, sutologous bone
marrow fransplantation, infusion of stem cells, bone marrow ablation with stem cell
support, in vifro-treated peripheral blood stem cell tranaplantation, umbilical cord blood
transplantation, low-LET cobal-60 gamma ray therapy, bleomyin, conventional
surgery, radiation therapy, and nonmyeloablative allogeneic hematopoictic stem cell

transplantation.

{6283} in some embodiments, the one or more additional therapies involve the use of
s phosphatidylinositol 3-kinase (PIIK} inbibitor, including for example, Compounds A,
B or C, or a pharmaceutically accepiable salt of such compounds. The structures of

Compounds A, B and C are provided below.

Compound A Compound B Compound €
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{6204}  In other embodiments of the methods deseribed above involving the use of
the compound of Formads 1, or a pharmaceutically accopiable salt thereof, in
combination with ope or more additional therapies, the one or more additional therapies
iz other than g therapy using Compound A, Compound B, or Compound C, ora
pharmaceutically acceptable alt of such compounds. In one embodiment of the
methods described shove involving the use of the compound of Formula §, or g
pharmaccutically acceptable sali thersof, in combination with one or more additional

therapies, the one or more additional therapies is other than a therapy using Compound
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A, or a pharmaceutically acceptable salt thereofl In another embodiment of the methods
described above involving the use of the compound of Formuda 1, or a pharmaceutically
acceptable salt thereof, in combination with one or more additions! therapies, the one or
more additional therapies is other than a therapy waing Compound B, ora
pharmaceutically acceptable salt thereof. In yet another embodiment of the methods
described above involving the use of the compound of Formula 1, or a pharmaceutically
accepiable salt thereof, in connbination with one or more additional therapies, the one or
more additional therapies s other than a therapy using Compowund C, ora

pharmacesutically acceptable salt thereof

{6235} In other embodiments, the one or more additional therapeutic agent may be
an nhibtiors of lysyl oxidase-like 2 (LOXLZ) and a substance that bind o LOXL2,
inchuding for example, s humanived monoclonal sntibody {mAb) with an

immunogiobudin Igi4 isotvpe directed against human LOXLZ.

8286} The compound of Formula §, or a phansaceutically acceptable salt thereof,
can be uselul as chemosensitizing agents, and, thus, can be vseful in combination with

other chemotherapeutic drugs, in particular, driugs that induce apoptosis,

{8367} A method for increasing sensitivity of cancer cells to chemotherapy,
eornprising admindstering 10 a subject {e.g., buman) undergoing chemotherapy a
chenotherapeutic agent together with a compound of Formula §, or o pharmaceutically
acceptable salt thereof, or 8 pharmaceutical composition thereof, in an amount sufficient
to merease the sensitivity of cancer cells to the chemotherapeotic agent is also provided
herein, Examples of other chemotherapeutic drugs that can be used in combination with
chemical entities described herein inclede topoisomerase § inhibitors {campiothesin or
topotecan), topoisomerase H inhibitors {e.g. davnomycin and stoposide), alkviating
agents {e.g. cyclophospharnide, melphalan and BONU), tubudin divected agents {e.g.
taxol and vinblastine}, and biclogical agents {e.g. antibodies such as anti CD20 antibody,
IDEC &, mmpunotoxing, and oyiokines). In one embodiment of the method for
ingreasing sensitivity of cancer cells to chemotherapy, the chemotherapeutic agent ig
other than Compound A, or s pharmacentically acceptable salt thereof. In another
embodiment of the mwethod for increasing sensitivity of cancer cells to chemotherapy, the
chemotherapeutic agent is other than Compound B, or g pharmacentically accepiable saly

thereof. In yet another embodiment of the method for increasing senstiivity of cancer
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cells (o chemotherapy, the chemotherapeutic agent is other than Compound C, ora

pharmaceutically acceptable salt thereof

s in some embodiments, the compound of Fornuds 1) or a pharmaceutically
accepiable salt thereof, or a pharmaceutical composition theraof, iz used in combination
with Rituxan® (Rutuximab) or other agents that work by selectively depleting CD20+ B-

pelis,

16289 Included herein are methods of treating cancer, an allergic disorder and/or an
sutcimmnne and/or milammatory disease, andfor an acule inflammatory reaction
commprising adminisiering {0 a subject in need thereof an effective amount of a
compound of Formula 1, or & pharmaceutically acceptable salf thersof, or a
pharmaceutical composition thereof, in combination with an snti-inflameoatory agent.
Ant-inflammmatory agents mnclude but are not Hmited to NSAIDs, non-specific and
COX- 2 apeeific eyclooxgenase enryme inkubilors, gold compounds, corticostersids,
methotrexate, tumor necrosts factor receptor {TNF) receptors anfagonists,
vemunosuppwessants and methotrexate. Examples of NSATDs melude, but are not
fimited to thuprofen, flurbiprofen, naproxen and naproxen sodivm, diclofenac,
combinations of diclofenac sodium and misoprosiol, sulindac, oxaprozin, diffunisal,
piroxicam, indomsthacin, etodolac, fenoprofen caleiom, ketoprofen, sodium
nabwmetons, sulfasalazine, tolmetin sodivm, and hydroxyebloroguine, Examples of
NSAIDs also inchide COX-Z specific inhibitors {L.e., a compound that infubits COX-2
with an 1030 that s af least 30-{old lower than the JOS0 for OOX-1} such as celecoxib,

valdecoxib, lomiracoxib, stoviconih and/or rofecoxih.

{8218 Inn g further embodiment, the anti-inflanwnatory agent is 8 salioviate.
Salicvlates include but are not Hmited to acetylaalicyHe acid or sspivin, sodium
salicylate, and choline and magnesivan salicylates. The anti-inflammatory agent may
aleo be a corticosteroid. For example, the corticosternid may be chosen from cortisone,
dexamethasone, methyiprednisolone, predniscione, prednisolone sodium phosphate, and
preduoisone. In some embodiments, the asti-lnflanunatory therapeutic agent is a gold
compound such as gold sodium thiomalate or auranofin, In some embodiments, the anti-
inflamrosiory agont is & metabolic inhibitor such ag a dihydrofolate reductase inhibitor,

such as methotrexate or a dibydroorotate dehydrogenase inhibitor, such as leflunomids.
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LR L in some embodiments, combinations in which at least one anti-inflaramatory
compound s an anti-CS monoclonal antibody (such as ecolizumab or pexelizumab), &
THNE antagonist, sach as entanercept, or infliximab, which s an anti-TNF alpha

monocional antibody are used.

213} in some embodinaents, combinations in which at least one therapeutic sgent
1% an imymunosuppressant compound such as methotrexate, leflunomide, cyclosporine,

tacrolimus, azathioprine, or mycophenolate mofeti] are used.

[B213] Provided herein are also meothods of treatment in which the compound of
Formulg §, or 2 phannaceuwtically acceptable salt thereof, administered to a subject {e g,
a human} who has been diagnosed with or is suspected of having an sutoimmune disease
is given to the subject in combination with one or more anti-inflamaatory or
inpnonosuppresant agents selocted from the group consisting of ibuprofen, farbiprofen,
naproxen, naproxen sodium, diclofenac, diclofenas sodivm, misoprostol, sulindac,
oxaprozin, diflanisal, piroxicam, indomethacin, etodolae, fenoprofen caloium,
ketoprofen, sodiun nabumetone, sulfasalazine, tolmetin sodmm, hydroxyehloroquine,
celecoxib, valdecoxih, luniracoxib, etoricoxib, rofecoxib, acetvisalicyic acid, sodium
salicylate, choline salicylate, magnestum salicylate, cortisone, dexamethasons,
raethylpredmisoione, prednisolone, pradnisolone sodimm phosphate, preduisone, gold
sodium thivmalate, avranofin, methotrexate, dihydrogrotate leflunomide, leflunomids,
cyclosporine, tacrolimas, azathioprine, mycophenolate mofett], sculizumaly,

pexehnunal, entanercept, and infliximab.,

{3214}  Provided herein are methods of treatment in which the compound of formula
I, or a pharmaceutically acceptable salt thereof, in combination with a vinca-alkaloid, or
a pharmaceutically acceptable salf thereof, admintstered t© a subjoct {e.g, 8 uuman) is
the only anti-cancer therapy regimen administerad to the subiect, Provided herein arve
methods of treatment in whick the compound of formula §, or a pharmacentically
acceptable salt thereof, in combination with s vinca-atkaloid, or a pharmaceutically
accoptable salt thercofadministered & a subject {e.g., & human), whereln the subject is
not undergoing any other anti-cancer treatments. In one variation, the subject is not
undergoing any other anbi-cancor treatments using one or morg PI3K inhibitors. Such
PI3K inhibitors may includs, in certain embodiments, Compounds A, B and €, whose

structures are provided below.
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In one variation, the subject 15 not undergoing sny other anli-canoer treatments
using Compoumnd &, or & pharmacentically acceptable salt thersof. In another variation,
the subject is not undergoing any other anti-cancer treatments using Compound B, ora
pharmaceutically acoeptable salt thereol ¥n vel another variation, the subject is not
undergeing any other anti-cancer treatments using Compound C, or a pharmaceutically

acceptable salt thereof

H2E8] in some embodiments where the compound of formula L or a
pharmaceutically acceptable salt thereof, in combination with a vinca-alkaloid, ora
pharmaceutically acceptable salt thereof, s admunistered as a monotherapy treatment
regimen o the subject, the subject may be a human who is {1} refractory to at least ong
anti-cancer therapy, or {1t} in relapse afler treatment with at least one anti-cancer therapy,
of both (i) and (31). In some of embodiments, the subject is refractory to at least two, at
least three, or &t least fowr anti-cancer therapy {inchuding, for example, standard or

experimental chemotherapiss).

{216] It should be undersiood that when a subject {e.g. 2 bumany} is treated with the
compound of formula §, or a phammacentically acceptable salt thereof, in combination
with a vinca-alkaloid, or a pharmacentically scoeptable salt thereof, as a monotherapy
reatment regimen as described by this disclosure, the subject may also wndergo one or

more other therapies that are not anti-cancer therapies.

{217 In some embodiments, there is provided a method for treating cancerin a
subject in need thereof, comprising admindstering 1o the subject a therapeutically
gffective amount of 3 compound of formula 1 or a pharmacentically acceptable salt, and
a therapeutically effective amount of 8 vinca-alkaloid, or s pharmacentically acceptable

salt, wherem: the vinca-alkaloid is selected from the group consisting of vincristine,
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vindesine, vinorelbine and vinblastine, and the subject is a human who is (1) refractory o
at least one anti-cancer treatinent, or (i) in relapse after treatment with at loast one anti-
cancer therapy, or a combination thereof. In certain other embodiments, there is provided
a method for freating cancer in a subiect in need thereof, comprising administering to the
subject a therapsutically effective amount of & compound of forrmula L ova
pharmacentically acceptable salt, and a therapeutically effective smownt of 8 vinea-
alkaloid, or a pharmacentically acceptable salt, wherein the vinca-alksloid is selected
from the group consisting of vincristine, vindesing, vinorelbine and vinblastine, and
wherein further the subjsct is 8 human who is not undergoing any other anti-cancer
treabments; and the subject is {1} refractory o at least one anti~-cancer treatment, or (i) in

relapse afier treatment with at lesst one snti-cancer therapy, or & combination thereof,

[8218] in some embodiments, there is provided a method for ireating cancer ina
subject in seed thersof, comprising administering to the subject 3 therapeuatically
effective amount of 8 compound of formula 1, or & phanmacentically accoptable salt, and
a therapeutically effective amount of a vinca-alkaloid, or a pharmaceutically scoeptable
salt, wherein the vinca-alkaleid is selected from the group consisting of vinoristine and
vinblastine, and the subject is a haman who is (3) refactory to at least ong anti-cancer
treatment, of (3t} in relapse after woatment with at least one anti-cancer therapy, ora
combination thereof. Inn certain other smbodiments, there is provided s method for
treating cancer in a subjsct in nesd thereof] comprising administering to the subject a
therapeutically effective ayoount of a compound of formula ¥, or a pharmaceutically
acceptable salt, and a therapeutically effective amount of a vinca-alkaloid, ora
pharmaceutically acoeptable salt, wherein the vinca-alkaloid is selected from the group
consisting of vincristine and vinblastine, and wherein further the subject is a lnunan whe
is not yndergoing any other anti-cancer treatmends; and the subject is (i) refractory to at
least one anti-cancey treatment, or (1) in relapse after reatment with at least one anti-

cancer therapy, of a combination thergof,

{821 in one embeodiment, there is provided a method for treating cancer ina
subject in need thereof| comprising administering to the subject s thermspeutically
effective amount of a compound of formula §, or a pharmaceutically acceptable salt, and
a therapeutically effective amount of a vinea-alkaloid, or a pharmacentically acceptable
sall, wherein: the compound of formula ¥ s 6-{6-amninopyrazin-2-yT-N-{4-{4-{oxetan-3-

ylipiperazin-1-viiphenviimidazo{ 1 2 -alpyrazin-8-amine, the vinca-alkaloid is
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vincristing, and the subject iz & lnuman who is {1} refractory to at least one anti-cancer
treatonent, or {i} in relapse after restment with at least one anti-cancer therapy, or a
combination thereof. In one other embodiment, there s provided a method for treating
cancer in a subjoct in nead thereof, comprising adnunistering to the subjecta
therapeutically effective amount of a compound of formula 1, or a pharmaceutically
accepiable salt, and a therapeutically effective amount of a vinca-alkaloid, ora
pharmacentically acceptable salt, wherein the compound of formula Tis 6-(6-
aminopyrazin-2-yi-N-{4-{4-{oxotan-3-ylipiperazin- 1 -yDphenyhimidazol 1, 2-alpyrazin-
&-amnine, the vinca-alkaloid is vineristine, and wherein further the subject is a human
wh i3 not undergoing any other anti-cancer trestments; and the subject is (3) refractory
o at least one anti-cancer reatment, or (i1} in refapse after treatment with at least one

anti-cancer therapy, or a combination thereof,

224 In one embodiment; there is provided a method for treating cancer in g
subject in need thereof, comprising administering to the subiect a therapeutically
effective amount of a compound of formula §, or & pharmaceutically acceptable salt, and
a therapeutically effective amount of 8 vinca-slkaloid, or 8 pharmaceutically acceptable
salt, wherein: wherein the compound of formwala [ is 6-{6-aminopyrazin-2-vi}-N-{4-{4-
{oxetan-3-yhpiperazin-1-vipheroyliimidazo] 1,2-alpyrazin-8-arnine, the vinca-alkaloid is
vinblastine, and the subject is a lnunan who s (1) refractory o at least one anti-cancer
treatment, or (i1} in refapse after reatment with st least one anti-cancer therapy, ora
combination thereof. In one other embodiment, there By provided 2 method for treating
cancer i a subject in need thereod, comprising administering to the subjecia
therapeutically effective amount of & corapound of formuls 1, or a pharmaceutically
acceptable salt, and a therapeutically effective amount of a vincs-alkaloid, ora
pharmaceutically acceptable sall, wherein wherein the compound of forroula s 6-(6-
aminopyrazin-2-y-No{4-(4-{oxetan-3-ylipiperazin- 1 -vliphenvi Hmidazo{ 1, 2-alpyrazin-
S~amine, the vinca-alkaloid is vinblastine, and wherein firther the subject is 8 human
whe 15 not undergoing any other anti-cancer treatments; snd the subject is {1) refraciory
o at least one anti-cancer treatment, or (1) in relapse after treatment with at lsast one

anti~cancer therapy, or 8 combination thereof,

oY In yet other smbodiments where a compound of formula 1, ora
pharmaceutically acceptable salt thereof, in combination with a vinca-alkaloid, ora

phanmacentically accepiable salt thereot, is administered as a monotherapy treatment
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regimen to the subject, the subject may have a 1 7p deletion, a TPS3 mutation, NOTCHI,
a BF3B1 mutation, a 1lg deletion, or any combination thereof, In some embodiments
where a compound of forrmds I or a pharmaceutically acceptable salt thereof, in
combination with a vinca-alkaleid, or a pharmaceutically acceptable salt therend, is
administered as 8 monotherapy treatment regimen to the subject, the subject has a 17p
deletion, 3 TPS3 mutation, or 8 combination thereof. In another embodimenis where a
compound of formuls |, or 3 pharmaceutically accepitable sali thersof, in combination
with g vinca-alkaloid, or 3 pharmaceutically acceptable sslt thereof, is administered as s
monotherapy reatment regimen o the subject, the subjoct has NOTCH]1, a SF381

mutation, a 11 deletion, or any combination thereof

{82221 Provided herein are also methods of treatment in which the compound of
formula 1, or a pharmaceutically acceptable salt thersof, tn combination with a vinca-
alialond, or a phanmacentically acoeptable salt thereof, administered o a subject {e.g., &
yman} i€ given o a subject {e.g., a nean} in additional combination with one or more
additional therapies, inchuding one or more of the anti-cancer therapies described above.
Thus, in some embodiments, the method for treating cancer n g subject {e.g., 8 human)
m need thereof, comprises adminustering o the subject a therapeutically effective
amount of a compound of formuis §, or 2 pharmaceutically acceptable salt thereof, or a
pharmacentical composition thereof, in combination with a vinca-slkaloid, ora
pharmaceutically acceptable salt thereof, together with one or more additional therapies,
which can be useful for ireating the cancer. The ong or more additional therapies may

involve the administration of one oy more therapeutic agents as desoribed herein,

223 For example, in other emboditaents, the one or more additional therapeutic
agent may be an inhibitors of lysyl oxidase-ltke 2 (LOXLD) and # sobstance that bind to
LOXLE, including for example, a humanized monoclonal antibody (mab) with an

mmunogiobulin IgG4 isotype directed against human LOXL2,

{134} n other embodiments, the one or more additional therapeutic agent may be
an anti-inflaromatory agent. Treatment with the one or more sdditions! therapeutic agent
may he prior {o, concomitant with, or following treatment with the pharmaceutical
composition described herein. In soane embodiments, the pharmacsutical composition
described herein, is combined with another therapeutic agent in a single dosage form,
which 1s then admindgtersd prior 0, concomitant with or subseguent o admindistration
with & vincg-alkaloid, or s pharmaceutically acceptable salt thereof, of tlus disclosure.
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Suitable antinueor therapeutics that may be used in combination with at least one
chemical entity described herein inchude, but are not Himited to, chemothermpentic
agents, for example mitomyein O, carboplatin, taxol, cisplatin, paclitaxel, etoposide,
doxorubicin, or a combination compnsing at lzast one of the foregoing chemotherapeutic
agenis. Radiotherapoutic antifumor agents may ales be used, alone or in combination

with chemotherapeutic agents.

{83288 It should be anderstood that any combinations of the additional therapeatic
agents described above may be used, as if cach and every combination was individually
iisted. For example, in some smbodiments, the additions? therapeutic agents include a
PI3K inhibitor and a LOXL2 inhibitor,

Pharmacentioal Compositions and Administrasion

{B23s] Compounds of Formulda 1, or a pharmaceutically accepiable salt theveof, are
usually administered in the form of pharmaceutical compositions. This disclosure
therefore provides pharmacentical compositions that contain, as the active ingredient,
one or more of the compounds described, or a pharmaceutically acceptable salt or
pharmacentically accepiable ester thereof, and one or more pharmaceutically acceptable
vehicle, such as excipients, carrers, including inert solid diluents and fllers, diluents,
meleding sterile sguecus solution and various organic solvents, permeation enhancers,
soubiiizers and adjuvants. The pharmaeceutical cormpositions may be adrinistered alone
or in cormbination with other therapeutic agents. Such compositions are prepared in a
manner well known in the pharmaceutical art (see, ¢.g., Remington’s Phasmaceutical
Sciences, Mace Publishing Co., Philadelphia, PA 17th Ed. (1985); and Modem
Pharmaceutics, Marcel Dekker, Inc. 3rd BEd. {G.S. Banker & C.7. Rhodes, Eds)

{8227 The pharmaceutical compositions may be adnunistered in etther single or
multiple doses by any of the accepied modes of admindstration of agents having similar
utilitios, for exarnple as described in those patents and patent applicstions incorporated
by reference, including rectal, buceal, intranssal and wransdermal routes, by intra-arierial
igection, miravenously, intraperitoneally, parenterally, mtrapwuscularly, subcutancously,
orally, topically, as an inbalant, or via an impregnated or cogted device such as a stent,

for example, or an artery-inserted cylindrical polymer,

{B228} One mode for administration Is parenteral, particularly by injection. The

forms in which the compounnd of Formula I, or a pharmaceutically sceeptable salt
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thereof, may be incorporated for adminisiration by ingection include agueous or oil
suspensions, or enanisions, with sesame o1, corn o1, oottonsesd oil, or peanut oil, as well
as elixirs, mannitol, dextrose, or & stertle aguecus schution, and similar pharmaceutical
velicles, Aqueous solutions in ssline may also conventionally be used for injection.
Ethanol, glycerol, propylene glycol, liquid polyethylene glycol, and the like {and suitable
mixiures thereof}, cyclodexirin derivatives, and vegetable oils may also be emploved.
The proper fhudity can be maintained, for example, by the wse of 8 coating, such as
lecithin, by the maintenance of the required particle size in the case of dispersion and by
the use of surfactants. The provention of the action of microorganisms can be brought
about by various antibacterial and antifungal agents, for example, parabeng,

chlorobutancl, phencl, sorbic acid, thimerosal, and the like,

{B23%] Sterile ijectable solutions are prepared by ncorporating a compound
according to the present disclosurs in the reguired amount in the appropriate solvent with
various other ingredients as enumerated above, as required, followed by fitered
sterilization. Generally, dispersions are prepared by incorporating the various sterilized
active ingredients into a sterile vehicle which comtains the basic dispersion smediwm and
the required other mgredients from those enumerated above, In the case of stertle
powders for the preparation of stertle injectable solutions, the preferved methods of
preparation are vacuum-drying and freeze-drving techuiques which yield a powder of the
active mgredient plus any additional desived ingredient from s previously sterile-filtered
solation thereofl In some embodiments, for parenteral administration, sterile injectable
solutions are propared containing a thevapeutically effective amoum, o.z., 0.1 to 1000
mg, of the compound of Formula 1, or a pharmacentically accepiable salt thereof, Tt will
be understood, however, that the amount of the compound actually adudnistered usually
will be determined by s physician, in the light of the relevamt cinvurnstances, including
the condition to be treated, the chosen route of admunistration, the actual compound
administered and s relative activity, the age, weight, and response of the mdividual

subject, the severtty of the subject’s sympioms, and the ke,

D238} Oral admirdstration i another route for adminisiration of the compound of
Formuda 1, or a pharmaceutically aceeptable salf thereofl Adpunistration may be via
capsule or enteric coated tablets, or the ke, In making the pharmaceutical compogitions
that include the compound of Formula §, or a pharmaceutically acceplable sall thersof,

the active mngredient is usially diloted by an excipient and/or enclosed within such a
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carrier that can be in the form of & capsule, sachet, paper or other container. When the
excipient serves as a dituent, it can be in the foro of & solid, ssmi-solid, or hquid
material {as above), which acis as a vehicle, carrier or medinm for the active Ingredient.
Thaus, the compositions can be in the form of ablets, pills, powders, lovenges, sachets,
cachets, olixirs, suspensions, epmslsions, solutions, syrups, acrosols {fasasolidorina
figuid medium}, ointments containing, for exanaple, up 1o 10% by weight of the active
compound, soft and hard gelatin capsules, sterile injectable solutions, and sterile

packaged powders.

{8231} Some examples of suitable excipients in an oral formulation inchude laciose,
dextrose, sucross, sorbitol, mannitel, slarches, gui acacis, calcinm phosphate, alginates,
tragacanth, gelatin, caloium silicate, microcrystaliine celhdose, polyvinyipyrrohdons,
cellnlose, steriie water, syrop, and methyl cellnlose. The formulations can additionally
nciude: lubricating agents such as tle, magnesium stearate, and mineral oil; wetting
agents; emlsifying and susponding agends; preserving agents such as methyl and

propyibydroxy-benzoates; sweetening agents; and flavoring agonts.

{33 The pharmaceutical compositions as deseribed heretn can be formulated so as
o provide quick, sustained or delayed release of the active ingredient after
adminisiration 1o the subjoct by smploying procedures known in the an. Controlled
release drag delivery systems for oral adoumstration include osmotlic pump systems and
dissolutional systems containing polyvmer-coated reserveins or drig-polymer matrix
formulations. Examples of controlled release systems are given in U8, Patent Nos.
3,845,770, 4,326,525; 4,802,514, and 5,616,345, Ancther formulation for use in the
methods of the present disclowure employs transdermal delivery devices (patehes). Such
transdermal patches may be used to provide continuous oy discontinuous nfusion of the
commpounds of the present disclosure in controlled amounts. The construction and use of
wansdermal patches for the delivery of phanmacentical agents is well known in the art.
See, e.g., US, Patent Nos, 5,023,252, 4,992,445 and 3,001,139, Such patches may be

constructed for continuous, pulsatile, or on demand delivery of pharmacentical agents.

{8233} {n some embodiments, the compositions described herein are formudated ina
vnit dosage form, The term “unit dosage forms” refers to physically discrete units
suitable as unitary dosages for lnuman subjects and other manuesls, cach unit containing
a predetermined quantity of active material caloulated to produce the desived therapeutic
affect, in association with a suitable pharmacentical excipient {e.g., a tablet, capsule,
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ampoule}). The compounds are generally administered i a phanmaceutically effective
amount. [ some embodiments, for oval administration, each dosage unit comiams fom
about 1 vog to abowt 5000 mg, about § mg to about 4000 mg, about 1 mg to abogt 3000
mg, about 1 mg o sbout 2000 mg, about 2 mg to about 2000 mg, about S mg to sbout
2000 mg, about 10 myg to about 2000 mg, about 1 mg to about 1000 rog, about 2 mg to
about 1000 mg, about 5 mg o shout 1000 mg, about 10 mg to about 1000 mg, about 25
mg to abowt 1000 mg, about 50 mg to about 1000 me, about 75 myg to about 1000 mg,
about 100 mg to about 1000 mg, about 125 mg to about 1000 mg, about 150 myg to abowut
1600 mg, about 175 mg io about 1000 mg, about 200 mg o about 1000 me, about 225
myg o ghoot 1000 myg, about 250 mog to about 1000 mg, about 300 mg to sbowt 1000 mg,
ahout 350 mg to about 1000 mg, about 400 myg to about 1000 mg, sbout 450 mg 1o about
1000 mg, about 300 mg to aboat 1000 myg, about 550 myg to about 1000 mg, about 600
mg o about 1000 mg, about §50 mg to sbout 1000 mg, about 700 mg to aboat 1000 mg,
about 750 mg to about 1000 mg, about 00 mg o about 1000 mg, about 850 mg to abowt
1000 me, about 300 myp to sbout 1000 mg, sbout 850 mg (o about 1000 mg, abowt 1 mg
o about 750 myg, about 2 mg to about 750 myg, sbout § mg {o about 750 myg, about 10 my
o about 750 mg, about 23 mog to abont 750 myp, about 3¢ mg to about 750 mg, about 78
mg to abouwt 753 mg, ebout 100 mg & abowt 730 mg, about 125 mg to about 750 mg,
about 150 mg to abowt 730 myg, sbout 175 mg to sbout 750 mg, about 200 mg to about
750 mg, about 225 myg to about 750 mg, about 250 mg to about 730 myg, sbout 300 mg o
about 750 mg, about 330 mg to about 750 mg, about 401 myg to about 750 mg, about 450
mg o about 730 mg, about 300 myg to about 750 mg, sbout 550 mg io abouwt 750 myg,
about 800 mg to about 750 mg, about 650 mg to about 750 mg, abont TH{ myg to about
750 mg, about 1 mg to about 300 mg, abouwt 2 myg to about 500 myg, about § mg to about
500 myg, abont 10 myg to abouwt 300 mg, about 238 mg to sbout 500 mg, about 50 mg o
about 300 mg, about 75 mg to gbout 500 mg, about 100 mg to about 300 mg, about 125
mg to about 300 mg, about 130 mg to about 300 mg, about 175 mg to about 5300 mg,
about 200 mg o about 300 mg, aboul 225 mg to about 300 mg, about 250 mg to abowt
500 mg, sbout 300 mg to about 500 mg, about 3530 mg to about 300 my, about 400 mg to
ghout 300 mg, about 450 mg io about SO0 mg, about 1 mg to about 400 mg, sbout 2 mg
to about 400 mg, about § mg to about 400 mg, about 10 g to about 400 mg, abouwt 25
mg to about 400 g, about 50 mg to about 400 mg, about 75 mg to about 400 mg, about
100 mg to about 400 wyg, about 125 myg to about 400 mg, shout 150 mg & about 400 mg,
about 175 mg o about 400 mg, about 200 mg to about 400 mg, about 223 mg to about

.
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400 myg, about 250 mg to about 400 mg, about 300 mg o about 400 g, aboui 350 mg to
about 400 mg, about 1 mg to about 300 me, about 2 myg 1o about 300 myg, about 5 mg to
about 300 mg, about 1 myg to about 300 rog, about 28 mg to showt 300 mg, sbout 30 mg
to aboud 300 mg, about 78 myg to about 300 wg, about 100 mg 1o sbout 300 mg, about
125 myg to about 300 mg, about 150 mg to about 300 mg, about 175 me to about 300 myg,
about 200 mg to about 3 mg, about 225 my to about 300 mg, about 2530 mg {o about
300 mg, about T myg © abowt 250 mg, about 2 mg to about 250 mg, about 5 mg to about
250 mg, about 18 mg to abowt 250 mg, about 23 mg o about 230 mg, sbout 30 mg to
about 250 mg, about 75 mg to about 250 mg, about 100 mg to abowt 230 myg, about 135
mg o about 250 mg, about 150 mg to about 250 mg, abowt 175 myg to abowt 2530 mg,
sbout 200 mg to abouot 230 mg, about 225 mg to about 230 mg, about | mg to about 228
mg, about 2 mg o about 235 mg, about 5 mg to gbout 225 mg, about 10 my o about 225
mg, about 25 mg to about 223 mg, about 36 mg to about 223 mg, about 75 myg to abowt
228 mg, about 100 my to about 225 mg, about 123 myg to abowt 223 myg, about 150 mg o
about 225 mg, about 175 mg to about 223 mg, about 200 mg to about 223 mg, sbout §
mg to about 200 mg, abowt 2 mg to about 200 mg, about § mg to abowt 200 mg, sbout 10
mg io abount 200 mg, about 25 myg to about 200 mg, about 30 mg to sbout 200 mpg, about
75 my to about 200 mg, sbout 100 mg o about 200 mg, about 125 mg to about 200 mg,
ahout 130 mg to about 200 mg, about 175 my to about 200 my, about 130 mg to about
200 mg, about | mg to about 175 my, abowt 2 mg to about 175 mg, about § mg 1o about
175 mg, about 10 myg o about 175 myg, about 25 mg to about 175 mg, about 50 mg fo
about 175 mg, about 75 mg to about 175 mg, about 100 mg o about 175 mg, abowt 125
mg o aboet 175 mg, about 1530 mg to about 175 mg, about 1 mg to about 150 mg, about
2 mg to about 150 mg, about § mg o showt 130 mg, about 10 mg to about 150 mg, about
25 mg to about 150 mg, about 30 mg to about 130 mg, about 75 myg to about 150 mg,
about 100 mg to sabout 1380 mg, about 123 myg to about 1530 mg, sbout | mg to about 125
mg, about 2 mg o about 125 mg, about 5 mg to about 125 mg, about 10 mp to abowt 1258
mg, about 25 mg to about 125 mg, about 50 myg to about 125 myg, about 75 myg to about
125 mg, about 100 mg to sbout 125 mg, about ¥ mg to shout 100 mg, about 2 mg o
about 100 mg, about § mg to about 100 mg, about 10 mg to about 100 my, about 25 mg
v about 100 mg, about 50 mg to sbout 100 mg, or about 75 mg to sbowt 100 mg of a

comnpound of Formulds I, about or & pharmaceutically aceeptable salt thereof
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82341 In some embodiments, for oral sdministration, sach dosage unit containg
about § mg, sbout 2 mg, abownt § mg, sbout 10 mg, about 15 my, about 20 mg, about 25
myg, about 30 mg, about 35 mpg, about 40 mg, sbout 45 myg, about S0 mg, about 75 mg,
about 100 mg, about 123 mg, about 150 mg, about 175 mg, about 180 mg, about 200
mig, about 225 mg, sbout 250 mg, about 300 mg, abowt 350 mg, about 400 mg, about
430 mg, about 300 mg, about 350 me, about 600 mg, about 50 rug, about 700 mg,
about 750 mg, about 300 myg, about 850 myg, about 800 myg, about 950 mg, or about 1000

mg of a compound of Formula L, or 8 pharmacentically acceptable salt thereof.

{2351 The dosages for oral administration described above may be administered
once daily (QI3) or twice daily (BID). In some embodiments, the compound of formula
I, or a pharmaceutically acceptable salf theveof, or a pharmaceutical composition thereot,
is admnistered orally at & vt dosage of sbout 1 mg G, about 2 mg QD about S mg
QD about 10 mg GD, about 15 mg (313, about 20 mg QD, about 25 mg QI abowut 30
mg G0, about 35 mg QD about 40 mg 0, about 45 mg O, sbout 58 mg O, about
60 mg O, about 65 mg OO0, abowt 70 mg G0, abowt 78 mg QD, abowt 80 myp QD
ahout 80 mg G0, about 100 mg QD, about 125 mg QD, about 150 mg QD, abowt 175
mg QD about 180 mg QD abowt 200 mg D, abowt 225 myg Q, about 280 mg QD
about 300 mg QD aboot 350 mg QT3 about 400 mg QD about 430 mg G5, about 500
mg QD about 350 mg GD, sbout 600 mg G, about 650 mg Q0 about 700 mg Q3
about 750 mg QD, about B mg QD, about 350 myp O, about 800 mg QD about 950
mg 35, or about 1000 mg Q. In some embodiments, the compound of formula L ora
pharmacewtically accepiable salt theveof, or a pharmaceutical composition thereof, is
adminisiered orally at a2 unit dosage of about 1 g BID, abowt 2 myg BID, about S mg
BID, about 10 mg BID, about 15 mg BID, about 20 mg BID, sbout 25 mg BID, about 30
mg BID, about 35 mg BID, sbout 40 mg BID, about 45 mg BIEY, about 5§ mg BID,
about 75 mg BID, about &0 mg BID, about 80 mg BID, about 100 mg BID, about 1258
mg BID, about 150 mg BID, about 175 mg BID, ghout 200 mg BID, about 225 mp BID,
about 250 mg BID, about 300 mg BID, about 350 me BID, sbout 400 mp BID, shout
450 rog BID, about 300 mg BID, about 550 myg BID, about 600 mg BID, about 650 mg
BID, abowt 700 myg BID, about 750 myg BID, about 800 mg B, about 850 mg BID,
about 900 g BID, about 950 mg BID, or about 10060 mg BIDL
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{82361 in some embodiments, for parenteral administration, each dosage unit
contains from 0.1 mg to 1 g, 6.1 mg fo 700 mg, or 0.1 mg to 100 mg of & compound of

Foromula 1, or a pharmaceutically acceptable salt thereof,

{237 For any of the dosage units as deseribed herein, it will be understond,
however, that the amount of the compound actually administered usually will be
determined by a physician, m the lght of the relevant circumnstances, including the
condition o be ireated, the chosen route of adninistration, the actual compound
administered and ils relative activity, the age, weight, and response of the individual

subject, the severity of the subject’s sympioms, and the like.

{B238] For preparing solid compositions such as tablets, the principal active
ingredient s mixed with a phammaceutical excipiont to form a solid praformulation
composition containing @ homogeneous mixture of the compound of Formula §, ora
pharmacentically acceptable salt thereof. When reforring to these preformmulation
compositions as homogenaous, it 1s meant that the active ingredient is dgpersed evenly
throughout the composition so that the composition may be readily subdivided into

egually effective unit dosage forms such as tablats, pills and capsules.

{2391 The tablets or pills ag described herein may be coated or otherwise
compotnded to provide g dosage formg affording the advantage of prolonged action, or fo
protect from the acid condifions of the stomach. For example, the tablet or pill can
comprise an inner dosage and an outer dosage component, the latter being in the form of
an snvelope over the former. The two components can be separated by an enteric layer
that serves o resist disintegration in the stomach and permat the fnner component I0 pass
intact inte the ducdenum or io be delayed in release. A variety of materials can be uged
for such enterie layers or coatings, such materials including a number of polymeric acids
and mixtures of polymeric acids with such materials as shellac, cetyl sleohol, and

celiulose acetale,

H248] Compositions for inhalation or insufflation may include sohttions and
susponsions m pharmaceutically accepiable, agueous or organic solvents, or mixtures
thereof, and powders, The Hguid or solid compositions comprising the componnd of
Formoola 1, or 8 pharmacesutically scoeptable salt thersof, meay contain sutiable
phannacentically acceptable excipients as described sopra. Preferably, the compositions

are administored by the oral or nasal respiratory voute for local or systenic effect.
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Compositions in preferably pharmacentically acceptable solvents may be nebulized by
ase of inert gases. Nebuolized solutions msy be inhaled directly from the nebulizing
device or the nebulizing device may be attached {0 a facemask tent, or intermitient
positive pressure breathing machine. Solution, suspension, or powder compositions may
be administered, preferably orally or nasally, from devices that deliver the formulation in

an appropriate manner,
Dosing Regimen

241 Inn the methods provided herein, the compound of Formulal, ora
pharmacentically acceptable salt thereof, or & pharmaceutical composition thereof, s
admimstered in a therapentically effective amount to achieve its intended purpose.
Determmation of a therapeutically effective amonnt is well within the capability of those
skilled in the art, especially in light of the detailed dsclosure provided herein. In some
emboediments (methods of treating cancer}, a therapeutically effective amomt of the
componnd of Fornmla 1, or a pharnaceutically acceptable salt thereof, may (i) reduce the
number of cancer cells; (4} reduce tumor size; (1) ihibi, retard, slow to some extent,
and preferably stop cancer cell infiliration into peripheral organs; (iv) inkibit {e.z., slow
o some extent and preferably stop) tumor metastasis; {v) inkibit tumor growth; {vi)
delay ccourrence and/or recurrence of a humor; sndfor {vit) relieve {o some extent one or
more of the svmptoms associated with the cancer. In various smbodiments, the amount
in sufficient o ameliorate, palliate, lessen, and/or delay one or more of symptoms of

Laneoy.

1242} The therapeutically effective amount may vary depending on the subject, and
dissase or condition being treated, the weight and age of the subject, the severity of the
disease or condition, and the menner of administering, which can readily be determined

by one or ordinary skill in the art.

{8243} The dosing regimen of the compounnd of Formula |, or a pharmaceutically
acceptable salt thereof, in the metbods provided herein may vary depending vpon the
indication, route of admunistration, and severity of the condition, for example.
Depending on the route of admindstration, a suitable dose can be caloulated according to
body weight, body surface arsa, or organ size. The final dosing regimen is determined by
the attending physician in view of good medical practice, considering various faciors

that modily the action of drugs, e.g., the specific activity of the compound, the identity
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and seventy of the disease state, the responsivenscss of the subject, the age, condition,
body weight, sex, and diet of the subject, and the severity of any miection. Additional
factors that can be taken into scoount inchude time and frequency of adoinistration, drog
combinations, reaction sensitivities, and tolerance/response to therapy, Further
refinement of the doses appropriate for ireatment invelving any of the formulations
mentioned herein is done routinely by the skilled practitioner without undue
experimentation, especially in light of the dosing information and assays disclosed, as
well as the pharmacokinetic data observed in human clinical trials, Appropriate doses
can be ascertzined through use of established assays for determining concentration of the

agent in a body fhuid or other sample together with dose response data.

{244 The formuelation and route of adminstration chosen may be tatlored to the
mdividusl subject, the nature of the condition o be treated in the subject, and generally,
the judgment of the attending practitioner. For example, the therapeutic index of the
compounnd of Formula I, or & phanmaceutically acceptable salt theveot, may be enhanced
by modifying or derivatizing the compound for targeted delivery 1o cancer cells
expressing # marker that identifies the cells as such. For example, the compounds can be
finked to an antibody that recognizes a marker that is selective or speeific for cancer
cells, so that the compounds are brought into the vicinity of the cells {0 exert their effects
Incally, as previously described. Sese, &, Pisterse of al, Iomonol, Rev,, 129:57 (1992);
Trail et al,, Science, 2611212 {1983}; and Rowlinson-Busza et al., Curr. Opin. Oneol,
4:1142 (1992},

{3245} The therapeutically effective amount of the compound of Formula §, or a
pharmaceutically acceptable salt thereof] may be provided in a single dose or multiple
doses to achisve the desired treatment endpomt.  As used herein, “dose” refers 1o the
iotal smount of ap active ingredient {e.g, the compound of Formuda I, or g
pharmaceutically accepinble salt thereotl} (o be taken cach time by a subject{eg., 2
human). The dose administered, for example for oral administration described above,
may be adimwinistered once datly (QD), twice daily (BID), three times datly, four fimes
daily, or more than four times daily. In some emodiments, the dose of a compound of
Formmuia I, or a pharmaceutically acceptable salt therecof, is administered once disly. In
some emodiments, the dose of a compound of Formula 1, or a phavmacentically

acceptable sall thereod, is admindstered twice dialy.
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{8246} in some embodiments, sxemplary doses of the compound of Foromuda I, ora
pharmaceutically acceptable salt thereof, for a human subject may be from about 1 mg to
about 3000 myg, about T mg to about 4000 mg, about | mg to about 3000 myg, sbout T mg
o gbout 2000 mg, about 2 mg to aboul 2000 me, about 5 myg to about 2000 mg, about 10
mg 1o about 2000 mg, abowt I mg to about 1000 wmg, abowt 2 mg o sbout 1600 mg,
about § mg to about 1000 mg, about 10 mg o about 1000 mg, about 28 mg o about
1000 mg, about 50 mg to about 1000 mg, about 75 mg to about 1000 mg, about 10 mg
to about 1000 mg, about 125 mg to about 1000 myg, abowt 150 myg to about 1000 mg,
about 175 mg to abowt 1000 myg, abowt 200 myg {o about 1000 mg, sbout 225 mg to about
1000 myg, about 230 mg to about 1000 mg, about 300 mg to about 1000 my, about 350
mg o about 1000 mg, sbout 400 mg to gbout 1000 mg, aboot 430 mg to abow 1000 my,
about 500 mg to about 1000 mg, abont 330 mg o about 1900 me, about 600 mg o abowt
1000 me, showt 6530 myg to sbout 1000 mg, about 700 mg to about 1600 mg, sbout 750
myg o about 100 mg, about 800 mp to about 1000 mg, abowut 850 myg to shout 1000 mg,
about 800 mg o about 1000 me, about 950 myg to about 1000 mg, abowt 1 mg to about
750 myg, abont 2 mg to about 730 mg, about § mg 1o about 750 mg, about 10 mg to abous
750 mg, ahout 25 mg to about 750 mpg, about 50 mg o about 750 mg, sbout 75 mg to
about 750 mag, sbout 100 mg to about 750 mg, about 125 mg to abowt 750 myg, about 150
mg to about 75} mg, about 173 mg to about 750 mg, about 200 mg to about 75 myg,
about 225 mg to sbout 750 mg, about 2530 mg to about 750 mg, about 300 myp to about
750 mg, about 350 mg to about 750 mg, about 400 mg to about 730 mg, about 450 mg to
about 750 mg, about SO0 mg to abowt 750 myg, sbout 550 mg o sbout 750 mg, about 600
myg to about 730 mg, sbout 650 mg to about 730 g, about 700 mg to about 750 mg,
about 1 mg t about 500 mg, about 2 mg to about 500 mg, about § myg to about 500 mg,
about 10 mg to about 500 mg, abouot 25 mg to about 500 mg, about 50 mg © about 300
mg, about 75 mg to about 300 mg, about 100 mg to about S00 mg, about 123 mg o
about 560 mg, abowt 1530 mg © about S0 mg, sbout 175 mg to about 500 mg, about 200
g to about 300 mg, about 235 mg io about 500 myg, sbout 230 mg 1o about 500 mg,
about 300 mg to about 500 mg, about 350 mg 1o abowt 500 mp, about 400 mg 1o sbout
300 mg, about 450 mg to about SO0 my, about T myg to about 400 mg, about 2 mg to
about 400 mg, about 5 mg to aboul 400 mg, about 10 myg to about 400 my, about 35 mg
o about 400 mg, about 50 myg to about 400 my, about 75 mg 1o about 404 myg, abowt 100
mg to about 400 mg, about 125 myg to about 400 myg, sbout 130 mg to sbout 400 mg,

about 175 mg o about 400 mg, sbout 200 mg to about 400 myg, sbout 228 mg (o abowd
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400 mg, about 250 mg to about 400 mg, about 300 yog o aboot 400 myg, gbout 350 mg 1o
about 400 mg, about 1 mg o sbout 300 mg, about 2 myg to about 300 myg, about 5 mg to
about 300 mg, about 10 mg to about 300 mg, about 25 mg to about 300 mg, sbout 30 mg
to about 300 mg, about 75 mg to about 300 mg, about 100 mg to about 3030 mg, about
125 mg to about 360 mg, about 150 mg to about 300 myg, about 175 mg to about 300 me,
about 200 mg 0 sbout 300 mg, abowt 225 mg to about 300 mg, abowt 250 mg to abount
300 mg, sbout T mg to about 250 mg, about 2 mg to about 230 mg, about § me o sbout
230 mg, about 10 mg to ghout 250 mg, about 25 mig to about 2530 mg, about 3O mg to
about 250 mg, sbout 75 mg o about 250 mg, about 100 mg fo about 250 mg, about 125
mg to abowt 250 myg, sbout 150 mg to about 250 mg, about 175 mg to abowt 250 mg,
about 200 g to about 250 mg, about 225 mg to about 250 mg, about T myg to about 225
mg, about 2 mg o about 223 mg, abowt § myg to sbout 225 myg, sbout 10 mg to about 228
mg, about 25 myg to about 225 mg, sbout 50 mg to about 225 mg, sbowt 75 mg to about
225 mg, sbout 100 mg to about 225 mg, about 125 mg to about 225 mg, sbowt 180 myg to
about 225 mg, about 175 myg to about 228 myg, about 200 mg to about 225 mg, about 1
mig fo about 200 mg, sbout 2 mg to about 200 mg, about 5 myg to about 200 mg, abowt 10
mg 1o about 200 mg, about 25 mg to about 200 mg, about 30 mg to about 200 rag, sbowt
75 mg to about 200 mg, about 100 mg (o about 200 myg, sbout 125 myg to about 200 mg,
about 150 mg to sbout 200 mg, abowt 175 mg to about 200 mg, about 180 mg to abow
200 myg, sbout 1 mg to sbout 175 me, about 2 mg o about 175 mg, about § mg to abowt
175 mg, about 10 mg 10 about 175 mg, abowt 23 mg to abouwt 175 mg, sbowt S0 mg o
about 175 mg, about 75 mg 1o about 175 mg, about 100 mg 1o about 178 mg, about 125
mig 1o about 175 mg, sbout 150 myg to about 175 mg, about 1 mg to about 150 mg, about
2 mg to about 150 me, about § mg o about 150 myg, sbout 10 mg o gbout 150 mg, about
23 mg to about 150 myg, about 50 mg 1o sbout 130 mg, sbout 75 mg to about 150 mg,
gbout 100 mg o sbout 150 mg, about 125 mg to about 150 mg, about I myg to abowt 125
g, about Z mg to about 125 mge, about 3 mg to about 125 mg, about 10 meg to about 125
myg, about 25 mg to about 1235 mg, about 30 mg to about 125 mg, abouwt 75 mg to about
125 mg, sbout 100 mg to about 125 mg, about 1 mg to about 100 myg, about 2 mg o
about 100 mpg, about 5 mg to abowt 100 mg, abowt 18 my to about 100 mg, sbowt 25 rag
to about 100 mg, about 30 mg to about 100 mg, about 60 mog to about 1} myg, or about
73 mg to about 100 mg.
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{8247} in some smbodiments, exemplary doses of the compound of Formulal,ora
pharmaceutically acceptable salt thereof| for 2 human subject may be about 1 mg, about
2 mg, about § myg, sbout 10 mg, aboot 13 reg, about 20 myg, sbout 25 mg, about 30 mg,
about 33 myg, about 40 mg, abont 43 mg, sbout 30 mg, about 60 mg, about 65 mg, sbout
704 mg, about 75 mg, about 100 mg, about 125 mg, about 150 myg, about 1735 mg, abowt
180 mg, about 150 myg, about 200 mg, about 223 wmyg, about 230 myg, sbout 300 mg,
about 350 mg, about 400 mg, about 450 mg, about 500 mg, about 550 myg, about §00
mg, about 630 mg, about 700 mg, about 750 mg, about 33 mg, about 830 mg, sbowt
900 mg, about 950 mg, about 1000 mg, about 1200 my, about 1400 mg, abowt 1600 myg,
about 1800 mg, sbout 2000 myg, sbout 2200 mg, aboot 2400 mg, about 2600 mg, shout
2800 mg, about 3000 myg, about 3200 mg, shout 3400 mg, about 3600 mg, sbout 3800
mg, about 4000 mg, about 4200 mg, about 4400 myg, about 4600 mg, about 4800 mg, or
about 5000 mg.

{r248] In other smbodiments, the methods provided comprise continuing o freat the
subject {e.g., a human) by adnunistering the doses of the compound of Fornmla [ or a
pharmaceutically accepiable salt thereof, at winch clinteal efficacy s achioved or
reducing the doses by mnerements to a level st which efficacy can bo maintained. In
some embodiments, the methods provided comprise administering o the subisct {eg., 2
Inunan} an iutial daily dose of 530 mg o about 300 mg or the compoond of formaunla §, or
in an alternative embodiment 100 mg to 1000 mg of the compound of Formula L ora
pharmaceuwtically acceptable salt thereof, and adminustering subssquent daily doses of
the compound of Formula §, or a pharmaceutically accepiable salt thereof, over at least 6
days, wherein sach subseguent daily dose ie increased by 25 mg to 300 mg, or by S0 mg
to about 400 wg. Thus, it should alse be understood that the dose of the compound of
Formuls §, or a pharmaceutically acceptable salt thereof], may be increased by incroments
undil clinical efficacy is achieved, Tncrements of about 10 mg, about 25 myg, sbout 50
mg, about 100 mg, or about 125mg, or about 150 mpg, or about 200 mg, or sbout 250 mg,
or about 300 myg can be used to increase the dose. The dose can be increased daily,

every other day, two, three, four, five or six times per week, or once per wesk.

349 The Sequency of dosing will depend on the pharmacokinetic parameters of
the compound administered, the rowte of administration, and the particular disease
treated. The dose and frequency of dosing may also depend on pharmacokinstic and

pharmacodynamic, as well as toxicity and therapeutic efficiency data. For exampls,
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pharmacokinetic and pharmacodynamic information about the compovmnd of Formula §
or a pharmaceutically accepiable salt therecf, can be collecied through preclinical in
vigre and in vive studies, later confirmed in humans doring the course of clinical trials.
Thus, for the compound of Formula 1, or & pharmaceutically accepiable salf thersof, used
in the methods provided herein, a therapeutically effective dose can be eetimated nttially
from biochemical and/or celi-based assays. Then, dosags can be formnsdated in animal
models o achieve a desirable circulating concentration range that modulates Svk
expression or activity. As human studies are conducted funther information will emerge
regarding the appropriate dosage levels and duration of treatment for various diseases

and conditions,

{6354 Toxicity and therapeutic efficacy of the compound of Formuda [, ora
pharmaceutically accepteble salt thereof, can be determined by standard pharmaceutical
procedures n cell coltures or experimental amimals, e.g., for delermining the L, {the
dose lethal 1o 509% of the population} and the ED: (the dose therapeutically effective
30% of the population}. The dose ratio botween toxic and therapeutic effects is the
“therapeutic index”, which typically is expressed as the ratio LDs/EDqe. Compounds
that exiubit large therapeutic indices, Lo, the toxic dose is substantially higher than the
gffective dose, are preferred. The dats obiained from such cell culiure assays and
additional snimal studies can be vsed in formulating a rangs of dosage for human use.
The doses of such compounds lies preferably within a range of ciroudating

concentrations that include the EDs with Hitle or no toxicity.

{B251} In the methods provided herein, the compound of formula I, or a
pharmaceutically acceptable salt thereof, or & pharmaceutical composition thereof, is
admimstered in & therapeutically effective amount to achieve its intended purpose. As
used herein, a “therapeutically effective amount” when referring to 8 vinca-alkaloid, or a
pharmaceutically acceptable sali thersof, is an amount sufficient to inhdbit fubulin
growth or forpiation, or fo inhibit or reduce microtubule formation, or to interfere with
spindle formation, and thereby treat 8 subject {e.g. 8 human) suffering an indication, or
to ameliorate or sllevigte the existing symptoms of the mdication. For example, a
therapeutically effective amount of a vinca-alkaloid or 2 pharmaceutically acceplable
salt thersof may be an amount sufficient to decrease a symptom of a disease or condition

responsive to inhibit of ubunlin activity and/or formation.
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B252] The therapeutically effective amount of the vinca-alkaioid of this disclosure,
o ite pharmaceutically acceptable sall thereof, may be provided in 4 single dose or

multiple doses to achisve the desired treatment endpoint. As used herein, “dose™ refers
$0 the total amount of an active ingredient {e.g., vineristine or vinblastine, for example),
or a pharmaceutioally acceptable sait thereof)) to be taken each time by a subject {eg.,

haman).

#2531  Exemplary doses of the vinea-alkaloid of this disclosure, or tis
pharmaceutically acceptable salt thereof, for a lnuman subject may be between about

0.01 mg-M* to shout 3.0 m g~M2c, depending on the dentity of the vinca~-alkalod, or
between abow 0.01 mg-M 1o sbout 2.5 mg-M°, or between abowt 0.01 mg-M? to abowut
2.0 mg-A, or betwesn sbout 0.01 me-M? to about 1.9 mg-M, or between about .01
mgukfiz to shout 1.8 mg&vﬁ or between about 0.01 mgnrM?' to about 1.7 m.g~M2, or
between sbout 0.01 mgnhfiz to about 1.6 me-M7, or batween about 9.01 mg-M* 1o about
1.5 mg-M’, or between about 0.01 mg-M” to about 1.4 mg-M°, or betwesn about 0.01
mg-M to about 1.3 mg-M, or hetwoen about 0.01 me-M to about 1.2 me-M2, or
hetween about 0.01 mg~M2 1o about 1.1 mguM?; or between about 8.81 mg~M2 to ghout
1.0 mg-M?, or between about 0.01 mg-M" to about 0.9 mg-M, or between about 0.01
mguM?' i about (1.8 mg~M2 , or batween about 0.01 mg«i‘«’i2 1o about 0.7 mg~M2, or
between about 0.01 mg-b” to ahowt .6 mg-M, or hetween shout 0.01 mg-M° to about
0.5 mg-M, or between sbout 0.01 mg-M” t about 0.45 mg-M, or between about 0.01
mg-M* to about 0.4 wg-M°, or between about 0.01 me-M? to about 0.35 mg-M-, or
between about 0.01 mg~Mz to about (.33 mg-M?, or between about 0.01 mg~M2 o about
0.3 mg-M, or hetwesn about 0.1 mp-M” to about 0.25 mg-M?, or between about §.01
g3 to about 0.2 me-M, or between about 0.01 mg-h" o about 0.15 mg-M°, or
betwesn about 0.01 mg-M to about 0.01 mg-M-, or betwsen about 0.1 mg-M to about
1.8 mag-M°, or between about 1,15 mg-M? to ahont 1.7 mg-M", or between about 0.2 mg-
M o abowd 1.6 mg—MZ, or between about 025 mgn-M: o abowt 1.5 mgwmz, or betwesn
about 0.3 mp-M to about 1.4 mg-M°, or between sbout 0.33 mp-M° io sbout 1.3 i,
or between about §.35 me-M~ to about 1.2 mg-M?, or hetween about 0.4 mg-M? to about
1.1 mg-M?, or between about 0.45 mg-M to about 1.0 mp-M?, or betwesn about 8.5 mg-
M to ghout 0.9 mg-M7, or between about 0.6 mg-M o about 0.8 mg-b-. Tn one
embodiment, the dose of the vinca-alkaloid of this disclosure, or #ts pharmaceutically

acceptable salt thereof, adnunistered to the subject in the methods provided herein is
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about 1.5 mgmM? In one emwbodiment, the dose of the vinca-alkaloid of tus disclosure,
or its pharmaceotically acoeptable sabl thereof, administered to the subject in the
methods provided herein is about 1.0 mg-M". In one entbodiment, the dose of the vinca-
alkaloud of this disclosure, or its pharmaceutically acceptable salt thereof, administered

to the subject in the methods provided herein is sbout 0.5 mg-M%

{2541 In other embodiments, the methods provided comprise conlinuing {0 treat the
subject {e.g, & human} by adnunistering the doses of the vinca-alkaloid of this
disclosure, or a pharmacentically acceptable salt thereof| at which clinical efficacy is
achieved or reducing the doses by increments to a level at which efficacy can be
maintained. The frequency of dosing will depond on the pharmacokinetic parameters of
the compound administered, the route of administration, and the particular disease
wreated. The dose and frequency of dosing may also depend on phanmacokinetic and

phammacodynamic, as well as loxieity and therapoutic efficiency data

{8255] The vinca-slkalod of the disclosure, or the pharmaceutically accepiable salte
thereot, are admunistered via IV, In one ambodiment, the vinea-alkaloid is vineristine
sulfate and the amount of the vial is Img/lml In some embodiments, the vinca-alkaloid
is vincristine sulfate and the vial is 2ml containing either tmg or 2mg of vincristine
sulfate. In another embodiment, “Vinoristine Sulfate”, USP is a white 1o off-while
powder. I s soluble i methanol, freely soluble n water, but only slightly scluble in
259% ethanol. In 98% ethanol, Vincristine Sulfate, USP has an uliravicle! spectrium with

maxima at 221 rum {&+47 1.

152561 “¥incristine Sulfate Injection”, USP is a sterile, preservative-free, single use
only solution avatfable for intravenocus use in 2 mL {1 mg and 2 mg} vials. Each ml
contains 1 myg Vincristing Sulfate, USP, 100 mg mannitol and Water for Injection, USP.
3.5, Sulfunc acid or sodiom hydroxide have been added for pH control. The pif of

Vincristine Sulfate Injection, USP ranges from 4.0 10 5.0,

{257} The admumistration of the compound of Formula 1, or 2 pharmaceutically
acceptable salt thereot, may be administered under fed conditions. The term fed
conditions o variations thereof refers o the consumption or uptake of food, in either
solid or lguid forms, or calories, i any suitable form, before or at the same time when
the compounds or pharmaceutical compositions thereof are adueinistered. For example,

the cornpound of Formuds § or a pharmaceutically accepiable salt thereof, may be
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administered to the subject {e.g., 2 homan) within mimutes or hours of consuming
calories {e.g., 8 meal). In sowe embodiments, the compound of Foromula |, or a
pharmaceutically acceptable salt thereof, may be administered to the subject {e.g., a

human} within 3-1¢ mivutes, about 30 minutes, or about 63 minoies consuming calories.
Arficles of Manufacturs and Kits

[B258] Compositions {including, for example, formulations and unit dosages)
comprising the conspound of Formula §, or a phammacoutically accepiable salt thereof,
can be prepared and placed in an appropriate container, and labeled for treatment of an
indicated condition. Accordingly, provided is also an article of manmudscture, such as a
container comprising 8 unit dosage form of the compound of Formula §, ora
pharmaceutically acceptable salt thereof, and a label containing instructions for use of
the compounds. In some embodiments, the article of manufaciure s a8 container
comprising & unit dosage form of the compound of Formuls § or 2 pharmaceutically
acceptable salt thereol, and at least one pharmaceutically acceptable vehicle, The article
of manufacture may be a botile, vial, ampoule, single-use disposable applicator, or the
Eke, containing the pharmaceutical composition provided in the present disclosure. The
container may be formed from a variety of materials, such as glass or plastic and in one
aspect also contains a label on, or associated with, the container which indicates
directions for use in the treatment of cancer or inflmnmatory conditions. It should be
understood that the active ingredient may be packaged in any material capable of
improving chemical and physical stability, such as an abuninum fonl bag. In some
emnbodiments, diseases or conditions indicated on the label can melode, for example,

ireatment of cancer,

{33881 In another cmbodiment, the article of manufacture i3 a container conprising a
wnit dosage form of a8 compound of formuda I, or a pharmaceutically acceptable salt
thergof, and at logst one pharnmaceutically scceptable vehicle, and a vial containing a

vinca-alkaloid, or a pharmaceutically acceptabls zalt

{62601 Any pharmaceutical composition provided in the present disclosure may be
used in the articles of manufacture, the same as if cach and every composition were
specifically and individually Hsted for use in ap article of manufacture.

26t} Kits comprising 8 phannacentical composition comprising 8 compound of

Formuda I, or a pharmaceutically scceptable salt thereof, are also provided. For
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example, a kit can comprise unit dosage forms of the compound of Foromda §, ora
pharmaceutically acceptable salt thereof, and a package insert containing instructions for
use of the composition in treatment of a medical condition. In some smbodiments, the
lat comprises a unif dosage form of the compound of Formela 1, or 2 pharmacenticalhy
acceptable salt thereof, and at least one phammaceutically accaptahle vehicls., Insome
embodiments, the kals comprises 2 unat dosage form of the compound of formuda T ora
pharmaceutically scoeptable salt thereof, and at least one pharmaceutically acceptable
vehicle, and a vial comtaining a solution of vines-alksloid, or & pharmaceutically
accepiable salt thereof, The instructions for use in the kit reay be for tresting 8 cancer,
meluding, for example, a hematologic malignancy. In some embodiments, the
nstructions are directed t© use of the pharmaceutioal composition for the treatment of
cancer, such as leukemda or lymphoma, including relapsed and refractory leukends or
vimphoma. o some embodiments, the instructions for use in the kit may be for treating
a hematologic cancer selected from the group consiating of small ymphocytic
iymphoma, non-Hodgkin's lymphoma, indolent non-Hodgkin’s bymphoma, refractory
iNHFIL, mantle cell bymphoma, follicular lymphoma, lvmphoplasmacyiic lvmphomas,
marginal zone lvmphomes, memmoblastic large cell lvmphoma, lymphoblastic
fymnphoma, Splenic marginal zone B-cell hvmphoma (/- villous lymephooyies), Nodal
marginal zone lvmphoma (+- monocytoid B-cells), Extrancdal marginal zone B-cell
fymphoma of mucosa-associated lymophoid tissus type, cutansous Tecell lymphoma,
extrancdal T-cell lymphoma, anaplastic large cell lymphoma, anglotmmuncblastie T-cell
ymphoma, mycosis fungoides, B-cell lymphoma, diffuse large Becell lymphoma,
Mediastinal large B-cell lymphoma, Intravascular large Becell lymphoma, Primary
effusion lymphoma, small non-cleaved cell lymphoma, Burkitt’s bynphoma, multiple
myeloms, plasmacytoma, acute lyrephoeyiic leukenia, T-cell acute lvmphoblastic
feukemia, B-cell scute vmphoblastic leukemda, B-cell prolymphooytic leukemia, acute
mysloid leukenya, chronie lvmphooyiic leukemia, juvenile myelomonocytic lenkemia,
muinimal residual disease, hairy coll loukemia, primary myelofibrosis, secondary
myelofibrosis, chronic myeloid lenkemia, myelodysplastic svndrome, myeloproliferative
dissase, and Waldestromy’s macroglobulinemia. 1o one embodiment, the instructions for
use in the kit may be for teating chronic lymphoeytic lenkemia or non-Hodgkin's
bymphoma. In one embodiment, the NHL is diffuse large B-cell lymphomas, mantle cell
tvmphona, follicalar lymphoma, small lymphocytic lymphoms, ymphoplasmacytic

tymphoma, and marginal zone lymphoma. In one emmbodiment, the hematologic
1i4
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malignancy is indolent none-Hodgkin’s vmphoma. In some embodiments, diseases or
o E) H

conditions indicated on the label can includs, for exavnple, treatment of cancer.

{8261} In some instances, the mstructions ave directed o use of the pharmacentical
composition for the troatment of a sohid tumer, wherein the solid tumor is from g cancer
selected from the group consisting of pancreatic cancer, urologival cancer, bladder
cancer, colorectal cancer, colon cancer, breast cancer, prostate cancer, renal cancer,
hepatocelivdar cancer, thyroid cancer, gall bladder cancer, lung cancer (s.g. non-small
cell lung cancer, smatl-cell long cancer), ovarian cancer, cervical cancer, gastric cancer,
endometrial cancer, esophages! cancer, head and neck cancer, melenors,
nenroendocrine cancer, UNS cancer, brain tumors {e.g., ghioms, anaplastic
ohgodendroghioma, adull ghoblastoma multiforme, and adult anaplastic astrocytomal,
bone cancer, soft tissue sarcoma, retineblastornas, nourehlastomas, perifoneal effusions,
malignant plevral effusions, mesotheliomas, Wilme tumors, trophoblastic neoplasms,
hemangiopericyiomas, Kapost's sarcomas, myxoid carcinoma, round cell carcinoms,
squamous cell carcinomas, esophageal squamons cell carcinomas, oral carcinomas,

cancers of the adrenal cortex, ACTH-producing tumors.

{8263} In some instances, the instroctions are directed 1o use of the pharmaceutical
composition for the treatment of an allergic disorder and/or an autcimmumne andfor
mflarmmatory disease, and/or an acute inflammatory reaction. In some embodiments, the
instructions are dirseted to use of the pharmaceutical composition for the treatment of an
gufoimmume disease, in some embodiments, the instractions are directed o use of the
pharmaceutical composition for the treatment of an autoimmune disease selocted from
the group consisting of systemie lupus erythematosus, myestens gravis, rheumatoid
arthritis, acute disseminasted encephalomyelitis, idiopathic thromboovtopenic purpurs,
multiple sclerosis, Sjoegren’s syndrome, psoriasis, antoimmune hemobvtic anemia,
asthma, ulcerative colitis, Crohn’s dizease, britable bowed disease, and chronie
obstractive pulonary disesse. In sorme embodiments, the auiotmmune discase is
selected from the group consisting of asthma, rhevmatoid srtheitls, multiple sclerosis,

chronic obstroctive pulmonary disease and systermie lupus eryvihematosus,

Bisd] Any pharmaceutical composition provided m the present disclosure may be
used in the kits, the same as if each and every composition were specifically and

individually listed for nse a kit
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Synihesis

{H265] The compounds of the disclosure may be prepared using methods disclosed
herein and routine modifications thereof which will be apparent given the disclosure
herem and methods well known in the art. Conventional and well-known eynthetic
methods may be used in addition to the teachings herein, The synthesis of typical
componnds of Formula 1, or a pharmacsutically acceptable salt theveof, may be
acoomplished as described in the following examples. If gvailable, reagents may be

purchased commercially, e.g. from Sigma Aldrich or other chenvcal suppliers.
General Syntheses

{5266} Typical embodiments of compounds in accordance with the present
disclosure may be synthesized using the general resction schemes desceribed below. It
will be apparent given the description herein that the general schemes may be altered by
substitution of the starting materials with other materials having similar structores o
result in products that are correspondingly different. Descriptions of syntheses follow io
provide numercns examples of how the starting materials may vary to provide
sorresponding products. Given a destred product for which the substiluent groups are
defined, the necessary starting materials generally may be determined by inspection.
Starting malenials are typically obtamed from conunercial sources or synthesized using
published methods. For synthesizing compounds which are emnbodiments of the present
disclosure, inspection of the structurs of the compound to be synthesized will provide
the identity of each substituent group. The identity of the final product will generally
render apparent the wWentity of the necessary starting materials by 8 simple process of

inspection, given the examples herein,
Synthetic Reaction Parameters

jazsT The comppounds of thes disclosure can be prepared from readily available
starting materials using, for example, the following peneral methods and procedurss. It
will be appreciated that whers typical or preferred process conditions {Le., reaction
temperatores, times, mole ratios of reactants, solvenis, pressures, ete.} are given, other
process conditions can also be used unless otherwise stated. Optinnum reaction
conditions may vary with the particular reactants or solvent used, but such conditions

can be determined by one skilled n the art by routine optimization procedures.
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{8268} Additionally, as will be apparent to those skilled in the art, conventional
protecting groups may be necessary to prevent certain functional groups from
undergoing undesired reactions. Sudtable protecting groups for various functional
groups 8s well as suiteble conditions for protecting and deprotecting particular functional
groups are well known in the art. For example, mumersus prolecting groups are
described v T. W, Greene and G. M. Wuts {1999} Profecting Groups in Organic

Synthesis, 3vd Edition, Wiley, New York, and references cited therein,

{81691 Farthermore, the compounds of this disclosure may contain a chiral center.
Accordingly, if desived, such compounds can be prepared or isolated as pure
sterecisomers, L.e., as individual enantiomers or as stersolzomer-enriched mixtares. All
such stersoisomers (and enriched mixtures) are included within the soope of this
disclosure, unless otherwise indicated. Pure storecisomers {or enriched mixtures) may
be prepared using, for example, optically active starting materials or stersoselective
reagents well-known in the art. Aliemnatively, rscemdc mixtures of such compounds can
be separated using, for example, chiral column chromatography, chiral resolving agents,
and the like.

BI78] The starting maitenals for the following reactions are generally known
compounds or can be propaved by known procedures or ohvious modifications thereof.
For example, many of the starting materials are available from commercial supphiers
such as Aldrich Chemical Co. (Milwaukee, Wisconsin, USA), Cthers may be prepared
by procedures or obvicus modifications thereof, described in standard reference texts
such as Fieser and Fieser's Reagents for Organic Svathesis, Volumes 1415 {John Wiley,
and Sons, 1891}, Rodd's Chemistry of Carbon Compounds, Volumes 1-5, and
Supplementals (Blesvier Science Publishers, 1989) organic Reactions, Volumes 1-40
{fohn Wiloy, and Sons, 1991}, March's Advanced Organic Chenuisiry, (John Wiley, and
Sens, 7 Fdition, 2001}, and Larock's Comprehensive Organic Transformations {(VCH

Publishers Inc., 1989).

{8371 The terms “solvent,” “Inert organic solvent” or “inert solvent” referto a
solvent inert under the conditions of the reaction being described in conjunction
therewith (ncluding, for example, benzene, toluens, acetonitrile, tetrabydrofuran
{"THF", dimethylformamide (“DME™), chioroform, methylene chloride (or
dichloromethane), disthyl sther, methanol, pyridine and the like} Undess specified to

povy
ress
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the contrary, the solvents used m the reactions of the present disclosure are et organic

solvents, and the reactions are carried out under an inert gas, preferably nifrogen.

82721 The term “g.5.” means adding a quantity sufficient to achisve a stated

function, 2.2., to bring a solution to the desired volume (e, 100%).

18273} The following sxamples are inchuded to demonsirate preferred sobodiments
of the disclosyre. It should be appreciated by those of skill in the art that the technigues
disclosed m the examples which follow represent technigues discoversd by the inventor
o function well in the practice of the disclosure, and thus can be considered o constitute
preferred modes for its practice. However, those of skill in the art should, in Hght of the
present disclosure, appreciate that many changes can be made in the specific
embodiments which are disclosed and still obtain 8 Hke or similar result without

departing from the spirit and scope of the disclosure,
List of abbroviations and acronyms.

Abbreviation Meaning

o Degree Celetug

anal Analytical

ATP Adenosine-8'-triphosphate
ATX U Anemona sulcata toxin
AcOH Agetic acid

ACN Agcstoniirile

CAN Ceric ammonium nitrate

Bl 1,V -carbonyiditmidazole
CHEG Chinese hamster ovary

cone. Concentrated

d Doublst

DABCO 1,4-DHazabicyeln{2.2 2joctane
DIAST {Diethylamine sl wifluoride
dd Droublet of doublets

DCE 1, 2-dichioroethane

DM Dichloromethane

DEAD Disthyl azodicarboxylate
DIPEA N N-diisopropylethylamine
DMAP 4-dimethylaminopyridine
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Abbreviation
DME
DME
DMSG
dppf
EA

ECF
EOyTA
EGTA
squivieq
HS

Ag

i
HiGAS
g
HEPES
HATU

RERG
HMDIE
HPLC
k

Hz

s
IMR-32

Kg

kHz

1AH
LOMS/LC-MS
M

m

w2

R

M+H
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Meaning

1, 2-dimethoxyethane
Dhmethviormamids
Danethyisulfoxide

1, 1-Bis{diphenyiphosphino iferrocens
Hihyl aleohol

Extraceliular fluid
Fihvienedianunetetrascetic acid
Hihylene glveol tetrascetic actd
Hquivalents

Elecirospray iondzation

Agetate

Hihyl

Ethyl Acetate

Grams

{4-(2-Hydroxyethyl)- 1 -piperasinecthanesulfonic acid }

2-{7-Aza-1H-Benzoiriazole ~1-vi}1,1,3,3-
tetramethyluroniuen hexafluorophosphate

human Ether-a-go-go Related Gene
hexamethyldisilazane{azide}
High-porformance liquid chromatography
Hours

The half maximal inhibitory concentration
Human peuroblasioms cell bine

Coupling constant

Kilogram

Kilohertz

Lithdum ammonioam hydride

Liguid chromatograply-tnass spectrometry
Molar

multiplet

mass-io-chargs ratio

Mass peak

Mass peak plus hydrogen

118



WO 2016/010809

Abbreviation
mCPBA

Me

MeOH

g

MHz

minm

mi/fml,

b

ol

nmol
miismo]
MRM

M

my
W
N
otk
NRAP
NMR

Ph

ppnt
prep

THEA

Mesning
I-chioroperoxybenzoic acid
Muethyl

Methanol

Milligram

Megsherlz

it

Milliliter

Milhmolar

Millimole

Nanomole

Milliosmole

Magnetic Resonance Microscopy
Mass spectroscopy
Millisecond

Millivolt

Microwave

Normal

Mole
N-methylpyrrolidinons
Nuclear magnetic resonance
Picoamps

Phenyl

Parts per million

Preparstive

Cuantity sufficient 1o achieve a stated function

Retention factor

Reverse phase

Room temperature

Second

Singlet

3-{ Trireathyisilyhethoxymethyl
Triplet

Tonic Block

Tristhyiamine
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Abbreviation Meaning

TFA Trifluoroscetic acid
THF Tetrahydrofiran

TiC Thin layer chromatography
TMS trimethylsiyi

TTX Tetrodotoxin

UDEB Use Dependent Block
WY Wild typs

) Chemeal shuft

g Microgram

pld Microliter

uhd Micromolar

Hin Micrometer

umol Micromgole
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BEXAMPLES

Freparation of Common Intermediates

Infermediate 181, Preparstion of tert-Buiyl ($-bromoimidaze!l 2-alpyrazin-8-
yhid-(4d-{oxstsn-3-yhipiperazin--yiphenylicarbamate IV and tert-butyl 4-(¢-
{oxetan-3-yhipiperarin- L-yiiphenylt-{tributyistannyimidars] i 2-alpyrazin-8-

yijcarbamats V

o
‘W&\NA\; OL?A
T i
N A ") i
o ‘Nog DMF, KOO T\ ﬁ‘“z\a@
) Z
B o
O N, B e
NN Y - Bog, 0, TEA,
{ ;@ g N M PRAP, DCM
WL AF N a2 - >
I T pg 85°C, 1y
; S N DIEA, IFA
2 85°C Nyt
p-iube P 5}3
0y 0
LI N/‘\W SE’EBU3, \b..-‘-“‘l\N s
i\ N THAL
~ ‘““ff\i dioxane, \” y:
o \N,Bﬁc P {(PPhals ]\ .Boe
. o
AN 10050 v ey
v ?ﬁ\ \;g‘ ’4} overnight A N;\
B S priube BuaSn/L\\\“’N“f

274} ~{4-Nitvophenyii-4-(oxetan-3-ylipiperazine I In 8 300 mL round bottom
flask, I-{oxetan-3-ylpiperazine (3.02 g, 21.26 mmoles), potassium carbonate {(3.87 g,
42.52 nymoles), I-fluoro-d-mitrobenzens (3.00 g, 21.26 mmeles) was combined in
acetoniirite {33 ml) and stirred under nitrogen overnight at 100 °C. The mixture was
diluted with water {100 mL) and extracted with DCM (100 mi x 3}, dried over
arfiydrouns sodivim earbonate, filtered and the fillsate was concontrated. The residue was

dissolved in mimmal DOM using a sonicaior and crashed out with bexane, The
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precipifate was filtered, washed with hexane and dried o provide the title compound [ as

an orange sohid (4.70 g, 17.85 mmoles, 84%).

{8275} 4-{d-{Oxetan-3-vl}piperazin-i-yhaniline : In a hydrogenation vessel, Y-
{d-nitrophenyl-4-{oxetan-3-vlipiperazine 1 {4.70 g, 17.85 mwonoles) was dissolved as
much as possible in MeOH (26 mb} and DCM {5 mL). PO (10%) (185 g, 2.68
nunoeles) was added and the reaction was siored under nitrogen. The reaction was shaken
on the Parr hydrogenator at 435 PSLL After 15 matmates, the reaction was fully recharged to
45 P51 and shaken for an additional bour. The material was filtered over celite, washed
with 23% MeOH/DCM and concentrated to provide the title compound W as a light
brown solid (4.18 g, 17,88 mumoles, 98%).

{3276] &-Bromo-N-{d-{4-(oxetan-3-vipiperazin-l-yDphenylimidaze{1,2-
aipyrazin-B-amine f{: To 4-{4-{oxetan-I-yhpiperazin-T-yDaniline T 2.00 g, 8.57
mmoles), hunig’s base (3.29 mL) and 6.8-dibromomnidaze]} 2-alpyrazine (2.37 g, 8.57
mmoles) was added in DMPE {43 mL). The reaction was stirred at 85 °C in a pressure
tube for overnight. The material was quenched with saturated sodivm bearbonate,
extracted with DUM {120 mL x 3) and the orgswe layers were combined and washed
with water {120 ml x 3}, dried over anhydrous sodium carbonate and concentrated. The
crude material was purified nsing a 120 g Isco oolummn and eluted off using 2 stepwise
pradient of 0-60% (10% MaOH/DCM). The desired factions were combined and
concgntrated fo provide the title compound I as a Hght yellow solid (3.00 g, 6.99

mmicdes, 82%)

07T terd-Butyl {&-bromoimidaze] L 3-alpyrasin-8-yi{d-{4-{oxetan-3-
vhpiperaszin-Lylphenyicarbamate IV: 6-bromo-N-{4-{4-{oxetan-3-yDipiperazin-1 -
yhiphenyinmidazo{ 1, 2-alpyrazin-8-amine HI (1000 mg, 2.33 nunol}, didert-butyl
dicarbonate (1016.72 myg, 4.66 mumol} and N N-dimethylpyridin-4-amine {(21.34 mg,
317 mmol) were stirred in DCM (1,01 mi) and refluxed at 635 °C for 3k, The reaction
was diluted with 100 mb of DOM, washed with H2O (33}, dried, fiHered and
concentrated. The crude material was desolved m mindmal DCM, Iosded onto a
preloaded silica loader and eluied off 8 40 g column using (-30% MeOH/DCM over 20
colunmn volumes. The desired fractions were combined and concentrated to provide the

title compound IV {1.2 g, 7%} This compound 15 vsed in Hxample 2.
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278} tort-Batyl 4-(&-foxctan-I-yhipiperazin-i-vliphenyl{s-
{tributylstannyiimidaze] L, 2-alpyracin-S-yhearbameate Ve In 2 350 mi p-lube, tert-
butyl 6-bromoimidazo{ 1 2-alpyrazin-8-vi{d-{4-{oxetan-3-ypiperazin. 1~
viphenyhicarbamate IV (8150 mg, 1539 mmol), 1,1,1,2,2, 2-hexabutyidisiannane (11.67
mi, 23.09 nmumol}, tetrakis{triphenylphosphine)palladium (889.43 mg, 0.77 ramel), and
tetrabutylanmmnonium jodide {3686.03 mg, 15.39 mmol} were combined in dioxane (62
mi} and heated o 110 °C overnight. According fo DUMS, no starting material remained.
The reaction was abzorbed onto celite and ehuted off a 160 g aluming cobimn using a -
1{-26-30-100% {50% BEtOAcHex-Hex) gradient holding at 50% for 16-15 colummn
volumes over S0-60 colunmn volumaes to provide the title compound V (5.83 g, 5194

This compound is used in Examples § and 2.

Intermediate L. Freparation fert-butyl (&-brome-S-methylimidazoif 2~
sipyrazin-8-yiH4-{4-(oxetan-3-yiipiperacin-1-yliphenylicarbamate X
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[B27Y9] §-Methylpyrazin-Z-amine VI To a sohution of anhydrous zinetIl} chloride
{26.3 g, 193 nunol} {n THF (150 ml) at 0 °C, was added IM methyl magoesium
134
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bromide in diethyl ether (129 well) drop wise overaperiod of T b [1,3-
Ris{diphenviphosphins jpropanenicksl{IT} chloride (2.08 g, 3.85 mumol} was then added
and the mixture allowed o warnm {0 room temperatire. To the above mixture, a schution
of &-chiore-2-aminopyrasine {3.00 g, 38.6 mmol} in aphydrous THF (25 ml) was added
and the resction stirred, under a nitrogen atmosphers, at veflux for 6 b, Adfter this time,
the mixture was cooled {o room temperature, then to § °C and carefully quenched with
saturated aquecus ammonium chlonde (30 mi). The organic layer was separated and
dried over sodivim sulfte. The drying agent was fillored and the filirate concentrated
under reduced pressure to provide crude S-methyipyrazin-2-amine VI (2,60 ¢, 63%) as a
light veliow solid which was used in the next step without purification: 'H NMR (400
MHz, COCL) 8: 7.63 (s, TH}, 7.53 s, 1), 4.96 (bs, 2H), 218 {5, 3H).

284} 3, 5-Dibromo--methyipyrazin-Z-amine ViE: To a solution of 6-
methyipyrazin-Z-aming VI {2.00 g, 183 mymol} in THF {40 mL} at 10 °C, was added N-
bromosuccinide (6.70 g, 37.6 mmeol} portion wise over 15 min and the mixture
alfowed to warm 1o room temperature while stirring. After 2 b, the reaction was
conconirated under reduced pressure and the resulting residue was purified by cohmnn
chromatography {silics, gradient, hexanes to BiOAQ) to provide 3,5-dibromo-6-
methyipyrazin-2-amine VI (3.10 g, 64%) as sn orange solid: "H NMR {40 M=,
CDCHY 8: 4,93 (bs, 2H), 2.38 (s, 3H).

{8281} & 8-Dibrome-S-methvimidazs] L, 3-¢]prrazine VI A mixture of 2-
bromo-1, T -diethoxyethane {3.21 ml, 20.7 mowl) and 48% agueous hydrobromic acid
{1.0 L} was stirved at refhux for 2 b The reaction was then cooled to room temperatare
and treated with sodinm bicarbonate ymtil gas evolution cessed. The mixture was
filtered and the fltrate diloted with ethanol {15 mi). To this mixture, 3,5-dibromo-&-
methyipyrazin-2-amine VI (3.00 g, 11.2 nyvol} was added and the resction stirred at
reflux for 16 b, After this time, the reaction was cooled to room temperature and
concentrated under reduced pressure to a volume of approximately 10 mL. The
suspension was fltered and the filter cake washed with cold ethanol {5 mL). The filter
cake was then taken into water (30 miL} and the pH was adjusted to ~ 8 with potassium
carbonate. The resulting suspension was filtered and the filter cake dried to a constant
weight under vacuum to provide 6,8-dibromo-S-methylimidazel 1, 2-alpyrazine VI
{1.97 g, 609 as a light brown solid: "H NMR (400 MEz, CDClL) §: 7.90 {s, 1Hy, 7.72
{s, 1H}, 2.74 {5, 3H).
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{BEN2Y &-Bromo-S-methyl-N-{4-{4-{oxetan-I-ylipiperazin-1-
yhiphenyDimidaze]l,2-alpyrazin-B-amine IX: The compound IX was prepared from
6,8-dibrome-S-methyiimidazo] 1,2-alpyrazine VIIT using the method as described for
preparing S-bromo-N-{4-{4-{oxetan-3-yhipiperazin-I-yhphenylimidazo] 1, 2-a lpyrazin-8-
amine I in Intermediate Hxample 1.01L

{6283 tert-Butyl (¢-bromo-S-methylimidare |1, 2-s]pyrazin-S-y -4 {oxetan-3-
yhpiperazin-1-yliphenylearbamate Xo The compound X was prepared from &-bromo-
S-methyl-N-{4-{4-{oxetan-3-yhpiperazin-L-yhphenylinudaze] 1,2-alpyrazin-8-amine X
using the method as degeribed for preparing tert-buiyl (S-bromoimidazof 1, 2-alpyrazin-&-
yi4-{4-{oxeian-3-yipipererin- L-yliphenylearbamate IV 1o Intermeediate Example 1.01,

This compound iz used in Example 4.

Synthesis of Examples 17

Exsmple I Preparation of §-(6-amins-S-methylpyrazin-2-y1-N-{d-{d-{oxetan-3-

yhpiperazn-1-yiiphenylimidarzeli T-alpyrazin-S-amine (1)
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2841 2-Bis(tert-butoayearbonylamine-é-bromo-3-chioropyrazine XI &
bromo-3-chloropyvrazin-2-amine (2000 mg, 9.59 mmeol) was dissolved im DOM (48 o}
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fullowed by Tristhylamine {3.99 wml, 28,78 mmol), di-tert-butyl dicarbonate (4188.12
mg, 1919 mmol), and N N-dimethylpyridin-4-amine (87.91 mg, .72 mumol). The
regction was allowed to stir at ot for overnight. The crude material was washed with
water, dried, filtersd and concentrated. The crude material was dissolved in mintmal
DM and Ioaded onto a 25 g prepacked silica loader and ohited off 2 40 g coluron using
(-30% MeOH/DOM. The title compound XT (3900 mg, 99%) was isolated and identified
hy LOMS and NME. The product was a mix of mono and bis boc-protected material,

mainfy bis boe-protected as sesn by NMR.

[BZ85} tert-Butyl tert-budoxyearbonyi§-(8-{{tert-butoxycarbonyii{4-{4-{oxeian-
3-yijpiperazin-i-yliphenyijamino)imidaze{,2-alpyrazin-6-yip-dcldoropyrazin-2-
yicarbamate X1 tert-Butyl 4-{4-{Oxetan-3-vipiparazin- Lyliphenyvi{s-
{ributyistannyhimidaze] 1, 2-alpyrazin-8-yijcarbamate V {1000 mg, 1.4 ramel), 2-
Bis{teri-butoxyearbonyDamine-6-bromo-3-chloropyrazine Xi {552 mg, 1.35 mmol), and
PACL{PPha}e (142,77 mg, .20 nunol}, in §,4-Dioxane {11.27 mi} was trridated in the
microwave for 20 min at 140 °C. The reaction was asbsorbed onto celite and eluted off 3
44 g Gold Isco column using 0-10-100% (30% MeOH/DOM) over 20 column vohumes,
Fractions 34-3% wore collected and concentrated. According to NMR, the title compound
X1 was identified and isolated (5% myg, 55%6).

{286} teri-Butyl {(§-{&-amine-S-methylpyrazin-2-yimidaze (1, 2-al pyracin.g-
yH{d-{¢-{onstan-3-viipiperazin-L-yilphenyhcarbamate X1 In a microwave vial,
tert-butyl tert-butoxyearbonyl{6-(&-{{tert-butoxyearbony i4-{d-{oxetan-3-vDpiperazin-1 -
yiphenvilaminomidazo{ 1, 2-alpyrazin-6-yi-3-chloropyrazin-2-ylcarbamate XI (300
my, 0.44 mmol), methylboronic acid (794.3% mg, 13.27 mmol},
tetrakis{iriphenylphosphinejpalladimn  {31.12 mg, 6.04 mmol), and 2M NapyCO, (.44
meh) were combined in DME {177 ml) and svidated i the ndorowave for 20 min at

150 °C. The reaction was worked up using 25% MeOH/DCM and water. The organic
layers were combined, dried, filtered and concentrated. The crude matevial was loaded
onio silics and eluted off a 40 g Gold cohonn using 3-5-15-25-30 %6 (30%MeOH/DUR
over 43 column volumes. The desired fractions were concentrated and provided tert-
buty! {&-{&-amino-S-methyvipyrazin-2-yhimidazol 1 2-alpyrazin-8-yhi{d-{4~{oxetan-3-
yhpiperazin-T-yhiphenyDearbamate XTI as the minor product and the desired final
compound 1 as an inseparable mixture (208mg total) and were taken into the TFA

reaction.

s
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B8 &~{6-Amino-S-methylpyrazin-2-yH-N-{d-{4-{oxetan-I-yEpiperazin- 1~
yhphenyiimidazo{l, I-alpyrazin-8-amine (1} To a solution of tert-buiyl 6-{S-aming-
S-methylpyrazin-2-vijmidazo 1, 2-alpyrazin-B-vi{d-{4-{oxetan-I-viipiperazin-1-
yiphenyl)arbamate XU (48 mg, .09 mmol} and §-{G-amine-Samethyipyrazin-2-yH-N-
{4-{4-{oxetan-3-yhpiperszin-1 -yiphenviimidazo] 1, 2-apyrazin-§-amine {1, 160 mg,
(.38 mumol) in DOM (2.5 ml) was added TFA (0.16 ml, 2.15 mmol}. The resalting
mixfure was stivred al room temperature overnight. According to LOMS, the reaction
was incomplete. The reaction wae subiected {o additional TFA (0.16 ml, 2.15 mmol} and
stirred for Th, Acoording to LOMS, the reaction was incomplete, the reaction was
subjected to additional TFA (0.32 mi, 4.3 mmol)} and stirved for 2b more. The reaction
was cooled to & C and guenched with sal. NaHCOy, then exiracted with DCM (S mix
3}, and the combined organic layers were washed with water {§ ml x 2), brine (S mix 1},
dried (Nap3Q04}, and concentrated 1o give the crude product. The crode material was
absorbed onto silica and elvted off 3 24 ¢ Gold Isco cohumn using 8-15-25-40-100%
{30% MeOH/DCM} The desired fractions were combined and concentrated 1o provide
the desired compound (1, 67.5 mg, 34%6). LOMS-BST (ma): [M+H] 45822, 'H
NMR (300 MHz, de-DMSO) 8: 948 (5, 1H), 8.54 (5,18}, 841 {5, 1HLE 11 (g, 1H), 7.95
{d, 2F), 7.6 ¢s, 18}, 6.98 {d, 3}, 6.2 {s, 2H), 4.538-4.48 (dt, 4¥), 3.3 (o, 1H), 334 {4
AH3, 2.50-2.4 (ded4H), 233 {5, 1H). Aliernatively, compound XI could be taken divectly
to this step and simtlarly de-protected o provide the S-chloropyrazine substituted

analog.
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Example 2. Prepavation of &-{G-aminepyrazin-2-vi3-N-{4-{d-{oxetan-3-vipipsrazin.
I-viiphenylimidare]{ L I-alpyrazin-S-amine (2}
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ipkisy I-Bis{tert-butoxyearbonylismine-$-browopyrazine XIV: To a mixture of
&-hromopyrazin-2-ammine {5 g, 28.7 mmol} and di-tert-butyl dicarbonate (2509 g, 114,94
mmol) was added DCM {10 ml) followed by DMAP {0.351 g, 2% mmol). The reaction
was heated 10 33 °C for Th, cooled to RT, the reaction was partitioned between water
and ICM, purified on silica gel and concentrated to provide 10.75 g (87% vield) of 2~
bis{tert-butoxyearbonylamino-6-bromopyrazine XIV, LOMS-EST () [MHHT
37414, "H NMR (DMS0) & §.84(d, 2H), 1.39 (s, 18H.

[B28%] tert-Butyl (6-(6-(his{tert-butoxyearbonyDaminopyrazin-2-
yhisddaze{,2-alpyrazin-8-yiid-{4-{oxetan-3-yhpiperazin-I-yDiphenyDcarbamats
XVI - CHEMISTRY A route: tert-Butyl 4-{d-{oxctan-3-vDpiperazio-1-yvliphenyl{(6-
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{iributylstannyhimidazol 1, 2-a]pyrazin-8-vijcarbamate V (215 myg, 0.291 mmol}, was
combined with 2-bis(tert-butoxycarbonyDamino-o-bromopyrazine XIV {217.38 mg,
3.581 mumol}, bis(iriphenylphosphineipalladivmD) dichlonde(30.61 mg, 0.044 nwool}
and 1 d-dioxane (Smi). The reaction mixture was stirred in a microwave reactor at 120
*C for 30 min, The resction mixhire was quenched with saturated KF, extracted with
Bt Ac, purified on siliea gel, eluted with EtdAc. The desired fractions were combined
and concentrated 1o provide 100 myg (46% vield) of tert-butyl {(6-{0-{bis{tert-
butoxyearbonyh lamine)pyrazin-2-ymidazol 1, 2-alpyrazin-&-y1{4-{4-{onetan-3-
yiipiperazin-1-yDphenyDearbamate XVI LOMS-EST (s [M+HT" 7444 TH NMR
{300 MHz d-DMSOY 5 937 (5, 1H), 818 (5, 1H), 877 (s, 1H), 833 {d, 1H), 7.87 {4,
1H), 7.28-7.25{d, 2H}, 6.92-6.89 {4, 2H}, 4.35-4.41 {m, 4H), 3.4 (m, 1H}, 3. 143 11
(o, 4H}, 2,37-2.34 {m, 4H}, 1.37 {8, 18H), 1.3 (5, 9H).

{ae tert-Busyl {(&-(&-{bis{leri-butoxyearbonyDamine Jpyrazin-2-

viimidazoli Z-alpyrazin-8yD{d-{4-{oxetan-3-yiipiperazin-I-ylphenyiicarbamate
XY - CHEMISTRY B route: Step L To 2 dry 250 ml round-bottomed Hask was
added 2-bis(tert-butoxyearbonyDamino-&-bromopyrazine XIV (1.0g, § Jequiv,
2.6Twmel}, KOAc (790mg, 8.02mmel, 3.0equiv), 4,4,4,4,5,5.5" ¥ -octamethyl-2 2
hi{1,3,2-dioxaborolane} (750mg, 2.%4mmel, 1. 1equivy, Pd{dba) {171mg, 0.187mmol,
{1.07equv) and Xophos (128mg, 0.267mmoel, 8. 1eguiv} followed by 1 4-dioxane (23ml)
and the solution was sondoated for § min and then purged with N, gas for § min, The
flask with contents was then placed wnder Ny atmosphere and heated at 110 °C for

90 min, Onee full conversion to the pinscolboronate was achieved by LUMS, the
reaction was removed from heat and allowed to ool 1o KT, Once cool, the reaction
contenis wers filtered through Celite and the filter cake was washed 3 x 20 mL EtDAc,
The resultant sobution was then concentrated down to a deep red-orange syrup providing
N, N-BisBoc 6-{4,4,5, 5-tetramethyi-1,3 2-dioxsborolan-2-yDpyrasn-2-amine XV,

which was used directly in the next step.

291} Step 2: The freshly formed N, N-BisBoc 6-{4,4,5,3-fetramethyl-1,3,2-
dioxaborolan-2-yhpyvrazin-2-amine XV {2.67 mynol based on 100% conversion, 2.0
gquitv based on brownide) was dissolved mw 20 Ml of 1,2-dimethoxyethane and to that
sofution was added tert-butyl {(6-bromoimidazef 1 2-ajpyrazin-8-yIH4-{4-(oxetan-3-
yipiperasin-T-yhphenvlcarbamate IV {707mg, 1. 3dmmol, 1.0equiv), NayC0; {2&83myg,
28Tmmol, 2. 0equiv), PAFPPh) (1535mg, 0.134mmmal, . 1cguiv) and water (10w} and
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{he solution was degassed for 5 min using Ny gas. The reaction was then placed wnder
Ny atmosphere and heated at 118 °C for 90 min. LOMS showed complete consuwmption
of the bromude starting material and the reaction was removed from heat and allowed 10
cool to BT, The reaction was diluted with 100 ml water and 100 mi 20% MeOH/DOM
and the organic layer was recovered, extracted 1 x sat NaHOG,, 1 x sat brine and then
dried over NaxSOy. The solution was then filtered and concentrated down o an orange-
red solid. The sample was then shurried in warm MeOH, sonicated then filtered,
washing 2 x 20 ral. with cold Me(OH and then the cream-colored solid was dred on hi-
vacunm overmght to vield 905 mg of tert-butyl {6~(6~{bis{tert-
hutoxyearbouyljaminojpyrazin-Z-yhimidazo] 1, 2-a Jpyracin-B-vi}4-{4-{oxetan-3-

vijpiperazin-I-yDphenyDoarbamate XVT in a 90% vield over 2 steps {95% per step).

{8292} H-{G-Aminepyrazin-2-yH-N-{4-(4d-{oxetan-3-yhpiperasin-i~
vijphenyijimidaze{l,2-ajpyrazin-B-amine (2}: To s solution of tert-butyl (6-(6-
{bis(tert-butoxycarbonyljaminoipyrazin-2-viimidazel 1, 2-alpyrazin 8-y 4-{4-{oxctan-
IoyDipiperazin- Byvlphenylcarbamate XV (200 mg, 0.269 momel) in BCM (2 mi) was
added TFA (0.5 ml, 6,378 mmol}, The reaction was stirred at ot for 16h, saturgted
sodium bicarbonate was added, exiracied with EtOAC and purified on silica gel, sluted
with 3%96MeGH / BiOAg, 208:MeGH / EtDAc. The desived fractions were combinad and
concenirated to provide 100 mg {83% yield) of the title compound 2, LOMS-FEST (m/z):
PVAHHT 444.2. TH NMR (300 Mz de-DMSON §: 0.5 (5, 1H), 8.588 (s, 1H), 8.47 (s,
1H), 812 (4, 1My, 7.95-7.92 {d, 2H), 788 {s, 1H), 7.62 (s, 1H}, 6.99-6.96 {d, 2H), 6.48
(s, 2H), 4.57-4.53 {m, TH}, 4.48-4.44 {1, ZH), 343 (m, 1H), 3.15-3.12 {m, 4H), 2.41-
2.38 {m, 45}
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Example 3. Preparation of (R}-($-(4-{{6-~{6-aminepyrazin-2-yDimidazofl,3-
sipyrazin-B-yhamineiphenyhimerpholin-2-viimethane! (1)
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{33931 {H{4-{4-{{6-Bromoimidare] L 2-alpyrazin-8-
vhaminoiphenyhmorphelin-Z-yhimethane] XVil: In a 250 mi round bottom flask
equipped with a condenser was placed §,8-dibromoimidazc! §,2-alpyrazine (2000 mg,
7.22 mmol) and added 30 mi isopropancl followed by N N-diisopropylethylamine (2.52
mi, 144 mmol} and (R)-{4-{d-aminophenyDmorpholin-2-yhimethanol (1504.12 mg,
7.2% mupol}. The reaction was heated to refhix {oil bath 95 *C} overnight. The reaction
was cooled and precipiiates were collected by filiration and washed with isopropano)

followed by hexanes 1o give the deswred compound XV, 2.92 g, 95% vield

294} {R}-teri-Butyl (S-browmoeimidazeil,2-slpyrazin-8-yH{E-{3-({{tert-
butexycarbonyijoryimethyDmorpholinoiphenyilcarbamate XVHE In 2 250 kL
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round bottom flask was placed (R}-{4-(4-({6-bromoimidazo| 1, 2-ajpyrazin-8-
yhaminejphenyDmorpholin-2-yhimethanol XV {2.80g, 6. 9mmol} and added DCM
followed by tricthylamine {2.9mi, 2.1z, 20.8mmol), DMAP {63g, .52nmmol) and di-
tert-butyl dicarbonate (3.8g, 17. 3mmol}. The reaction was stirred overnight then diluted
with DCM and water, separated, washed with brine, dried over WNa; S0, filtered and
concentrated under reduced pressure. The crude material was purified by
chromnatograophy: IBCO 40 g silica with 25 g silica loader, ehuting with 0-100%
EiDAc/hexanes (o give compound XV {1.66 g, 40 %)

{20s8] {(R)-tert-Butyl (4-{3-{{{tert-
bhutexyearbonylioxymethyDmorpholine)phenyiis-{iributylstannyDimidaze{ 1,3~
ajpyrazin-8-ylicarbamate XEX: (R)-tert-Butyl (&-bromoimidazo] 1, 2~-alpyrazin-8-y}{4-
according to the analogous method of Example Intermediate 1.01 to provide (R)-tert-
batyl {4-{2-({{tert-butoxycarbonyiloxy imethyl morpholinejpheny }{6-

{ributylstanmyDimidazol 1, 2-alpyrazin-8-viicarbamate XIX.

{H296} {R}-tert-Batyl (&-{6-{bizs{feri-butoxycarbonyDamine pyrazin-2-
vinddaze] 2-alpyrazin-8y -2 -{{(tere
butoxyearbonylioxyimethylimorpholinejphenyiicarbamate XX (R)-tert-Butyl {4-{2-
{{tert-butoxycarbonyoxymethylmorpholino jphenvi6-(iributyistannylimidaro{ 1,2+
alpyrazin-8-yhearbamate XIX was reacted with 2-Bis{tert-butoxyearbonyDaming-6-
bromopyrazine XIV according to the analogous method of CHEMISTRY A as described
inn Example 2 to provide the desired compound (R-tert-butyl {6-{6-(bis{tert-
butoxyearbonviamdnolpyrazin-2-yimidazo] 1, 2-alpyrazin-&-yh{4-2-{{tert-

butoxvearbonyviloxyimethyDmorpholinoiphenyDearbamate XX,

{62971 {3 {4-{4-{{G-{E-Amino-S-methyipyrazin-2-yiimidazs{l,2-alpyravin-8-
yhamine}phenymorpholin-3-ylimethanel (3} (R)}-tert-butyl (S-{6-(his{tent-
butexycarbonyamingpyrazin-2-yhimidazo[ 1, 2-alpyrazin-8-yI K40 -{({tert-
butoxycarbonyDoxyimethyhimorphohnojphenyDearbamate XX {460 mg, (.56 mmeol} in
DOM was added to a round bottom Hagk, and TFA (1.29 al, 16.85 mmol) was added.
The reaction was partially complete atter stivring ~8 hours. Added an additionsl 10 eg
TFA and stivred overnmight, then concentrated under reduced pressure, 1086 MeOH/DCM
{~100mi.} and sat.ag. sodium bicarbonate were added and stirred 13 min, separated,
extracted with ~300mi. 10%MeOMH/DOM, The organie layers were combined, washed
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with brineg, dried over Nay8(0,, filteved and concentrated under reduced pressure and

dried under vacuume. The resulting solid was tritursted with BCM, collected solids via

fltration and dried under vacuwm o give a brown solid, 125 mg, with identity confirmed
as compound 3 by NMR and LO-MS,  LOMS-ESE Guiy [MHHT: 4102, 'H NMR
(300 MHz d-DMSO) 01 957 (s, 1H), 859 (s, 1H)L 847 (5, 1HD), 813 {4, J= 12 Hz, 1),
8.06 ~ 7.90 (m, 2H), 7.87 {s, 1H}, 7.62{d, J= 1.1 Ha, 1H}, 7.05 - 6.93 (m, 2H}, 6.49 5,
ZEY, 4780, = 5.8 He, 1H), 398387 (m, 1H), 371 - 3368 (my, TH, 2,63 {6, J=
11.7, 3.4 He, 1M}, 237 {dd, J=12.1, 1.5 Hz, 1H). The corresponding {8) isomer, or

racemic mixtwre of compounds is prepared similarty, using (83-(4-(4-

aminophenyl imorpholin-2-vimethano! or a racemic mixbure of (4-(4-

aminophenyi norpholin-2-vimethavol, respectively, in the first step.

Exumple 4, Preparation of 6-(¢-aminopyrazin-2-vi}-S-methyi-N-{4-{4-(sxstan-3-

vhipiperazin-L-yDphenyDimidaze] 2-alpyrazin-8-amine (4}
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fert-Butyl (-{&-(bis{tert-butoxyearbonyDamineipyrasin2-y-8-

methyiimidaze{l2-alpyrazin-§-vid-(4-{oxetan-3-yiipiperazin-1-

yhphenyhearbamate XX tert-Butyl {6-bromo-S-methylimidazo] 1, 2-ajpyrazin-§-

yh{d-{4-{oxetan-3-vlipiperazin- 1 -viiphenyiicarbamate X was reacted with XV
according to the methods of CHEMISTRY B as deseribed in Example 2 to provide the

desired compound XX,
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[629%] f~{G-aminopyrazin-2-yH-S-methybN-{4-(¢-{oxetan-3-yipiperazin-1-
yhphenyliimidare]],2-alpyrazin-8-amine (4 The compound tert-butyl {§-{6-
{bis(tert-butoxyearbonyDaminolpyrazin-2-yij-S-methylimidazo] 1, 2-alpyrazin- &y 4-{4~
{oxetan-3-vlipiperazin- H-yphenylicarbamate XXI was de-protected by the analogous
method described in Example 2 to provide the desired compound 4. LOMS-ESE (auiz):
IV 458,32, TH NMR (300 MHz, de-DMSO) 5: 9.28 (8, 1H), 8.28 €5, 1H), 8.04 (s,
1H), 7.80 (d, 26}, 7.83 {s, 1H}, 7.7 (5,1H), 6.91 {d, 21, 6.46 {s, 7H), 4.6-4.4 {dy, 4,
3.43 {m, 1H}, 3.1 (1, 430y, 2.49 (s,3H), 2.4 (14H).
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Exsmple 8. Preparation of 2-{5-{6-{¢-aminopyrazin-2-yDimidaro{l, 2-alpyrazin-g-

yhamino}2-{d-(oxetan-3-yhipiperazin-T-vDiphenonyiethanot (5)
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{380] 2-(2-2-Fluore-S-nitrophenoxyiethoxy Metrabydroe-2H-pyran XXIL A
mixtore of 2-fluovo-S-mittophenol {4 g, 25 mmod), 2-(2-bromosthoxyfetrahydro-2H-
pyran {$.4 mL, 28 nunol} and potassium carbonate (4.2 g 30 nunol) in DME {50 miL)

was atirred at 30 °C for 16h. The reaction was cooled to room temperature, diluted with
138
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EtOAc and Hy(h The aquecus layer was separated and eatracted with EtOAg. The
combined organic extracts were washed with Hz0 (55 to remove DMF) and brine and
dried over sodinn salfate. The resubling residue was purified by column
chromatography ISCO RE{(40 g coluran) eluting with a gradient of 100% hexanes ~ 111
hexanes: Et0Ac fo provide 2-(2-(2-fluore-S-mitrophenonyiethoxyitetrabydre-2 H-pyran
HXU (1.5 g 21%).

301 I~{4-Nitro-2-{2-{({eirabydre-2H-pyran-2-yhexylethoxyiphenyij4-
{osetan-3-vhpiperacine XXUE A mixwre of 2-(2-{2-fluore-3-
nitrophenoxy jethoxy etrabydro-2H-pyran XXH (1550 mg, 5.43 mmol), -{oxetan-3-
viipiperazine (772 myg, 543 mmol) and potassium carbonate (112641 mg, 3.15 mmol)
i NMP {6 mL} was stirred at 100 °C for 8h, The agueous laver was separaied and
exiracted with Fi0Ac. The combined organic extracts were washed with HoO (S x o
remove NMP) and brine and dried over sodiom sulfate. The resulting residue was
purified by column chromatography ISCO RE {34 g colunn) sluting with a gradient of
100% DOM — 80035:5 DOCMEROMeOH to provide 1-{dnitvo-2-C-{{tetrahydro-2H-
pyran-2-yvhoxyiethoxyiphenyii-4-{oxetan-3-yvlipiperazine XX (2.1 g, 94%).

8362} d-{d-{Ozstan-3-ylipiperazin-1-yi}-3-C-{{tetrabydre-2 H-pyran-3-
yhoesylethoxyianiline XXIV: To a suspension of I-{d-nitro-2-{2-{{letrahydro-2H-
pyran-2-vhoxylethoxyiphenyl-4-{oxetan-3-yDpiperazine XX Q100 mg, 5.1 numol} in
gthanol (30 myL} was added 10% P&/C (50% wet, 390 mg dry weight) in 2 5300-mL Parr
hydrogenation bottle. The botile was evacuated, charged with hvdrogen gas to a2 presswre
of 50 psi and shaken at 1t for 2 h on a Parr hydrogenation apparatus. The reaction
mixture was filtered, and washed with sthanol. The 8ltrate was concemivated in vacuo 10
give 4-{4-{oxotan-3-yhipiperazin-1-y1-3-(2-{{totrabhydro-2 H-pyran-2-
vhoxylethoxylanilineg XXIV (1850 myg, 95%).

3831 &-Bromo-N-{4-{d-{oxetan-3-yhHpiperagin-1-yH-3-2-{{tatrabydro-2H-
pyran-3 yhoxylethoxyiphenyhimidazo(l,2-alpyrazin-B-apune XXV: To a solution
of 4-{4-{oxetan-3-ylipiperazin- L-vi}-3-{2-{{tetrahydro-2F-pyran-Z2-yDoxyviethoxyvianiline
XKXIV {619 mg, 2.17 mumol} and 6, 8-dibromotmidazo[1,2-alpyrazine (601 mg, 2.2
mnol} i IPA (15 ml) was added N,N-Dhisopropyiethylamine (8.95 mi, 5.43 mmol}.
The mixiure was stirred at 110 °C for 16 b After this time, DOUM {10 mL) and sat
aquecus NaHU s {15 b)) were added. The squeocns laver was separsted and sxtracted
with DOM 2 x 10w} The combined organic extracts were washed with brine (10
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mb} and dried over sodivm sulfate. The resulting residue was purified by oolumm
chromatograpby ISCO RE(24 g column) shating with & gradient of 100% DCM ~
8(:35:8 DCMELO:MeUH to provide 8-brome-N-{d-{4-{oxstan-3-vipiperazin-1-vi}-3-
{3-{(tetrahydro-2 H-pyran-2-yvijoxylethoxyiphenylmidazo] | 2-alpyrasin-B-amine XXV
{1.2 g, quant}).

163844 teri-Batyl (&-bromoimidare|l.2-a]pyrazin-E-yH{d-($-{oxetan-3-
yhipiperazin-1-y-3-{3-{{{etrabydvo-2H-pyran-T-yionylethoxyiphenyllecarbamate
XXVL: 6-Bromo-N-{fd-{d-(oxetan-3-vipiperazin- Iy} 3-2-((etrshydro-2 H-pyran-2-
yvhoayiethosyiphenyhimidazol 1, 2-slpyrazin-B-amine XXV (1.2 g, 2.4 mmol} was
reacted aceording to the analogous racthod deseribed in Intermediate Example 1.01
{conversion of I o IV} to provide tert-buty! (&-bromeimidazol 1 2-alpyrazm-8-yH{4-(4-
{oxetan-3-yhpiperazin- 1-yD-3-2-{(tetrabydro-2 H-pyran-2-
vhioxyviethoxyiphenylcarbamate XXV (639 mg, 37%).

RG] tert-butyl {&-(¢-(bis(tert-butoxvearbonyiiamine pyrazin-2-
yiimidaze{1,2-a]pyrazin-8-yH4-{4-{oxctan-I-yiipiperazin- L-yi}-3-2-{{{etrabhydro-
2H-pyras-Z-yhoxyiethoxyiphenyDearbamate XXVID tort-Butyl (6-
bromoinndazol 1,2-ajpyrazin-B-yI{4-{4-{oxetan-3-vipiperaein- 1 -vD-3-(3-{{(fetrabydro-
2H-pyran-2-yloxylethoxyiphenyDoearbamate XXV was reacted with XV according 1o
the methods of CHEMISTRY B as described in Example 2 to provide the desired
compound tert-tutyl {(6-{6-{bis{tert-lmaioxycarbonyaming jpyrazine2~viHmidazo{ 1,2~
ajpyrazin-B-yI{4-(d-{oxetan-3-yDipiperazin- L -y1}-3-3-{(tetrahydro-2H-pyran-2-
vioxyiethoxyphenyhearbamate XXVIH (313 mg, 59%).

{3306] 2-{5-{{&~(G-aminopyrazin-2-yimidaze{]2-alpyrazin--yhamino2-{4-
{oxetan-3-ylipiperazin-i-yiiphenoxylethansl (3} The compound tert-butyl {(6-(6-
(bis{tert-butoxycarbony Damine jpyrazin-2-yDimidazo] 1,2-alpyrazin-8-yDHi 4-{4-{oxeian-
J-yhpiperazin-1-yH-3-2-{(tetrabydro-2H-pyran-2-vioxyiethoxyiphenylearbamate
KXV (313 mg, .35 munol} was de-protecied by the analogous method described in
HExample 2 to provide 2-(3-{{8-{G-mninopyrazin-2-yiiimidazol 1 2-alpyrazin-8-vDaminge -
2-{4-{nxetan-3-vlipipersrin-1-yliphenoxy)ethanol {§). LOMS-EST (m/izh: [M+HT:
504.3. 'H NMR (300 MHz, de-DMBO) & 9.52 (s, 1H), 8.61 {5, 1H), £.51 (s, 1H), 8.14
4, 7=11Hz, 1H), 7.89 (s, 1K), 781 {(§, F=203 Hz, 1H), 774 - 760 (m, 2H), 6.30{(d, J
= 8.6 Hz, 1H}, 647 (5, 2H}, 5.74 {5, 1H), 4. 86 - 4.76 (m, 1H), .50 {dt, /=255, 6.3 He,
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AH), .04 {t, /= 5.1 He, 2H), 3.73 (g, /= 5.1 Hz, 251}, 3.51 — 342 (m, 1H), 3.02 G, 4H),
2.40 {5, 4H),

Example & Preparation of 2-(($-{4-{6-{S-aminopyrazin-2-yHimidaze 13-
alpyrazin-§-yhamineiphenyDpiperazin-1-yDmethyDpropane-1,3-diol {§)
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{8307 Oxetane-3-carbaldeliyde XXVHI: To a round-bottomed flask equipped

with a stirring bar, oxetan-3-ylmethano! (2.00 g, 22.7 nusol) was dissolved in DOM (50

ml} and Dess-Martin periodinans (10,67 g, 2838 munol) was added in one portion. The

reaction mixture was stirved at RT overnight. The solids were filtered through celite, and
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washed with DCM (3 mL x 5}, The {filtrate was removed and concentrated in vacue and

the resulting cnude oxstane-3-carbaldehyde XXV was used in the next step divectly.

{8388} i-{d-Nitrophenyl}-4-{oxetan-3-yimethylipiperazine XXIX: To a round-
bottomed isk equipped with a stirving bar, oxetane-3-carbaldehyde XKVHEL {0.977 &,
11.33 muool), 1-{4-pitrophenylipiperazine {1.18 g, 5.68 mmol} in DOM (100 mal}, and
HOAc {1.70 g, 28.38 munol) tn DOM (2 mL) were added. After § minutes, NaBH{OAC)
{24.06 g, 113.05 mumol) was added. The resuliing setxture was stirred at room
temperature for 2 h, Most volatiles were removed in vacwo, DOM (200 mi) was added,
followed by saturated NaHCGO; aquous solution {20 ml), and the resulting mixture was
stivred for 20 mimues. The organie phase was soparated and washed with satorated
MNaHC0; agueous solution 20 mi x 3}, brine 20 mb x 1), dried over NgpRQ,, fitered
and solvents were removed fn vacwe. The residue was passed through a sthica gel column
{(MeOH: DOM =00 10 to 5: 95 t0 25 75) 1o provide the desired compound XXIX as
vellow solids, 201G g,

[RERIL $-{4-{Oxelan-3-ylmeethyDipiperazin-1-yhanitise XXX To a round-
bottomed flask equipped with a atirring bar, were added §-{4-mirophenyli-4-{oxetan-3-
yimethyvlpiperazine XXIX (3.20 g, 11,54 mmel), cthano! {60 ) and water (68 mL}.
Following the addition of ron (4.51 g, 80.77 mmol) and ammonivum chloride (4,32 g,
80,77 munol}, the reaction mixture was heated at 80 OC for 1 b, then Hitered through
Celite and washed with DCM {5 wmi x §). The resulting filirate was extracted with DOM
(20 mL x 3). The comnbined organic extracts were washed with water (20 mi x 2), brine
{260 mL x 1}, dried over Nay8Qy, and concentrated i vecue. The desired 4-{4-{oxotan-3-

yimethylipiperazin- 1 -ylamline XXX was obtained, 1,19 g

3104 &~ Bromo-N-{4-{4-{oxetan-I-yimethylipipsrazin-T-yDphenyhimidaro{i 2~
ajpyrazie-S-amine XXXI: To s seal tubs equipped with a stirring bar, 4-{4-{oxetan-3-
yvimethypiperazin-1-yhantline XXX { 1.19 g, 4.81 nunol}, §,8-dibromeimidazo,2-
sipyrazine (1.33 g, 4.81 nunol), isopropanc! (24.1 rul}, and ditsopropyiethylandne (1.37
g, 10.58 munol} were added, and the reaction mixture wag heated at 100 °C overnight.
Most solvents ware removed in vacue and DOM 00 mil} was added o the mixtuge.
The solution was washed with HoO (20 ml x 2}, brine (20 mL x 1}, dried over Nax 80,

filtered and solvents were removed fn vacuo. The resulting residue was passed through a
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sthca gel eolomm (MeOH: DXCM = §: 853 and lght red solids were obtained as the
desired compound XXXE, §.692 g {vield 32.4 %),

HETRY! tert-Butyl (&-bromeimidaze! 1. 2-alpyrazin-8yhi{d-{1-{oxefan-3-
yvimethylipiperidin-4d-yhphenyijearbamate XXXIL: To a round-bottomed flask
squipped with a stirring bar, were added &-bromo-N-{(d-{4-{oxstan-3-yimethylpiperazin-
-yhphenylimidazol 1, 2-alpyrazin-8-amine XXX¥ (560 mg, 1.27 ramol), DUM {11 ml),
di-tert-butyl dicarbonate {414.4 mg, 1.90 mmol}, and triethylamine {640.5 mg, 6.33
ramod). The reaction mixturs was heated st 50 °C overnight. DCM {200 mL) was added,
andd the resulting solution was washed with water (30 mL x 2}, brme {20 mi x 1), dried
over NaxSQy, filtered and solvents were removed in vacue. Columa chromatography

gave the desired compound XXXIT as vellow solids: 640 myg (yield §3.2 %)

{8313} tort-Butyl {(6-{6-(bis(tert-butoxyearbenyhaminolpyrazin-2-
yijimidazo}i 2-alpyrazin-8-yH{é-{4-{oxetan-I-yimethylipiperazin-i-
vijphenylicarbamate XXXIH: To a round-bottomed flask equipped with a stirring bar,
tert-butyl (&-bromoimidazol 1, 2-alpyrazin-E-yDHid-{d-{oxetan-3-vimethyDpiperazin- 1~
vhphenyhicarbamate XXX (150 wag, 4.276 mmol), N, N-BisBoc 6-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-ylipyrazin-2-amine XV {255.8 mg, 0.607 mmol} in
DME {2.3 mL}, PAPPhy ), (16.0 mg, 0.14 mmol), NapUls agqueous solution (1.0 N, 0.81
ml, .91 romol), and DME (¥ mL) were added. The mixture was heated at 75 °C for 2,
then DXUM (200 mL) was added and the resulting mixture was washed with water {30
mi ¥ 3}, beine (30 mL x 1}, dried over MgSQ,, filtered, and solvents were removed in
vaecue. Purification by silica gel colunn (MeOH: DOM = 51 £5) gave the desived
componnd XAXTH 250 mg,

HEIRT 2-{{4-{4-{{6-(G-aminopyravin-2-yiimidaze1,2-a]pyrazin-8-
yhaminoiphenyhipiperazin-I-yiimethyDpropane-1 3-diol (6 To a solution of tere-
butyl {6-{6-(his(lert-butoxycarbonylamino pyrazin-2-vimidazol 1, 2-ajpyrazin-8-y1 4 4~
{4-{oxetan-3-yvimethvlipiperazin-1-yijphenylicarbamate X000 (250 mg, 0.33 mmol)
in DOM (30 ml) was added TFA (840.3 myg, 8.25 nunoel). The resulting mixiure was
stirred at room terporature for overnight. More TFA {7522 mg, 6.60 mumel) was added
and stirred at room ternperstre overnight. Most solvents were removed in vacuo, UM

{200 mL} and saturated NaH{O03 agueons solution (30 k) were added and the resulting

piixture was stirred for 30 minuies. The organic phase was sepamated, washed with
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saturated NaHCO3 aqueons solution (20 mb x 4), brine (20 mb x 13 The aqueous phase

was extracted with DOM (30 ml x 2}, The combined organic phases wers washed

with brine {20 mL x 1}, dried over Na;8Q;, filtered, and solvenis were removed in
vacuo. The erude material was purified on ISCO column, MeOH: DOM = 0:100 10 5:95
to 7.5: 82.5 10 25: 75 to chute the desired compounds. Two compounds were shiained,
the first 15 the oxetane comnpound {26.8 mg) and the other the destred compound (5, 4%.3
g, vield 31.4 %), LUMS-ESU (k) [MHHTT 476, 'H NMR (300 MHz, d-DMSO) §:
O3 (s, THLB60(e, 1 HLE40 O, T HLE 4, T=18H s T HL795{d,J=9Hz 2
H), 790 {s, 1 H}, 7.64 (s, 1 H}, 699 (d, I =9 Hz, 2 H), 6.48 (5, 2 H), 451 (bvoad 5, 2 H),
343{d, J=06Hz 4 H), 312 (broad my, 4 H), 2.54 (broad m, 4 H}, 234 ¢4, =72 Hz 2
Hy, 183 (m, T H

Example 7. Preparation of 2-(3-{{6-{&-amino-S-methyipyrazin-2-yliimidare]1 2~

aipyrazin-S-vijanmine}-2~{d-{oxetan-3-ylipiperazin-I-yiiphenoxyiethanel {7}

{:}_,..«\
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{83145 tert-butyl teri-butoxyearbonyl{&-{8-{{tert-butogycarbony{4-{4-{oxetan-
J-yhipiperazin-Ly-3-2-((etrabydro-2H-pyran-2-

yhoxyithonyiphenylamine iimidaze]l -a]pyrazin-g-yi-3-chioropyrazin-2-
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yiicarbamate XXXIV: A {lask equipped with a reflux condenser was charged with tert-
butyl {&-bromoimidazol | 2-alpyrasin-8-yH{4-{4-{oxetan-3-vipiperazin- L -y} 3-(2-
{{tetrabydro-2H-pyran-2-vlioxyiethoxviphenylearbamate XXVI {prepared ag described
m Example 3} {352 mg, 0.52 nunol}, 2-{bis-boc-amine)}-3-chioro-6-{4,4,5 S-tetramethyl-
1,3,2-dioxaborolan-2-vhipyrazine {prepared by analogous method as used i Example 2
for the preparation of compound XV (500 mg, 1.1 mmel), P&(PPha)s (30 myg, 0.03
mumol} in sodivm carbonate (1.6 mL, 1M in HhO) and DME (4.3 mL}. The mixiure was
heated to reflux for 1 . The reaction was cooled io room temperature, diluted with
DBCM and 0. The agueous layer was separated and extracted with UM, The
combined orgamnic sxiracts were washed with brine, dried over sodivm sulfate, filtered
and concentrated wnder reduced pressure. The resulting residue was purified by columm
chromatography ISCO R {4 g column) ehuding with a gradient of 100% DOM ~ 1005
60/35/5 DOM/ELO/MeOH, sppropriate fractions were combined and concentrated to
provide the desired compound tert-butyl tert-butoxvearbonyi{6-(8-{{lert-
putoxyearbonyl 4-{d-{oxetan-3-yDpiperazin-T-yD-3-(2-({tetmabydro-2H-pyran-2-
vijoryiethoxyiphenyhamino imidazol L 2-alpyrazin-6-vi}-3-chioropyrazin-2-

vijcarbamate XXXKIV (258 mg, 53%).

HHARRE terit-butyl tert-buioxyearbonyi{i-E-{{{eri-butoxyearbony}{é-{4-{oxetan-
Jyhipiperazin-1-yi-3-(3-{{tetrabiydro-2H-pyran-2-
yhoxylethoxyiphenyhamineimidare]l 2-aipyrasin-6-yi-3-methylpyrazin-2-
yhearbamate XXXV: A microwave vial was charged with tert-butyl tert-
hpoxyearbonyi{6-(8-{{tert-butoxyearbonyD{d-{d-{oxetan-3-viipiperazin- 1 -yD-3-{2-
{{ietrahydro-2H-pyran-2-yhoxyiethoxyiphenyiamine fmidazo] L, 2-alpyrazin6-vi}-3-
chioropyrazin-2-yhearbamate X3V {258 mg, 0.28 munol}, methylboronic acid {503
mg, 8.4 mmol), PAPPhsy, 32 mg, 0.03 mumol) o sodiiun carbonate (0.8 mi, 1M in
HO) and DME (2.5 mL). The mixture was heated at 150 °C for 20 min. The reaction
was cooled {o room temperature, dilsted with DUM and MO The agueous laver was
separated and extracted with DOM. The combined organic extracts were washed with
brine, dried over sodtum suifate, filtered and concentrated under reduced pressure. The
rosulting residue was purified by columm chvomatography ISCO RE {4 g cohunn) chuting
with & gradient of 1009 DICM - 100% 73/18/7 DOM/ERO/MeOH o provide the
desived compound teri-butyl tert-butoxycarbonyl{ 6-{ 8~{{tert-butoxycarbony {4-{4-
{oxetan-3-vhipiperazin- 1 -y} 3-C-({tetrahydro-2H-pyran-2~
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yhoxviethoxyiphenyhamino imidazol 1, 2-alpymzin-G-vh-3-methylpyrazin-2-
yhearbamate XXXV (168 mg, 65%).

3316} 2-{B-{{f-{f-Anmtino-S-methylpyrazin-2-viiimidaze[{,2-alpyrazin-§-
yiiaming}-2-{4-{oxetan-I-yiipiperazin-1-yiphenoxyicthanol {7): To g solution of
tert-butyl tert-butoxycarbonyl{6-{&-{{tert-butoxycarbonyl{(4-{(4-{oxetan-3-yhipiperazin- 1 -
yi-3-(2-{{tetrahydro-2H-pyrap-2-yhoxyiethoxyiphenyDaminoimidaze{ 1 2-alpyrazin-6-
yi-3-methylpyrazin-2-yhicarbamate XXXV (165 mg, .18 romod) o DOM {2.2 mL) was
added TFA (1.1 mi, .11 nunol}. The mixture was stivred at rt for 16 h. The reaction
was dihated with 9.1 DCMMeOH and B0, The agueouns layer was separated and
extracted with 9.1 DOM:MeOH. The combined organic extracts were washed with
brine, dried over sodinm sulfate, fillered and concentrated under reduced pressare. The
resulting residue was purified by column chromatography eluting with a gradient of
100% 73/18/7 DOM/BELOMeOH - 1009 70/20/10 DOM/ELO/MeOH to provide the
desired comopund 2-{5-({6-{6-amino-5-methylpyrazin-2-vhimidazo] I 2-ajpyrazin-8-
yhamino}-2-{d-{oxetan-3-yhpiperazin- L-yliphenoxylethanol (7, 56 mg, 5996, LOMS-
BST {mw2): [MHHTT 5182, 'H NMR (300 MHz, do-DMSO) 8: .49 (s, 1H), 8.56 (5,
1H), 844 (s, 1H}, 813 {d, /= L1 He, TH}, 7.85 - 7.66 (my, 2H), 7.62 (d, J= 1.1 He, 1),
6.90{d, J= 8.0 He, 1H), 6.25 {s, 2H), 487 - 477 {m, 1H)}, 4,530 {d, /= 25.2, 6.3 Hz,
AHL 404 (/=581 He, 2H), 374 (g, /=52 He, 2H), 3.51 - 338 {n, 1H), 3.10- 283
{my, 45}, 2.45 - 238 {m, 4H), 2.34 {5, 3H). Alternatively, compound XXXTV could be
taken divectly {o this step and simifarly de-protected to provide the S-chioropyrazine

substitnied anslog.
Biolegical Examples
Example & High Throughput Syk Biochemical Assay

8317 Svk activity was measured using KinBASE (Cishio}, & time-resolved
fluoreseence resonance energy transfer (TR-FRET) immumoassay. In this assay, Svk-
catalyzes the phosporylation of a XL665-1abeled peptide substrate. Buropium conjugated
phoapho-tyrosine specific antibody binds the resulting phosphorylated peptide.
Formation of phosphorylated peptide is guantified by TR-FRET with Evropium as the
donor and XL665 the acceptor in a 2-step endpoint assay. In brief, test compounds
serially diluted in DMSO were deliversed into Coming white, low volume, non-binding

384 well plates using the Hohio 550 scoustic higuid dispenser {Labeyte®). Svk enzyme
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and subsirates were dispensed nto assay plates wsing a Multi-Flo {Bio-Tek Instrumenis),
The standard 5 pl reaction mixture contained 20 uM ATP, 1 uM biotinylated peptids,
3,015 oM of Syk in reaction buffer (3¢ md Hepes, pH 7.0, $.02% Nals, 0.1% BSA, 0.1
mdd Orthovanadate, § M MgCh, Tod DTT, 0.025% NP-40). Afer 30 minutes of
incubation at room tempersture, 5 kL of Stop and Detect Solution (1:200 Eorophun
Cryptate labeled anti-phosphorviated pepiide antibody sobution and 125 oM strepavidin-
L6688 Tracer in a 50mM Hepes pH 7.0 detection buffer contaiming sufficient BIXTA)
was added. The plate was then further tnoubated for 120 minutes af room temperature
and read using an Bovision 2103 Multilabeled reader (PerkinElmer) with
excitation/emissioFRET emission at 340nm/61 Snm/665num, respectively.

Flyorescence intensities al 615nm and 665w envission wavelengths were expressed as a
raiio (668mm/61 Som). Percent inhibition was calculated as follows:

% Intdbition = 100 x (Ralio sampic ~ BaO o5 maiviniond {RAES 1009 tobibivien ~ REHO 034 ahibition}
where .1% DMSO {0% inhibition) was the negative control and 1 pM K252a {100%
mmbuibition} was used as the positive control. Activity of the compounds of Examples §1-7
are provided in the following table, demoensirating the compounds are Syk inhibitors

with ICs below 30 nbi.

Syvk
Exsmple No.: Compound Nams I
{Bhi}
Bx.-1: 6-{G-armoino-S-methyvipyrazin-2-yi-N-{d-{4-{oxetan-3~ 62
yhpiperann-1-viphenylimidazol 1, 2-alpyrazin-8-amine )
Bx.-2: 6-{G-aminopyrazin-2-y}-N-{4-{4-{oxetan-3-ylipiperazin-i-
\ . , : 3 138
yUphenyhyimidazo! 1,2-alpyrazin-S-amine
Ex.-3: {R}{4-{4-{(&6-{G-aminopyrazin-2-yDimidazol 1,2 -alpyrarin-8- 133
vhaminophenyDmorpholin-2-vhmethanol -
Ex~4 6-{G-anunopyrasin-2-vi}-S-methyl-MN-{4-{4-{oxetan-3- a4
vipiperazio-1-yhphenyDimidazo[ 1 2-alpyrazin-8-amine
Bx.-3: 2-(8-{{6~{S-amunopyrazin-2-viimidazo[ 1 2-alpyrazin-§- 137
yhamino -2-{4-{oxetan-3-vhpiperazin-1-vljphenoxyiethans! e
Ex-r 2-{{4-{4-{{6-{G-aninopyrazin-Z-vijimidazol 1 2-apyrazin-§- 4.5
yhaminelphenvDpiperazin-1-vhmethyvDpropane-1,3-diol "
Ex.-7: 2-{5-{{6-(S-amino-S-methyipyrazin-2-yhimidazo{ },2-alpyrazin- 37
g-vhamino}-2-{4-{oxetan-I-vipiperazin-I-viiphenoxyiethanol )

Example 9: 384-well HTBE Whele Blosd D63 Basophi Assay
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{3E8] Syk activity was asscssed in relation to reduced activation of basophils as
meanwed by the expression of U163 in 2 human whole blond basophil cellular assay
25% blood). Basophil activation was measured in human whole blood using the Flow
CAST kst (Bublmann Laborstonies AG, Baselsivacse, Switzerland) following the
protocel provided by the manufactwer with minor eodifications. Fresh human whole
blood in heparin was collected and delivered same day {AllCells, Fmeryville, CA)
Whols blood sameples were incubated with either DMSG (19 fnal} or sevial diluted
coraporrds i DMSO for 60 mibutes at 37 °C. Basophils were activated using the anti-
FeeRI mADb and stained with anti-CD63-FITC and anti-CCR3-PE for 20 mimutes at

37 °C {per well: 50 pL of whole blood was mixed with 113 gL of stimulation buffer, 8.5
sl anti-FeeRI mAb, 8.3 L Ab stain CORS-PEACDSI-FITC). Cells were contrifuged st
1000 x g for 18 minutes and 150 pl/well of supermatant removed. Red blood colls were
iysed and colls fixed by 2 rounds of cell lysing: resuspending cell pellels with 1530
pl/well 1X lysiz buffer, neabating at room temperatore for 10 nunutes, and collecting
cell pellets by centrifuging for 1200 rpms for 5 minutes. Cells were washed with 150
pl/well wash buffer twice, and resuspended in a finsl vohime of 78 pl/well of wash
buffer for either immediate flow cytometory analysis or overnight incubation at 4 °C
folowed by flow cytometry analysis. Degranulation (hasophil activation) was detected
by D63 surface expression on CCR3 positive cells. The percent O3 positive cells
within the gated basophil population were determined and sormahzed to the DMSO
{negative controd) and control compound (posttive control). Activity of the compounds
of Examples 1-7 are provided in the following table, demonstrating the compounds are

effective in reducing the activation of basophils, with ECs, below 200 ndd

D63
Exsmple No.: Compound Name ¥ e

{nd)
Ex~1 6-{6-amino-S-methyipyrazin-2-yi}-N-(4-{4d-{oxeian-3- 51
vipiperavin- -vlphenyiiimidazol 1 2-alpyrazin-§-amine
HEx-2 6{G-ammopyrazin-2-yH-N-{4-{(4-{oxetan-3-vipiperazin-1- 20
viiphenylimidazo| 1 2-alpyrazin-&-aming
Ex -3 (R-{4-{4-{{6~{6-aminopyrazin-2-viimidarol § 2-alpyrazin-§- &3
vhsminophenvDmorpholin-2-ylmethans! )
Ex-4: &-{S-aminopyrazin-2-yi}3-methyl-N-{(4-{4-{oxetan-3- 157
yhipiperazin- F-yhphenyviimidazol 1. 2-alpyrazin-8-amine -
Ex.-8: 2-(3-{{6-(S-aminopyrazin-2-yinudazol 1, 22 Jpyrazin-8- 130
yhamino}-2-{4-(oxetan-3-vlipiperazim- 1 -viiphenoxylethanol i
Bx-6 3{(4-{4-{{6-~{-aminopyrazin-2-yhimidazel 1, 2-alpyrazin-8- (98
vipaningphenyDpiperazin- Lylmethebpropane-1, 3-diol

146



WO 2016/010809 PCT/US2015/039677

Ex.-7: 2-{3-{{(6-{6-amino-S-methyipyrazin-2-yhinudazo] 1, 2-alpyrazin- 167
g-yiamino}-2-{4-{oxetan-3-v]ipiperazin- 1 -vliphenoxyiethanol ’

Example 1(: Kinetic Sclubility

{8319 The kingtic solubulity of compounds in phosphate butfer at pH 7.4 was
assessad. The compounds 0 be tested were dissolved in dimethyisuifoxide at a 10 mM
concentration. Stock samples were diluted, 3 1 D with 297 3 1 of the phosphate huffer at
pH 7.4 (DulBeceo’s phosphate buffered saline (Sigma-Aldrich 8662}, overall molarity
is 0. 1498 and pH 7.43). The samples were then incubated for 24 howrs 81 37 °C with
shaking, the centrifiged and an aliquot taken and tested relative o a known standsard
concentration of 0.1 mM. The kinetic solubility of the compounds of Examples 1-7 are
provided in the following table, demonsirating the compounds have kinetic solubility at

pH 7.4 of greater than 90 pb.

- . Solubility pH 7.4

Esampls No.: Compound Mame (33)
Bx.-1: 6-{0-amino-S-methylpyrazin-2-yi-MN-{4-{4-{pxetan-3- a¢
yhpiperazin- i -yhphenyDimdarol 1, 2-alpyrazin-8-anmune o
Ex-2: §-{f-anminopyrazin-2-y-N-{4-{é-{oxetan-3-ylpiperazin-1 - 94
vhpbenvitimidaro] 1 2-aipyrazin-8-gmine -
Ex-3 (Rp-(4-{4-{{ 6-{G-aminopyrazin-2-y imidazol 1 2-alpyrazin-&- 91
vhanunojphenyviimorpholin-2-viimethanol ‘
Ex.-4 6-{G-aminopyrazin-2-vi}-S-methyl-N-(4-{4-{oxetan-3- 100
vhipiperazin-1-vlphenyiimidazo] 1 2-alpyrazin-8-aming
Ex.-5: 2-03-{{6-{S-aminopyrazin-2-yinmidazo 1, 2-alpyrasin-8- 97
viemine -2-{(4-{oxetan-3-vpiperazin- L -yhphenoxyviethanol
Ex.-0; 2-H{4-{4-({6-{G-aminopyrazin-2-viimidazo] 1, 2-alpyrazin-8- 95
yvhaminophenyhipiperazin-1-vDmethyDoropane-1,3-dial

Fxample 11: Human Hepalocyte Stability Assay

324] The human hevoatocyte stability of the comwpounds as predicted hepatooyte
clearance in LKy was assessed. Compounds 10 be tested were dilisted to 200 oM (4
ul of 10 mM DMEO siock inte 196 pt ACNIRLO (36:50). Propranolol was used as a
positive control, and buffer only without hepatocyios as 0% countrol. These were further
dituted 4 pl with 91 pl KHB buffer (nViroGRO catalog number 299074} o provide
2X dosing sofution. To each well of 24 well plate, 230 pl of the 2X dosing solution was
added o each well with 250 ul of hepatooytes cells {1 x 10% viable celis/ml per well} or
KHE for contro] sampples to acldeve a final compound concentration of | pd during

incubation. The final solvent concentration was $.01% DMSO and §.25% ACN. The
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cultare plate was placed on a rocker and incubated at 37 °C, 5% €Oy, Bamples were
collected gt tune 0, 1, 3, and 6 bowrs. The loss of parsnt compound was determined
using LOC-MS methods against a standard curve. Activity of the compounds of
Examples 1-7 are provided in the following table, showing hepatocyte clearance of abowut
(.12 Liw/kg or less,

T Ty e . . Hhbeps
Example Mo Compound Name CL (Lihrlkg) |

Ex-l 6-{S-amino-S-methylpyrazin-2-yi-N-{4-{4-{oxetan-3- 012
yhpiperazin--yBphenyhiimidazol 1, 2-alpyrazin-S-amine T
Ex.-2: 6-(S-aminopyrazin-2-yi}N-{d-{4-{oxetan-3-yDipipersamin-1- -

. o~ : . 0.055
yihphenvhinudazo] 1, 2-alpyrazin-8-amine
B3 (Ry4-{4-({5-{6-aminopyrazin-2-viimidaro] 1,2 -a)pyrazin-#- 0.69
yiaminephenyDmorpholin-2-yimethanol -
Bx4: &{6-aminopyrazin-2-vi}-S-methyl-N-{4-{4-{oxetan-3- 008
vhipiperazin-1-vliphenyijimidazol 1 2 -alpyrazin-g-aming B
x5 2-05-{{6~-{6~amimnpyrazin-2-yi dmidazo] 1,2-a jpyrazin-8- 007
yvhamingp2-(4-{oxetan-I-yDpiperazin- L-vijphenoxyiethanc '
Ex6: 2-{(4-(4-{{6-{G-aminopyrazin-2-yiimidazo] | 2-sjpyrazin-8- 008
vhanunophenyliniperazin- L -viimethyhoropane-1, 3-diol B
Ex70 2{5-{(6-{G-amino-S-methylpyrazm-2-yimidazof 1,3~
alpyrazin-8-vDamine}-2-{4-{oxetan-3-vUpiperazin-1- {1058
viiphenoxy)ethanol

Example 12: Comparison to kuown Syk inkibitors

{8321} The assays of Examples 8-11 were used 1o compare the compounds as
deseribed herein with compounds known in the art, The dats comparing the compounds
of Examples 1-7 to previously described compounds s provided 1o the following table.
From these results, it is clear that compounds as described herein are desirable as Syk
inbibitors, with improved Syvk and D63 activity relative to the known compounds,
improved kinstic solubility {at Isast sbout 8-fold more soluble) and hepatooyte clearance
{at least sbout 2-fold less clearance). As such, the combination of improved Syk and
CD6Y inhibitory sctivity with improved kinstic solubility and clearancs provides
componnds that are expected to be effective af treating disesses as described herein with

inproved pharmacokinotic properties.

Syk Ch63 | Solubility | Hbeps
Compound Name sy ERP pH 74 3.
{nbi} (ki) {hi} {units}
Ex~i: 6{G-amino-S-amethylpyrazin- 6.2 51 45 0.12
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2-vip-Pi-{4-{4-{oxetan-3-viipiperazin-
1-vhiphenyiimidazo] 1,2-a]pyrazin-&-
aming
Bx.-2: 6-{G-aminopyrazin-2-yi}-N-
{4-{4-{oretan-3-vijpiperazin-1-
viphenylimidazof 1 2-alpyrazin-8-
aming
Fx-30 (R-{4-{4-{{5-(6~
aminopyrazin-2-yhmidazoll,2-
alpyrazin-§- 13.3 53 91 6.09
yiiamingiphenyDmorpholin-2-
yipmethanol
Fx -4 o-{f-aminopyrazin-2-vi-5-
methyN-{4-{4-{oxetan-3~
viyHperazin-1- 44 15
yhphenyijinudazol1,2-alpyrazin-8-
FMIngG
Ex -3 2-4{54{{6-{G-aminopyrazin-2~
yinmedazol 1,2-alpyrazin-§-
yhamino}-2-(4-{oxetan-3~
vipiperazin-1-viirhenoxyethancd
Ex-6 2H{{4-(4-{{(6-{G-aminopyrazin-
2-yiyimidarol 1, 2-alpyrazin-8-
yhiaminoipheny!piperazin-1-
yhmethyhpropsne~1,3-diol
Ex.-7: 2-5-{{6-{6-amino-5-
methyipyrazin-2-viYimidazo{1,2~
sipyrazin-8-yvhamino-2-{4-{oxetan-
3-vipiperazin-1-viphenoxyiethanol
Known compounds:

i3.3 80 95 0.085

100 .08

-}

22 126 87 Q.47

i4.5 128 SG (.08

&7 167 nud 805

H-{ S-aminopyridine3-vi-h-{4-
raorpholinophenyiiimidazel 1,2- 31 131 5 (.68
ajpvrazin-B-amine
&-(3-aminophenyvi}-N-{3,4-
dimethoxyvphenviimidazs{1,2- 138 &9 3 (.24
gipyrazin-&-amine

&~ S-amino-S-methylpyndin-3-yi-N-
{4-morpholinophenyDimidazof1,2- i6 A54 5 0.8G
alpyrazin-8-amine

&-{ G-aminopyridin-3-vi-MN-{3,4-
dimethoxyphenylimidazof 1,2~ 33 734 10 0,94
aipyrazin-8-amine

3322} The following examples are included to ilustrate embodiments of the

digclosure, and are not intonded 10 linut the scope of the disclosure. 1t should be

149



WO 2016/010809 PCT/US2015/039677

appreciated by those of skill in the art that the techniques disclosed herein represent
technigunes that apply in the practice of the disclosure. Those of skill in the art would
appreciate that, in hight of the present disclosure, changes can be made in the examples

herein withowt departing from the spirif and scope of the disclosure,
Eaample 13

Comparison Effect of the Combingtion of 8 Compound of Formula §, &6~
aminopyrazin-2-y-N-{$-{d-{oxetan-3-yDipipsrazin-1-yhphenyiimidare{1,3-
alpyrazin-S-amine, with Vinceristine versus Effect of the Combinationin of the
Compound of Formula §, &-{¢-amivepyrazin-2-yH-M-{4-{4-{oxetan-3-
vhpiperazin-1-yDphenyDimidazel L, 2-alpyrazin-8-amine, with Vinbisstine in the
malignant BLBCL Bocell Hne, DEIL~18

8323 This Example evaluates the efficacy of & compound of Fornmala 1, 6-(6-
aminopyrasn-2-yh-N-{4-{4-{oxetan-3-y piperazin-1-yiiphenyi dmidazo[ 1, 2-alpymzin-
S-amine, or a pharmaceuiically acceptable salt thereof, in combination with vincristine to
inhibit malignant B-cell viakibity in the malignant diffuse large B-cell ymphoma
{DLBCL) cell ling DHL-10. This Exaraple alzo svalustes and compares the efficacy of 2
compound of Formula §, 6-{6-aminopyrazin-2-yi}-N-{4-{4-{oxetan-3-yvhpiperazin-1-
yviphenyvhimidazo 1, 2-alpyrarin-8-amine , or a pharmaceutically accspltable salt thersof]
in combination with vinblastine to inhibit malignant B-cell vigbility in the malignant

diffuse large B-cell lymphoms {DLBCL) cell line DHLA10.

8324} Cell Titer Glo Viability Assay: Vineristine and vioblastine were tested alone,

or in combination with 100nM of the compound of formuda (). The DLBCL cell line,
DHL-10 was plated st 10,000 cells per well in duplicate and incobated at 37°C with 5%
O, for 72 hours in RPMI supplemented with 10% FBS and 100 U/L pendeillin-
sireptomyein. Cell viability was assessed using Cell Titer Glo ({CTGH Promegs,
Madison, W1} following the manufactrer's protocol. OTG signals were recorded for

mdivideal compound frestment and combinations, Results ars shown in Figure 1.

[8328] FIG. 1 dopicts and summarizes the inhibifory effects of the combination of g

compound of Figure 1, &-{6-aminopyrazin-2-yip-N-{4-{4-(oxetan-3-yhpiperazin-1-
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yhphenyimidazo{,2-alpyrazin-B-amine, and one of two of the vinea alkaloids,
vineristine {FIG 1A} and vinblastine (FIG 1B} respectively, in the DLBCL cell Hne,

DHIE-10 when compounds were co-administered (Figare 1)

Example 14

Comparison Hifect of the Compound of Fermula I, &(G-aminopyrazin-2-yii-N-
{4-{4-{oxetan-F-yhipiperazin-L-vliphenyijimidazell, 2-alpyrazin-S-aminse , in
Combination with Vincristine In 8 Syk-expressing Solid Tumer Cell Line versus
Effect of the Componnd of Formula §, &-{6-aminopyrazin-2-y-N-{f-($-{onetan-
I-yhpiperazin-I-yDphenyllinidazo{i Z-aipyrazin-8-amine, in Combination

withVincristine In 8 non Syk-expressing Solid Tamor Cell line

13381 This Example svaluates the efficacy of the compound of Formula 1, 5-{6-
aminopyrazin-2-yh-N-(d-{d-{oxetan-3-ylipiperazin- L ~vphenyiiimidazo] 1 2-a lpyrazin-
&-amine, or a pharmaceutically scceptable sali thereof] in combination with vincristine {0
inhibit cell viability in the Svk-expressing malignant colon cell line, MiaPaca. This
Example alse svaluates the efficacy of the combination of the compound of Formula §,
S-{G-ammopyrazin-2-yh-N-{4-{4-{oxetan-3-yipiperazin- 1 -yDphenyhimidazof 1,2~
ajpyrazin-S-amine, and vincristine o inhibit cell vighility in the non-8yk expressing cell

fing, Hep(G2.

{327 Cell Titer Glo Viahility Assay: Vingristine was tested alone, or in

combination with 4 concentrations of the compound of fornuda (I3 (300, 100, 33, and 11
M), i the malignant colon cell line, MisPaca and in Hep(G2 cells. Cells were plated at
3,000 cells per well in duplicate and incubsted at 37°C with 5% €Oy for 72 hours in
RPFMI supplomented with 10% FBS and 100 W/L penicillin-streptomycein. Cell viability
was asseased veing Cell Titer Glo {CTG Y Promega, Madison, W) following the
manufactorer’s protocol. OTG signals were recorded for individual compound treatment

and combinations. Results are shown in Figure 2.

{B328) FIG. 2 summarizes the indubition of cell viahility by the combination of the
compound of Formula 1, 6-{6-aminopyrazin-2-y-No{4-{4-{oxetan-3-yDpiperazin-1-

yhphenyDimidaeof 1, 2-alpyrazin-8-amine (Compound A}, and vineristine in the Syk-

i

(x4

i



WO 2016/010809 PCT/US2015/039677

sxpressing malignant colon ool line, MiaPaca (FIG 2A), and in the non-8vk expressing

nmalignant colon cell line, Hep(2 (FIG 2B).

B339 vk Protein Assay: Cell Hues were grown loganthmically overnight in RPMI

supplornented with 10% FRS and 100U/L penicillin-steptomyein. 1 x 197 were
collected by centrifugation at 300 x g at room teroperature for & minutes in 5G mi. tubes.
Cell pellets were bysed onice for 15 minutes in 200 gL of IX RIPA buffer (Cell
Signaling Technology, Danvers MA} containing protease (Roche, Palo Alto CA) and
phosphatase inhibitors {Sigma, Samt Louwis MO; Santa Cruz Technologies, Dallas TX).
Cells Tysates were transferred to 96-well V-bottomn plates and used directly or frozen at
-RO°C for use the next day. Proteins were separated with 4-12% SDS-Bis/Tris gels and
blotted onto mitroceHulose. Blots were blocked in Rockland Odyssey blocking buffer
and mcubated with a total Syk antibody, 41010 (Santa Cruz) and pSyk-Ysass {Cell
Sigonaling Technologies), The primary antibodies were dluted 1:10080 and incubated for
1 howr at room temperature. Blots were washed 3 times § minutes in Tris-buffered
saline condaining 1.0% Tween {(TBE-T). Blots were then mcubated goat amouse Igh (H
+ L.}, AlexaFluor 680 (Life Sciences, Inc) and Goat oRabbit IgG (H + L), DyLight 800
{Thermo Scientific), cach diluted 1:20,000 in blocking buffer, for 1 hour af room
temperature, Blots were washed 3 times 5 mimutes in TBS-T and anglyzed on an

Odyssey gel imager {LI-COR}.

{331 FIG 3 depiots the lovel of Syk expression in the MiaPaca and Hep(i2

malignant colon cell Hines {(Figure 3).

Exampie 15
Determination of Syk Expression in Certain Malignant Solid Tamer Cell Lines

63313 Svk Protein Assay: Cell Bnes were grown logarithmteally in overnight and 1

% 107 were collected by contrifugation at 300 x g at room temperatize for § minutes in 50
mb bes, Cell peliets wers lysed on fce for 15 minutes in 200 ol of IX RIPA buffer
{Cell Signaling Technology, Danvers MA) contaiiing protease {Roche, Palo Alte CA)
and phosphatase inhibitors {Sigma, Saint Louis MO; Sants Cruz Technologies, Dallas

TX). Cells lysates were transferved io 96-well Vebottom plates and used directly or

i
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frozen at -BO°C for use the next day. Proteins were separated with 4-12% SDS-Bie/Tris
gels and blotted onio nitrocellulose. Blots were blocked in Rocldand Gdyssey blocking
buffer and incubated with a total Syk autibody, 4310 (Santa Cruz). The primary
antibodies were diluted 1: 1000 and incubated for 1 hour at room temperature. Blots
were washed 3 times § minutes in Tris-buffered saline containing 1.0% Tween {TBS-T).
Blots were then incubated goat amounse Igh (H + L, AlexaFluor 686 (Life Scienges,
Inc}, dituted 1:20,000 in blocking buffer, for 1 hour af room lemperature. Blois wers
washed 3 times § minutes in TBS-T and analyzed on an Gdyssey gel imager {LI-COR).

Ses Figre 4.

1832 Throughout this specification, various patents, patert applications and other
types of publications {e.g., journal articles} are referenced. The disclosore of all patents,
patent applications, and publications ciied herein are hereby incorporated by reference in

their entivety for all porposes,
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CLAIMS
What is claimed:
i A method {or treating iv a human 8 disease or condition selected from the group
consisting of sn inflanmeeatory disorder, an allergic disorder, an autoimmoune disease, and
& cancer in a subject in need thereot, the method comprising administering o the human
in need thersof a therapsutic effective amount of a 4 vinca alkaloid, ora
pharmacentically acceptable salt thereof, and a therapeutically sifective smomnt of a

compound having the structure of Formula b

= M

T;:}
I
Rt N

Formula T

N

or a pharmaceutically acceptable salt thereof, wherein
G
< H@Jw

. -t ]
R is selected from the group consisting of  + , and
o

)

z . whorein * indicates the carbon atom of the indicated phenyl
ring of Formula { to which R’ is attached;
R is H or 2-hydroxysthosy);
R s H or methyl; and

RUisHor methyl,
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2.

The method of cladm 1, whersin the disease or condition 18 a cancer selectad from

the group consisting of a hematologic malignancy and g solid tumer.

The method of claim 2, wherein the disease or condition is a hematologic
malignancy selected from the group consisting of lymphoma, multiple myeloms,

or leukenta,

The method of claim 2, wherein the disease or condition is selected from the
group consisting of small lymphocytic bymphoma, non-Hodgkin®s lymphoma,
indolent non-Hodghkin®s lymphoma, refractory iINHL, wantle cell lymphoma,
follicular lymphoroa, lvinphoplasmacytic ymphoma, marginal zone bymphoma,
inmuneblastic large cell tymphoma, lymphoeblastic ymphoms, Splenie marnginal
zome B-cell lvmphoma (+/- villous lymophooytes), Nodal marginal zone
tvrmophoma {+/~ monocyteid B-cells), Extranodal marginal zone B-cell lymphoma
of mucosa-associated lymphoid tissue tvpe, cutancous T-cell lvmphoma,
exiranodal Tocell lymphoms, anaplastic large coll lynyphoma,
angioimmunoblastic T-cell Iymphoma, mycosis fungoides, B-cell Iyrophoma,
diffuse large B-cell lymphoma, Mediastinal large Becell ymphoma, Intravascular
large B-cell lymphoma, Primary effusion lvmphoma, small non-cleaved cell
lymphoma, Burkitt’s iymphoma, multiple myeloma, plasmacytoma, acute
viphocytic leakemia, T-cell acute lymphoblastie levkemis, B-cell acuie
tvmphoblastic loukenua, B-cell prolymphocytic leukenua, acute myeloid
jeukennia, chronic lymphocytic leukemis, juveniles myelomonocyiic Joukemia,
minineal residual disease, hairy cell leukemda, primary myslofibrosis, secondary
myelofibrosis, chronic myeloid leukemia, myelodysplastic syndrome,

nyeloproliforative disease, and Waldestrom’s macrogiobulinemia,

The method of claim 2, wherein the dissase or condition s 8 solid tumeor,
wherein the solid tumor is from a cancer selected from the group consisting of
pancreatic cancer, urological cancer, bladder cancer, colorectal cancer, colon
cancer, breast cancer, prostate cancery, renal cancer, hepatocellnlar cancer, thyrowd
cancer, gall bladder cancer, lung cancer {o.g. non-small cell fung cancer, small-
ceil lung cancer), ovarian cancer, cervical cancer, gasiric cancer, endometrial
cancer, esophageal cancer, head and neck cancer, melanomas, newroendocrine
cancer, CINS cancer, brain fumors {e.g., glioma, snaplastic oligodendroghoma,
adult ghioblastoma multiforme, and adult anaplastic astrocytoma), bone cancer,
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soft tissue sarcoma, retinoblastomas, newroblasiomas, peritonesl effusions,
malignant plewral effissiong, mesotheliomas, Wilms tmors, trophoblastic
neoplasms, hemangiopericytomas, Kaposi's sarcomas, myxoid carcinoma, round
coll carcinoma, squamous cell carcinomas, esophageal squamous cell
carcinomas, oral carcinomas, cancers of the adrenal corlex, and

ACTH-producing hunors,

8. The mathod of claim 2, wherein the disease or condition is selected from the
group congisting of systemic lupus erythematosus, myesionia gravis,
Goodpasture’s syndrome, glomernlonephritis, hemorthage, pulmonary
hemorrhage, atherosclerosis, rheumatoid srthritis, psoriatic arthrifis,
monoarticular arthritis, ostecartheitis, gouty arthritis, spondylitis, Behget disease,
autoinunune thyrouditis, Reynand's syndrome, acute disseminated
encephalomyelitis, chronie wdiopathic thrombocytopenic purpurs, nuitiple
sclerosis, Sidgren’s syndrome, autoimmune hemolytic anemia, tissue graft
rejection, hyperacute rejection of transplanted organs, allograft rejection, grafl-
versus-host disease, diseases involving leukooyie dispedesis, discase states due to
teukocyte dyscrasia and metastasis, gramulocyte tramsfusion-associated
syndromass, cytokine-induced toxicity, scleroderma, vasculitis, asthima, psoriasis,
chronic inflammatory bowel disease, ulcertive colitis, Crohn’s disease,
necrotizing enterocolitis, irritable bowel syndronme, dermatomyvositis, Addison’s
disease, Parkinson’s disease, Alzheimer’s discase, diabetes, type | diabetes
mellitus, sepsig, septic shock, endotoxic shock, gram negative sepsis, gram
positive sepsis, and toxic shock syndrome, multiple organ injury syndromes
secondary 1o septicemia, trauma, hypovelemic shock, allergic confumetivitig,
vernal comjunctivitis, and thyrowd-associated ophthalmopathy, sosmophilic
gramuloma, eczems, chronic bronchitis, acute respiratory distress syndrome,
allergic rhinitis, coryza, hay fever, bronchial asthma, silicosis, pulmonary
savcoidosis, pleurisy, alveolitls, emphysema, prewnonia, bacterial pnewmenda,
bronchicotasis, and pulmonary oxygen toxweity, reperfusion injury of the
myocardinm, brain, or extremities, thermal ijury, cystic fibrosis, keloid
formation or sear Hesue formation, fever and myalgias due o infection, and brain
or spinal cord gury due to minor trauma, diseases invelving leukocyte

diapedesis, acute hypersensitivity, delaved hypersensitivity, urticaria, food
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allergies, skin sunbum, mflanumatory pelvic discase, urethritis, uveitis, sinusitis,
puewmonitis, encephalitis, meningitts, myocarditis, nephritis, osteomyelitis,
uryosifiz, hepatitis, alecholic hepstitis, pastritis, enteritis, contact dermatitis,
atopic dermatifis, gingivitis, appendicitis, pancreatitis, cholocystitis,

polyoytheniia vera, exsential thrombooythemis, and polyoystic kidney disease.

s

The method of clatm 2, whersin the disease or condition 1s selected from the
group consisting of systemic hupus ervthematosus, wyvestenia gravis, rheurnatoid
arthritis, acole disseminated encephalomyelitis, idiopathic thrombocyiopenic
purpurs, multiple sclerosis, Sjoegren’s syndrome, psoriasis, autoimmuns
hemelytic anemia, asthma, ulcerative colitis, Crohn’s discase, irritable bowe]
dissass, and chronie obstructive pubmonary disease. systemic hupus
erythematosys, myestenia gravis, thoumatoid arthritis, scute disseminated
encephalomyelitis, idiopathic thrombocoytopenic purpuea, muoltiple sclerosts,
Sicegren’s syndrome, psoriasis, autolmmune hemolvile anemia, asthma,
ylcerative colitis, Crohn’s disease, irritable bowel disease, and chronic

obstructive pulmonary

g. The method of clabn 2, wherein the disease or condition is selected from the
group consisting of asthima, rheomatoid arthritls, multiple sclerosis, chronde

obstuctive pulmonary dizease, and systenic lupus erythematosus,

Q. A method for tresting cancer in a subject in need thereof, comprising
admingstering 1o the sulject a therapeutically effective amount of a compound of
formula §, as defined in Claim 1, or a pharmacesutically acceptable salt, and a
therapeutically effective amounnt of 8 vinca-slkaloid, or a pharmaceutically acceptable

sali.

10.  The method of claim 2, wherein the compound of fornwla [ is
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and the vinca-alkalodd is selected from the group consisting of vincristing, vinblastine,
vindesine, vinorelbine, desoxyvincanmunol, vincaminol, vinkwrnine, vincamajine, and

vineridine.

il The method of claim 10, wherein the vinca-atkaloid is selected from the group

consisting of vincristine, vinblastine, vindesine, and vinorelbme.
12, The method of clatme 11 wherein the vinca-alkalod s vinoristine,
i3. The method of claimes 11 wherein the vinca-atkalod is vinblastine,

14, The metbod of claima 11, whersin the conpound of formula (1), ora
pharmaceutically accsptable salt thereof] is administered before the vinca-alkaloid, ora

pharmaceutically acceptable salt thereofl

15, The method of claim 11, wherein the vinca alkalowd, or a pharmaceutically
aceepiable salt thersof, iz administered before the compound of formula (Hora

pharmeacentically acceptable salt thereof

16, The method of claim 11, wherein the compound of formnds Jora
pharmaceutically accepiable salt thereof, and the vinca-altkaloud, or a pharmaceutically

accspiable salt thereof, are administered simultaneously.

17. The method of claim 11, wherein the compound of formula Dora
pharmaceutically acceptable salt thereof is administered at a dose between 50 mg and
300 mg and the vinca-alkaloid, or a pharmaceutically acceptable sali thereot, is

administered at a dose between 0.7 me-M” and 1.5 mgd® .
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1€ The methoed of claim 11, wherein the compound of formula JJor a
pharmaceutically acceptable salf thereof is administered at 8 dose between 100 myg and
250 mg and the vines-alksloid or a pharmaceutically acceptable salt thereof is
administered at a dose between .25 mg-M” snd 1.0 wg-M" , wherein the vinca-alkaloid

is selected from the group consisting of vincristine and vinblastine.

18, The method of Claim 11, wherein the human who has cancer is (i) refractory to
at least one chemotherapy treatment, or {it) is in relapse after treatment with

chemothserapy, or 8 combination theveof,
3. The mothod of Claim 11, wherein the cancer is a hematologic malignancy.
2E. The method of Claim 20, wherem the cancer is g leukemia.

22, The method of claim 20, wherein the leukemia is chwonic ymphocoyiic leukemia
{CLL),

23,  The method of claim 20, wherein the cancer i3 a lymphoma.

24, The method of claim 23, wherein the tymphoma is non-Hodghin's bymphoma
{(MNHL).

25, The method of claim 20, wherein the NHL is diffuse large B-cell lyrophoma
{(DLBCL), mantle cell lvmphoma (MTL), follicolar lymphoma {FL), small lymphocoytic
Ivmphoma {(SLLY, tvmphoplasmacyviic lymphoma (LPL), snd marginal zone lymphoma

(MZL.

26, The method of claim 20, wherein the cancer 18 selected from the group consisting
of acuts tymphooytic leukemia (ALL}, acute myeloid leukemia (AML), Burkitt’s
ymphoma (BL), chronie lymphooytic leukenus (CLLY, small lymphooyviie lymphoma
{SLL), myslodvsplastic syndroms (MDE), mysloproliferative disease (MPD), chronic
myeloid lenkemia (CML}Y, multipls myeloma (MM}, non-Hodgkin’s lymphoma (NHLY,
indolent non-Hodgkin’s lvmphoma ((INHL}, refractory iINHL, mantle cell lymphoma
{(MCL}, follicular bymphoma (FL), Waldestrom’s macroglobulinemia {Wh}, T-csll
bymphoma, B-csll bymphoma, Hodgkin®s lymphoma, diffuse large B-osll lymphoma

(DLBCL), lymphoplasmacytic lymphoma (LPL), snd marginal zone lymphoms MZL).
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27. The method of claime 20, wherein the cancer is a solid tumor and expresses splesn

tyrosine kinase (8vk} activity.

28, The method of Claim 27, wherein the solid homor cancer is selected from the
group conssting of pancreatio, kg, colovectal cancer, ovarian, breast, adenocarcinomas,

esophageal and hepatocetiular,

160



