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(57) Abstract: The present disclosure relates to com-
pounds that are Syk inhibitors and to their use in the
treatment of various disease slates, including cancer
and inflammatory conditions. In particular embodi-
ments, the structure of the compounds is given by
Formula I: wherein R!, R?, R%, and R* are as described
herein. The present disclosure further provides phar-
maceutical compositions that include a compound of
Formula I, or pharmaceutically acceptable salts there-
of, and methods of using these compounds and com-
positions to treat conditions mediated by Syk. In cer-
tain embodiments, also disclosed are methods for
treating a cancer in a subject (e.g., a human) in need
thereof, comprising administering to the subject a
therapeutically effective amount of a compound of
formula I, or a pharmaceutically acceptable salt there-
of, in combination with a vinca-alkaloid, or a pharma-
ceutically acceptable salt thereof.
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SYK INHIBITORS
FIELD

{80811 The present disclosurs relates {0 compounds and 1o their use in the treatinent
of various dissases, including cancer and inflanvmatory conditions. The disclosure also
relates to methods for preparmtion of the compounds and to pharmacewtical composilions

comprising such compounds.
BACKGROUND

e Protein kinases, the largest family of homan enzymes, encompass well over
300 proteins. Spleen Tyrosine Kinase (Syk) i5 2 member of the Syk family of tyrosine
kinases, and is a regulator of early B-eell development as well as mature B-cell

activation, signaling, and survival.

16803 The inhibition of Syk activity can be usefol for the treatment of allergic
disorders, autoimnume diseases and inflanunatory diseases such as: SLE, vheumatoid
arthriiis, multiple vasculitides, idiopathic thrombocyiopendc purpora {ITF), myasthenia
gravis, allergic thinitis, chronic obstructive pulmonary disease ({COPD), adult respiratory
distress syndrome {ARDs) and asthma. In addition, Svk has been reported to play an
fmaportant rofe in ligand-independent tonic signaling Swough the B-cell receptor, known
1o be ap important survival signal in B-cells, Thas, inhibition of Svk activity may also
be usefol in reating cortain types of cancer, inchuding B-cell lvinphoma and Jeukemia.
LLE. Patent Numbers 8,455,493 and 8,440,667 disclose Syk inhibitors, the disclosures of

which are hereby incorporated by reference in their entivety.

[H084 There is 2 continued need to provide compounds that are effective Syk
inhibitors, including compeounds having desirable pharmacokinetic properties for use as
therapeutics for ireating cancers and other diseases, including for use as potential
combinations with other therapeutics or chemotherapeutica agents for treating

hematologic and solid tumor cancers.
SUMMARY

{B665] Accordingly, the present disclosure provides compounds that fonction as Syk

iwhibilors. o one embodimeny, the disclosure provides 3 compound of Formula I
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Formula §

or & pharmaceutically accepiable salt thereot, wherein:

3 HQL
N
MO c{::;-a
N
- N Yo,
™ l “\.? ?,f \E;i
R’ is selected from the group consisting of & | ¥, * , and

Okt

- 0"\.

O
?: . wherein # ndicates the carbon atom of the indicated pheayl
ring of Formula I to which R' s attached;
R? is H or 2-hydroxyethoxyl:
R is H or methyl; and
RisHor mgthyl.

H0aa] In some embodiments of the compound of Formuda I, or & phanpaceutically
HO

5] ™
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H :
. _f/\
N
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acceptable salt thereof, B is selected from the group congisting of & o
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and + . Insome embodimens, R'is + . Insome embodiments, R’ is

HO
HO
O
rN\ I
\\?j

¢ . Tnsome embodiments, R is *

[608T] In some embodiments of the comnpound of Formula §, or a pharmaceutically
acceptable salt thersof] R? is H. In some embodiments of the componnd of Formula § or

a pharmaceutically acceptable salt thereof, R” iz 2-hydroxyethoxyl,

[B6048] In some embodiments of the compound of Formula 1, or a pharmacsutically
accepiable salt thereof, £ s H. In some smbodiments of the compound of Formula L or

a pharmacsotically aceeptable salt thereof, Y is methyl.

jB809] In some embodiments of the compound of Formula §, or a pharmaceutically
acceptable salt thereof, R is H or methyl. In some embodiments of the compound of
Formula I, or a pharmacsutically acceptable salt thersof, B' is H. In some embodiments
of the compound of Formula 1, or 2 pharmacentically scceptable salt thereof, R is
methyl

{6018] in some embodiments of the compound of Formula I, or a pharmacentically
0

O
o
accepiable salt thersof, R'is  » ;RPisHor 2-hydroxyethoxyl; R is H or methyl;

and B i3 H or methyl. Tn one variation of Formula 1, or a phammaceutically acceptable

Ll
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salt thereof, R'is # ; R?ia i R is Hor methyl; and #'isHor methyl In another
Q

[?j
;
variation of Formula I, or & pharmaceotically acceptable salt thereof, RY is + 1R ig

2-hydroxyethoxyl: B i3 H; and R is H or metlyd.

HEDB Y I some emboduments of the compound of Formula I, or a pharmacsutically

N
acceptable sali thersof, R s E and any one of R R and R* s H. In another
HL_
o).
)
()
variation of Formula I, or a pharmsceutically acceptable salt thereof, R i .

and any two of R, R® and R* s /L

{8813} in some embodiments of the compound of Formula |, or s pharmaceutically
O

L‘[; 4, o /ﬁ]
ha

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

smbodiments of the compound of Formala 1, or a pharmaceutically accepiable salt

O
- (03
N
thereof, R' is 4 and any two of R%. R and R s HL
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{B013] in some embodiments of the compound of Formwda I, or 8 pharmaceutically

o HO,
PO\
:/N N
| L O
acceptable salt thereof, R’ is selected from the group consisting of &, i
OH
- /0,1
L'ﬁf . :
and + R%and R are esch H and R is ¥ or methyl,

L E] In some embodiments, the compound of Formula I is selected from the group

consisting oft

S i
(P \N/"’\ b \?f""\w HO \v/\ N/A\’}
i\\_/ N \,l_.’{f\ﬂ NP N, P 5 H‘.J : k\v/i\j Py
HQ»V/’\NQI":\:\\:\‘// ~ e k‘_\v/‘ ™~ B I\/"\NH
ML N j /L\ s Hab TN \v,i;\wm;’ ML N NJ>
= 3, O R,
Y 5 M s N 2
87 ¢
Y \?l‘!, . O.«"\E V\“N'/\\l
:\\f N \Tf \H HQ'\ w N N \:.g:‘f\ i L\f N \f:\B.
O S g S NH S g
NF \ N NT \.r-— N N{;L\E‘::N>
T Ti\/ HZN\I A N RN \FN\ Ax NS
N ) oy . Y , and
3
\ o~
[ \N, \\1
NN ‘ﬁ\i
T ‘NH
Nf-’-“ \{:;N\
N N A ned
T
g ,
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B 3 Y

G318 In some embodiments, the compound of Formulda 1 is selected from the
group consisting of

2-{5-{{6-(6-amnino-S-methylpyrazin-2-yijmidazof 1, 2-alpyrazin-8-yDamine }-2-{4-
{oxetan-3-yDpiperazin-1-yhiphenoxyiothanoi;

g
o
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&-{&-aminopyrazin-2-y-N-{4-{4-{oxetan-3-y1Ipiperazin-1-yDphenylimidazol | 2~
ajpyrazin-§-amine;

2-{{4-{4-{{6-{b-aminopyrazin-2-yhimidazo{ § 2~z jpyrazin-8-
yhaminojphenvlipiperazin-1-yimethyDpropane-1,3-dicl;

2-{ 5-{{-{6-arninopyrazin-2-yhimidaro{ 1, 2-alpyrazin-8-ylamino - 2-(4-{oxetan-3-
vijpiperazin- I-yhphenoxyiethanol;

(R 4-{4-{{6-{6-aminopyrazin-2~vi Himidazo| 1 2-alpyvrazin-8-
vijaminophenylmorpholin-2-viimethanol;
&-(G-aminopyrazin-2-vi}S-methybN-(d-{4-{oxetan-3-ylipiperazin-1-
yhphenyDimidazol 1, 2-alpyrazin-S-amine; and

§-{ b-amino-S-methylpyrazin.2-vid-N-{4-(4-{oxstan-3-yiipiperazin-1-
viphenyiimidazo] 1, 2-alpyrazin-8-amine;

or 4 pharmaceutically acceptable salt thereef,

{0016 Provided herein are alse methods of using the compound of Formula L, ar a
pharmaceutically acceptable salt thersof, in the treatment of a disease or condition in a
subject, such as a lvrnan. Such discases and conditions include inflamwmatory
disorders, allergic disorders, antoinmune diseases, or a cancer {including carcinoma,

sarcoma, melanoma, lymphoma and leukemia).

6817} Int some instances, the diseases and conditions that reay be treated with the
commpounds diselosed herein include cancers such as bladder cancer, hreast cancer,
colorectal cancer, endometrial cancer, kidnev/renal-cell cancer, lung cancer, pancreatic
cancer, prostate cancer, thyroid cancer, leukernia, melanoma, and non-Hodgkin’s

tymphoma.

R in some embodiments, the disease is cancer, ncluding a2 hematologic
malignancy or 2 solid humer. In some embodiments, the cancer is lyraphoma, multipls
myeloms, or leukemia, In some embodiments, the hematologic malignancy is

lenkemia or lymphoma,

LY In some smbodiments, the disease or condition that may be wweated is a
hematologic malignancy selected from the group consisting of lymphoma {e.g. small
Ivmphooytic lymphoma (SLL}, non-Hodgkin’s lvmphoma (NHL), indolent non-
Hedgkin’s lymphoma (INHL), refractory INHL, mantle cell lymphoma (MCL),

follicular lyvmphowsa (FL), lyephoplasmacytic Iymphoma (LPL), marginal zone
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lymphoma (MZL}, immunoblastic large cell lymphoma, lymphoblastic lymphoma,
Splenic marginal zone Becell Iymphoma {+/~ villous lymphooytes), Nodal marginal
zone lymphoma (+/- monoeytowd B-oells), Extranodal marging! zone B-cell lymphoma
of mucosa-associated lymphoid Hssue (MALT) type, Tecell lymphoma {e.g. cutansous
T-cell lymphoma, extranodal Tecell lvmphoma, anaplastic large cell lymiphorpa,
angicimmunoblastie T-cell ymphoma, mycosis fungoides), B-cell lymphoma, diffuse
large B-eell lymphoma (DLBCL), Mediastinal large B-cell lymphoma, Intravascular
farge B-eell lymophoma, Primary effusion lymphoma, small non-cleaved cell
fymaphoma, or Burkitt’s lymphoma}, multiple myeloma, plasmacytoma, and lenkemia
{£.g. acute Iymphocytic leukernia (ALLY, T-cell acuie lymphoblastic leukemia (T-
ALL}, B-cell acute lymphoblastic leukemia (B-ALL}, B-cell prolyvmphocytic leukemia,
acute myeioid lenkemia (AMLY), chronic lymphocyiic leukemia (CLL), juvenile
myelomonocytic leukemia (JMML}, minimal residual disease (MR, hairy cell
lenkemia, myelofibrosis {e.g. primary or secondary myvelofibrosis}, or chronic myeloid
fevkemia (CML), myelodysplastic syndrome (MDS), myeloprobiferative disease

{MPD}, and Waldestrom’s macroglobulinemia (W),

jBo20; in some embodiments, the cancer is a solid omor. In some smbodiments,
the solid tumor is from a cancer selected from the group consisting of pancreatic
cancer, welogical cancer, bladder cancer, colorectal cancer, colon cancer, breast
cancer, prosiate canver, renal cancer, hepatocelhular cancer, thyroid cancer, gall
bladder cancer, lung cancer {e.g. non-small cell lung cancer, small-cell hmg cancer),
ovarian cancer, cervical cancer, gastric cancer, endoretrial cancer, esophageal cancer,
head and neck cancer, melanoma, newroendocrine cancer, NS cancer, brain tomors
{e.g., glioma, suaplastic oligodendroglioma, adult gliohlasioma mudtiforme, and adult
anaplastic astrooytoma), bone cancer, soff fissue sarcoma, retimoblastomas,
nenroblastomas, peritoneal effusions, malignant pleural effusions, mesotheliomas,
Wilos tumaors, trophoblastic neoplasms, hemangiopericytomas, Kapost's sarcomas,
myxoid carcinoma, round cell carcinoms, squamous cell carcinomas, esophageal
sguamous cell carcinomas, oral carcinomas, cancers of the adrenal cortex, and

ACUTH-producing ftumors,

8823 in some embodiments, the disesse or condition that may be treated is
selected from the group consisting of systentic lupus ervthematosus (SLE), myesienia
gravis, Goodpasture's syndrome, glomeralonephritis, hemorthage, polmonary

e
i
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hemorthage, atherosclerosis, rheuwmnatoid arthritis (RA), psoriatic arthritis,
monoarticular arthritis, ostecarthritis, gouty arthritis, spondylitis, Behost disease,
sutounmune thyroiditis, Revnaud’s syndrome, scute disseminated encephalomyelitis,
chronic idiopathic thromboeytopenic purpura, multiple sclerosis (M), SiBigren’s
syndrome, avtoimnune bemolytic anemia, tissue graft rejection, hyperacute rejection
of transplanted organs, allografl rejection, graft-versus-host diseass, diseases involving
leukocyie diapedesis, disease siates due to lenkooyie dyserasia and metastasis,
granudocyte transfusion-associated syndromes, oytokine-induced toxicity, scleroderma,
vasculifis, sstheoa, peoriasis, inflaramatory bowel disesse {e.g. chronic inflammatory
bowel disease, ulcerative colitls, Crohn's disease, necrotizing enterocolitis), rritable
bowel syndrome, dermstomyositis, Addison’s disease, Parkinson’s disease,
Alzhetmer’s disease, disbetes, type I diabetes mellitus, sepsis, septic shock, endotoxic
shock, gram negative sepsis, gram positive sepsis, and toxic shock syndrome, multiple
organ injury syndrome secondary to septicemia, trmems, ypovolemic shock, allergic
conjunctivitis, vermnal conjunctivitis, and thyroid-associated ophthalmopathy,
gosinophilic granuloma, eczema, chronic bronchitly, acute respiratory distress
syndrome, allergie thinitis, coryaa, bay fever, bronchial asthma, silicosis, pulmonary
sarcoidosis, plewnsy, alveohus, emphysema, pneumonia, bacterial pueumonta,
broncldectssis, and pulmonary oxygen toxicity, reperfusion injury of the myocardium,
brain, or extremities, thermal injury, cystic fibrosis, keloid formation or scar tissue
forvoation, fever and myalgias due to infection, snd brain or spinal cord injury due to
mingy travma, diseases involving lenkocyte diapedesis, acute hypersensitivity, delaved
hypersensitivily, urticaria, food allergies, skin sanbur, inflammatory pelvic diseass,
arethritis, wveitis, sinusitis, pooueonitis, encephalitis, memngitis, myvocarditis,
neplyitis, osteomyyelitis, myositis, hepatitis, alcoholie hepatitis, gastritle, enteriiis,
codact denmatitis, atopic dermatitis, gingivitis, appendicitis, pancrestitis, cholocystitis,

polyeythemia vera, essential thrombocythemia, and polycystic kidney disease.

8822} in some embodiments, the diseass {5 an antoinmune discase. In some
embodiments, the astounmune disease is aystemic topus erythematosus (SLE),
myestenia gravis, rheomatoid arthritis (RA), acwie disseminated encephalomyelitis,
idiopathic thrombocytopenic purpura, multiple sclerosis (MS), Sjoegren’s syndrome,
psoriasis, sutoivunune hemolytic anemia, asthrog, wlcerative colitis, Crohn’s diseass,

iritable bowel disease, or chronic obstructive pulmonary diseass (COPD). In some

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

{COPIN, or systemic lupus erythematosus,

EETPRY in some embodiments, the disclosure provides pharmacentics! compositions
copywising a conpound of Formula 1, or 3 pharmaceutically accepiable salt thereof, and

a pharmacentically acceptable vehicle.

{6824} In some embodiments, the disclosure provides pharmaceutical compositions
comprising a thempeutically effective amount of 3 coroponnd of Formula L or a
pharmaceutically acceptable salt, pharmaceutically acceptable ester, steveoisomer,
mixture of sterecisomers or tautomer thereof, and at least one pharmaceutically
aceepiable vehicle. Examples of pharmacentically accoptable vehicle may be selectad

from carners and other excipionts, adjuvants and the like,

AT Also provided are mathods of treating a disease or condition in a subiect in
nesd thereo! by administering to the subject a therspeutically effective amownt of a
comapound of Formula I, or 2 phanmacentically accepiable salt, pharmaceutically
acceptable ester, sterecisomer, mixture of sierecisomers or tautomer thereof, or a
pharmaceutical composition thereof. In one vaniation of 2 method of treating a discase
or condition 1 a subject in need thereof {o.g., & human in need thereod), the method
comprises administering to the subject a therapeutically effective amount of a compound
of Formuda §, or a pharmaceutically aceeptsble salf thereof. In some embodiments, the
disease or condition ix an inflammatory disorder, an allergic disorder, an sutolmmune

disease, OF & CaRCSL.

{026} Also provided is a method of inhibiting kinase activity of & Syk kinass
polypeptide by contacting the polypeptide with a compound of Formulalora
pharmaceutically accepiable salt, pharmacsntically scceptable coter, stereoisomer,
auxture of stersoisomers or tawtomer thereof, In one aspest is provided a method of
mhibiting kinase activity of a Syk kinase polypeptide by contacting the polypeptide with

a comapound of Formula 1 or a phermacsutically acceptable salt thereof

{8027 Also provided are methods of methods for ireating cancer in a subject in need
thereof, comprising administering to the subject a therapentivally effective smownt of a
compound of formuls § or a pharmacentically acceptable salt thereof, in combination

with a vinca-alkaloid, or a pharmacentically acceptable salf thereof. In some
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embodunents, the subject 15 a humnan who has & cancer responsive 1o Svk activity, In
another embodiment, the subject is a human who has a solid cancer tumor which
expresses Syk. In soms embodiraents, the subject is & human who has g 17p deletion, a
TE33 mutation, NOTCHI, a 8F3B1 mutation, a 11g deletion, or any combination
thereot, Inone embodiment, the subject is 2 human who has g 17p deletion, a TPS3
mrutation, or a combination thereol. In another embodiment, the subject is # buvman who

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

{B0281 In some embodiments, the vinca-alkaloid 15 selected from the group
consisting of vineristine, vinblastine, vindesing, vinorelbing, desoxyvincaminol,
vincaminel, vinburnine, vincamajine, and vineridine, and pharmaceutically acceptable
salts thereof. In certain embodiments, af least one vinca-alkalowd is selected from the
group consisting of vineristine, vinblasting, vindesine, vinorelbine, desoxyvincaminel,
vinganinol, vinburnine, vincamaiine, and vineriding and pharmaceutically accepiable
salis thereof. In some ernbodiments, the vines-alkaloid is selected from the group
consisting of vineristing, vinblastine, vindesine, and vinorsibine, and pharmaceutically
acceptable salts thereof. In other embodiments, the vinca-atkaloid is selected from the
group consisting of vincristine and vinblastine, and pharmaceuticslly scceptable salis
thersof. In one embodiment, the vinca-alkaloid is vincristine and pharmacentically
acoceptable salts thereof, In another embodiment, the vinca-alkaloid is vinblastine and

pharmacentically acceplable sslts thereof

LA Provided herein are also weethods for treating cancer in a subject in need
thereof, comprising administering to the subject a therapsutically effective amount of 2
compound of formula I, or 8 pharmacsutically accepiable salt thersof, and a
therapeutically effective amount of 8 vinca-alkaloid, or a pharmaceutically acceptable

salt thereof. In cortain embodiments, the compound of formmds ¥ g
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and the vinca-alksloid is sclected from the group of vincristine or vinblastine. In one

embodiment, the compound of formula L is

i8

and the vinca-alkaloid is vinblastineg.

{60347 Provided herein are also methods for treating cancer in a subject in peed
thereof, comprising administering to the subject a therapeutically effective amownt of a
compound of formuls § or 8 pharmaceutically acceptable salt thereof, and a
therapentically effective amount of a vinca-alkaledd, or & pharmaceutically acceptable
salt thereof, wherein: the subject is 2 human who is not undergoing any other anti-cancer
freatments; and the subject is {1} refractory to at least one anti-cancer treatment, or {ii) in
relapse after treatioent with at least one anti-cancer therapy, or a combination thereof. In

certain embodiments, the compound of formula § is

o
\‘—-‘)‘\, N _/’\\’\:

\,/N ~. x_‘:f”\‘\‘
1\ it

R T¥
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and the vinca~aikalnid ig selected from the group consisting of vincristine or vinblastine.

In one embodiment, the compound of formula T is

G
YA N N

e /N\} ///;\\E]\

;
R ~ it

A

NP
R RPN A
LJ

and the vinca-alkaloid s vincristine, In another embodiment, the compoiund of formada 1
i3

0
\‘._,»"‘)‘\ N /’\\_E
:\\f’ N Sy F\J
\'\i\\/ . ?ff-g
PN ;_,N
ff s
M ~. \\:\\7 o N ‘j‘/

J

M

M

and the vinca-alkalowd is vinhlastine,

{8831} Provided berein are also figores and examples iHustrating that the combination
of the compeund of forpmla I, or & pharmacentically accepiable salt thereof, and a
therapeutically effective amount of & vinca-alkaloid, or a pharmaceatically acceptable
salt thereto, has unexpected improvements over the effects of the compound of formula
i, or the vinca-alkaloid, alone i mopotherapy or administered as a sole agent in the
treatment of cerlain cancers and thew respective cell bnes. In some ewbodiments, the

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

{8632} In some embodiments, the subject is refractory to at least one anti-cancer
weatment, In other emsbodiments, the subject is in relopse after treatieent with at least

one gnii-cancer regtment.

{8633} In some embodiments, about S0 mg to 300 mg of the compound of formula [,
or 8 pharmacsutically acceptable salt thereof, is administered 1o subjeet once daily. In
other embodiments, about 100 mg 0 350 mg of the compound of formula 1, ora

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

pharmacentically acceptable salf thereof, i administered to subject once daily.

{9834} In one vanation, the subjost is & human who has a 17p deletion, a TPS3
mutation, or & combination thereot] and about 50 mg to 300 mg of the compound of
formula L or a pharmaceutically acesplable salt thereof, is administered 1o the subject
once datly. In another variation, the subject is a buman who has 2 17p deletion, a TPS3
mutation, or a combination thereof; and abowt 100 my 1o 250 mg of the compound of
formula i, or a pharmacentically acceptable salt thereof, is administered to the subject
once daily. In yet another variation, the subject is 2 buman who has 2 17p deletion, a
TPS3 mutation, or a combingtion thereof] and about 180 to about 200 myg of the
compound of formula 1, or 8 phermacsutically acceptable salt theveof, is administered

o the subject once datly.

{3035} In other embodiments, the vincs-alkaloid, or a pharmaceuticslly acceptable salt
thereof, is administered to the subject once a week at clinically approved or sub-
chnically approved ammounts. In some smbodiments, the amount of the vinca-atkalnid
is adnumstered to the subject once a week at 8 sub-clinically approved amount. In
other embodiments, the vinea-slkaloid iz vincristine and the amount of vincristine, or &
pharmaceutically acceptable salt thereof, is administered at & dose between 0.1 mg-M°
and 1.5 mg-M". In other embodiments, the vinea-alkaloid is administered to the subject
once a week at a dose of between 0.25 mg-M2 and 1.0 mg-M2 and the vinca-alkalnid
15 selected from the group consisting of vineristine and vinblastine, In other
embodiments, the vinca-alkaloid is adminisierad to the subject once daily at & dose of
between 0.1 wg-M2 and 0.2 mop-M2 and the vinca-alkaloid is selected from the group

consisting of vincristine and vinblastine,

{3836] In certain embodiments, the compound of formuda (I} or a phamsaceutically
acceptable salt thereof is adminisiered before the vinva-alkaloid, or a pharmaceutically
acceptable salt thereof In other embodiments, the vinca alkaleid, ora
pharmacentically acceptable salt thersef, is administered before the compound of

formula (1) or 3 pharmacewtically acceptable sslt thereof,

18837} In one embodiment, the compound of fornmula (T) or 8 pharmacentically
acceptable salt thereof, and the vinca-alkaloid, or a pharmaceutically acceptable salt

13



WO 2016/010809 PCT/US2015/039677

thereof, are admimstered simultsneounsly, wherein the vinca-slksloid s administered
via [V and the compound of formula | (5 administered via tablet. In other
embodiments, the compound of formula (1) or a pharmacentically acceptable salt
theveot, and the vincs-alkaloid, or a pharmacentically scceptable salt thereof, are
adounistered once a day. In other embodiments, the comapound of formula (Dora
phammaceutically acceptable salt thereof, and the vinca-atkaloid, or a pharmacentically
scceptable sali thereof, are administered once & week. In one embodiment, the
compound of formuds 3 or & pharmaceutically acceptable calt thereof, is administerad
onee a day, and the vinca-alksioid, or & pharmacouticaliy acceptable salt thersof, is

administered once a week,

{B038] In some embodiments, the cancer is 8 hematologic malignancy. In certain
embodiments, the cancer i3 3 lenkenia. In one embodiment, the Jeukemia is chronic
vephoeytic leokensia (CLL} In certain embodimeents, the cancer is a lymphoma. In
one embodiment, the lvmphoma s non-Hedgkin’s fvmphoma (NHL). In one varigtion,
the NHL 1s diffuse large B-cell vimphoms (DLBCL), mantle cell lymphoma (MCL),
follicular lymphoma (FL}, small bvmphocytic lvowphoma (SLL}, lvmphoplasmacytic
tyraphoma {LFL), and/or rearginal zone lymphoma (MZL}, Thus, it is vaderstood that
inn one aspect the subject s 8 lnunan who has a hematologic malignancy, such as

leukemia or lymphoma.

{839 In cerlan embodiments, the cancer is selected from the group consisting of
acute lymphoevtic leukemia {ALL}, acute myeloid leukemia {AML), chronic
Iymphiecytic loukennia {{ULL}, small lymphoeytic lymphoma {SLL}, myelodyeplastic
syndrome (MDS), myeloproliferative disease (MPD), chronde myeloid leukemia
{CML}, multiple myeloma (MM}, non-Hodgkin’s lvmphoma {(NHL), indolent non-
Hodgkin’s lymphoma (INHL), refractory INHL, mantie cell lymphoma (MCL),
follicular lymphoma (FL), Waldestrom’s macroglobulinemia (WM}, T-cell lymphoma,
B-coll iymphorsa, diffuse large Becell lymphoma (DLBCL), Iymphoplasmacytic
Iymyphoma {LPL}, and marginal zone lymphoma (MZL).

{8348] In some smbodimends, the cancer is a solid tumor 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 cancer s selected
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from the group cousisting of pancreatic, humg, colorectal cancer, ovarian, and

hepatocelinlar,

U3 E Also provided is s kit that includes a compound of Fornmda L, ora
pharmaceutically accepiable salt, pharmacentically acceptable sster, sterecizomer,
mixture of stersoisomers or tavtomer thereof. In one aspect, the kit comprises a
compound of Formula I, or 8 pharmaceutically accepiable salt thereof. The kit may
comprise & label and/or instructions for use of the compound in the treatment of a
disease or condition in a subject {e.g., human} in need 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 mstructions for use of 8 vinca-alkaloid in
combination with the compound of Formda 1 in the reatment of a disease or condition
i a subject {e.g., humman) in need thereof. o cortain of these embodiments, the disease
or condition is cancer {e.g. hematologic malignancy, solid tumor cancers) that may be

associated with or mediated by Syk activity,

{8042} Also provided are articles of manufacture that inclede a compound of
Formula 1, or a pharmaceutically acceptable salt, pharmaceutically accepiable ester,
sterevisomer, mixture of sterecisomers or automer thereof; and 3 container. Inone
aspect, the article of mamufacture comprises a compound of Foreula §, or a
phammaceutically acceptable salt thereofl In one embodiment, the container may be a

vial, jar, ampoule, preloaded syringe, or an intravenous bhag,

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

DESCRIPTION OF THE FIGURES
jB044] FIG. 1A and 1B depict and summarize the inhibitory effects of the
combination of 8 compound of Figure 1, 6-(6-sminopyrazin-2-yi-N-{4-(4-{oxetan-3-
vhpiperazio-1-yhphenylimidazol 1, 2-alpyrazin-8-amine, and one of two of the vinca-
alkaloids, vincristine {1A) and vinblastineg (1B), respectively, in the DLBCL cell ling,
DHEL-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 L, 6-¢(6-aminopyrazin-2-yI-N-{4-{4-{oxetan-3-ylipiperazin-1-

yhphenyhimddazol1,2-alpyrazin-8-amine, and vineristine in the Svk-cxpressing
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malignant colon cell Hne, MiaPaca, and in the non-Syk expressing malignant colon cell
fing, HepG2.

{604 6) FIG. 3 depicts the level of Svk expression in the MiaPacs and Hep(32

malignant eokon cell lines.

00471 YIG. 4 summanzes the levels of Syk expression in malignant cell Hnes from

lung, panereas, snd colon,

DETAILED DESCRIPTION

{3048} 1t has surprisingly been discovered that compounds of Formula I, or
pharmaceutically acceptable salts thereof, possess advantageous properties, making them
attractive comnponnds for use as described herein. The compounds, in addition o being
Syk inhibitors, possess destrable solubility and pharmacokinetic properties. These
findings are particuladdy striking in view of the properties of comparable parameters of

compounds of similar base structure.

{0849 The following description sets forth exemplary compositions, methods,
parameters and the like. I should be recognized, however, that such description is not
miended as a limdtation on the scope of the prosent disclosurs but s instead provided as

a description of exemplary srebodimenis.

{B050] Also described for a compound of Formula 1 are the pharmaceutically
acceptable salts, pharmaceutically acceptable esters, pharmaceutically acceptable
solvates, hydrates, isomers {including optical isomers, racemates, or other mixtures
thereof}, tautomers, isolopes, polymorphs, and pharmaceutically accepiable prodrugs of

such compounds.

{8651} The compounds of the disclosure may possess an asyiunetric center, and can
be produced as a racemuc mixture or as individes! enantiomers. The individual
enaniiomers may be oblained by asymmetric synthesis or by resolving & racemic or non-
racemie mixture of an intermediate &t some appropriate stage of the synthesis. The
individual enantiomers may also be obtained by resolution of the compound by
conventional means, such as crystallization in the presence of a resclving agent, or
chromatography, using, for example a chiral bigh pressure Heouid chromatography

{HPLC) cobumn. The individeal enantiomers as well as meemic and non-raceniic

i6
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mixtures of enantiomers are within the scops of the present discloswre, all of which are
mtended to be included within the structares depicted in this specification unless

otherwise specifically indicated.

HEES Provided herein are also methods for treating cancer in & certain population
of subiects {e.2., humans} in need thereof, comprising administering o such subjects a
therapeutically effective amount of a compound of formula 1, ov a pharmeaceutically

accepiable salt, in combination with 8 vincg-alkaloid, or & pharmaceutically acceptable

salt thereof. In certain exsbodimsents, the conepound of formula 1 is

o
b
L\V*N R
S
N \T;;N"

; >
HaML }Nj,&\w.NJ

X -

which may alsoe be referved 1o by its compound same 6-(6-aminopyrazin-2-y1-N-{4-(4-
{oxetan-3-ylipiperazin- 1 -yi)phenyiimidaro] | 2-alpyrazin-8-amine. One skitled in the
art understands that the compound structure may be named or wdentified using other

commonly recoguived nomenclatore systems and symbols inchuding CAS and TUPAC,

{8983 Provided herein are also figures and examples lustrating that the
comtbimation of a compound of formula § or 4 pharmaceutically scceptable salt thereof,
and g therapeutically effective amount of a vinca-alkaloid, or a pharmaceutically
gcceptable sall thereto, has unexpected improvements over the effects of the compound
of formula [, or the vinea-alkaloid, alone in monotherapy or adminstered as a sole agent
m the treatment of certain cancers and their respective cell lines. In some embodiments,
the compound of formula 1 is &-{6-aminopyrazin-2-yi}-N-{4-{4-{uxetan-3-yDpiperazin-{-
viphenviimidazo] 1, 2-alpyrasin-B-amine, and the vinca-alkaloid is selected from the

group consisting of vineristine and vinblastine.
{66541
BDefinitions

{B855] As used i the present disclosure, the following words and phrases are
generally intended to have the meandngs as set forth below, except o the extent thai the
context in which they are used indicates otherwise.

17

PCT/US2015/039677



WO 2016/010809 PCT/US2015/039677

R “Isomers” are different compounds that have the same molecular formula.

Isomers inchude sterecisomers, enantiomers and diastersomers.

1087 “Stereoisomers” are isomers that differ only in the way the atoms are

armanged in space.

{088 “Enantiomers™ are a pair of stereolsomers that are non-superimposable mirror
images of each other. A 1:1 mixture of 3 pair of enantiomers is a “racemic” mixture,

The term " s used io designate & racemic mixhire where appropriate.

{BG89] The absohite sterecchemisiry is specified according to the Cahm Ingold
Prelog R § systern. When the compound is 8 pure enantiomer the stersochenvstry at
cach chiral carbon may be specified by efther R or S. Resolved compounds whose
absolute configuration is unknown are designated {+) or (-} depending on the direction
{dextro- or laevorotary) that they rotate the plans of polarized light at the wavelength of

the sodium D line,

{0068} The term “therapeutically effective amount” refers 1o an amount that is
sufficient to effect treatment, as defined below, when administered 0 3 subject (e.g., a
mamumal, such as a human} in need of such reatment. The therapeativally effective
amount will vary depending apon the subject and disease condition being treated, the
weight and age of the subject, the severity of the disease condition, the mamner of
administration and the lke, which can readily be determined by one of ordinary skili in
the art. For example, a “therapeutically sffective amount™ of a compound of Formula §,
or & phannaceutically accepiable salt thereot, is an amounnt sufficient to roodulate Svk
gxpression or activity, and thereby treat a subject {e g, 2 ouman} suffering an indication,
or to amehiorate or alleviate the existing svioptoms of the indication. For example, a
therapeutically effective smoount may be an amount sufficient to decreass a sympiom of

a dizease or condition responsive {o inhibition of Svk activity,

{60611 The term “polymorph” refors to different orystal structures of a crystalline
compound. The difforent polymorphs may result from differences in orystal packing
{packing polymorphism} or differences in packing between different conformers of the
same molecule {conformational polymorphism). It is understoad that any polymorph of
& compound of Formula 1, or a pharmoaceutically acceptable salt thereof, used in the
treatment of a disease or condition as described herein, while possibly providing varied

properties, ncloding pharmacokinetic properties, once absorbed into the subject, results
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in the compound of Formula 1, such that the use of & compound of Formula §
encompasses the use of any polymorph of a compound of Formula §, or a

pharmacestically acceptable salt thersof.

D362} The term “solvate” refers {0 8 complex formed by the combining of s
compound of Formula T and a solvent. It is understood that any solvate of a compound
of Fornnida T used in the treatment of a disease or condition as described herein, while
possibly providing varied properties, including phanmacokinetic properties, once
absorbed into the subjeet, results in the compound of Formula 1, such that the use of a
compound of Formula § encompasses the use of any solvate of & compound of Formula
L

16063} The term “hydrate” refers to the complex formed by the combining of 8
compound of Formula ¥ and water. Tt is understood that any hydrate of a compound of
Formula T osed in the reatment of 2 discase or condition as desoribed herein, while
possibly providing varied properties, inchuding pharmacokinetic properties, oncs
absorbed into the sabject, results in the compound of Formula §, such that the use of 8
compound of Forneula { encompasses the use of any hydrate of a compound of Fornmula

L

{0084} The term “prodrug” refers to a compound derived from or readily converted
0 & compound of Formulda T that wnclude chemical groups which, in vive, canbe
converted and/or can be split off from the remainder of the molecule to provide &
cormpound of Formula T or active molety of the drug, or a pharmacentically scceptable
sait thereof or a biologically active metabolits thersof. 1t is undersiood that any prodrug
of 8 cornpound of Formula [ used in the treatment of a disease or condition as described
herein, while pogsibly providing varied properties, including pharmacokinetic properties,
once absorbed into the subject, results in the compound of Formuda 1, such that the use
of a compound of Fornmila I encompasses the use of any prodrug of 2 compound of

Formula L

RS Also provided herein are isotopically labeled forms of compounds dotailed
herein. lsotopically labeled compounds have struciures depicied by the formulas given
herein except that one or more stoms are replaced by an atom having a selected atomic
mags or mass mumber. Examples of (sotopes that can be incorporated into compounds of

the disclosure include isotopes of hydrogen, carbon, nitrogen, oxygen, phosphorous,

1%
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fhuorine and chloring, such as, but not Emited to °H {denterium, I3}, 3 {tritiwm}, e,
B, Mo, By, ) g, Hp P 8, 0t and L Various isotopically labeled compounds of
the present disclosure, for example those into which radiosctive isotopes such as °H, ¢
and " are incorporated, are provided. Sach isotopically labeled compounds may be
useful in metabolic studies, reaction kinetic studies, detection or imaging fechnigues,
such ag positron endssion tomography (PET} or single-photon emission computed
tomography {(SFBECT) including drag or substrate tissue distribution assays orin
radioactive reatment of subjects (e g. lunans). Also provided for isotopically labeled
compounds described herein are any pharmaceutically acceptable salts, pharmaceutically
acceplable esters, pharmacentically accepiable solvales, hydrates, enantiomers, mixture
of enantiomers, tauiomers, polymorphs, and pharmacentically acceptable prodrugs

thersof

FREEY The disclosure also includes the compound of Formula i or g
pharmaceutically acceptable salt thereof, in which from 1 1o n hydrogens attached to a
carbon atom is/are replaced by deuterium, in which n is the munber of hydrogens in the
molecule. Such compounds may exhibit increased resistance to wetabolism and are thus
useful for mereasing the half life of the compound of Formula 1, or a pharmaceatically
acceptable salt thereot, when administered 0 & mammal. See, for examyple, Foster,
“Deuterium Isotope Effects in Studies of Drug Metabolism”, Trends Pharmacol. Sei.
S{123524-527 (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 Deuteriom labeled or substitted therapentic compounds of the disclosure
may have improved DMPK {drug metabolism and pharmacokinetics) properties, relating
to distribution, metabolism and excretion (ADME}. Substitution with heavier isotopes
such as denterium may afford cerfain therapeutic advantages resulting from greater
metabolic stability, for example increased i vive half-life, reduced dosags requivements
and/or an improvement in therapeutic index. An UF labeled compound may be useful for
PET or SPECT studies. Isctopically labeled compounds of this disclosure and prodrugs
thereot can generally be prepared by carrving out the procedures disclosed in the
schemes or in the examples and preparations described below by substituling a readily

avatlable isotopically labeled reagent for a non-isotopically labeled reagent. Itis
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understood that deuterhum in this context is regarded as a substituent in the compound of

Formula L

U The concentration of such a heavier isotope, specifically denterium, may be
defined by an isctopic enricheent factor. In the compounds of this disclosure any atom
not specifically designated as a particular Isolope is meant 1o represent any stable isotope
of that atom. Unless otherwise stated, when a position is designated specifically as “H”
or “hydrogen”, the position is understood to have hydrogen at its natural abundance
isotopic compasifion. Accordingly, in the compounds of this disclosure any stom

specifically designated as a dewterivam (1) {s meant 1o represent deuterivm.

REESY The term “inhibition” indicates a decrease, such as a significant decrease, in
the bascline activity of a biclogical activity or process. “inhibition of Svk activity”
refers to a decrease in Syk activity as a divect or indivect response (o the presence of a
compound of Formula I or a pharmacentically acceptable salt thereof, relative to the
activity of Svk in the absence of such compound or a pharmacsutically acceptable salt
thereof. The decrease i activity may be due o the direct interaction of the compound
with Syl or due o the interaction of the compound{s) described herein with one or more
other factors that in turn affect Syk activity, For example, the presencs of the
corppounk{s} may decrease Syk activity by directly binding to the Syvk, by causing
{directly or indirectly} another factor to decrease Svk activity, or by (direcily or
mndirectly) decreasing the amount of Svk present in the cell or organism. In some
embodiments, the inhihition of Syl activity may be compared in the same subject prier

to treatment, or other subiects not receiving the treatment.

180741 Inhibition of Syk sctivity also refers o observable inhibition of Svik activity
i g standard biochemical assay for Syk activity, such as the ATP hydrolysis assay

described in Example 8 below.

jBGT1 In some embodiments, the compouad described herein, e.g. a compound of
Formula §, or a8 pharmaceutically acceptable salt thersof, inhibits Syk kinase activity
with an ICyy value less than or equel to 1 micromolar, smch as 0.1 nM o 1 pMor | oM
o 1 uM. In some smbodiments, the compound or a pharmaceutically acceptable salt
ihereof has an ¥Cq, value loss than or equal o less than 300 pancmolar, such as 0.1 oM
1o 300 nd or 1 abd to 500 oM. In some smbodiments, the compound or a

pharmacentically scoeptable salt thereol has an 1Usy value less than or equal o less than
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200 namomolar, such as 0.1 oM 1o 200 oM or 1 oM to 200 nM. Tn some embodiments,
the compound or a pharmsceutically acceptable salt thereof has an ICsq value less than
or equal to less than 100 nanomolsr, suchas 0.1 M 0 100 sdM or | 5M 1o 100 M, In
some embodiments, the comporund or a pharmaceutically acceptable salt thereof has an
1Csp value less than or equal 1o 50 nanomoely, such as 0.1 nM to 30 nd or 1 oM to 50
ndM. In some embodiments, the compound or s pharmacsutically accepiable salt thereof
has an s value lese than or equal to 20 nanomolar, such as 0.1 oM to 20 nM or 1 nM
i 20 oM. In some embodiments, the compound or a pharmacentically acceptable salt
thereof has an [Cyy value leas than or sgual to 10 nanoweolar, such as 0.1 oM o 10 oM or
1 obd to 10 oM. In some embodiments, the s, value is measured as described in the

assay of Example 8.

8872l “Inhibition of B-cell activity” refers to a decrease in B-cell activity as a divect
or indirect responss 1o the presence of s compound of Foramuida 1, or a pharmaceutically
accepiable salt thereof, relative to the activity of B-cells in the absence of such
compound or a phanpacentically acceptable salt thereof. The decrease in activity may
be due to the direct interaction of the compound with Svk or with one or more other

factors that in b affect Becell activity,

{00¢73] inhibition of B-cell activity also refers to observable inhibition of CD&S
gxpression in a standard assay. In some embodiments, the compound deseribed herein
has an ICs; value less than or equal to 10 micromolar, such as T oM 10 10 uM or 10 oM
to 10 pb. In some ernbodiments, the compound has an ICs; value less than or equal fo
fess than | micromolar, suchas I oM to 1 gM or 10 oM to | uM Insome
embodiments, the compound has an I0s value less than or equal to 500 nanomolar, such

as 1 oM to 300 rnd or 10 1 to 500 oM,

{86741 “B cell activity” also inchudes activation, redistribution, reorganieation, or
capping of one or more various B cell membrane recepiors, or membrans-bound
irvmunoglobuling, e.g., IgM, 150, and IgD. Mogst B cells slso have membrane receptors
for the Fo portion of IgG in the form of either antigen-antibody complexes or aggregated
IpG. B cells also carry membrane receplors for the activated components of
complement, e.g., U3h, C3d, €4, and Clq. These various membrane receptors and
membrane-bound inumunoglobuling have membrane mobility and can wndergo

redistribution and capping that can initiate signal fransduction.
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{8875} B cell activity also inclodes the synthesis or production of antibodies or
mununogiobuling. Inmnunoglobulins are synthesized by the B cell series and have
conunon structural features and structural units. Five immunoglobulin classes, Le, IgG,
Igh, Igh, IgD), and IgE, are recognized on the basis of structural differences of their
heavy chains incheding the amine acid sequence and longth of the polypeptide chain,
Antibodies o a given antigen may be detected in all or several classes of
mamunoglobulins or may be restricted 0 a single clase or subclass of mnmoglobulin,
Axutoantibodies or autoimmune antibodies ey Hkewise helong to one or several classes
of smmumoglobuling. For example, rheumsatoid factors {antibodies to Ig() are most

often recognized as an IgM imppunoglobulin, but can alse consist of IgG or IgA.

B878] in addition, B cell activity slso is intended (o include a series of events
leading to B cell clonal expansion {probiferation) from precursor B lymphocvtes and
differentiation into antibody-synthesizing plasma cells which takes place in conjunction

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

077 “Inhibition of B-cell proliferation” refers to inhibition of proliferation of
sbnonmal B-cells, such as cancerons B-eells, e.g. lymphoma B-cells and/ or inhibition of
normal, non-diseased B-cells. The term “inhibition of Bcell proliferstion” indicates any
significant decreass in the number of B-cells, sither in vitre or in vive., Thus an
fnhibition of B-eell proliferation in vitro would be any significant decrease in the mamber
of B-cells in an in vitro sample contacted with a compound of Formula T, ora
phammaceatically sceeptable salt thereof as compared 1o 8 matched sample not contacted

with the compound(s).

[8878] {nhilition of B-cell proliferation also refers 1o observable inhibition of Bcell
profiferation in & standard thymidine incorporation assay for B-cell proliferation, e.5.
such assay as konown in the art. In some embodiments, the compounds described herein,
e.g. a compound of Fornwula I, or & pharmaceutically acceptable salt thereof, has an ICs
vaiue less than or equal to 1 micromolar, such as 1 oM to 10 M or 10 nM o 19 uM.
In some embodiments, the compound or a pharmaceutically acceptable salt thereof has
an Hsp value less than or equal to less than | micromolar, such as T oM to T uM or 10
nMto 1 b In some embodiments, the compound or a pharmaceutically accepiable salt
thereof has an ICsp value less than or equal 1o 300 nanomolar, such as 1 oM o 300 oM
or 10 oM to 500 oM. In some embodiments, the compound or a pharmaceutically
accepiable salt thereot has an ITs; value less than or equal to 200 nanomolar, suchas §
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nh t0 200 oM or 10 nM 0 200 nM. In some embodiments, the compound ora
pharmaceutivally acceptable salt thereof has an ICsp value less than or equal to 100

ngnomedar, such ag 1 od to 100 o3 or 10 oM o 100 1ML

EHURYH The “reduction in basophi! activation™ refers to the ability of compounds as
described herein to reduce the activation of basophils. Basophi! activation is involved,
for example, in mflammatory and autoinmmume diseases as described herein, and the
reduction of activation of basophils is desired in compounds ag described herein, e.g. a
compound of Forneula 1, or & pharmaceutically accspiable salt thersof. The activation of
basophils can be assessed by the mensurement of CD63 expression by basophils, such as
by a CD63 homan whole blood basophil cellular assay (25% blood), e.g. such as the

assay desoribed i Example 9 below.

{Ga8G] in some embodinents, the compound described herein e.g. 8 compound of
Formutla I, or a pharmaceatically scceptable salt thereof, hag an BECsy valus in a suitable
CD63 assay of less than or equal to 10 mwicromolar, suchas 1 s to 10 pMor 10 aM 1o
10 pM. In some emmbodiments, the compound or a pharmaceutically acceptable salt
thereof, has an ECs value less than or equal 10 lese than 1 micromolar, such as I nM to 1
aMor oM to 1 M. In some embodiments, the compound or a pharmacentically
acoeptable sall thereof has an ECse value less than or equal to 500 nanomolar, such as 1
nhd to 500 oM or 10 oM o 300 oM. In some embodiments, the compound ora
phammaceutically acceptable salt thereof has an HCs; value less than or egual to 200
nanomolar, such as 1 oM to 200 oM or 10 vM 0 200 nd. In some embodiments, the
compound or a pharmaceutically accepiable salt thereof has an BCsp value less than or
egual to 130 nanomolar, such as | nd to 150 nM or 10 ndM 0 150 oM. In some
etnbodimments, the compound or a pharmacentically acceptable sali thereof has an 105
value less than or equal to 100 nanomolar, such as 1 M to 100 oM or 10 nM to 100 nM.
In some embodiments, the compound or a pharmaceutically acceptable salt thereof has
an B« value loss than or equal to 75 nenomolar, such as I sMto 7S aM or 10 oM 1o 75
oM. In some embodiments, the BCso value is meanuwred as described in the assay of

Example %,

{081 The “kinetic solubility” refers 1 an assessment of the solubility of a
compound in a suitable buffer, soch as phosphate buffer at pH 7.4, at g given
temperatore, 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 Example 10,
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{0821 In some embodiments, the compounds described herein, e.g. a compound of
Formula L or 2 phammaceutically acceptable salt thereof, has a kinetic solubility at 37 °C
in phosphate buffer at pH 7.4 of greater than or egual to 10 pM, such as 10 gM to 300
whd or 10 ub to 250 gM. In some embodiments, the compound or o pharmacentically
acceptable salt thereot bas a kinetic sohebility at 37 °C in phosphate buffer at pH 7.4 of
greater than or equal to 20 pM, such as 20 uM to 300 pM or 20 uM 1o 230 ubd. In some
embodiments, the comapound or a pharmaceutically acceptable salt thereof has a kinetic
solubility at 37 °C in phosphate buffer at pH 7.4 of greater than or equal to 30 pM, such
as 30 M to 300 pM or 30 uM o 250 uM. 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 oM 1o 500 uM or 40 1M
to 250 ubdL In some embodiments, the compound or 8 pharmacentically accepiable salt
thereof has a kinetic sohubility at 8t 37 °C in phosphate buffer pH 7.4 of greater than or
equal to 50 M, such as 50 uM to 500 udM or 50 pM to 250 uM. In some embodiments,
the compound or a pharmacsutically accepiable salt thereof has a kinetic solubility at 37
°C in phosphate buffer at pH 7.4 of greater than or egual to 60 pM, such as 60 uM o
500 pM or 60 pM 0 250 pM. In some smbodiments, the compound or a
pharmaceutically accepiable salt thereof has a kinetic solubility st 37 °C in phosphate
buffer at pH 7.4 of greater than or equal to 70 pM, such as 70 pd 1o 500 oM or 70 uM
fo 250 pM. In some smbodirsents, 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 1o 80 M, such as 80 pM to 300 uM or 80 M 0 250 uM. In some smbodiments,
the compound or a pharmacentically acceptable salt thereot has 8 kinetic solubility at 37
°C in phosphate buffer af pH 7.4 of greater than or squal to 90 ud, such as 90 pM
SO0 ub or 50 uM 1o 250 uM. In some embodiments, the kinstic solubility is measured

by the assay as described in Example 10,

[BG83] The “human hepatocyvie stability” is a measure of the stability of the
compounds 1o metabolism by hursan hepatocyies, and is assessed as the predicied
hepatic plasma clearance of the compounds in L/wkg. The predicted hepatocyte

clearance can be measured, for exsmple, by the assay described in Exarpls 11

REERES in some embodiments, the compounds described hereln, e.g. 8 compound of
Formula ©has a predicted hepatic plasma clearance of less than or equal to .50 Liw'ke,
such as 0.003 L/hvkg to §.50 Liw'kg or 0.01 Lihwky to (.50 Lin/kg. Insome

2

(%



WO 2016/010809 PCT/US2015/039677

embodiments, the compound has a predicted hepstic plasma clearance of less than or
equal to 0.44 L/hr/ke, such as 0.005 L/hrke to 0.40 Liw/kg or .01 Liw'kg to 0.40
Lébrkg. In sorse embodiments, the compound has a predicted hepatic plasma clearance
of less than or equal to 0.30 L/hwkg, such as (.008 Liw'kg 1o 0.30 Lk or 0,01
Liw/kg 0 0.30 Liwkg. o sowe embodiments, the compound has # predicied hepatic
plasma clearance of less than or equal to 0.20 Uhr/ke, such as 0.008 L/w/kyg to 0.20
Lihwkg or .01 Burkg to 0.20 Lhw'ke. In some enbodiments, the compound has a
predicted hepatic plasma clearance of less than or equal to 0.10 L/hrke, such as 0.008
Lihrkg to 010 Lwkg or 0.01 Lihrke 10 0,10 Diheke. In some smbodiments, the
compound has a predicted hepatic plasma clearance of less than or equal to .09 Liw/kg,
such as 0.005 wkg © 0.09 Lw/kg or 001 Lk 1o 6.09 Liwvke. In some
embodiments, the compound has g predicied hepatic plasma clearance of Jess than or
equal fo 0.08 LAw/kyg, such as G.005 Liwky to 0.08 Liw/kyg or 0.01 Léhw/ke to 0.08
L/hw/kg. In some embodiments, the compound has g predicted bepatic plasma clearance
of less than or equal to 0.07 Liho'kg, such as 0.008 Lihwkg to 0.07 Lihrkg or 0.01
L/arkg 1o 0.07 L/hokg. In some smbodiments, the compound has a predicted hepatic
plasma clearance of or less than or equal to 0.06 Libwke, such as 0.005 Lk w0 0.06
Liw/kg or 0.01 Liw/kg to 0.06 Lihrkg. In some embodiments, the predicted hepatocyie

clearance is measured by the assay described in Example 11,

[B085] An "allergy” or “allergic disorder™ refers to acquived hypersensitivity to a
substance (allergen). Allergic conditions inchude ecrerma, silergic rhinitis or corves, hay

fever, bronchial asthnza, urticarta (hives) and food allergies, and other atopic conditions.

[GO86] "Asthma” refers o a disorder of the respiratory system characierized by
mflammation, narrowing of the atrways and increased reactivity of the alrways to
mhaled agents. Astluos s froguently, although not exclusively associated with atopic or

allorgic symptesns.

[BOBTY By “significant” is meant any detectable change that is statistically significant
in a standard parametric tost of statistical significance such as Student’s T-test, where p
< (.05,

[B08E] A “disease regponsive to inhibition of Syk activity” is a disesse in which

mhibtiing Syk kinase provides a therapoutic benefit such as an amelioration of
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symptoans, decrease in disease progression, delay of disease onset, or inhibition of

aberrant activity of certam cell-types (roonocyies, B-oells, and mast cells).

[88%] *Subject” refers to an animal, such as 2 mammal, that has been or will be the
ohject of treatnent, observation or experiment. The methods described herein may be
useful in both lnuman therapy and veterinary applications. In some embodiments, the
subject 18 a mammak in some embodiments the subject is human; and in some
embodiments the subject is chosen from cats and dogs, “Subject in noed thereo?’ or
“hurnan in need thereof” refers to a subject, such a3 2 buman, who may have or is
suspected 1o have diseases or conditions that would benefit from certain treatment; for
example ireatment with a compound of Formeula 1, or a pharmaceutically acceptable salt
thereof, as described hersin. This includes a subject who may be determined o be at
risk of or susceptible to such diseases or conditions, such that weatment would prevent

the disease or condition from developing.

{3096 “Treatment” or “reating” is an approach for obtaining beneficial or desired
results including clinical results. Beneficial or desired clinical results may inchuds one

or more of the following:

{1} inhibiting the disesse or condition {e.g., decreasing one or more
symptoms resulting from the diseass or condition, andfor diminishing the extent of the

disease or condition);

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

preventing or delaying the spread {e.g., metasiasis) of the discase or condition); and/or

{11}  relieving the discase, that is, causing the regression of clinical
symploms {e.g., ameliorating the disease siste, providing partial or total remission of
the disease or condition, enhancing effect of another medication, delaying the

progression of the disesse, increasing the quality of life, and/or prolonging survival).

jBast) “Prelaying” the development of a disease or condition means to defer, hindsr,
siow, vetard, stabilize, and/or postpons 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 “delavs” development of a disease
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or condition is a method that reduces probability of disease or condition development in
& given time fame andfor reduces the extent of the disease or condition in a given fime
frame, when compared o not using the method, Such comparisons are typically based on
clinical studies, using » statistically significant munber of subjecis. DHsease or condition
development can be detectable using standard msthods, such as routine physical exams,
mammography, imaging, or biopsy, Developmaent may also refer to disease or condition
progression that may be imtially undetectable and includes occurrence, 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 amine and/or carboxyl groups or groups

similar thereto.

{BO93] “Pharmaceuntically acceptable salts” include, for example, salis with inorganic
acids and salts with an organic scid. Examples of salts may fnchude hydrochloride,
phosphate, diphosphate, hydrobromide, sulfate, sulfinate, nitrate, malate, maleale,
fumarate, tarirate, sucsinale, citrate, acetale, lactate, methanesulfonate (mesylate),
henzenesuflonste (besylate), p-tohienesnlfonate (osyiate}, 2-hydroxyethyisulfonate,
henzoate, salicylate, stearate, and alkancate (such as acetate, HOOC{CH,-COOH
where 1 is {4}, In addition, if the compounds described herein are obtained as an acid
addition aali, the froe base can be obtamed by basifying a solution of the acid salt.
Conversely, 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 a sujtable
orgamc solvent and treating 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 o prepare nontoxic

phammaceutically acceptable addition salis.

B84} i{n some embodiments of the disclosure, the pharmaceutically acceptable sal
of a compound of formula 1 is 5 mesylate salt. In some embodiments of the disclosure,
the pharmacoutically scoeptable salt of the vinca-alkaloids is a sulfate sslt. In soms
erebodiments of the disclosure, the pharmaceutically acceptable sali of 2 compound of
formula 1 1s a mesyiate 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 couppound of formaula 1 is a mesylate salt and the vinca-alkaloid is
vingristing, wherein the pharmaceutically scceptable salt is vincristine sulfate.
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HH RS In some embodinments of the methods described herein, the compound of
formula I, or @ phermacentically acceptable salt, is present in 8 pharmaceutical
composition comprising the compound of fornula I, or a phanmacsutically acceptable
salt, and at least one pharmaceutically accepiable vehicle. Pharmaceutically scoeptable
vehicles may include pharmaceutically acceptable carriers, sdjuvants and/or other
excipients, and other ingredients can be deemed pharmaceutcally accepiable insofar as
they are compatible with other ingredients of the formulation and not deleterious o the

recipient thergof

R The pharmaceuntical compositions of the compound of formula I described
herein can be manufactured using any conventional method, e.g, mixing, dissolving,
granulating, dragee-making, levigsting, enulsifving, sncapsulating, entrapping, melt-
spinning, spray-dryving, or lyophilizing processes. An optimal pharmaceutical
formulation can be determined by one of gkill in the art depending on the route of
adimindstration and the desired dosage. Such formulations can influence the physical
state, stability, rate of in vive release, and rate of in vive clearance of the administered
agent. Depending on the condition being treated, these pharmaceutical compositions can

be formulated and adminstered systemically or locally.

{0097} As used berein, “pharmacentically accepiable excipient” is a
pharmaceutically sceeptable velicle that includes, without lindtation, any and all
carriers, selvents, dispersion media, coatings, antibacterial and antifungal agents,
isotonic and absorption delaying agents and the lke. The use of such medis and agents
for pharmacentically active substances is well known in the svt. Except insofar as any
conventional media or agent is incompatible with the active ingredient, i use in the
therapeutic compositions is conternplated. Supplementary active ingredients can also be

weorporated into the compositions,

jBa98] The term “casrier” refers to an excipient or vehicle that inchudes without
Himitation diluents, disintegrants, precipitation inhibitors, surfactants, glidants, binders,
lubricants, and the like with which the compound is administered. Carriers are generally
deseribed hereln and also in “Remington's Pharmaceutical Sciences” by EW. Martin,
Examples of carriers include, but are not limited to, aluminum monosteargte, alominum
stearate, carboxymethyleelhdose, carboxymethylosiiulose sodhum, crospovidone,
glyceryl 1sostearate, glyceryl monostearate, hydroxyethyl cellulose, hydroxyethyl
celhulose, hydroxymethyl cellulose, hydroxyoctacosany! hydroaysisarste, hydroxypropyl
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cellulose, hydroxypropyl cellidose, hydroxypropyl methyvicellulose, lactuse, faciose
monohydrate, magnesivm stearate, mannitol, microcrystalline cellulose, poloxamer 124,
poloxamer 181, poloxamer 182, poloxamer 188, poloxamer 237, poloxamer 407,
povidong, silicon dioxide, colloidal silicon dioxide, siticone, silicone adhesive 4102, and
silicone emulsion. It should be understood, however, that the carrters selected for the
pharmaceutical compositions, and the amounts of such cariers in the composition, may
vary depending on the method of formudation {e.g., dry granudation formudation, solid

dispersion formulation).

{0099 The term “diluent” generally refers to g substance that is used to diluts the
compound of interest prior to delivery. Diluents can also serve to stabilize compounds,
Examples of diluents roay include starch, saccharides, disaccharides, sucrose, lactose,
polysaccharides, cellndose, cellulose sthers, hydroxypropy! cellulose, sugar aleohals,
xyhitol, sorbitol, maltitol, microorystalline cellulose, calcinm or sodinm carbonate,
inctose, lactose monchydrate, dicalcium phosphate, celhdose, compressible sugars,
dibasic calcinm phosphate debydrate, mannitol, microcrystaltine cellulose, and tribasic

caleiwm phosphate,

{00188]  The torm “disintegrant” generally refers 1o a substance which, upon addition
to & solid preparation, facilitates its break-up or disintegration after administration and
permits the release of an active ingredient as efficiently as possible o allow for ifs mapid
dissolution. Examples of disintegrants may inchude maize starch, sodinm siarch
glycolate, croscarmellose sodiam, crospovidone, microcrystalline cellulose, modified
com starch, sodium carboxymethyl starch, povidone, pregelativized starch, and alginic

acid.

{88181} The term “precipitation inhibitors” generally refers (o a substance that
prevents or inhibits precipiiation of the active agent from a supersaturated solution. One

example of a precipifation inhibitor includes hydroxypropylmethyleelinlose GIPMO).

[B8182]  The term “surfactants” generally refers to a substance that lowers the surface
tension between 8 lquid and 8 solid that could fmprove the wetting of the active agent or
fmprove the solubility of the active agent. Exarsples of surfactants include poloxamer

and sodivm lauryl sulfate.

HGE83]  The term “glidant” generally refers to substances vsed in teblet and capsule

formulations o improve flow-properties during tablet compression and o producs an

P
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anti-caking effect. Hxamples of ghdants may include colloidal siHeon dioxide, tale,

fumned gilica, starch, starch derivatives, and bentonite.

{68184}  The term “binder” generally refers to any phanvaceutically acceptable film
which can be used to hind together the active and inent components of the carrier
together (o maintain cohesive and discrete portions. Examples of binders may include
hydroxypropyleellulose, hydroxypropylmethyvicellulose, povidons, copovidone, and

gthyl celinloss.

[B0108]  The term “lubricant” generally refirs 1o a substance that is added to a powder
tend (o prevent the compacted powder mass from sticking to the equipment during the
ableting or encapsulation process, A lubricant can aid the gjection of the tablet form the
dies, and can improve powder flow. Hxamples of lubricants may include magneshum
stearate, stearic acid, silice, fats, calciom stearate, polyethylens glyeol, sodium stearyl
furnarate, or tale; and solubilizers such as fatty acids inclading Jauric acid, olsic acid,

and Cp/Cyp fatty acid.

{00106] By the term “vinea-alkalolds” are mean those compounds, and
pharmacsutically accepiable salts thereof, which are derived from the Madagascar
periwinkle plant, and have been used fo treat diabetes, high blood pressure, and various
cancers. Examples of vinca-alkaloids inchude vineristine, vinblastine, vindesine,
vinorelbine, desoxyvincaminol, vincaminol, vinburnine, vincamsjine, and vineridine.
Typically, there have been four major vinea alkalodds in clinical use: vinblastine,
vinorelbine, vincristine, and vindesing. All vinea alkaloids are administered

imtravenously IV}

1861071 The vinca-alkaloids, and pharmaceutically accepiable salts thereof, of the
present disclosure are evtotogios — they half the division of cells and cause cell death,
Draring cell division, vinea alksloid molecules bind to the building blocks of a protein
called tubulin, inhibiting is formation. Tubulin protein normally works in cells to create
microtubules. These microtubules provide cells with both the structure and fexibility
they need to divide and replicate. Without microtubules, cells cannot divide, As opposed
o @ Syk inhibitor, which inhibits spleen tyrosine kinase, vinca-alkaloids mechanism
occupying tubulin’s building block strocture, thus preventing, in theory, the formation of

microtubules and thus interfering with cancer cells’ ability 1o divide.
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{88188 Owme of the vinca-atkaloids of this dsclosure, vinblastine, inhibits
angiogenesis, or the process by which new blood vessels grow from pre-existing ones.
Angiogenesis is an essential step in a tumor’s transition to malignancy. Vinblastine is
generally apphied to treat Hodghkin's disease, non-Hodgkin’s lymphoma, breast cancer,
and germe cell twmors, Side effects of vinblastine include: toxicity to white blood cells,
nausea, vomiting, constipation, dyspnea, chest or tumor pain, wheezing, and fever.
Vinblastine is also occasionally associated with antidivretic bormone secretion and

angina.

{B818%]  Another vincs slkaloid of this disclosure is vinorelbine, which s stmilar in its
effects to vinblastine. Vinorelbine has exhibited significant antitumor activity in patients
with breast cancer and antiprohiferation effects on osteosarcoma (hone tumor cells).
Vinorelbine treatment can result in side effects including decreased resisiance io
infection, bruising or bleeding, anemia, constipation, disrrhes, naoses, numbness or
tingling in the hands and feet, fatigus {(also called peripheral neuropathy), and
mflammation at the injection stte. Less common side effects include hair loss and

allergic reaction.

{08118  Another example or embodiment of the vinca glkaloids of this disclosure is
vincristine, or phanmacentically acceptable salis thereof. Vincristine has g high affinity
for mbulin dimers {diroers are building bocks of a protein only two blocks long) and can
attach and reattach at different sites gquickly, thus in theory preventing the dimers’ ability
to reassemble (build) the tubules, thus destabilizing the tubulin and inhibiting
nucrotubule formation. Viocristine is FDA approved to treat acute leukenis,
rhabdomyosarcoma, nevroblastoma, Wilm’s fumor, Hodgkin's disease, and other
ivmphomas. Vinoristine’s most common side effects are: peripheral neuropathy,
suppression of bone marrow activity, constipation, nervous system foxicity, nausea, and
vomiting, with neuropathy betng the most commaon and serious side effect. As a result,
ihere are reports of some subjects being treated with vineristine for oncology having had

o stop vinoristine treatment,

{6111}  The fourth common vinca-alkaloid is vindesine, or phaneaceutically
acceplable salts thereof. Vindesine has g serom half-life of only 24 howrs, bt similar
sifects (intended and side) to that of vinblastine, Vindesine s commonly administered a
a dose of 3 milligrams per square meter of body swrface during treatment for melanoma,
hung cancers, and {combined with other drugs) wterine cancers, Additional side effects
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from vindesine include: anenua, dood cell toxicity, fatipus, tngling or pricking

sensations in the skin, and skin toxicity.
Compeunds

[08112] Comspounds are provided bhere and elsewhere throunghout, such as in the

Senmmary and in the Examples.

{63113 The compounds provided herein are named using ChemBioDraw Ultrs 12.0,
and one skilled in the art understands that the compound struchure may be named or
identified using other commonly recognized nomenclatiure systems and symbols

including CAS and IWPAC.

{00134]  Accordingly, provided herein are comnpounds that fimetion as Svk inhibitors.

In one aspect, the disclosure provides a compovmd of Formula
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{BBILS]  In some embodiments of the compound of Formula §, or a pharmaceutically

&
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( 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, ' is | In some embodiments, RY is
Ho\l
HE \} o
- N “j l.f.f,_,'r [.,f}\]
L\PE!/ "N’
. Insome embodmments, R is *

{06116]  In some embodiments of the compound of Formula § or a pharmaceutically
acceptable salt thereof, R je H. In some embodiments of the compound of Formula §, or

a pharmaceutically acceptable salt thersof, R® is 2-hydroxvethoxyl.

{06117 Insome embodiments of the compounnd of Formuls §, or a pharmaceutically
acceptable salt thereof, R is H. In some embodiments of the compound of Formula L, or

a pharmaceutically accepiable salt thereof, R is methyl.

{8118} In some embodiments of the compound of Formuda I or 8 pharmaceutically
acceptable salt thereof, RY js H or methyl. In some ernbodiments of the corapound of
Formula I, or a pharmaceutically acceptable salt thereof, R is H. In some embodiments
of the compound of Formula 1, or a pharmaceutically accepiable salt thereof, R is

methyl.
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{B811%]  Insome eymnbodiments of the compound of Formula §, or & pharmaceutically
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acosptable salt theveot, R s selected from the group congisting of  # s

b
OH
'f”’f;, EO\\
2. ey - 2
and + ,and Ris H. Insome embodiments of the compound of Formula ¥, ora

pharmaceutically acceptable salt thereof, R is selocted from the group consisting of
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N
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{80138 Insome embodimeents of the compound of Formula [, or 2 pharmaceutically
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{00121]  In some embodiments of the compound of Formuda I, or 8 pharmaceuntically
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N
scceptable salt thereof, R is selected from the group consisting of % | L
o8
g”i’::J r’,G]
'\\F?
and ¢, and R*is H or methyl. In some embodiments of the componnd of

Formula I, or 8 phanoaceutically acceptable salt thereof, R is selected from the group
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001221  Insome embodiments of the compound of Formonla 1, or 8 pharmaceutically
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and i R Hand R isH. In some embodiments of the compound of Formula
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I, or a pharmaceutically acceplable salt thereof, R is selected from the group consisting

o HO
2 o)
P’
Ho\/ \’\: O

: & L,,,, Q
Q0

+ , and & L R%is 2-hydroxvethoxyl and R° is H. In some

erpbodunents of the compound of Formula I, or a pharmaceutically scceptable salt
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thereof, R’ is selected from the group consisting of &, * L and o,

R is H and R 18 methyl. In some embodiments of the compound of Formula L or s

pharmsceutically sceeptablo salt thereof, R’ is sclected from the group consisting of
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* i and i , R® is 2-hydroxvethoxyvi and R is methyl,

{80123]  insome embodiments of the compound of Formula §, or s pharmacestically
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acceptable salt thereof, R’ is selected from the group consisting of ! ,
oM
f"*’a., (Gj
and : isHand R s Hor methyl. In some embodiments of the compound of

Formula 1, of a pharmaceutically acceptable salt thereof, R’ is selected fom the group
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harmaceutically acceptable salt thereof] R is selected from the OUD Consisting of
P ¥ A group g

3,
HO.
Ha\,/k’ i

E j [’“‘\ [A\
g? \?/] \? ? o i ‘
* =, and * RS s 2-hydroxyethoxyl and R® is methyl,

{60134]  In some embodiments of the compound of Forpuida I, or a phammaceutically

=
O

i
ol N c L. . ! :
acceptable salt theronf, R is selected from the group consisting of % *

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

)

and )

Formuds I, or 2 pharmaceutically acceptable salt thereof, R is selected from the group

G, MO
Q :"‘O\M/Ll o
[J ) - /0)
;E\; N N”’ Lh

consistingof  * & L and 4 VR is methyl and B ie Hoor methyl.

, B e Hoand B is H or methyl, In some embodiments of the compound of

In some embodiments of the compound of Fornnds 1, or a phemmaceutically acceptable

ﬁ\ HO.,
¢,

N
S
o ) [‘/ N

gg\; gy
salt thereof, R is selected from the group consisting of % | i L and
oM
v, jﬁj

.
N

R s Hoand B is H. In some embodiments of the compound of Formuda §, or

a pharmacentically acoepiable salt thereof, R is selected from the group congisting of

39
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HO.,
HG\)\

\z-<> o

OO
\?f §§/ ~‘?/ ]
® %, and R is methyl and R is H. Fo some embodiments of

the compound of Formula 1, or a pharmscentically scceptable salt thereof, R i selected
P I ¥

“ s
\;z_..J
/l
4 Ay
o3
et

\ 7 ,
from the group consisting of =, =, and # R isHandRis

methyl. In some erobodiments of the compound of Fornmla L ora phammwuﬁaa

? v’\N
olis

»

. e !

acceptable salt thereof, R' is selected from the group consisting of  ® &
O

!';,.,,r /O\‘x

A
N

and & , R ix methyl and R® {s methyl,

{00138]  In some embodiments of the compound of Formaula §, or a pharmaceutically

) . . e - ]
accepiable salt thersof, R is selected from the group consistingof ¢
o
C)\

'-’/a,,. f )

\’\.

angd i . R*is HoOR s Hand RY s Hor methyl, In some embodiments of the

compoand of Formuta 1, or & pharmacsutically accepiable salt thereot, B! is selected

40
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/ 5'501
? RN \l oH
"’fNj R b, ,‘37
\?i\i [NJ [“ <
from the group consisting of & 4 and : ,RYis H, R s Hand

R is H. In some embodiments of the compound of Formula I, or a pharmaceutically
o

HO

N J A
“ Eg

acceptable salt thereof, R is selocted from the group consistingof = | ,
Ot

Wi, Rt

)

N/

and i , R? is H, R isHand R* is methyl,

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

!
S |
O

-

B
, - |
acceptable salt thereof, R is selected from the group consisting of & 4
O
- [g\
b
and i, R is 2-hydroxyethoxyl R is H and B is H or methyl. In some

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

& HO

\> HC\)\’ o
_ i b o
O U

e S

. . . .y .
thersof, R’ is selected from the group consisting of : , and : .
R? is 2-hydrosyethoxyl, B is Hand R is H. In some embodimentis of the compound of

Formula i, or & pharmaceutically acceptable salt thereof, R’ is selected from the grou
¥ P group
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S e
{N\

N)

i

/N\] ey, on \,I
s «E\?/
. 2. 3.
gonsisting of % &, angd &, RY is Z-hydroxyethoxyl, B is H and

® s methyl.

271 Inosome embodiments of the compound of Formula §) or 2 pharmaceutically

. HE
O
{ HO o ﬁ
i
d M
J O
‘5?/ -
acceptable salt thereof, R is aclecied from the proup consistingof  + | .,

oH

i

and *
compound of Formula I, or a phammacsetically scceptable salt thereof, B is selected

RS HO
b
Ho‘\./”‘)\" OH

N ) E
O

\F? PE‘] \\!?f

+ L and

H 7. 3.
* Rz H, B is methyl

and R* is H. In some embodiments of the compotnd of Fornada §, or a pharmaceutically

SlNe

JRASH R s methyl and s Hor methyl in some smbodiments of the

from the group comsising of * |

, N
acceptable salf thereof, R s selected from the group consisting of  + H ,
O
Ef)‘l_,,, /Oj
.,

and : s R®is H, R?is methyvi and rYis methyl.
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{0128]  Insome embodiments of the compound of Formula §, or a pharmacentically

O, e
H\)\

ok

N
. < .
acceptablo salt thereof, %' ig selected from the group consisting of &, &
O
g"’ifh O"
L
and : , R is 2-hydroxyethoxyl, B is methyvl and R® is H or methyl, In some

embodiments of the compound of Formula I, or a pharmaceutically acceptabls salt
O, MO
) .

. e i
thereof, R’ is selected from the group consisting of +  and ®
R? is 2-hydroxyethoxyl, R’ is methyl and B Is H In some embodiments of the

compound of Formula L, or 2 phammaceutically acceptable salt thereof, R is selected

S MO
ﬁ/ HO\:"L' OH
s |
O 0O
N [**;” Lfs’
from the group consisting of & » o, and 5 RS
2-hydroxyethoxyl, R is methyl and R® is methyl.

{0812%]  In some embodiments of the compound of Formula §, or a pharmacsutically

:/Nj
\E?

accoptable salt thereot, R'lis  + ,andR%is H. In some embodiments of the

<y
553
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compound of Formuda §, or 2 pharmaceutically acceptable salt thereof, RM s & | and

R* is 2-hydroxyethoxyl

H164] In some embodiments of the compounnd of Foroula 1, or a pharmaceutically
0

N\
9
:;4
acceptable salt thereof, glia = , and ®%is H. In some embodiments of the

T
&

compound of Formula L, or 2 pharmacentically acceptable salt thereof, R' s %, and
R’ is methyl.

{8181} in some embodiments of the compound of Fornuila 1, or a pharmaceutically
)

{ W>
/Nj
L“f
accepiable salt thereof, R' i » , and RY is H or methyl. In some embodiments of the

Y

0‘%
ENj
g

;

comnpound of Fornmula I, or a pharmaceutically acceptable salt thereof, R'is » |, and
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R is H. In some embodiments of the compound of Formula §, or 3 pharmacentically
o

Y

N\

(L

acceptable salt thergod, R”'is : . and R* iz methyl.

{8187] In some smbodiments of the comwpouwnd of Formula 1, or & pharmacsutically

acceptable salt thereof, glis = , R®%is Hand B s H. In some emnbodiments of the

< e . . o . ; 2
compound of Formula §, or 2 pharmaceutically acceplable salt thereof R's + R% s

2-hydroxyethoxyl and R is H. In some embodiments of the compound of Formuda I, or
»

Y
()

a pharmaceutically acoeptable salt theveof, R'is » R isHand R is methyl, In

sovng embodiments of the compound of Formula |, or a pharmacentically accepiable salt
ol

K’Nj
E\'\N.r

thereof, R is x ,R% s 2-hydroxyethoxy! and B’ is methvl.
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8183 In somne embodiments of the compound of Formula 1, or a pharmaceutically
o

N
. j
i
y

acceptable salt thereof, Blis + RPisHand K sHor methyl. In some

embodiments of the compound of Formmula §, or a pharmaceutically accepiable salt
0

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

smbodiments of the compound of Formula §; or a pharmaceutically acceptable salt
o

Y
®

W I ¥ . . . -
thereof, R1is %, RYisHand R® is H. In some embodiments of the compound of

: . . { 2.
Formula L or 2 pharmaceutically acceptable salt thereof] Rl'is  » , B i 2-

hydroxyethoxyl and R is H. In some embodiments of the compound of Formuda §, ora

<}

$
N

. . ! 2, .
pharmaceutically acceptable salt thersof, R is + | R is Hand R® is methyl. In some
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embodiments of the compound of Formuda I, or 8 pharmaceutically accepiable salt
0

(?
»
thereof, R’ is ¢ , RY is 2-hydroxyethoxyl and R is methyl.

{1304] in some embodiments of the compound of Formuls 1, or 2 pharmaceutically
G

. ] . .
acoeptable salt thereof, R' 5+, R is Hand R® is H or methyl. In some

ermmbodiments of the compound of Formula I, or a phanmacentically acceptable salt
e

N

(J

thereof, R is & JR s methyl and RUisHor methyl, In some ewbodiments of the

compound of Formala I, or a pharmaceutically acceptable salt thereof RM iz » B is

H and R is H. In some embodiments of the compound of Formoula | ora
o

Y

®
N
pharmacentically acceptable sali thereof, R is + |, R is methyl and RY is B o some

embodiments of the compound of Foromla §, or 8 pharmaceutically acceptable salt

4%
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/
“\

thereof, B is 4 . R‘ s Hand B is methyl. In some embodiments of the compound

C ]
of Formuda §, or 2 pharmaceutically acceptable salt thereof, R is : ? is methyl

and B* is methyl.

fBEBS] In some embodiments of the compound of Formula §; or s pharmaceutically
)

)¢
.

aceeptable salt thereof, ®lis o« . R s H RiesHadR s B methyl. In some

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

thereot, Rlig & . R’ H, R isHand BYis H. In some embodiments of the
)

)¢
>

compound of Formula I, or a pharmaceutically acceptable salt thoreof, R' {8 i R s

H. BlisHand R is meathyl
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[B106) in some smbodiments of the compound of Formula 1, or s pharmaceutically
o

EYJ
A ‘
aceeptable salt thereof, R'is v, R s 2-hvdroxysthoxyl, P s Hand R is Hor

methyl. In some embodiments of the compownd of Formuda ¥, or a pharmaceutically
o

)¢
.

acceptable sall thereof, R' is : , R4 Z-hydroxvethoxyl, R sHad R s H In
P 5 3

some smbodiments of the compound of Formula 1, or a pharmacentically scoeptable sah
ol

X
>

. § 3. 3 . 4.
thereof, R'is  + RS Z-hvdroxyvethoxyl, R s H and R” is methyl.

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

Y
.

. o . i T .
accepiable salt thereof] Rig » KRR methyl and R'isHor methyl. In
some embodiments of the compound of Formula 1, or 3 pharmacewtically acceptable salt
0

&
X‘s

)

[Nx‘f
|

thereof, R'is = R R%ig H, R s methyl and R*is H. Tn some embodiments of the
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E
N

(J

N
compound of Fornnla 1, or a pharmaceutically acceptable salt thersof, R' is i , R s

H, R’ is methy! and R* is methyl.

G188} in some smbodiments of the compound of Formula 1, or 8 pharmaceutically

£
)
A |
acceptable salt thereof, R is & | R° is 2-hydroxyethoxyl, B ja methyl and R s Hoor

methyl. In some embodiments of the compound of Formula 1, or a pharmaceutically
o

Y

M

(J

acceptable salt thereof, R ia i JRg 2-hydroxyethoxyl, R® is methvl and R is L

In some embodiments of the compound of Formuida §, or a pharmaceutically acceptable
2

Y

salt thereof, R is  » , R is 2-hydroxyethonyl, R’ is methyl and R is methyl,

G109} In some smbodiments of the compound of Formula §, or 8 pharmaceutically

HE
HOL
o~ M \
9
acceptable salf thereof, R' is & L and B is H. o some embodiments of the
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compound of Formula 1, or a pharmaceutically accepiable salt thereof, R is
HQ.,

1

Hi}v \
C
5
o andRYs 2-hydroxysthoxyl,

LR L o some eptbodiments of the compound of Formula §, or a pharmaceutically

“Owi\

s

acceptable salt therent, R'is &, and R s H. In some embodimenis of the
compound of Formula I, or & pharmaceutically acceptable salt thereof, R is

H‘I}\

HO\V/LE
()

. , and B is methyl.

(6131} In some embodiments of the compound of Formula L, or a pharmacentically

HQ\

o

\\/""\\

acceptable salt thereof, R is + , and B isHor methyl, Insome embodiments

of the compound of Formula I, or 3 phansaceutically acceptable salt thereof, R is

51
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HO
Ho\j\’
)
\T/

5 L and RY s H. In some embodimenis of the compound of Formula }, ora
MO,

1

UM

[ \\
\./'J

B
harmaceutically accepiable salt thereof, R ig & , and R is methyl.
p o p -

{8113 in some smbodiments of the compound of Formula I, or a pharmaceutically

HQ\J S,
@
"

e
accepiable salt thereof, R is ¢ RYiaHand B is T In some enmbodiments of

HQ.

the compound of Fornmila ¥, or a pharmaceutically acceptable salt thereof, B! is

HO
MO
[Nj

s L R%is 2-bydroxvethoxyl and & is H. In some embodiments of the
componnd of Formula §, or a pharmacsetically acoeptable salt thereof, R js
HO
o)
oo W

)

N
N
] 5, 3. ) . .
s, R%is Hand R is methyl. In some embodiments of the compound of

Y
MO

)

Formula §, & is 5, R%is 2-hydroxyethoxyl and R is methyt,
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{8113 in some embodiments of the compound of Formuls §, or a pharmaceutically

\//i\\

g
®

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

embodiments of the compound of Formulda 1, or a pharmaceutically accepiable salt
HO
&
L“ w

thereof, B {s £ L R%is 2-hydroxyethosyl and B 3 H or methyl, In some

embodiments of the compound of Formula I or 8 pharesceutically acceptable salt

thereaf, R is , B is H and R is H. I some embodiments of the compound

HG

HG., j\

S

N

R

n
of Formula L, or 3 pharmscentically scoeptable salt thereof, R is L R%s2-
hydroxyethoxyl and B is H. In sorse embodiments of the compound of Formula [, or g

MO

HOL

LN
9

-
i

pharmaceutically acceptable salf thereof, R i s R isHadR s methyl

A
L
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In some smbodunents of the compound of Formula §, or a pharmaceutically acceptable

HO\/l\

,Nj
.
salt thersof, R' is iR 2-hydroxyethoxyl and B is methyl.

114} In some embodiments of the compound of Formula I, or a pharmaceutically
B

MO

acceptable salt thersef, R' is + LR e Hand B is H or methyl. In some

embodiments of the compound of Pormula 1, or g pharmaceutically acceptable saly
HE

HO\';{]\E
O

thereof, R' is J R s methyl and B s Hor methyvl, Insome embodiments

of the compound of Formula 1, or 2 pharmaceutically aceeptable salt thereof, R is
HO

HOL

L

iR is Hand R is H. In some embodiments of the compound of Formuala §

or a pharmacsutically acceptabls salt thersof R is L R methyl and R is

H. In some embodiments of the componnd of Formuda 1, or a pharmaceutically

54
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HG,

acceptable salt thereof, R' is , R’ is H and B is methyd. In some

embodiments of the compound of Formula §, or & pharmaceutically acceptable sali
HO

ol
®

~

thereof, R ia i L R'is methyl and RY is methyl.

{0118} T some embodiments of the compound of Formaula § or a pharmaceutically

N
)

acceptable salt thereof, R is ¢ R RH R s Had R is Hormethyl In
some smbodiments of the cmmpoﬁnd of Formuda I, or a pharmaceutically acceptable salt

F0,

™

"50\/\

M

QO

N
thereof, R' is : R H R s Hand R s B In some embodiments of the

coropound of Fornuala I, or a pharmacsutically scoeptable aall thereof, B s
HO

)
N \]

)

+ L RYGSH R is H and R is methyl,
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jBa1i6} In some embodiments of the compound of Formula §, or a pharmaceutically

HQ

HOW

(Nj
Vi

scoeptable salt thereof, R' s 4 LR s 2-bydroxyethoxyl, RisHandR'is H

or methyl In some embodiments of the compound of Fornnda I, or 2 pharmaceutically
HO.
o
1
C
\E?IJ .
acceptable salt thereof, R' is R is Z-hvdroxyethoxyl, RYis Hand R* s HL

In sowme embodiments of the compound of Pormula §, or a pharmsceutically acceptable
HO

m\)\j
[N\:
e

i

salt thereof, R' is i Ris 2-hydroxyethoxyl, R¥ s Hand R is methyl.
{6117} In some embodiments of the compound of Formads §, or a pharmacemtically
HO
HO N
A

L

\\N
accepiable salt thereof, ®lis H . B s HR s methyi and RYisHor methyl

In some embodiments of the compound of Formula 1, or a pharmaceutically accepiable

y
HJ\

HO\/J\'

M

N
»

N
salt thereof, R is 4 JRMH R s methyl and RY s H. In some embodirments
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of the compound of Formula §, or a pharmacewtically acceptable salt thereof, R is

i RYsH, R methyl and ® s methyl,

{118} In some sembodiments of the compound of Formula §| or a pharmaceutically

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

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

pharmacsutically acceptable sali thersof, R is s L RYis I-hydroxyethoxyl, R’

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

HO.,
\:
H()\/,i\}
/Nj
o
pharmaceutically accoptabls salt thersof, R s xR is Z-hydroxyethoxyl, R’

is methylt and R® is methyl.

{B119] in some emnbodiments of the compound of Formula 1, 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"e"\
L
compound of Formouls [ R'is «  and B is 2-hydroxyethexyl



WO 2016/010809 PCT/US2015/039677

{8128} in some erebodiments of the compouad of Fonmula §, or a pharmaceutically
O

Gty oo,

O

N
acceptable salt therest, R' ia i ,and R is HU In some embodiments of the
O

£y, ” ’,,0\

N f"j
M
somponnd of Formula L, or a pharmaceutically acoeptable salt thereof, R s :

e

and R is methyl

a2y in some embodiments of the compownd of Formula 1, or a pharmaceutically
o
0\

7,
!Igﬁr,f j
\N

acceptable sali thereod, R'is & , ansd B'isHor methyl In some embodimenis of

the compound of Formula {, or a pharmaceutically acceptable salt theveof, R' ia
OH
o

,’fa,,
]

NN/

{ . . e - -
=, and B*is H. In some embodiments of the compound of Formula L ora

OH
l,.,,,hfc)
L b

;

pharmaceutivally acceptable salt thereof, R' is s, and R is methyl,

{8122} In some embodiments of the compound of Formmula 1, or a pharmacoutically

O
EO]
N

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

-""f:,,

the compound of Formula §, or 2 pharmacentically sceeptablo salt thereof, R is
031
o

. N
@

oy

¢ <. R i . .
i R%is 2-hydroxyethoxy! and R is H. In some smbodiments of the compound
> ¥ ¥ ¥ p

S8
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OH
y
|

of Formala 1, or a pharmaceutically scoeptable salt thereof, R' is ¢ ,R*isH and
R’ is methyl, In some embodiments of the compound of Formula §, or &

OH

Q

)

\N/

pharmaceutically acceptable salt thersof, R is : SR s Z-hydroxyethoxyl and R
1s methyl.

{3123] in some embodiments of the compound of Formeula |, or a pharmaceutically
oH

(s
N

Yoy, e
N

m[,@,}

acceptable salt thereof, R'is & R RUisHand R isHor methyl In some

embodiments of the compound of Formuds §, or a phammacentically accepiable salt

£
b /ej
S
thersof, R is s , R 1 2-hydroxyethoxyl and RisHor methyl In some

smbodiments of the compound of Formula §, or a phamnaceutically acceptable salt
oM
%

L/,,,,[ j

B
. . | 3. . . o
thereof, R is + ,RYiz Hand B is H. In some embodiments of the compound of

OH

/"'ia,r - G

)

N
Formuda 1, or a pharmaceutically acceptable salt thereof, R i v RYia2-

fydroxyethoxyl and R is H. In some embodiments of the compound of Formula L ora
O
%

I””x, [ j

N
pharmacentically sceeptable salt thereof, R' is 4 , B is H and B* is methyl. In

39



WO 2016/010809 PCT/US2015/039677

some embodiments of the compound of Formalda § or a pharmaceutically accepiable salt
O
o

l”fn. -
9

\N/“

thereof, R is k VR s 2-hydroxyethoxyl and &8s methyl

Hh124] In some embodiments of the compound of Formuda §, or 8 pharmaceutically

O
Wy,
N .
scceptable sall thereof, R i ¢ R isHamdR'isHor methyl. In some

embodiments of the compound of Formula I, or a pharmaceutically acceptable salt

Qon
o,
.

thereof, R is & LR is methyl and Y ie H or methyl. In some embodimenss of

the compound of Fornntla ¥, or a pharmaceutically acceptable salt thereof, R is

OH
\N/

. , & is Hand R is HL In some embodiments of the compound of Foromla 1, or

O
I/f,h‘ [Oj
N7

s pharmacentically acceptable salt thereof, R s & AR b methviand RO H o

,"4’:,, /0

some embodiments of the compound of Formuda 1, or 8 pharmacentically acceptable salt
G

—Iif,«', /.rO

N .tf
M

thereof, B is ; , R isHand R is methyl In some embodiments of the
oH
L:; N

:,‘E \E
)\E\E!I'f
compound of Formuda 1, or 8 phammaceutically acceptable salt thereof, R is ®

&8s miethy! and R? is methyl,
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{8125} in some embodiments of the compound of Foromila L, or a pharmaceutically
oM

f;‘g_,‘gf,,ﬁ\

w

scceptable sall thereof, B in H SR H, R isHand R s Hor methyl, Insome
embodiments of the compound of Formula ¥, or a pharmaceutically acceptable salt
o

S,

N
. . § P . . . .
thereot, R' is dL R i H, R is Hand R is H. In some embodiments of the
004
- [a\
b
compound of Pormula I, or a pharmacentically acceptable sall thereof, B is &

RUisH, R isHand R is methyl

¥

{812s] In sorme embodiments of the compound of Formuda I, or 8 pharmaceutically
oM
af.i_,," 5:3\
()
N . 5
scceptable salt thereod, R'is + L R'is 2-hydroxvethoxvl, R s Hand R s Hor
methyl, In some embodiments of the compound of Formuda I, or 8 pharmacentically
{,""l‘ ,O\
L)
?f - B A
acceptable salt thereof, ' s « , R” is 2-hydroxyethoxyl, FisHad R isH In
some embodiments of the compound of Formula L or a pharmaceutically acceptable salt
&

i, G
gy o

\.f"’

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

{8127} in some smbodimenis of the compound of Formuda § or s pharmaceutically
O

»’Q’\,

o ~
J
N

acceptable salt thereof] % s i J R s H, & s methyl and ®isHor methyl, In

Fie e,

some embodimerds of the compound of Formuda § or a pharmacentically acceptable salt

61
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thereof, R’ is i , R%is H,® e 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 .

£ is H, B fs methyl and B s methyl.

2

16128] in some embodiments of the compound of Formula § or a pharmaceutically
o

Q

ey, ( j

Y
acceptable salt thereof, r'g H SR s 2-hydroxyethoxyl, R s methyl and R*is H

or methyl, In somes embodiments of the compound of Formula I, or a pharmaceutically
Ok

2 ” V,O-.

)

Mo g
N
scceptable sali thersof, RY is 4 , R? is 2-hydroxyethosyl, R is methyl and 8 is

H. In some embodiments of the compound of Formula 1, or 2 pharmaceutically
oH
b, o

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

{8138] Embodiments herein that refer to the compound of Formula ¥ in one aspect
also refer 1o s pharmacentically acceptable sall of the compound of Formula §, even if
not explicity stated as such.

{9138} in some embodiments, the compound of Formuda 1 is selected Hom the group

congisting of}

&2



WO 2016/010809 PCT/US2015/039677

{::\‘J:})\\ -~ {?\"’"}l\> N PN
R L.
:‘\Vz N \[;}"*\ N N \[{){’\
; ]
HO\/‘A\O“’” R M {\\\’f\NH
NfﬁL L | N’»-”‘l ;:;N\
3
HQE‘L _/’.’N\ - \VNJ> HZN ;N\V/i*};/hi“\"&
X T
> e
<N , N )
87
HO,«’\ /"\N.‘-"'\} e
HG/ L’\/N 1,?1 \/N“If;\\l
o pit HO e g
N*«’f:”\r.r-?‘i) RN
Ham\fi\;\ﬂ PNy W HqN\fN\E?/ o N
Wy X f
N , N )
Q""\
o Y,
R N
HOL oo s M
, 7L
\L}\\//]‘\NH \V TH
N PN\
N TNyt NT Ty
Y G
PN N A N Mol IN\ A N
)
N N . and
C?M
LAN’AW
L\V/NT;\H\
S g
N.;j\\ hY

vor a pharmacentically acceptable salt thereof

sy In some embodiments, the compound of Formala Tis selected from the group
consisting off

2-{ 5-{{6-{Gramino-S-methylpyrazine-2-vimidazo] 1, 2-alpyrazmn-&-vl jaming - 2- {4~
{oxetan-3-yhipiperazin- I-vhiphenoxyjethanol
G-{Gaminopyrazin-2-yi-N-{4-{4-{oxctan-3-vijpiperazin- -yl phenyiimidazo{ 1,2~
alpyrazin-8-amine;

A-{{A- {4 6-{G-aminopyrazin-2-viimidazo] 1 2-alpyrazin-8-vlamine phenviipiperazin-

-vimethylipropane-1,3-diok;
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2e{ 3-{{6~{G-aminopyrazin-2-viimidazo] 1 2-alpyrazin-B-yhamino }-2-{4-{oxetan-3-
vipiperazin- l-vhphenoxyjethanol;
{(RA-{4-{6-{6-ammopyrazin-2-yDamidaro[], 2-alpyrazin-8-
yhamino jphenyhimorpholin-2-yhmethanol;
S-{G-aminopyrazin-2-yH-S-methyl-N-{4-{4-{oxetan-3-ypiperazin-1-
yhphenylinudazol 1, 2-alpyrazin-B-aming; and
G-{ Seamino-S-methyipymzm-2-yD-N-{4-{4-{oxctan-3-ylipiperazin- 1~
vhphenviimidazol |, 2-alpyrazin-8-aming;

or a pharmacentically acceptable sall thereof

[8132] Also provided herein i3 a compound of Formula I
RS N
G
Hae N \j//L\ ‘(NJ
R"‘I N""f i

Formula I

or a pharmaceuntically acceptable salt thereof, wherein:

HO
<
HO
M. |
)0
\!? \?/
&' is selected from the group consisting of &, ¥ and

OH
)
i
* whersin ®* indicales the carbon atom of the indicated phewyl
ring of Formula  to which R} is atiached;
R%isHor Z2-hydroxyethoxyl;
R™ is H or methyl; and
RYis H, halogen (.o, F, CL, Br, or ), methyl, or halo substituied methyl (e

methyl wherein 1 to 3 hydrogen atoms ave substituted by 1 to 3 halogen
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atoims, which may be the same or different, e.g. Huoromethyl,

chioromethyl, difluoromethyl, dichloromethyl, chlorofuoromethyl,

wriflnoromethyl, and the Hike)

{1331 Represemtative compounds of the invention are Hsted in Table A below. The

compounds in Table A are pamed using ChemBioDraw Ultra 12,0 and it should be

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

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

systematic names. The compounds may aiso be named using other nomenclabure

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

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

Chenistry (JUPAC). Any ambiguity in naming of compounds can be resolved by

deferring to the stracture, where provided.

Table A. Representative Compounds

Siructure Nams
97
et
R
l\\:}\i PN
\L A S-{G-amino-3-methylpyrzin-2-y-N-{4-(4-{oxstan-
=N I-yhpiperazin-1-yhphenyDimidazo] §, 2-alpyrazin-8-
LA AN amine
NN A N
.
) -
o
‘V’)\M/\\}
L\/Nvf’\n A ) :
\\\ i &-{G-aminopvrazin-2-yH-Ne-(d-{4-{oxetan-3-
R vhpiperazin-1-yhphenyDinudazo{ 1, 2-alpyrasin-&-
T aming
Ha N ey R
1§
97
0N
L\J\ NH {(R3-{4-{4-{{6~{6-aminopyrazin-2-yDimidaze 1,2~
IR a lpyrazin-8-yilamine iphenyimorpholin-2-
N Dimethanol
HaL N Ay ¥
LJ
"
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¥
- r:\ \ﬂ\ &-{&-anuinopyrazin-2-yi}-S-methyl-MN-{4-{4-{oxetan-
\’f it I-yDpiperazin- I-yhphenyhimidaro] 1, 2-ajpyvrazin- 8-
N”f\rﬁ’}‘{ Argine
HZNT;N TJ% v
o
\“N.-
L’\.‘,/N' N
HOL o~ l 2-{ 5-{{6-{G-aminopyrazin-2-yHimidazo]1,2-
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N \T,,N\ Tyhiphenoxyjethanol
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ol E L\\/?}L LN
\E\\\/H\NH 2-{{4-{4-{{&-{G-aminopyrazin-2-yDimidare{ 1,2~
Y N alpyrazin-&-yhaminophenvlpiperazin-1-
M yhmethyvDipropane-1,3-diol
Fh fﬁjf \Q,l;;’f’ i yuprop
y -
\M——"‘\Nx\j
L\\/N. =
o o ] 3-{5-{(6-{6-amine-5-methylpyrazin-2-
i i \?EH yivimidaro]1,2-g]pyrazin-8-ylamino -2 -{4-{oxetan-
N7 \TAi 3-viipiperazin-1-yliphenoxylethanol
HaN._H, Tfj%fﬁd)
o
L~ }N‘f

[8134] The compounds described herein, e.g. 8 compound of Formula [, ova
pharmaceutically accepiable salt therof] provide distine! advantages as Syk inhubitors.
The compounds described herein gre intubitors of Svk kinase activity, as measurved, for
example, as the inbibition of Svk kinase activily i a biochemical assay or as the
reduction in basophil activation as measured by CID63 expression, as described in the
Examples. The compounds described heretn also have desivable properties foruse as a
pharmaceutical, inchuding kinetic solubility at 37 °C in phosphate buffer at pH 7.4 and
fow levels of hepatooyte clearance. These features resalt in Syk intubitors for treatmnent
of disease with pharmacokinetic charsctoristios 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 roinireal off target activity, which
may reduce unwanted side effects, lessen the chance of drug-drug interactions, snd
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 pharmaceutically acceptable sali thereot, s effective in ong or more of
Svk kinase activily inbibition or reduction of basophil activation as measured by CI¥63
exprossion, for example, the compound inhibits Syk kinase activity with an ICy value
less than or equal o | micromolar, less than or equal to 300 nanomolar, less than or
equal to 200 nanomolar, less than or equal to 100 nanomeolar, less than or equal {0 30
nanomelar, less than or equal o 20 nanomelar, or less than or egual o 10 nanomolar, as
demonstrated by a suttable asssy for Syk Kinase activity, such as the assay as described
in Exarople 8; and/or reduces CDG3 expression activity with an BECsy value less than or
equal to 1 micromolar, less than or equal to SO0 navomolar, less than or equal to 200
nanomealar, less than or equal to 150 nanomolar, less than or equal t© 108 nanomeolar, or
less than or equal to 73 nanomaolar, as demounsirated by a suitable assay for the
measurement of CDE3 expression in basophils, such as the assay as described in
Hxample 8.
[8136) in some embodiments, the compound of Foromula §, or & pharmacentically
accepiable salt thereof, 18 effective in both of Syk kinase inhibition and reduction of
CI363 expression, for example, the compound has Svk kinase activity with an ICsq value
less than or equal to 1 micromeolar, less than or equal to 300 nancmolar, less than or
aqual to 200 nanomolar, less than or egual o 100 nanomolar, less than or equal to 50
nanemolar, less than or equal to 20 nanomolar, or less then or egual o 10 nanomolar, as
demonstrated by a suitable assay for Syk kinaze activily, soch as the assay as described
i Example 8; and has reduction 1n CD63 expression with an ECaq value less than or
equal o | micromolar, less than or equal to 500 nancmolar, less than or squal to 200
nanomolar, less than or equal 1o 130 nanomolar, less than or equal o 100 namomaolar, or
tess than or equal 1o 73 nanomolar, as demonstrated by a suitable aseay for the
measurement of T3 expression i basophils, such as the assay as deseribed in
Example 9.
{6137} In some embodiments, in addition to having the property of one or more of
Syk kinase inhibition or reduction of basophil activation as measured by CD63
sxpression, inchuding having both of the propertiss of Syk kinase inhibition and
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reduction of basophul activation as measured by CD63 sxpression, the compound of
Formula L or 2 pharmaceutically acceptable salt thereof, has desirable properties for use
as a pharmaceutical, including one or more 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 move of
linetic solubility and low levels of bepatooyie clearance, inchuding kinetic solubility at
37 °C in phosphate buffer at pH 7.4 of greater than or equal to 10 oM, greater than or
equal to 20 uM, greater than or equal to 30 pM, greater than or equal 1o 40} uM, greater
than or equal to 5 pM, greater than or equal to 6 uM, greater than or equal fo 70 uM,
greater than or equal to 80 uM, or greater than or equal to %0 p,| as demeonstrated by a
suitable measure of kinetie solubility, such as the assay as described in Example 10;
and/or predicted bepatocyie clearance of less than or equal to 6.50 Liwikg, Tess than or
egual to (.40 Lihv'kg, leas than or equal to 0,30 L/he/kg, less than or squal 10 0.20
L/hrkeg, less than or equal to 010 Ld/kg, less than or equal to (.09 Liw/kg, loss than or
squal to .08 L'w/kg, loss than or equal to 0.07 Liwkg, 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 soms embodiments, the compound of Formula I, or & pharmaceutically
accepiable salt thereof, has & desirable property of kinetic sohibility, and low levels of
hepatocyte clearance, including kinetic solubility at 37 °C in phosphate buffer at pH 7.4
of greater than or squal to 10 ubf, greater than or sgual to 20 M, greater than or equal
to 30 M, greater than or equal to 40 pM, greatey than or equal 1o 50 aM, greater than or
equal to 60 pM, greater than or equal to 70 pb, greater than or egual to 80 uM, or
greater than or equal t© 80 ubd, as demonstrated by a suitable measure of kinetic
solubility, such as the assay as described in Example 18 and predicied hepatocyie
cicarance of less than or equal to (.50 L/hv/kg, less than or equal to §.40 Lhrkge, kees
than or equal to 0.30 L/wr/ke, less than or equal to .20 Liw/kg, less than or egual to
0,190 Liha'ke, less than or equal to .09 Lhwke, loss than or equal to 0.08 Lihw/kg, less
than or equal to (.07 L/ho'kg, or less than or equal to 8.06 Liw'kg, 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 Formuls I, or a pharmaceutically
accepiable sali thersof, 18 effective in both of Syk kinase inkubition 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 activily with an 1T
value fess than or equal to 1 micromolar, less than or equal to 500 nanomelar, less than
or egual 1o 200 nanomolar, less than or squal 1o 100 nanomelar, less then or equal to 30
nanomolar, less than or equosl fo 20 nanomolar, or less than or equal fo 10 nasomelar, as
demonsirated by a suitable assay for Svk Koase activity, such as the assay as deseribed
in Bxanmple §; and has redoced CDS3 expression with an Bl valus loss than or equal to
1 micromolar, less than or eqgual to 300 nanomolsr, less than or equal to 200 nanomolar,
fess than or cgual to 150 nanemolar, less than or equal to 100 nanomolar, or less than or
eqoal to 75 nanomolar, as demonstrated by a suitable assay for the measurement of
363 expression i basophils, such as the assay a8 desoribed m Example 18 and kinetic
solubility st 37 °C in phosphate buffer at pH 7.4 of greater than or equal to 10 uM,
greater than or squal to 20 M, greater than or equal to 30 uM, greater than or equal to
40 uM, greater than or egual to 5§ uM, greater than or equal to 60 pM, greater than or
equal to 70 pM, greater than or equal to 80 pM, or groater than or equal to 90 uM, as
demonstrated by a suitable measure of kinetic sohability, such as the assay as described
m Example 19; and predicted hepatooyte clesrance of lees than or equal to (.50 Liw'kg,
Ivss than or equal to (.40 L/u/ke, less than or equal to .30 Lilw/kg, less than or equal to
0.28 L/hw'kg, less than or equal to 0,10 Uh/kg, less than or equal to 0.08 Liu/kg, less
than or equaal fo 0.08 Lihw/kg, less than or equal lo 0.07 Liv/kg, or less than or squal o
.06 LAuikg, as domonstrated by a suitable measure of predicted hepatooyte clearance,

such as the assay as described in Example 11,

Methods of Use

{5140} Provided is a method of reating a subject, for example, a mammal, suchasa
human, having & disease responsive to inhibition of Syk activity, comprising
administrating to the subject baving, or suspected of baving, such a disease, an effective
amount of 8 compound of Formula 1, or a pharmacentically acceptable sall thersof In
ong aspect, the sabject, such a8 8 human, is administered s phanmaceutical composition
conywising a compound of Formula §, or g pharmaceutically acceptable saki thereof, and
a pharmaceutically acceptable vehicle,

161411 In some embodiments, the compound of Formaida I, or a pharmacenticslly
accoptable sall thereof, meay be administered o a subject {e.g., a human} who is at risk or

hags a family history of the disease or condition.
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{0142} in some embodiments, the compound of Formuds I, or a pharmaceutically
scceptable salt thereof] may aleo inhibit other kinases, soch that discase, disease
sympioms, and conditions associated with these kinases are also treated.

B143] Methods of treatment also include inhibiting Svk activity and/ or inkubiting
Becell activity, by inhibiting ATP binding or hydrolysis by Svk or by some other
moachanism, in vive, i1 g subject suffering from g disease responsive to inhibition of Syk
activity, by administering an effective concentration of a componnd of Formuda I, ora
phanmaceutically acceptable salt thereofl An example of an effective concentration
wonld be that coneentration sufficiont to imbibit Syk activity in virro. Ag effective
conceniration may be ascertained experimentally, for example by assaying blood
concentration of the compound following administration o 8 human, or theoretically, by
calculating bicavailability.

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

{8145] Also provided s & method of inhibiting B-cell activity in a subject in nsed
thereo! comprising adminisiering an sffective amount of & compound of Formula |, or a
pharmaceutically acceptable salt thereof.

{11461 Also provided is 2 meethod of inhibiting B-cell proliferation in 2 subject in
need thereof comprising adipinistering an effective amount of 8 compound of Formnida §,
or a pharmaceutically accaptable salt thereof.

{3147} Also provided is a method of treating 3 subject having cancer, an allergie
disorder and/or an sutoimmoune andor inflammatory discase, and/or an acute
inflammatory reaction, by admmistering an effective amownt of a compound of Formula
i, or a pharmaceutically scceptable salt thereofl

8148} In some embodiments, the conditions and diseases that can be treated nsing 8
sompound of Fornnida ¥, or a phammaceutically acceptable salt thereof, include, but are
not Hmited tolymphoma {e.g. siall lymphocoytic lymphoma (SLL), non-Hodgkin’s
tymphoma {NHL}, indolent nop-Hodgkin™s lvmphoma (INHL), refractory INHL, mantle
cell bymphoma (MCL), follicular lyvophoma (FL), bynphoplasmacytic lymphoma (LPL),
marginal zone lymphoma (MZL), immuncblastic large cell lyviophoma, lymphoblastic
Iymiphoma, Splenic marginal zone B-cell lymphoma (/- villous vmphocyies), Nodal
marginal zope lymphoma (+/- monocvinid B-cells), Extranodal marginal zone B-cell

tymphoma of mucosa-associated lyvmnphoid tissus (MALT) type, T-cell ymphomas (e.g.
T
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cutaneous T-call lymphoma, extranodal T-cell lymphoma, anaplastic large cell
Iymphoma, angioimmuonoblastic Tecoll lymphomas, mycosis Aungoides), B-cell
tymphoma, diffuse large B-cell lymphoms (DLBCL), Mediastinal large Becell
lymphoma, Intravascular large B-cell lvmphoma, Primary effusion tymiphoma, small
non-cleaved cell lymphoma, or Burktit’s ywmphoma), multiple myeloma, plasmacytoma,
and lenkemia {e.g. acute lymphocytic loukemia {(ALL), T-cell acute tymphoblastic
leukemia (T-ALL), B-oell acute lymphoblastic leukemia (B-ALL}, B-cell
profymphocytic leukemia, acute myveloid lewkenua {AMLY}, chronic Iymphocytic
leukemia (CLL}, juvenile myelomonocytic leukemia (IMML), minimeal residual disease
{MRID}, hairy cell levkemia, myelofibrosis {e.g. primary or sscondary myelofibiosis), or
chronic myeloid lenkeria (CML}, myelodysplastic syndrome (MDS},
myeloproliferative diseass (MPD), Waldestrom’s macroglobulinemia (WM),
polycythemia vera, essential thrombocythemia, pancreatic cancer, urological cancer,
bladder cancer, colorectal cancer, colon cancer, breast cancer, prostate cancer, renal
cancer, hepatocellular cancer, thyroid cancer, gall bladder cancer, lung cancer {e.g. non-
sinall cell tung cancer, small-cell lung cancer), ovarian cancer, cervical cancer, gastric
cancer, endometrial cancer, esophageal cancer, head and neck cancer, melanoma,
neurcendocrine cancer, CNS cancer, brain tumors {e.g., glioma, anaplastic
oligodendroghoma, adult glioblastoma reuliiforme, and adult anaplastic astrocytomal,
bone cancer, soft tissus sarcoma, retinoblastomas, neuroblastomas, peritoneal effusions,
malignant pleural effissions, mesothelioneas, Wilmes tumors, trophoblastic neoplasas,
hemangiopericytomas, Kapost's sarcomas, myxeid carcinoma, round cell carcinoma,
squamous cell carcinomas, ssophageal squamous cell carcinomas, oral carcinomas,
cancers of the adrenal cortex, ACTH-producing tumors, systemic lupus sryvthematosus
(81.E), myestenta gravis, Goodpasture's syndrome, glomernlonephritis, hemorthage,
pulmonary hemoirhages, atheroselerosis, rheumatoid arthritis (RA), psoriatic arthritis,
monoarbicelar arthritis, ostecarthritis, gouty arthritis, spondviiiis, Behoet dissase,
sutommmune thyrowditts, Reynaud's syndrome, acote disseminated encephslomyslitis,
chronic idiopathic thrombocytopenic purpora, multiple sclevosis (MS), Sjdgren’s
syndrome, antoimmume hemolytic anenda, Hissue geall rejoction, hyperacute rejection of
transplanted organs, allografl rejection, graft-versus-host disease, diseases involving
leukocyte dispedesis, discase states due {o leukooyte dvserasia and metastasis,
gramidocyte tansfusion-associated syndromes, cytokine-induced toxicity, scleroderms,

vasculilis, asthuna, psoriasis, inflammatory bowel disease {g.g. chronic inflanumatory
1
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bhowel dissase, ulcsrative colitls, Crohn’s disease, neorotizing enterocolitis}, frritable
howel syndrome, dermatomyositis, Addison’s disease, Parkinson’s disease, Alzheimer’s
disease, diabetes, type I diabetes meliitus, sepsis, septic shock, endotoxic shock, gram
negative sepsis, gram positive sepsis, and foxic shock syndrome, multiple organ injury
syndrome secondary 1o seplicemia, traums, hypovolemic shock, allergic conjunctivits,
vornal conjunctivitis, and thyroid-associated ophibalmopathy, eosinophilic gramiloma,
eczema, chronic bronchitis, acute respiratory distress syndrome, allergic rhinitis, coryes,
hay fever, bronchial asthme, silicosis, pulmonary sarcoidosis, plearisy, alveolitig,
emphysema, pneumonia, bacterial pneomonda, bronchiectasts, and pulmonary oxvgen
toxicity, reperfusion injury of the myocardim, brain, or extrenities, thermal injury,
cystic fibrosis, keloid formation or scar tissue formation, fever and myalgias due to
miection, and brain or spinal cord igury due 1o nunor trawms, diseases nvolving
isukocyie dispedesis, acute hypersensitivity, delayed hypersensitivity, urticania, food
allergies, skin sunburn, inflammatory pelvic diseass, urethritis, uveitls, simisitis,
poewmonitis, encephalitis, eningitis, rayocarditg, nephritis, ostsomyelitis, myositis,
hepatitis, alcohobic hepsatitiz, gastritts, enteritis, contact dermatitis, atopic denmatitis,
gingivitis, appendiciiia, pancreatitis, cholocyatitis, and polyeystic kiduey disease.
8149 In some embodimeents, provided s a method of treating a subject having an
allergic disorder and/or an autoimmune and/or nflammatory discase, and/or an acute
imflamypatory reaction by administering an effective amount of a compound of Formula
I, or a pharmacentically acceptable sali thereof. Tn some embodiments, the disesse is
selected from the group consisting of systemic lupus erythematosus, myestenia gravis,
Goodpasture's syndrome, glomerulonephritis, hemorrhags, pulmonary hemorrhage,
atherosclerosis, rheumatond arthritie, peoviatic arthrifis, moncartionlar artheitis,
ostenarthritis, gouly arthritis, spondylitis, Beheet disease, autoimmune thyroiditis,
Revnaud's syndrome, acute disseminated encephalomyelitis, chronie idiopathic
thrombocytopenic purpara, multiple sclevosis, §jdgren’s syndrome, sutoimmune
hemolytic anenua, tissue graft rejection, hvperacuts rejection of transplanted organs,
allogra® rejection, graf-versus-host disease, diseases imvolving leukooyte diapedesis,
disesse states due to leukocyie dyseragia and metastasis, gramilocyte
transfusion-associated syndromes, cytokine-inducad toxicity, sclernderma, vasculitis,
ssthma, proriasis, chronie inflammatory bowel disease, ulcsrative colitis, Crohn’s
disease, necrotizing enterocolitis, irvitable bowel syndrome, dermatomyositis, Addison’s

discase, Parkinson’s disease, Alzheimer’s discase, diabetes, type I diabetes meliitus,
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sepsis, septic shock, endotoxic shock, gram negative sepsis, gram positive sepsis, and
toxic shook syndrome, multiple organ infury syadrome secondary to septicemia, rauma,
hypovolemic shoek, allergic conjunctivitis, vernal conjunctivitis, and thyroid-associated
ophthalmopathy, eosinophilic gramiloma, eczema, chronic bronchitis, acule respiratory
distress syndrome, allergic rhinitie, corvea, hay fever, bronchial asthma, silicosts,
pulmonary sarcoidosts, plevrisy, sbveolitis, emphysema, preumonia, bacterial
puemmonia, bronchiectasts, sand pulmonary oxygen toxicity, reperfusion injury of the
myacardivm, brain, or exirenuties, thermal infury, oystic fibrosis, keloid formation or
scar tissne formation, fever and myalgias due (o infection, and brain or spinal cord injury
due to minor trawma, discases mvolving leukocyte diapedests, scute hypersensitivity,
delayed hypersensitivity, urticarta, food allergies, skin sunburn, inflammatory pelvic
disease, yrethritis, uveitis, sivusitis, prenmonitis, sncephalitis, meningitis, myocarditis,
nephritis, osteomyelitis, mvositis, hepatitis, slocholic hepatitis, gasiritls, enteritls, contact
dermatitis, atopic dermatitis, gingivitis, appendicitis, pancreatitis, cholocystitls, and
polyeystic kiduey disease,

{8158} In some smbodiments, provided is 3 method of treating a subject having an
auntoimnune disease selected from the group consisting of 3 systemic lupus
erythematosus, mysstenia gravis, rhewmatoid artheitie, acute disseminated
encephalomyelitis, idiopathic thromboeytopenie purpura, multiple sclerosis, Sjoegren’s
syndrome, psoriasis, autoinomune hemolyiic anemia, asthma, vleerative colitls, Crohn's
disease, irritable bowel dissase, and clronic obstructive pubmonary disease by
admimsiering an sffective amount of 8 compound of Formula §, or a pharmaceutically
acceplable salt thereofl In some ernbodiments, the amwoimmune dissase has excessive or
destructive immune reactions, such as asthma, rheumatoid arthritis, multiple sclerosis,
chronic obstructive pulmonary disease, or sysiemic lupus erythematosus,

1%y} in some embodinnents, provided is a method of reating a subjsct having
rhewmatoid arthritis, by administering an effective amount of & compound of Formula §,
or ¢ phammacentically acceptable salt thereof

{3152] Svk is 3 known inbibitor of apoptosis in lymphoma B-cells. Defective
apoptosis coniributes to the pathogenesis and drog resistance of human leukemias and
brophomas, Thus, further provided is a method of proweoting 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 carcinoma, sarcoma, melanoma, ymphoma
and loukemia, In some embodiments the cancer is g solid humor or a hematologic
malignancy.

j#3154] in sorne embodiments, provided i3 a method of treating a subject having s
hematologic malignancy selected from the group coneisting of small Tvmphoevtic
tymphoma, non-Hodgkin's lyropboma, indolent non-Hodgkin's lymphoma, refractory
iNHL, mantle cell lymphoma, follicular lymphoma, lymphoplasmacytic lymphoms,
marginal zone lymphoma, mmunoblastic large cell lvmphoma, Ivmphoblastic
tymphoma, Splenic marginal zone B-cell lymphoma (/- villous lymphoovies), Nodal
marginal zone lymphoma (-~ monocyioid B-eells), Extranodal marginal zone B-cell
fymplioma of mucosa-associated lymphoid tesue type, cutaneous T-cell lymphoma,
axtranodal T-cell lymphoma, anaplastic large cell lymphoma, angiotmmumoblastic T-cell
bymphoma, mycosis fungoides, B-eell lymaphoma, diffuse large B-cell lymphoma,
Mediastinal large B-cell lymphoma, Intravascnlar large B-cell lymphoma, Primary
gtfusion lymphoma, small nonecleaved cell lyvophoma, Burkiit's lophoma, multiple
mysloma, plasmacytoma, acute vrophooyiic leukemia, T-cell acute lymphoblastic
leukemia, B-cell acute lvmphoblastic lenkemis, B-cell prolymphocytic leukends, acute
myeloid lenkemia, chronic lymphooyiic leukemia, juvenile myelomonocytic leukemia,
mumimal residual disease, hairy cell lenkemia, priuvary myelofibrosis, secondary
myeloitbrosis, chronic myeloid leukemia, myelodysplastic syndrome, myeloproliferative
disease, and Waldestrom’s macroglobulinemia.

{11588) in some embodiments, provided is a method of treating a subject having
cancer, whereing the cancer is leukemia or lymphoma, by administering an effective
amevmt of a compound of Formuda 1, or 8 pharmaceutically scoeptable salt thereof, In
some embodiments, the cancer is selected from the group consisting of acuis
ivmphooytic levkemia, acule myeloid lenkemis, chronde lvmphooytic lsukemis, small
vmphooviic Tymphoma, myelodveplastic syndrome, myeloproliferative disease, chronic
myelowd leukenua, multiple myeloma, indolerd non-Hedglan’s lymphoma, refractory
iNHL, non-Hodgkin’s tvmphoma, mantle cell lvinphoma, follicelar hvmphoms,
Waldestrom’s macroglobulinemia, T-cell lymophoma, B-oell lvmphoma, and diffuse
large B-cell lymphoma, In one ombodiment, the cancer is Tecell acote lymphoblastic
leukemia, or Becell acute lymphoblastic levkenya. The non-Hodgkin lymphoma

encompasses the indolent B-eell diseases that include, for exanple, follicular lymphoma,
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Iymphoplasmacytic lymphoma, Waldenstrom macroglobulinemis, and margina! zone
lymphoma, as well 38 the sggressive lymphomas that include, for example, Burkin’s
tymphoma, diffuse large Becell lvimphoma and mantle cell lymphoma. Inone
embodiment, the cancer is indolent non-Hodgkin’s hymphoma.

{8156} in some embodiments, provided is 3 method of treating & subject having 3
hematologic malignancey by administering an effective amount of a compound of
Formuda §, or a phanmaceutically accepiable galt thereof. In specific embodiments, the
hematologie malignaney is leukemia (e g, chronic lymphocytic leukemia) or lymphoma
{e.g., non-Hodgkin's lyrophoma).

18187} In some embodiments, provided is a method of reating 2 subject having
chronic byraphocoytic levkemia by administering an effective amount of & compound of
Formula L or o pharmaceutically scoeptable salt theveof

{188} fn some embodiments, provided is a method of treating a subject having a
solid tumor by administering an effective amount of 8 compound of Formula L or s
pharmaceatically acespiable salt thereof. In some embodiments, the solid fumer s from
a cancer selected from the group consisting of pancreatic cancer, wological cancer,
hladder cancer, colorectad cancer, colon cancer, breast cancer, prostate cancer, renal
cancer, hepatocsilular cancer, thyroid cancer, gall bladder cancer, lang cancer {e.g. non-
small cell Jung cancer, small-cell ling cancer), ovarian cancer, cervical cancer, gastric
cancer, endometrial cancer, ssophageal cancer, head and neck cancer, melanoma,
neuroendocrine cancer, ONS cancer, brain tugors {e. g, glioma, anaplastic
shigodendroghioma, adult glioblastoma multiforme, and adult ansplastic astrocytoma),
bone cancer, soft tissus aarcoma, retinoblastomas, neuroblastornas, peritoneal effasions,
malignant plewral effusions, mesotheliomas, Wilms mmors, trophoblastic neoplasms,
hemangiopericytoreas, Kaposi's sarcomas, myxoid carcinoms, round cell carcinomas,
squamous cell carcinomas, esophageal squamous cell carcinomas, oral carcinomas,
cancers of the adrenal cortex, and ACTH-producing fumors. In some smbodiments, the
sobid fumor is from non-small cell hing cancer, small-cell lung cancer, colon cancer,
NS cancer, melanoma, ovarian cancer, renal cancer, prosiate cancer, and breast cancer.
{B184] Also provided herein is 8 compound ag described herein, e.g. a compound of
Fornula 1, or a pharmaceuntically acceptable salt thereof, for use in the treatment of a
disease or condition as deseribed herein, e.g. a cancer {including carcinoma, sarcoms,
melanoma, bymphoma and loukemia), an allergic disorder and/or an mutoimmune and/or

milammatory disease, and/or an acute mflammstory resction,
7
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Bial} Also provided hersin is g compound as desoribed hersin, e.g. a compound of
Formula §, or a pharmacsutically acceptable salt thereof, for use in the manufacture of 3
medicament for the treatment of a disease or condition as described herein, e.g. 3 cancer
{(imchading carcinoms, sarcoma, melanones, lymphoma and leakemia), an allergic
disorder and/or an autoimmune and/or inflammatory diseass, snd/or an acute
mflammatory reaction.

{0} Also provided beremn are methods for using a compound of formula {, ora
phannaceuntically sccepiable salt thersof, to selectively or specifically inhibit Svk
activity therapeutically or prophvlactically, in combination with 8 vinca-alkaloid, or
pharmaceutically acceptable salt thereof, 1o selectively or speeifically inhibit tubulin or
microtabule formation therapeutically or prophylactically. The method comprises
admintstering a compound of formula L or 8 phavmaceutically acceptable salt thersof, or
a pharmacsutical composition thereof, in combination with a vinea alkaloid, or a
phavmaceutically acceptable salt thereof, to a subject {e.g., a lnunan) in need thoreof in
an amount sufficient to inhibit Syk activity and/or inhibit tubuin or microtubule
formation, The method can be employed to frest subjects {e.g., humans) suffering from,
or subject to, a condition whose syimptoms or pathelogy is mediated by Syk expression
or activity.

{8163} “Treatment”™ or “treating” is an approach for obiaining bensficial or desired
results incliding clinical results, Beneficial or desived clinical results may imclude one
or mave of the following:

{1} decreasing one more symptoms residiing from the disease;

{6}  diminishing the extent of the disease and/or stabilizing the disease {2.2.,

delaying the worsening of the disesss);
{11} delaying the spread {e.g., metastasis) of the diseass;

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

of the disease;

(v}  amehorating the disease state and/or providing a remission {whether
partial or total} of the disease and/or decreasing the dose of one or more other

medications required {0 ireat the dissase;

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

{163} “Delaying” the development of a disease or condition means o defer, hinder,
slow, retard, stabilize, andfor postpone development of the disease or condition. This
detay can be of varying lengths of time, depending on the history of the disease or
condition, snd/or subject being treated. A method that “delays” development of a disease
or condition is a method that reduces probability of discase or condition development in
a given tme frame aud/or reduces the extent of the disease or condition in a given Hme
frame, when compared to not using the method. Such comparisons ave typically based on
clinical studies, vsing a statistically significant mumnber of subjects. Disease or condition
development can be detectable using standard methods, such as routine physical exams,
manunography, Bnaging, of biopsy. Development ruay also refer o disease or condition
progression that may be inttally undeteciable snd includes occurrence, recurrence, and
onsget,

18164} The cornpound of forreula §, or a pharmaceutically acceptable salt thereof, in
combination with a vinea alkaleid, or a phavmaceutically acceptable salt thereof, may, in
some embodiments, be sdministered 1o 8 subject {e.g., & human) who is at risk or has a
family hestory of the discase or condition,

[8165] The term “inhibition” indicates a decrease in the baseline activity of a
biological sctivity or process. “Inhibition of activity of Syk activity” refers to a decrease
in activity of 3yk as a direct or indirect response io the presence of the compound of
formnula I, or a pharmacentically acceptable salt thereof] relative to the sctivity of Syk in
the absence of such compound or a phammaceutically acceptable salt thereof. In some
embaodiments, the inhibition of Syk activity may bs compared in the ssme subject prior
to freatment, or other subjects not receiving the trestment. “Inhibition of activivy of
tubulin formation” refers to 8 decrease in tubulin formation as a divect or indirect
response o the presence of a vinea-alkaloid, or a pharmaceutically accepiable salt
thereot, relative 1o the activity of whulin formation in the sbeence of such vinea-alkaloid
or & pharmaceutically accepiable salt thereofl In some smbodiments, the intubition of
tabulin formation may be compared in the same subject prior o treatment, or other
subsjects nof receiving the treatment,
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HERSY In some embodiments, the compound of formuda I or & pharmaceunticaily
accepiable salt thereof, or a pharmaceutical composition thereof, in combination with 8
vinca-alkaloid, or a pharmacentically aceeptable salt thereof, is used in the weatment of
cancer. In certain smbodiments, the compound of formula §, or a pharmaceutically
acceptable sall thereof, mn combination with a vincs-alkaloid, or & phaormaceutically
acceptable sall thereof, is used in the ireatment of a hematologic malignancy. In some
embodiments, the compound of formula 1, or a pharmaceuntically acceptable sall thereof,
m combination with a vinca-alkslotd, or a pharmaceutically acceplable salt thereof,
inhibits the growth or proliferation of cancer cells of hematopoistic origin. In some
embodiments, the cancer cells are of lymphoid origin, and in certain embodimenis, the
cancer cells are velated o or derived from B hymephocytes or B lymphooyie progentiors.
1187 Henatologic malignancies amenable 10 treatment using the method disclosed
in the present disclosure include, without lmitation, ymphomas {e.g., malignant
neoplasms of lymphoid aod reticuloendothelial tissues, such as Burkitt's ymphorms,
Hodgking® lymphoma, non-Hodgkins” ymphomas, lymphocytic lvmphomas); multiple
myelomas; leukemias {e.g, hmphocytic leukemias, chronic mayeloid {myelogenous)
lenkernias). Other cancer cells, of hematopoietic origin or otherwise, that express Svk
also can be treated by administration of the polymorphs and compositions thereof
described herein.

{8168} In particular erpbodiments, the hematologic malignancy is leukermia or
tymphoma. In certain embodiments, the hematologic malignancy is scute lvmphooytic
leukemia (ALL}, acute myeloid leukemia (AML}, chronic lymphocytie leakemia {CLL),
small lymphocytic lymphoma (SLL), myelodysplastic syndrome (MDS),
myeloproliferstive disease (MPIY}, chronie myeloid leukemda (CMLY, multiple myveloma
(MM}, non-Hodgkin's lyimphoma (NHL), indolent non-Hodgkin’s lymphoma (INHL),
refractory iINHEL, mantle cell lymphoma (MCL), follicular bymphoma (FL3,
Waldestrom’s macroglobulinemia {WM), Tecell lymphoma, B-cell Ivmphoma, diffuse
large B-cell lymphoma {DLBCL), lymphoplasmacytic lymphoma (LPL), and marginal
zone lymphoma (MZL)

8169 In one embodiment, the cancer {s Tecell acute lymphoblastic leukemia (T-
ALL}, or Becell acute lvmphoblastic leudemia (B-ALL). Tn another embodiment, the
cancer 15 chronie Tymphooytic loukemia (CLLY. In vei another embodiment, the cancer
is non-Hodgkin’s lymphoma (NHL). In one embodiment, the NHL is diffuse large B-
cell lymphoma {(DLBCL), mantle coll lymphoma (MCL), follicular ymphoma (FL),
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small lyraphocytie ymphoma (SLL), ymphoplasmacytic lymphoma (LPL), and
marginal zone lvmphoma (MZL). In one embodiment, the cancer is indolent non-
Hodgkin’s lymphoma (INHL)

{817G) It some embodiments, the compound of formula §, or a pharmaceutically
acceptable salt thereof, or 2 pharmaceutical composition thereof, in combination with a
vinea-alkaloid, or a phamaceutically acceptable sall thersof, is used in the estment of a
solid tumor cancer. In certain embodiments, the compound of formda 1, ora
pharmaceutically acceptable salt thereof, in combination with a vinca-atkaloid, ora
pharmaceutically acceptable salt thereof] is used in the treatment of certain solid tunsor
cancers, soch as pancreatic cancer, hing cancer, colon cancer, colo-rectal cancer, breast
cancer, esophageal cancer, adenocarcinoma, hepatocelhilar cancer. In certain
embodiments, the compound of formula 1, or 3 pharmacentically acceptable salt thereof,
n contbination with 2 vinca-alkaloid, or a pharmacentically acceptable sall thereof, is
used in the treatment of certain solid tumor cancers which have an expression of Svk
activity or i which Syk is expressed. Other solid tumeor cancer cells that express Svk
also can be treated by administration of the polymorphs and compositions thereof
described herein.

BT In vet another aspect, provided are methods of treating a subject {e.g, a
homan) having 2 Syk-mediated disorder by administering a compound of formula L, ora
pharmaceutically accepiable salt thereof, or a pharmacentical composition thereof, in
combination with a vinea-alkaloid, or a pharmaceutically acceptable salt thereof, o the
subject. Provided are also methods of modulating Svk in 2 subject {e.g., a human) by
administering a compound of formuda I, or 2 pharmaceutically acceptable salt thereof, or
a pharmaceuntical composition thereof, in combination with 3 vinca-alkaledd, or s
pharmacsutically accepiable salt thereof to the subject,

1172 in any of the methods described herein, the compound of formanla | ora
phanmaceutically accepiable salt thereof, may be admindstered 1o the individual 85 3 unit
dosage, for example in the form of a tabiet. In any of the methods deseribed herein, the
vinca-aikaloid, or 8 pharmacentically scceptable salt thereof, may be administered to the

individual via IV (intravenous) delivery.

18173] Any of the methods of treatment provided heveln may be used to treat cancer
al 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 treatment provided herein
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maay be used o treat early stage cancer. Any of the methods of reatment provided herein
may be used (o reat cancer In remission. In some of the embodiments of any of the
methods of treatiaent provided herein, the cancer has rescowred afier remission. In some
ernbodiments of any of the methods of treatment provided herein, the cancer s

PFOEIEssive Cancer.

Subfects

{1741 Any of the methods of treatment provided may be wsed to treat a subject who
has been dingnosed with or is suspected of having an allergic disorder andfor an
autommane and/or infllammatory disesse, and/or an acute inflaramatory reaction or a
CABCSE.

{178 In some of the embodiments of any of the methods provided herein, the
subject is & human who is a1 risk of developing a cancer {e.g., 8 human who is
genetically or ofherwise predisposed to developing a cancer) and who has or has not
been diagnosed with the cancer. As used herein, an “at risk” subject is 2 subject who is
at risk of developing cancer {e.g., a hematologic malignancy). The subject maay or may
not have detectable dizease, and may or may not have displayed detectable disease prior
fo the freatment methods described herein, An af risk subject may have one or more so-
cailed risk faciors, which are measurable parameters that correlate with development of
cancer, such as described herein, A subject having one or more of these risk factors has a
higher probability of developing cancer than an individual without these risk factor(g).
iBE78] These rigk factors may fnclude, for example, age, sex, race, dist, history of
previous disease, presence of precursor disease, genetic {e.g., hereditary} considerations,
and environmental exposure. In some embodinnents, a subject at risk for cancer includes,
for example, a subject whose relatives have experienced this diseass, and those whose
risk is deternoined by analysis of genstic or binchemical markers, Prior history of having
cancer may also be a risk factor for nstances of cancer recurrance,

{6177 Provided herein are alse methods for treating a subject {e.g., 8 human) who
exhibits one or more symptoms associated with cancer {e.g., 2 bematologic malignancy).
In some embodiments, the subject is at an early stage of cancer. In other embodimenis,
the subjsct i at an advanced stage of cancer.

{B178) Provided herein are also methods for treating a subject {e.g., a human) who is
undergoing one oF more standard therapies for treating cancer {e.g., 8 hematologic

&G



WO 2016/010809 PCT/US2015/039677

malgnancy}, such as chemotherapy, radintherapy, immunotherapy, and/or sargery.
Thus, i some foregoing embodiments, the comapound of Formula [ or a
pharmaceutically acceptable salt thereot, administered before, during, or afler
administration of chemotherapy, radiotherapy, mmunotherapy, andfor surgery.

[8178] in another aspect, provided herein are methods for troating a subject {e.g., a
hursan) who is “refractory” to 2 cancer treatment or who is In “relapse”™ afler treatment
for cancer {e.g., & hematologic malignancy). A sublect “refractory” {0 an anti-cancer
therapy means they do not respond (o the particular treatment, also referred to as
resistant. The cancer may be resistant (0 treatment from the beginning 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 encugh 1o be considered a remission or partial
remission. A subject in “relapse” means that the cancer has returned or the signs and
symyrtoms of cancer have returned after a period of lmprovement, e.g. afler a treatment
has shown effective reduction in the cancer, such as after 2 subject {s in remission or
partial revission.

{B18G} In some embodiments, the subject may be a human who is (i) refractory 1o at
Izast one anti-cancer therapy, or (i} in relapse afer reatment with at least one anti-
cancer therapy, or both (i) and (i) In some of erebodiments, the subjsct is refractory o
at least two, at least three, or at least four anti-cancer therapy (including, for example,

standard or experimental chemotherapies).

{181} In some embodiments, the subject is refractory io at least one, at least two, at
least three, or at least four anti-cancer therapy {including, for example, standard or
experimental chemothsrapy) selected from fludarabine, diuximab, obinutuzumab,
allcylating agents, alemtunumab and other chemotherapy treatments such as CHOP
{evclophosphamide, doxorubicin, vineristine, preduisone); R-CHOP {ritocimab-CHOP),
hyperCVAD (hyperfractionated cyclophosphamide, vincristine, doxorubicin,
dexamethasone, methotrexate, oytarabine); R-hyperCVAD riuximab-hyperCVADY,
FOM (fludarabine, cyclopbosphamide, mitoxantrons); R-FUM {ritaximab, fudambine,
cyclophosphamide, mitoxanivone); boriezomib and rituximab; temsivolimus and
ritexivnab; temsirolinne and Veleade™: Todine-131 tositumomab {Bexxar™) and CHOP;
CVP {cyclophosphamide, vincristing, predoisone}; R-UVP {rituximab-CVE); ICB
{iphosphamide, carboplatin, etoposide); R-ICE (rituximab-ICE); FCR {(Hudsrabine,
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cyclophosphamide, rtuximab); FR (Hludarabine, rituximab}); and DT PACE

desamethasone, thalidomide, cisplatin, Adriamyein®, cyclophosphamide, eto oside).
‘ FEI0P P

{0182} Other examples of chemotherapy treatments (including standard or
experimental chemotherapies) are described below, In addition, treatinent of certain
fvmphomas is reviewed in Cheson, B, Leonard, 1P, “Monoclonal Antibody Therapy
for B-Cell NonwHodglin’s Lymphoma” The New England Jowrnal of Medicine 2008,
35%(6}, p. 613-626; and Wierda, W.Q., “Current and Investigations! Therapies for
Patients with CLL” Hemaiology 2006, p. 285-294, Lymphoma incidence patterns in the
Unnted Sates is profiled in Morton, LM, e ol “Lymphomas Incidence Patterns by
WHO Subtype in the United States, 1992-2001 Blood 2006, 1071}, p. 265-276.

[B183] For example, treatment of non-Hodgkins lymphomas (NHL), especially of
Becell origim, inchude the use of monocions! antibodies, standard chemotherapy
approaches {e.g., CHOP, VP, FCM, MCP, and the like), radiolmmumotherapy, and
combhinations thereof, especially integration of an antibody therapy with chemuoiherapy.
Examples of uneonjugated monoclonal antibodies for Non-Hodgkin’s lymphoma/B-cell
cancers include rituximab, slomtuzumab, buman or humandzed anti-CD20 antibodies,
fumiliximab, anti-TRAIL, bevacizumab, galiximab, epratusumab, SGN-40, and anti-
CD74. Examples of experimental antibody agents nsed in treatment of Non-Hodgkin’s
iymphoma/B-oell cancers include ofatomumab, hal0, PROI3I1921, alemshuzumab,
galiximab, SGN-40, CHIR-12.12, epratomunab, huniliximab, apolizumab, milamuromab,
and bevacizumab. Examples of standard regimens of chemotherapy for Non-Hodgkin’s
bymphoma/B-cell cancers include THOP {cyclophosphamide, doxorubicin, vineristine,
predoisone}, FCM {fludarsbine, cyclophosphamide, mitoxantrone}, CVP
{eyelophosphamide, vineristine and predunisone}, MCP (uilloxanirone, chiorambucil, and
preduisoione), R-CHOP {rituximab plus CHOPY, R-FOM {rtuximab ploy FCM), R-CVP
{rinpmab plus CVP), and R-MCP (R-MCP). Examples of radioimmunotherapy for
Mon-Hodghin's lymphoma/B-cell cancers include vitvtum-%0-labeled thritumomab

tiuxetan, and iodine-131-labeled tositumomab.

{8184] in another example, thevapeutic reatments for mentle cell mphoma (MCL)
mchide combingtion chemotheraples such as CHOP {cvelophosphamide, doxorubicin,
vingristing, prednisons), hyperCVAD (hyperifractionated eyclophosphanide, vineristine,
doxorubicin, dexamethasone, methotrexate, cviarabine) and FCM (fludarabine,
cyclophosphamide, mitoxantrone). In addition, these rogimens can be supplemenied
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with the monocional antibody ritugimab (Ritaxan) to form combination therapies R-
CHOP, hyperCVADR, and R-FOM. Other approaches include combining any of the
abovementioned therapies with stem cell transplamiation or treatment with ICE
{iphosphamide, carboplatin and etoposide). Other approaches o treating mantle cell
Iymphoma includes imumunctherapy such as using monoeclonal antibodies ke Rituximab
{Rituxan}. Rituximab can be used for treating indolent B-cell cancers, inclhuding
marginal-zene lymphorea, WM, CLL and small ymphooytic tyrophoma, A combination
of Rituximab and chemotherapy agents is especially effective. A modified approach is
radioimammotherapy, wherem a monoclonal antibody is combined with a radinisotope
particle, such as fodine-131 tositumemab (Bexxar™ ) and Yiteium-90 ibritomormab
tiuxetan (Zevalin®). In another example, Bexxar” ia used in sequential treatment with
CHOP. Another immamotherapy example inchudes using cancer vaccines, which is based
upon the genetic makeup of an individual subject’s tumor. A lyvmphoma vaceine
example is GTOP-09 (MyVax™). Vet other approaches to treating mantle cell
fymphoma includes avtologons stem cell transplantation coupled with high-dose
chemotherapy, or reating mantle cell Iyrophomae includes admindstering proteasoms
inhibitors, such as Velcade”™ {bortezomib or PE-341), or antisnglogenssis agents, such as
thalidomide, especially in combination with Ritian, Another treatment approach is
administering drugs that lead to the degradation of Bel-2 protein and increase cancer cell
sensiivity to chemotherapy, such as oblirnersen {Genasense) in combination with other
chemotherapeutic agenis. Anocther treatment approach includes sdmintstering mTOR
whibitors, which can lead to inhibition of cell growth and gven cell death; 2 non-limiting
example is Temsirolimus (CCL-779), and Temsirolimus in combination with Rinwan®,

Velcade® or other chemotherapeutic agenis.

15185} Other recent therapies for MCL have been disclosed (Nafure Reviews; Javes,
P, 2007}, Such examples include Flavepiridel, PDN332991, Rroscovitine {Selicilib,
CYCI02), Styryl sulphones, Obatoclax (GXI5-070), TRAIL, Anti-TRAIL DR4 and
DRSS antibodies, Terosirolimus ({CCR779), Bverolinus (RADIOGT), BMS-348541,
Curcumin, Vorinostat {SAHA), Thalidomide, lenalidomide {Reviimid®, €C-501 33, and
Geldanamyein (17-AAG)L

{81861 Examples of other therapeutic agents used to tregt Waldenstirony’s
Macroglobulinemis (W) inclade perifosine, bortezomib {Velcade™), ritaximab,

sildenafil ciivate (Viagra™), OC-$103, thalidomide, epratuzamab (BLL2- anti-CD22
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humeanized antibody), simvastatin, enzasirurin, campath-1H, dexamethasone, DT PACE,
oblingersen, antineoplaston A 10, antinecplaston AS2-1, alemtomumab, beta alethine,
cyclophosphamide, doxorubicin hydrochloride, prednisone, vineristing sulfate,
fudarabine, Glgrastim, melphalan, recombinant interforon alfa, carmustine, cisplatin,
cyelophosphamide, cytarabine, etoposide, meiphalan, dolastatin 10, indivm In 111
monocional antibody MN-14, ytirtum Y 90 humanized epraturumab, anti-thymooyte
globulin, busalfan, cyclosporine, methotrexate, mycophenolate mofeiil, therapeuntic
allogeneic bymephocytes, Yirtom Y 90 ithritumoresh thuxetan, sirolinmus, tacrolirus,
carboplatin, thioteps, paclitaxel, aldesleukin, recombinant inderferon alfa, docetaxel,
ifosfamide, mesna, recombinant interlewkin-12, recombinant interleukin-11, Bel-2
family protein inlebitor ABT-263, denilenkin diftifox, tanespimyein, everolimus,
pegfilgrastim, vorinostat, alvocidib, recombinant f13 ligand, recombinant lnmwnan
thrombopeietin, lviphokine-activated killer cells, amifostine tribydmte,
aminocamptothecin, irinotecan hydrochloride, caspofungin acetate, clofarabine, epoetin
alfa, nelarabine, pentostatin, sargramostim, vinorelbine ditarfrate, WT-1 analog peptide
vaceine, WTT 126-134 peptide vaccine, fervetinide, ixabepilone, oxaliplatin, monoclonal
antibody CDIS, monoclonal antibody CD20, omegs-3 fatty acids, mitoxantrone
hvdrochloride, octreotide acetate, tositumomab and iodine I-131 tosituinomab,
motexafin gadolinium, arsenic tripxide, tipifarmib, aviclogous human tumor-

derived HEPPU-96, veltuzumab, bryostatin 1, and PEGvlated liposomal doxorubicin

hydrochloride, and any combination thereof,

{8187 Examples of therapeutic procedures used o treat WM include peripheral
blood stem cell transplantation, autologous hematopoietic stom cell tansplamiation,
asioiogous bone marrew transplantation, antibody therapy, biclogical therapy, enzyme
mhibitor therapy, total body irradistion, infusion of stem cells, bone murrow ablation
with stem cell support, in visro-treated peripheral blood stem cell transplantation,
wmbilical cord blood transplantation, immunoenzyme technigue, phammacological study,
fow-LET cobal-60 garma ray therapy, bleomyein, conventional surgery, radiation

therapy, and sonmysloablative allogeneie hematopoietic stem cell iransplantation,

{3188} Examples of other therapeutic agents used o treat diffuse large Bocell
iymphoma {DLBCL) drug therapies (Blood 20038 Abramson, 1) inchude

cyclophosphamide, doxorubicin, vineristine, predudsone, anti-CI20 monoclonal
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aniibodies, etoposide, bleomyein, many of the agents lsted for Waldenstrom's, and any

combination thereof, such as ICE and R-ICE.

{Hi8%9 Examples of other therapeutic agents used (o treat chronic lymphooytic
leukemia (CLL) (Spectrum, 2006, Fernandes, 13.) include Chiprambueil {Leukeran),
Cyclophosphamide {Cyloxan, Endoxan, Endoxana, Cyelostin, Fludarabine (Fludara),
Pentstatin (Nipent}, Cladribine {Leustarin), Doxorobicin (Adramyvein”, Adriblastine),
Vinoristing {Oncovin}, Pradnieone, Preduisolone, Alenvturumab (Campath,
MabCampath), many of the agents lsted for Waldenstrom’s, and combination
chemotherapy and chemoinimunotherapy, including the common combination regimen:
CVP {cvelophosphamude, vineristine, prednisone}; R-CVE (rituimab-CVPY, ICE
{iphosphamaide, carboplatin, stoposide); R-ICE (rituximab-ICE); FCR (fludarabine,

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

{8196} In another aspect, provided 13 a method of sensttizing a subject{eg, a
human} who is {8 refmctory (o at least one chemotherapy trestmen, or (8) in relapse
after treatrnent with chemotherapy, or both (i) and (i}, wherein the method comprises
adrninstering a compound of Formaula I, or & pharmaceutically scceptable salt thereof, or
a pharmaceutical comuposition thereof, to the subject. A subject who s sensitized is g
subject wha is vesponsive t© the tresiment involving administration of the compound of
Formula I, or a pharmacestically accepiable salt thereof] or who has not developed

resistance to such treaiment.

{8181 In another gspect, provided herein are methods for freating 2 subject{e g, a
human}) for a cancer, with comorbidity, wherein the treatment s also effective in treating
the comorbidity. A “comorbidity” to cancer is a disease that ocours at the same thne as

the cancer.

{6192} in some embodiments, provided herein are methods for treating a subject
{e.g., a human} for chronie lymphoovtic leukemia (CLL), with comorbidity, wherein the
reatment is also effective in (reating the comorbidity. Many subjects with OLL will
have one or more other dissases, for example diseases affecting the blood pressure
system, vascudar and heart systems, sndoerine and metgbolic systems, genitowrinary
system, youscuinskelotal system, respiratory system, neurological system, upper and
lower gastrointestinal systems, psychiatric system, ear, nose and throat systems, renal

system, or ver systeyn., Specific morbidites of CLL include, but are not limited to, one
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or more other cancers {e.g. breast, head and neck, lung, melanoma, non-Hodgkin’s T-
cell lymphoma, prostate, colon, small intestine, gynecologic and urinary tact),
hypertension, kyperlipidemia, coropary artery disease, peripheral vascular diseases,
cardiomyopathy, valvular heart disease, strial fibrillation, corebrovascular disease (8.3,
transient ischemic attack, stroke]), chromie obstructive pulmonary disease, joind discass,
peptic uleer, inflanunatory bowel disease, paychiatric ilness, thyvoid disease, benign
prostate hyperplasia, disbetes mellitus, and osteoarthritis (Satram-Hoang ef al., Journal
of Cancer Therapy, 3013, 411321-1329; Thurnmes ot al, Levkemia & Lymphoma, 2008;
49{1349-36).

{8193 T some embodiments, a method of treating a comorbidity of Ul ina
subject {e.g., a huunan}, wherein the method comprises administering 2 compound of
Formulda §, or 8 pharmaceutically sceeptable salt thereot, or a 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, hng,
melanoma, non-Hodghin’s T-cell lymphoma, prostate, colon, small intestine,
gynecologic and wrinary tract), hypertension, hypedipidemia, coronary arlery disease,
peripheral vascular diseases, cardiomyopathy, valvular heart disease, atrial fibrillation,
cerchrovascular disease (s.g. transient ischemic attack, stroke), chwronic obstructive
pulmonary disease, joint disease, peptic vleer, inflammatory bowel disease, psychiatric

illness, thyroid disease, benign prostate hyperplasia, digbetes mellitus, and osteoarthritis,
Monotherapy and Combination Therapies

G184 Also provided are methods of treatment in which a compound of Formula §,
or a pharmaceutically accepiable salt thereof, is the only active agent given to g subject
and also includes methods of treatment in which a compound of Formuia L, ora
pharmaceutically accopiable salt thereof] is given to a subject in combination with one or
maore additional active agenis. Both monotherapy and combination therapies are intended
and described for use in the methods detailed herein, such as in a method of treating any

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

HESRY In some embodimeants, a2 method of reating cancer, an allergic disorder
andfor an antoimmune and/or inflammatory disesse, and/or an acute inflammatory

reaction comprises administering to a subject in need thereof an effective smount of a
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compound of Formmula 1, or a pharmacoutically acceptable salt thersof, wherein the
subject is not undergoing therapy for the same diseass or condition with another agent or

procedurs.

{196} in some embodiments where the compound of Formuila ¥ ora
pharmaceutically acceptable salt thereof, {5 administered as a monotherapy to the subject
wha has been diagnosed with or is suspected of having & cancer, the subject may be a
haman who is (1) refractory to at least one anti-cancer therapy, or {3} in relapse after
treatment with at least one anti-cancer therapy, or both {1} and (8). In some of
embodiments, the sulyoect is refractory to at least two, at least three, or at lesst four anti-
cancer therapy {including, for example, standard or experimental chemotherapies). For
example, in some smbodiments, the sabject may be & human who is () refractory o a
therapy using an anti-CER0 antibody, au alkylating agent {e.g., bendamustine), @ purine
analog {e.g., Qudarabine}, an anthracycline, or any combination thereof; (i) in relapse
after treatment with an anti-CB20 antibody, an alkylating agent {e.g., bendamustine}, a
purine anglog {e.g., Budarabine), an anthracycline, or any combination thereof, or both
{i} and (i}

R A human subject who is refractory to st least one anti-cancer therapy andfor
1% inrelapse after treatment with at least one anti-cancer therapy, as described above,
moay have undergone one or more prior therapics. In some embodiments, such subjects
have undergone one, two, thres, or four, or af least one, at least two, at least three, at
Isast four, or at least five, or between one and ten, hetween one and nine, between one
and eight, between one and soven, betwesn one and six, betwesn one and five, or
betwesn one and four, anti-cancer therapies prior to treatment using the methods
deseribed herein {e.g., prior o the adminstration of the compound of Formula L ova

pharmaceutically acceptable salt thereot, as a monotherapy).

[B198] it should be understood that when a subject {e.g 8 human} is treated with the
compound of Formula I, or a phammaceutically acceptable salt thoreof, as a monotherapy,
the subject muay also underge one or more other therapies that are not anti-canger

therapies.

HEEY In some embodiments, 8 method of treating 8 comorbidity of a cancer,
meluding but not imited to CLL, in a suliject {e.g., 2 homan} who has been diagnosed

with cancer, e.g. CLL, wherein the method comprises administering a therapy to treat the
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comorbidity in conrbination with a compound of Formula I, or & pharmaceutically
accepiable salt theveot, or 2 pharmacentical composition thereot, 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, lang, melanoma, non-Hodgkin’s T-cell lymphoma,
prosiate, oolon, small intesting, gynecologic and urinary tract), hypertension,
hyperlipidenua, coronary artery disease, peripheral vascular diseases, cardiomyopathy,
vidvular heart disease, atrial fibrillation, cerebrovascular disease {(e.g. transient ischemic
attack, stroke), chronde obstructive pulmonary disease, joint disease, peptic ulcer,
inflamunatory bowel disease, psychiatric illness, thyrodd disease, bendgn prostate

hyperplasia, disbetes mellitus, and ostecarthritis,

Combination therapies

02641 In some embodiments, 8 method of treating cancer, an allergic disorder
and/or an autolmmune and/or inflammatory disease, and/or an scude inflammatory
reaction comprises administering to a subject in need thereof an effective amount of a
compound of Formnds §, or a phammaceutically accoptable salt thereof, together with g
second active agent, which can be useful for ireating a cancer, an allergic disorder and/or
an autounmune and/or inflamonatory disease, andfor an acute inflammatory reaction.

Por example the sscond agent may be an anti-inflamatory agent. Treatment with the
second active agent may be prior {o, concomitant with, or following treatment with a
compound of Formmda 1, or a pharmaceutically acceptable salt thereof. In some
embodiments, a compound of Formula §, or & pharmaceutically accepiable salt thereof ts

covebined with another active agent in a single dosage form,

{281} Provided herem are also methods of treatment in which the compound of
Formula I, or 3 pharmaceutically acceptable salt thereof, admindstered i & subject {e.g.,
a fnwean) who has been diagnosed with or is suspected of having a cancer is given to the
subject in combination with one or more additional therapies, incloding one or more of
the anti-cancer therapies desenbed above. Thus, In some embodiments, the method for
ireating cancer in a sulject {e.g., 3 human) in peed thereof, comprises administering to
the subject a therapeutically effective amount of 8 compound of Formula L, ora
pharmacsutically accepiable salt thereof, or a pharmaceutical composition thersoef,
together with one or more additional therapies, which can be useful for treating the

cancer. The one or more additionad therapies may involve the adminisivation of one or
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raore therapeutic agents. Suitable anti-cancer therspeutics that may be used in
combination with a compound of Formula §, or a phannaceutically acceptable salt
thereof include, but are pot Hmited to, one or more agents selected from the group
consisting of chernotherapeutic agents {e.g. milomyein C, carboplatin, taxol, cisplatin,
paclitaxel, etopoaide, doxorubicing, radictherapeutic antitumor agents, topoisomerase |
inhibitors {e.g.camptothesin or topotecan), topotsomerase [ inhib#tors {e.z. daunomyein
and etoposide), alkylating agents {e.g. cvelophosphamide, melphalan and BCNU),
tubulin directed agents {e.g. taxol and vinblastine), PI3K inhibitors {e.g. compounds A,
B, and C below}), inhibitors of bysyl oxidase-ltke 2, and blological agents {e.g. antibodies

such as antl CD20 amtibody, IDEC §, mnwnotoxing, and eviokines),

8303 In some embodiments, the method for treating cancer in a subject{e.g, a
human} in need thereof, comprises administering o the subject a therapeutically
sifective amount of a cornpound of Formulda §, or a pharmacentically acceptable salt
thereof, or a pharmacentical composition therent with one or more additions] therapies
selected from the group consisting of fudarabine, ritiximab, obinutuzumab,
alemtonemab, oyclophosphamide, chlorambucil, doxorubicin, doxorubicin
hydrochloride, vincristing, vincristing sulfate, melphadan, busulfan, carmustine,
pradunisons, preduiscione, dexamethasone, methotrexats, oytarabine, mitoxanirone,
mitoxantrone hydrochloride, bortezomib, temsirolmus, carboplatin, stoposide,
thalidomide, cisplatin, lumiliximab, ant-TRAIL, bevacinunab, galiximab, epratuzumab,
SGN-40, anti-CD74, ofatumumab, ha20, PROIIIS2Y, CHIR-12.12, apolizumab,
milatuzmal, bovacioumab, yirium-90-labeled ibrinnoomab thuxetan, tositomamab,
iodine-131 tositumomab, iphospharide, GTOP-69 vaccine, oblimersen, Flavopiridol,
PDOI32991, Reroscovitine, Stvryl sulphones, Obatoclax, TRATL, Anti-TRAIL DR4 and
DRSS antibodies, Fverolimus, BMS-345541, Corcumin, Yorinostat, lenalidomide,
Geldavsmnyein, perifosine, stidenafil citrate, CU-5103, simvastatin, eneastaurin,
campath-1H, DT PACE, antineoplaston A10, antineoplaston A82-1, beta alethine,
filgrastiog, recombinant interferon alfa, dolastatin 10, indium In 111 monoelonal
antibody MN-14, anti-thymocyie globulin, oyelosporine, mycophenolate mofeti],
therapeutic allogenele ymphooytes, tacrolimas, thiotepa, paclitaxel, sldesleukin,
docetaxel, fosfamide, mesna, recombinant interleukin-12, recombinant interleokin-11.
ABT-263, dentleukin diftitox, fanespimycin, everolimus, pegfilgrastim, vorinostat,

atvocidib, recombinant 13 Hgand, recombinant human thrombopoietin, lymphokine-
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activated killer colls, amifostine wihydrate, anunocampiothecin, itinotecan
hydrochloride, caspofungin acetate, clofarabine, spoetin alfy, nelarabine, pentostatin,
sargramostim, vinorelbine ditartrate, WT-1 anslog peptide vacoine, WTT 126-134
peplide vaccine, fenretinide, ixabepilone, oxaliplatin, monoclonal antibody TN 9,
monocionsl antibedy CD20, omega-3 fatty acads, octrectide acetats, motexafin
gadoliniurs, arsenic trioxide, tipifarnih, antologous human tumor-derived HEPPC-94,
veltuzurmab, bryostatin 1, PEGyiated Hposomal hydrochloride, peripheral blood stem
cell ransplantation, sutologous bematopotetic stam cell transplantation, sutologous bone
marrow transplantation, infusion of stem cells, bone marrow ablation with stem cell
support, in vifro-freated peripheral blood stem cell transplantation, umbilical cord hlood
gransplaniation, low-LET cobal-60 gamma ray therapy, bleomycin, conventional
surgery, radiation therapy, and nonmyeloablative allogeneic hematopoietic stem cell

transplantation,

18283} in some embodiments, the one or more additions] therapies involve the use of
a phosphatidylinosttol 3-kinase (PI3K) inhibitor, including for example, Compounds A,
B or , or a pharmaceutically acceptable salt of such compounds. The structures of

Compounds A, B and C are provided below,

Compound A Compound B Compound €
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2041 In other embodiments of the methods deseribed ahove bwvolving the use of
the compound of Formuds 1, or a pharmaceutically accepiable salt thereof, in
combination with one or more additional therapies, the one or more additional therapies
is other than a therapy wsing Compound A, Compound B, or Compound C, or s
phanmaceutically acceptable salt of such compounds. In one embodiment of the
methods described above mmvolving the use of the compound of Formula I, ora
pharmaceutically acceptable salt 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 Tn another embodiment of the methods
deseribad above involving the use of the compound of Foromula 1, or & pharmaceutically
acceptable salt thereof, in combination with one or more additions! therapies, the one or
move additional therapies is other than a therapy wsing Compound B, or a
pharrsaceutically acoepiable salt thereofl In yet another embodiment of the methods
described above involving the use of the compound of Formula § or a pharmaceutically
acceplable salt thereof, in combination with one or more additional therapies, the one or
more additional therapies is other than a therapy using Compownd C, or a

pharmacsutically acceptable sal thereof

{B285] In other embodiments, the one or more additional therapeutic agent may be
an inhubtiors of tysyl oxidase-tike 2 (LOXL2) and 2 substance that bind to LOXLZ,
inchuding for example, s humanized monocional antibody {(mAb) with an

unmunogiobulin 18G4 isotype directed against human LOXL2.

286l The compound of Formula §, or a pharmaceutically acceptable salt thersof,
can be useful ss chemosensitizing agents, and, thus, can be useful in combination with

other chemotherapeutic drugs, in partiondar, drugs that induce apopiosis.

{8387} A method for increasing sensitivity of cancer cells to chemotherapy,
comprising admindstering {o a subject {e.g., bumen) undergoing chemotherapy a
chemotherapeutic agent together with a compound of Formula §, or 8 pharmaceutically
acceptable salt thereof, or & pharmaceutical composition thereof, in an amount sufficient
to mmerease the sensitivity of cancer cells to the chemotherapentic agent is also provided
hereim. Examples of sther chemotherapeutic drugs that can be used in combination with
charieal entities described herein inclnde topoisomerase | inhihitors (campiothesin or
topotecan), topoisomerase 1 mhibitors {e.g. davnomycin and stoposide), alkylating
agents {e.g. cyclophosphamnide, melphalan and BONU), tubudin directed agents {e.g.
taxol and vinblasting}, and biological agents {o.g. antibodies such as anti CDI0 antibody,
IO 8, imenonotoxins, and cytokines). In one embodiment of the method for
incregsing sensitivity of cancer cells o chemotherapy, the chemotherapeutic agent is
other than Compound A, or 3 pharmaceutically acceptable sali thereof. In anocther
embodiment of the method for increasing sensitivity of cancer cells to chemotherapy, the
chemotherapentic agent is other than Compound B, or a pharmaceutically scceptable salt

thereof. In vet another embodiment of the method for increasing senstiivity of cancer
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cells to chemotherapy, the chemotherapeutic agent is other than Compound O, ora

pharmaceutically acceptable salt thereof

1208 In soume embodiments, the compound of Fornuuls §, or a pharmaceutically
acceptable salt thereof, or & pharmaceutical composition thereof, is used in combination
with Rituxan® (Rituximab) or other sgents that work by selectively depleting CD20+ B-

pelis,

{289 included herein are methods of treating cancer, an sllergic disorder and/or an
autoimumune and/or mflanunatory dissase, and/or an acule inflammatory reaction
comprising adminisiering {0 a subject in need thereof an effective amount of 2
compound of Formula 1, or 8 phareaceutically acceptable sali thereof, ora
pharmaceutical composition thereof, in combination with an anti-inflamunatory agent.
Ant-inflammatory agents include but are not lmited to NSAIDs, non-specific and
COX- 2 speoific eyclooxgenase enzyme inkdbilors, gold compounds, corticostersids,
methoirexate, tumaor necrosis factor receptor {TNF) receptors antagonists,
vemunosuppwessants and methotrexate. Examples of NSAIDSs include, but are not
fimited to thuprofen, flarbiprofen, naproxen and naproxen sodivm, diclofenac,
comiynations of diclofenac sodium and mizoprostol, sulindac, oxaprozin, diffunisal,
piroxicam, indomethacin, etodolae, fenoprofen caletum, ketoprofen, sodium
nabhametone, sulfasalazine, tolmetin sodium, and hydroxyehloroguine. Examples of
NSAIDs also include COX-2 specific inhibitors (i.e., a compound that infdbits COX-2
with an IC50 that is at least 30-fold lower than the ICS0 for COX-1} such ax celecoxib,

valdecoxib, lnmiracondb, sioricoxib andfor rofecoxih.

{B21g] It g ferther embodiment, the anti-inflanuostory agent is a salioviate.
Salicylates inchude but are not limited to acetylsalicylic acid or aspirm, sodium
salicylate, and choline and magnesium salicylates. The anti-inflaromestory agent may
also be a corticosteroid, For example, the corticosternid may be chosen from cortisons,
dexamethasone, methylprednisolone, prednisclone, prednisclone sodium phosphate, and
preduisone. In some embodiments, the anti-inflanunatory therapeutic agent is 2 gold
compound such as gold sodium thiomalate or avranofin. In some embodiments, the anti-
inflamroatory agent is a metabolic inhibitor such as s dihydrofolate reductase inhibitor,

such as methotrexate or a diliydroorotate dehydrogenase inhibitor, such as lefhunomide.
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{§311 In some embodiments, combinations in which at least one anti-inflarematory
compound is an anti-CS monoclonal antibody (such as ecolizumab or pexelizumab), a
TINF antagonist, such as entamercept, or infliximab, which s an anti-TNF alpha

monocional antibody are used.

{92131 In some embodiments, combinations in which at least one therapeutic agent
is an inununosuppressant corsponnd such as methotrexate, leflunomide, cvclosporine,

tacrolimus, azathioprine, or mycophenolate mofeti] are used.

23] Provided herein are also methods of freatment in which the compound of
Formulds 1, or 2 pharmaceutically acceptable salt thereof, administered {0 2 subject {eg,
a human} who has been diagnosed with or is suspected of having an sutoinvnune disease
is given to the subject in combination with one or more anti-inflanunatory or
immunosappresant agents selocted from the group consisting of ibuprofen, flurbiprofen,
naproxen, naproxen sodhum, diclofenac, dickofense sodinm, misoprostol, sulindac,
oxaprozin, diflanisal, piroxicam, indomethacin, etodolac, fenoprofen caleium,
ketoprofen, sodiwn nabumetone, sulfasalazine, tolmetin sodivm, hydroxychloroguine,
celevoxib, valdecoxib, lunuracoxib, etoricoxib, rofecoxib, acetvisalioylic scid, sodium
salicylate, choline salicoyiate, magnesium salicylate, cortisone, dexamethasons,
methylpredmiscions, preduisclone, predndselone sodiwm phosphate, prednisone, gold
sodium thinmalate, awranofin, methotrexate, dihydroorotate leflunomide, leflunomide,
cyclosporine, tacrolimas, axathiopring, mycophenolate mofeti], eculizumaby,

pexehnanal, entanercept, and inflixtmab.

8214} Provided herein are methods of treatment in which the compound of formula
I, or a phamacsutically acceptable salt thersof, in combination with a vinca-alkaloid, or
a pharmaceutically acceptable saltl thereof, admintstered 0 a subjoct {e.g, 8 human) is
the only anti-cancer therapy regimen adminisierad 1o the subiect. Provided herein are
methods of treatment in which the compound of formmada 1, or a pharmacentically
acceptable salt thereof, in combination with s vinca-alkaloid, or a pharmaceutically
accepiable salt thereof administered 0 a subject (e g, a human), wherein the subject is
not undergoing any other anti-cancer treatments. In one variation, the suhject is not
undergoing any other anti-cancer treatments using one or more PI3K inhibitors. Such
PI3K inhibitors may inchude, in certain embodiments, Compounds A, B and C, whose

structures are provided below.
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In one variation, the subject 15 not undergoing any other anii-cancer reatmenis
using Compoumnt &, or & pharmacentically acceptable salt thersof In another variation,
the subject is not undergoing any other anti-cancer freatments using Compound B, ora
pharmaceutically acoeptable salt thereof. Tn yel another variation, the subject is not
undergoing any other anti-cancer treatments using Compound C, or a pharmaceatically

acceptable salt thereof

B2E8] in some embodiments where the compound of formula L ora
pharmaceutically acceptable salt thereof, in combination with a vinca-alkaloid, ora
pharmaceutically acceptable salt thereof, is administered as a monotherapy treatment
regimen o the subject, the subject may be a buman who is {1} refractory to at least ong
apti-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 subiect is refractory to at least two, at
least three, or &t least fowr anti-cancer therapy {inchuding, for example, standard or

experimental chemotherapiss).

{i2is] It should be understood that when a subject {e.g. 8 buman) is treated with the
compound of formula §, or a pharmaceutically acceptable salt thereof, in combination
with a vinca-alkaloid, or a pharmacenticslly scceptable salt thereof, as a monotherapy
reatment regimen as described by this disclosure, the subject may also undergo one or

more other therapies that are not anfi-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 § or a pharmacentically acceptable salt, and
a therapeutically effective amount of 8 vinca-alkaloid, or 8 phareacentically 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 i a humen who is {f) refractory to
at least one anti-cancer treatiment, or (i) in relapse after treatment with at least one anti-
cancer therapy, or a combination thereof. In certain other embodiments, there is provided
a method for weating cancer in a subject in need thereef, comprising administering to the
subject a therapeutically effective amount of a compound of formmla L ora
phasmaceutically acceptable salt, and & therapentically effeciive smount of g vinca-
alkalodd, or a pharmscentically acceptable salt, wherein the vinca-alksloid is selected
from the group consisting of vincristine, vindesing, vinorelbine and vinblastine, and
wherein further the subjsct i3 8 human who is not undergoing any other anti-cancer
treatments; and the subject is {1} refractory to at least one anti~cancer treatment, or (it} in

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

[8218] in some embodiments, there is provided a method for treating cancer ina
subjset in need thersof, comprising administering 10 the subject 3 therapeutically
sffective amount of 8 compound of formuda 1, or 2 pharmacentically acceptable salt, and
a therapeutically effective amount of a vinca-alkaloid, or a pharmaceutically sceeptable
salt, wherein: the vinca-alkaloid is selected from the group consisting of vineristine and
vinblasting, and the subject is g human who is () refmctory to at least one anti-cancer
freatment, or (it} in relapse after roatment with at least one anti-cancer therapy, or g
combination thereof. Inn certain other smbodiments, there is provided a method for
treating cancer i a subiect in need thereof, comprising administering to the subject a
therapeutically effective aroount of a compound of formula I, or a pharmacsutically
acceptable salt, and a therapeutically effective amount of a vinca-alkaloid, ora
pharmaceutically acceptable salt, wherein the vinca-alkaloid is selected from the group
consisting of vincristine and vinblastine, and wherein further the subject {5 a lnunan who
is not undergoing any other anti-cancer treatments; and the subject is {1 refractory to at
least one anti-cancer treatment, or (1) in refapse after treatment with at least one anti-

cancer therapy, of a combination thereof.

Ry in one embodiment, there is provided & methed for treating cancer in g
subject in need thereof, comprising administering to the subject s therapeutically
effective amount of a compound of formula §, or a pharmaceutically acceptable salt, and
a therapeutically effective amount of a vincs-alkaloid, or a pharmaceutically accepiable
sall, wherein: the compound of formuls s 6-{G-aminopyrazin-2-913-N-{4-{4-{oxetan-3-

yhpiperazio-1-vhphenvimidazol 1 2-ajpyrazin-8-amine, the vinca-alkaloid is
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vincristing, and the subject is a lnuman who s {i} refractory to at least one anti-cancer
ireatment, or {H} in relapse after reatment with at loast one amti-cancer therapy, or a
combination thersof, In one other embodiment, there s provided 2 method for reating
cancer in 2 subject in need thereof, comprising administering o the subject
therapeutically effective amount of 2 compound of formula §, or a pharmaceutically
accepiable salt, and a therapeutically effective amount of 8 vinca-alkaloid, ora
pharmacentically acceptable salt, wherem the compound of formula T is 6-(6-
aminopyrazin-2-yh-N-(4-{4-(oxotan-3-yDpiperazin- 1 -yliphenylimidazo] 1, 2-a lpyrazin-
&-amine, the vinca-alkaloid is vineristine, and wherain further the subject is 3 haman
wh is not undergoing any other snti-cancer trostments; and the subject is () refractory
i at least one anti-cancer frestment, or (i) in relapse afler treatment with at least one

anti-cancer therapy, or a combination thereof,

{B224] In one embodiment, there is provided s method for treating cancer in a
subject i need thereof, comprising administering to the subject a therapeutically
effective amount of a compound of formula {, or a pharmaceutically acceptable salt, and
a therapeutically effective amount of a vinca-alkaloid, or a pharmaceutically acceptable
salt, wherein: wherein the compound of formula ¥ is 6-{6-aminopyrazin-2-yi}-N-{4-{4-
{oxetan-3-yhpiperazin-1-yliphenymidaze] 1,2-alpyrazin-8-armine, the vinca-alkaloid iz
vinblastine, and the subject is a buman who is (i) refractory to at least one anti-cancer
treatment, or (i) m relapse after treatment with at least one anti-cancer therapy, ot a
combination thereof. In one other embodiment, there Is provided a method for treating
cancer in a subject in need thereof, comprising administering to the subject a
therapeutically effective amount of a compound of formeula |, or & pharmaceutically
acceptable salt, and a therapeutically effective amount of' a vinca-alkaloid, or a
pharmaceutically acceptable salt, wherein wherein the compound of formula 1 is 6-(6-
aminopyrazin-2-y -N-(4-{4-{oxetan-3-ylipiperazin-1-vhphenyvi Hmidaro] |, 2-alpyrazin-
E-amune, the vinca-alkaloid i3 vinblastine, and wherein fiwther the subject is a human
who is not undergoing any other anti-cancer treatments; and the subject is {1) refiactory
o &t least one anti-cancer treatment, or (1) in relapse after treatment with at least one

anti-cancer therapy, or a combination thereofl

oY In vet other smbodiments where a compound of formula §, ora
pharmaceutically acceptable salt thereof, in combination with a vinca-alkaloid, or s

pharmaceutically accoptable salt theveot, is administered as & monotherapy treatment
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regimen to the subject, the subject may have a 17p deletion; 2 TPS3 mutation, NOTCHI,
a SF3B1 mutation, a 1lg deletion, or any combination thereof. In some embodiments
where a conpound of formuds I, or a pharmageutically acceptable salt thereof, in
comitnnation with & vinca-alkaloid, or & pharmacsutically acceplable salt theveof is
administered as a monotherapy treatment regimen to the subject, the subject has a {7p
deletion, 8 TP33 mutation, or g combingtion thereof. In another embodiments where s
compornd of forruls | or & pharmaceutically acceptable sali thersof, in combination
with a vinca-alkaloid, or 3 pharmacentically acceptable salt thereof, 15 administered as a
monotherapy reatment regimen to the subject, the subject has NOTCH], a SF3B1

mutation, a 11g deletion, or any combination thereof

{2221 Provided herein are also methods of treatroent in which the compound of
formula 1, or a pharmaceutically acceptable salt thereof, in combination with & vinca-
alicalond, or a pharmaceutically acceptable salt thereof, administered 0 a subject {e.g., 2
human) is given o a subject {e.g, a human) 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 in s subiect {e g, 8 human)
in nead thereof, comprises administering fo the subject a therapeutically effective
amount of a comppound of formuls §, or 2 pharmaceutically acceptable salt thereof, ora
pharmacentical composition thereof, In combination with a vinca-slkaloid, or a
pharmscentically acceptable salt thereof, together with one or more additional therapies,

which can be useful for treating the cancer. The one or more additional therapies may

mvolve the administration of one or more therapeutic agents as deseribed herein.

{233 For exsmple, m other embodimeents, the one or more additional therapeutic
agent may be an inhibitors of lysyl oxidase-itke 2 (LOXL2) and 2 subsiance that bind to
LOXLE, woluding for example, & humanized monoclonal sntibody (mAb) with an

mmunoglobulin 1pG4 isotype divected against buman LOXL2,

{h334d In other embodiments, the one or more additional therapeutic agent may be
an aunti-inflammatory agent. Trestment with the one or more sdditions! therapeutic agent
may be prior {o, concomitant with, or following treatment with the pharmaceutical
composition described herein. In some embodiments, the pharmaceutical composition
described herein, is combined with another therapentic agent in a single dosage form,
which 18 then adminigtered prior 0, concomitant with or subseguent to administration
with & vincg-alkaloid, or a3 pharmaceutically acceptable salt thereof, of dus disclosure.
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Suitable antituor therapeutics that may be used in combination with at least one
cherpical entity described herein include, but are not Himited to, chemotherapeutic
agents, for example matomyein €, carboplatin, taxol, cisplatin, paclitaxel, etoposide,
doxorubicin, or a combination comprising at least one of the foregoing chemotherapeutic
agenis. Radictherapoutic antifemor agents may slso be used, alone or in combination

with chemotherapeutic agents.

{8228 It should be understood that any combinations of the additional therapeutic
agents described above may be used, as if cach and every combination was individually
iisted. For example, in some embodiments, the additional therapeutic agents include a
PI3K inhibitor and a LOXL2 inhibitor,

Fharmacenticad Compesitions and Adminisiration

{B226] Compounds of Formulda §, or a pharmacentically acceptable salt thereof, are
usually administered in the form of pharmaceutical compositions. This disclosure
therefore provides pharmaceutical compositions that contain, as the active ingredient,
one of more of the compounds described, or a pharmaceutically acceptable salt or
pharmaceutically accepiable ester thereof, and one or more pharmaceutically acceptable
vehicle, such as exciplents, carders, including inert solid dilvents snd fillers, diluents,
inchuding sterile aguecus solution and various organic solvents, permeation enhancers,
solubilizers and adjuvants. The pharmaceutical compositions may be administered alone
or in combination with sther therapeuntic agents. Such compogitions are prepared in a
manner well known in the pharmaceutical ant {(see, ¢.g., Remington’s Pharmaceutical
Seiences, Mace Fublishing Co., Philadelphia, PA 17th Ed. (1983); and Modem
Pharmaceutics, Marcsel Dekker, Inc. 3rd Bd. {G.S. Banker & C.T. Rhodes, Eds)

{82271 The pharmaceutical compositions may be administered in either single or
multiple doses by any of the accepied modes of administration of agenis having simalar
utilities, for examnple as described in those patents and patent applcations incorporated
by reference, including rectal, buceal, intranasal and transdermal routes, by intra-arierial
fgection, intravenously, intraperitoneally, parenterally, mtramuscularly, subcutaneously,
orally, topically, as an inhalant, or via an impregnated or coated device such ss a stent,

for example, or an artery-inserted cylindrical polymer,

{228 Coe mode for administration is parenteral, particularly by injection. The

forms in which the compounnd of Formula I, or a pharmaceutically acceptable salt
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thereof, may be incorporated for adminisiration by ingection include agueous or oil
SUSPEnSIOns, of sneulsions, with sesame oil, corn ol cottonsesd oil, or peanut oil, ag well
as elixirs, mannitol, dextrose, or & stertle aguecus sohition, and similar pharmaceutical
velicles, Agueous solutions in saline may also conventionally be used for injection.
Ethanol, glycerol, propylene glycol, lquid polyethylene glyeol, and the like {and sultable
mixiures thereof}, cyclodexirin derivatives, and vegetable oils may also be emploved.
The proper fhudity can be maintained, for example, by the use of 8 coating, such as
lecithin, by the maintenance of the requured 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, parabens,

chlorobutancl, phenol, sorbic acld, thimerosal, and the like,

LA Sterile igectable solutions are prepared by tncorporsting a compound
aceording 0 the prosont disclosurs in the required amount in the appropriate solvent with
various other ingredients as enumerated above, as required, followed by filtered
sterilization. Generally, dispersions are prepared by incorporating the various sterilized
active ingredients into a sterile vehicle which contains the basic dispersion mediwn and
the required other mgredients from those snumerated above. In the case of sterile
powders for the preparation of stertle Injectable solutions, the preferved methods of
preparation are vacuum-drving and freeze-drving techuiques which yield 2 powder of the
active mgredient plus any additional desived ingredient from g previously sterfle-filtered
solation thereofl In sowe embodiments, for parenteral administration, sterile injectable
solutions are prepared containing a therapeutically effective amoumt, 2.2, 0.1 to 1000
mg, of the compound of Formula 1, or a pharmacentically acceptable salt thereof, It will
be understood, however, that the amount of the compound actually administered vsually
will be determined by s physician, in the light of the relevant circumstances, including
the condition to be treated, the chosen route of aduuinistration, the actial compound
administered and s relative activity, the age, weight, and response of the individual

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

D238} Oral admirdstration iz another route for administration of the compound of
Formuuda 1, or a pharmaceutically aceepiable salt thereofl Adnunistration may be via
capsule or enteric coated tablets, or the lke. In making the pharmaceutical compostiions
that include the compound of Formula I, or a pharmaceutically acceptable sall thersof,

the active mgredient is usually 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 diluent, it can be in the form of a solid, semi-solid, or hquid
material {as above), which acts as a vehicle, carrier or medium for the active ingredient.
Thus, the compositions can be in the form of izblets, pills, powders, lozenges, sachets,
cachets, elixirs, suspensions, emulsions, solutions, syrups, acrosols (asa solidorina
Higuid medium), oindments containing, for exaraple, up to 19% by weight of the active
compound, soft and hard gelatin capsules, sterile injectable solutions, and sterile

packaged powders,

18331 Some exarpples of suitable exciplents in an oral formulation include lactose,
dextrose, sucrose, sorbitol, mannitol, starches, gure acscia, caloium phosphate, alginates,
tragacanth, gelatin, calcivm silicate, microcrvstaliine celhdose, polyvinylpyrrolidons,
cellalose, sterile water, syrap, and methyl cellulose. The formulations can additionally
melude: lubricating agents such as talo, magnesium stearate, and mineral oil; wetting
agents; emulsifying and suspending agents; preserving agents such as methyl and

propythydroxy-benzoates; sweetening agents; and flavoring agends.

I3 The pharmacentical compositions as deseribed herein can be formulated 50 ag
o provide quick, sustained or delayved release of the active ingredient afier
admunisiration o the subjoct by smeploving procedures known in {he art. Controlled
refease drug delivery systems for oral administration include osmotic pump systoms and
disschutional systems containing polymer-coated reservoirs or drug-polyvser matrix
formulations. Examples of controlled release systems are given in 1.8, Patent Nos.
3,845,770; 4,326,525; 4,902,514, and 5,616,345, Another formoulation foruse i the
methods of the present disclosure employs transdermal delivery devices {patches). Such
ransdermal patches roay be used o provide continuons or discontinuous infusion of the
compounds of the present disclosure in controlled amounts. The construction and use of
transdermal patches for the delivery of pharmeacentical agents is well known in the art.
See, e.g., U.S. Fatent Nos, 5,023,232, 4,992,445 and 5,001,139, Sech patches may be

constructed for continuous, pulaatile, or on demand delivery of pharmaceutical agents.

{8233} in some embodiments, the compositions described herein are formudated tn a
unit dosags form. The term “unit dosage forms” refers to physically discrete units
suitable as unitary dosages for hurman sebjects and other manuaals, each unit containing
& predetermined quantity of active material caloulated to produce the desived thevapeutic
effect, in association with a suitable pharmacentioal excipient {e.g., a tablet, capsuls,
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ampoule}. The compounds are generally administered in 2 pharmacentically effective
amount. In some embodiments, for oral adnunistration, each dosage undt cortaing from
about 1 mg to abouwt 3000 mg, about 1 mg o about 4000 myg, about 1 myg to about 3000
my, about 1 mg to about 2000 mg, about 2 mg to abowt 2000 mg, about § mg to sbout
2000 mg, about 10 myg to about 2000 mg, about 1 mg to about 1000 mg, about 2 mg to
about 1008 mg, about 3 mg o about 1000 me, about 10 mg to sbouwt 1000 mg, about 25
mg to about 1000 mg, about 30 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 mg to about
1000 mg, about 175 mg to about 1000 mg, about 200 mg to about 10060 me, about 225
mg to about 1000 myg, about 250 my to about 1000 myg, about 300 mg to about 1000 me,
about 350 mg to about 1300 me, about 400 my to about 1000 myg, about 450 mg 1o about
1000 myg, about 300 mg to about 1000 mg, about 550 myg to about 1000 mg, about 600
mg to about 1000 mg, about 650 mg to about 1000 mg, about 700 mg to about 1000 mg,
about 750 mg o about 1000 mg, about 800 mg to about 1000 mg, sbout 830 mg 1o about
1000 mg, about 300 mg o about 1000 myg, about 950 mg to about 1000 mg, abowt 1 mg
i about 750 mg, sbout 2 mg to about 730 mg, sbout 5 mg to about 750 mg, about 10 mg
0 about 750 mg, about 23 mg to abont 750 my, about 50 mg to about 750 mg, about 73
mg to about 753 myg, abount 100 mg v about 750 mg, about 125 mg to about 750 mg,
about 150 mg to about 730 mg, sbowt 175 mg to about 750 mg, about 200 mg to about
750 mg, about 225 myg to about 750 mg, about 250 mg to about 750 myg, about 300 mg to
about 750 mg, about 350 mg to about 750 mg, about 400 myg to about 730 mg, about 450
mag to about 730 mg, about 300 mg to about 750 mg, about 550 mg to abow 750 myg,
about $00 mg to about 750 me, about 650 mg to about 750 myg, about 700 myg to about
750 mg, about I myg to about 300 mg, abowt 2 myg to about SO0 myg, about § mg to about
500 mg, about 10 mg to about 300 mg, about 25 mg to about 300 mg, shout 50 mg o
about 300 mg, about 75 mg to about 500 mg, about 100 mg to about 500 my, about 125
mg {0 about 300 mg, about 130 mg to about 500 mg, sbowt 175 myg to about 500 mg,
about 200 mg to about 300 mg, about 225 mg to about 300 mg, about 250 mg to abowl
500 myg, sbout 300 mg to about 300 mg, about 35¢ mg to about 300 mg, about 400 mg to
about 500 mg, about 450 myg to about 540 myg, about 1 mg to about 400 mg, sbout 2 mg
o about 400 mg, about 5 mg o about 400 mg, about 10 mg to about 400 mg, about 25
myg to about 400 mg, about 50 mg to about 400 mg, about 75 myg to about 400 mg, about
100 mg to about 400 myg, sbowt 125 myg to about 400 mg, about 150 mg o about 400 mg,
about 175 mg to about 400 mg, abow 200 mg to about 400 mg, about 2235 mg to aboat

.
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400 my, about 230 mg to about 400 mg, about 300 mg to about 400 g, aboui 350 mg o
about 400 mg, about 1 myg to about 300 mg, abowt 2 myg o sbout 300 my, about 5 my to
about 300 mg, about 1 my to about 300 wyg, sbowt 28 mg 1o abowt 300 mg, about 30 mg
w0 about 300 mg, about 75 mg to about 300 mg, about 100 mg to sbout 300 mg, abowt
123 mog to about 300 mg, about 156 mg to about 300 mg, about 175 mg to about 300 myg,
about 200 myg to about 3K mg, about 225 myg to about 300 mg, about 250 mg io ghout
300 mg, about § myg to about 250 myg, about 2 mg to about 250 mg, about 5 mg to about
250 mg, about 10 mg to about 250 myg, about 25 mg to about 250 mg, sboui 30 mg to
about 230 mg, about 75 mg to about 250 mg, abowt 100 mg t© about 230 myg, about 125
mg 1o about 230 mg, about 150 mg to abowt 230 mg, about 175 myg to abowt 2530 mg,
about 200 mg to about 230 mg, about 225 mg to about 250 mg, sbout | mg to about 225
mg, about 2 mg to about 225 mg, about § mg to about 225 mg, about 10 my 1o abowt 225
mg, about 25 mg to about 225 mg, about 5¢ mg to about 223 mg, abowt 75 mg to about
225 mg, about 100 wmg to about 223 myg, abowt 123 wog to about 225 mg, about 150 mg to
about 225 mg, about 175 mg to gbout 225 mg, about 200 mg to about 225 mg, about |
g to about 200 mg, abowt 2 mg to about 200 me, about § mg to abowt 200 mg, sbout 10
myg o abount 200 mg, abowt 23 myg to about 200 myg, about 50 mg o about 200 myg, sbout
73 mg to abowt 200 mg, ahout 100 mg to about 200 mg, about 125 mg to about 200 mg,
about 150 mg to about 200 mg, about 175 myg to about 200 my, about 180 mg to about
200 mg, about § mg to about 173 mg, abowt 2 myg to about 175 mg, about 5 mg to shout
175 mg, about 10 myg to about 175 mg, about 25 mg to about 175 mg, sbout 50 mg to
about 173 mg, abowt 75 mg to about 175 mg, abowt 10 mg & abowt 175 myg, about 125
mg fo abeout 175 mg, abowt 130 myg to about 1735 mg, about 1 mg {o about 150 mg, about
2 mg to about 150 mg, about § mg to gbout 130 mg, about 10 mg to about 150 mg, abowt
23 mg to about 150 mg, about 530 mg to about 150 mg, about 75 myg to about 130 mg,
about 100 myg to sbout 130 mg, sbout 125 myg to about 150 mg, about T mg to about 125
myg, about 2 mg to about 125 mg, about § mg to about 125 mg, sbout 10 myg to about 125
mg, about 25 mg to about 125 mg, about 30 mpg to about 125 mg, about 75 my fo abowt
123 mg, about 100 mg to about 125 mg, shout T mg to sbout 100 mg, about 2 mg o
about 100 mg, about § mg to about 100 mg, about 10 mg to sbout 100 mg, about 25 mg
to about 100 mg, about 50 mg o about 100 my, or about 75 myg to abowt 100 mg of a

compound of Formuds §, abowt or a phavmacentically sceeptable salt thereof.
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82341 In some embodiments, for oral administration, sach dosage unit containg
about | mg, about 2 mg, about § mg, about 10 mg, about 15 my, about 20 mg, about 25
myg, about 30 mg, about 33 mpg, about 40 mg, about 45 mg, about 50 mg, about 75 mg,
about 100 mg, about 123 mg, abowt 130 mg, about 175 mg, about 180 myg, about 200
mg, aboul 225 mg, sbout 250 mg, about 300 mg, about 350 mg, about 400 mg, about
450 mg, about 500 mg, about 350 mg, about 600 mg, about 650 mg, abouwl 700 my,
about 750 mg, about 300 my, about 850 myg, about 800 myg, about ¥30 mag, or about 1000

mg of a compound of Formula L or s phavmaceutically scoeptable salt thereof.

{B235] The dosages for oral sdminstration described above may be administered
onee daily (313} or twice daily (BID). In some embodiments, the compound of formula
I, or a pharmacewtically acceptable salt thereof, or a phanmaceutical composition thereof,
is administered orally at & vott dosage of about 1 mg QD about 2 g QD about § mg
QI3 about 10 mg GD, about 15 mg I3, about 20 mg QD about 235 mg O, about 30
mg Q, about 35 mp GD, about 40 mg D, about 45 mg QOD, sbout 58 mg QD, about
60 myg O, about 65 mg O, about 70 mg G0, about 75 mg QD, about 30 myg QD
about 90 mg Q1 about 100 mg QD, about 125 mg QO, about 150 mg OD, abowt 175
mg QD about 180 mg 0D, abowt 200 mg O, about 225 mg QD sbout 250 mg QD
about 300 o QD about 350 mg QF, about 400 mg Q53, about 450 mug G, about 500
mg O3, about 5530 mg QD, about 600 mg G5, about 650 mg QD about 700 mg QU
about 730 mg QD about 300 mg O, abowt 350 mp QD sbout 500 mg QD about 8950
mg (0, or about 1000 mg QLN In some embodiments, the compound of formula L or a
phanmaceutically acceplable salt thereof, or a pharmaceutical composition thereof, is
administered orally at a unit dosage of about 1 mg BID, abowt 2 my BIDY, about S mg
BID, about 13 mg BID, about 15 myg BID, about 20 mg BID, sbout 25 mg BID, about 30
mg BID, about 35 mg BID, about 40 mg B, about 45 mg BIDY, shout 50 mg BID,
about 75 mg BID, about &0 mg BID, about 80 mg BID, about 100 mg BID, sbout 125
mg BID, about 150 mg BID, about 175 mg BID, about 200 myg BID, about 225 mg BID,
about 250 mg BID, abount 300 mg BID, about 350 mg BID, sbout 400 mg BID, shout
430 rog BID, about 300 mg BIDY, about 350 myg BID, about 500 mg BID, about 650 mg
BID, abowt 700 myg BID, sbout 730 myg BID, about 800 mg B, about 850 mg BID,
about 900 rog BID, about 950 mg BID, or about 1600 mg BID,
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{82361 In some embodiments, for parenteral administration, each dosage unit
contains from 0.1 mg to 1 g, 0.1 mg to 700 mg, or 0.1 mog to 100 mg of a compound of

Formula I, or a pharmaceutically accepiable salt thereof,

{237 For guy of the dosage units as described herein, it will be understood,
however, that the amount of the compound actually admindstered osually will be
determined by a physician, in the lght of the relevant circumstances, including the
condition to be freated, the chosen rovte of administration, the sctual compound
administered and iis relative activity, the age, weight, and reaponse of the individual

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

{B238] For preparing solid compositions such as tablets, the principal active
ingredient 1s mixed with a pharmaceutical excipient to form a solid preformulation
composition confaiiing 8 homogeneous mixture of the compound of Formula [, ora
pharmacentically acceptable salt thereof. When reforring to these preformulation
compostiions as homogenaous, it is meant that the active ingredient is digpersed evenly
throughout the composition so that the composition may be readily subdivided into

equally effective umit dosage forms such as tablets, pills and capsules.

1623491 The tablets or pills as described herein may be coated or atherwise
compounded o provide g dosage form affording the advantage of prolonged sction, or to
protect from the acid conditions 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 envelope over the former. The two components can be separated by an enteric layer
that serves to resist disintegration in the stomach and permit the inner component 1o pass
mtact into the duodenum or io be delaved inrelease. A variety of materials can be used
for such enteric layers or coatings, such materials including a number of polymeric acids
and mixtores of polymeric acids with such materials as shellac, cetyl alcohol, and

gelinlose acsiale,

H248] Compositions for inhalation or insufflation may nclade solutions and
suspensions in phammaceutically accoptable, agueous or organic solvents, or mixtures
thereof, and powders. The lguid or solid compositions comprising the compound of
Forroula L or & pharmaceutically acceptable salt thersof, reay contain suflable
phanmacentically accepiable excipients as described supra. Preforably, the compositions

are adminustered by the oral or nasal respiratory route for local or systemic effect.
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Compositions in preforably pharmaceutically aceeptable solvents may be nebulized by
use of inert gases. Nebulized solutions may be inhaled directly from the nebulizing
device or the nebulizing device may be attached 10 a facemask tent, or inlermitient
positive pressure breathing machive, Solution, suspension, or powder compositions may
be administered, preferably orally ov nasally, from devices that deliver the formudation in

an approprigie manner,
Dosing Regimen

{243} Inn the methods provided herein, the compound of Formula, ora
pharmacentically acceptable salt thereof, or a pharmaceutical composition thereof, is
admimstered i a therapeutically offective amouant to achiove its intended purpose.
Determanation of a therapeutically offective amount is well within the capability of those
skilled in the art, especially in light of the detniled disclosure provided hersin. In some
enthodiments {methods of treating cancer), a therapeutically effective amount of the
compound of Foromla 1, or a pharmaceutically acceptable salt thereof, may (i) reduce the
number of cancer cells; (i) reduce tomor size; (i) inbibi, retard, slow to some extent,
and preferably stop cancer cell infilration into peripheral organs; (iv) inkibit (e 2., slow
o some exient and preferably stop) tumor metastasis; (v} inhibit tumor growth; {vi)
delay ocourrence and/or recurrence of a hunor; snd/or (vil) relieve to some extent ons or
more of the symptoms associated with the cancer. In various embodiments, the amount
is sufficient o ameliorate, palliate, lvssen, andfor delay one or more of symptoms of

Laneoy.

1242} The therapentically effective smount may vary depending on the subject, and
disease or condition being treated, the weight and age of the subject, the severity of the
disesse or condition, and the manner of administering, which can readily be determined

by one or ordinary ekill in the art.

{6243} The dosing regimen of the compound of Formula §, or a pharmaceutically
acveptable salt thereof, in the methods provided herein may vary depending upon the
indication, route of administration, and severity of the condition, for example.
Brepending on the route of administration, a suitable dose can be caloulated according to
body weight, body surface area, or organ size. The finsl dosing regimen is determined by
the attending physictan in view of good medical practice, considering various faciors

that modify the action of drugs, e.g., the specific activity of the compouad, the identity
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and severity of the disease state, the responsivences of the subject, the age, condition,
body weight, sex, and diet of the subject, and the severity of any infection. Additional
factors that can be taken into account inchude thne and frequency of administration, drug
combinations, reaction sensitivities, and tolerance/response to therapy, Further
refinement of the doses appropriate for reatment invelving any of the formulations
mentioned herein is done rontinely by the skiled practitioner without undue
experimentation, especially in light of the dosing information and assays disclosed, as
well as the pharmacokinetic data observed in human clinical trisls. Approprisie doses
can be ascertzined through use of established assays for determining concentration of the

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

{244 The formulation and route of administration chosen may be tatlored to the
individual subject, the nature of the condition to be treated in the subject, and generally,
the judgment of the attending practitioner. For example, the therapeutic index of the
compound of Formula I, or 8 phanmacentically acoeptable salt thereot] may be enhanced
by modifying or derivatizing the compound for targeted delivery to cancer celis
expressing a marker that identifies the cells as such. For example, the compounds can be
linked 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 10 exert their offocts
locally, as previously described. Seee. &, Pietersz of al, bomanol. Rev,, 129:57 (1992);
Trail et al,, Science, 261:212 {1993}, and Rowhnson-Busza et al., Curr. Opin. Oneol,,
4:1142 (1992},

{3245} The therapeutically effective amount of the compound of Formula f, ora
phamaceutically acceptable salt thereof, may be provided In a single dose or multiple
doses to achieve the desived treatment endpoint. As used hereln, “dose” refers to the
iotal amount of an active ingredisnt {e.g., the compound of Formuda L, or g
pharmaceutically accepiable salt thereof,} to be taken each time by a subject{eg, 2
human). The dose administored, for example for oral administration described above,
may be administered once daily (QD), twice daily (BID), three times daily, four times
daily, or more than four Hmes daily. In some emodiments, the dose of a compound of
Formula 1, or a pharmaceutically acceptable salt thoreof, 15 administered once disly. fn
some emodiments, the dose of a corapound of Formula 1, or a pharmacentically

scceptable salt thereod, is admindstered twice digly.
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[8246] in some embodiments, sxemplary doses of the compound of Formula I, ora
pharmacentically acceptable salt thereof, for 2 human subject may be from about 1 mg to
about 5000 myg, about § mg to about 4000 me, about | mg to about 3000 me, sbout | mg
o abowt 2000 mg, about 2 mg to about 2000 me, abow § myg (0 about 2000 mg, about 10
mg 1o about 2000 mg, about 1 myg to about 1000 mg, sbowt 2 mg 1o about 1000 g,
about 5 mg o about 1000 mg, about 10 mg to about 1000 mg, about 28 mg to about
1300 mg, sbout 30 mg 1o about 1000 mg, about 75 mg to about 1000 mg, sbout 100 mg
to about 1000 mg, abount 125 mg to about 1000 my, sbout 1530 mg  about 1000 mg,
about 175 mg to abowt 1000 myg, sbowt 200 mg 1o sbout 1000 mg, about 225 mg to about
£000 mg, about 250 mg to about 1000 mg, about 300 mg to about 1000 myg, about 350
mg fo about 1000 mg, about 400 mg to about 1000 mg, about 430 mg to about 1000 mg,
about 500 mg to about 1000 mg, about 3530 mg to about 1000 me, about 600 mg to about
1000 mg, about 630 myg to sbout 1000 mg, about 700 mg to about 1000 mg, about 750
mg 1o about 1000 mg, about 8300 mg to about 1800 mg, about 350 mg i abowt 1000 mg,
ahout 900 mg to about 1000 mg, about 950 myg o about 1000 mg, sbout 1 mg to sbount
750 myg, abount 2 mg to about 730 mg, about § mg to about 750 mg, about 10 mg to about
750 mg, about 25 mg to about 750 mpg, about 50 mg to sbout 750 mg, about 75 mg to
about 750 mg, sbout 100 mg to about 750 mg, about 123 mg to about 750 mg, about 150
mg o about 750 myg, about 175 myg to abont 730 mg, about 200 mg to about 750 mg,
about 235 mg to sbout 750 mg, about 250 mg to about 750 mg, about 30 mg to about
750 mg, about 350 mg o about 730 mg, about 400 mg to about 730 mg, about 450 mg to
about 750 mg, about SO0 myg to abowt 7530 myg, about 350 mg to about 750 mg, about 600
mg to about 730 mg, sbout 650 mg o about 750 mg, about 700 mg to about 750 mg,
about | myg to about 500 mg, about 2 mg to about 500 mg, about § mg to about 300 mg,
about 10 my to about 500 mg, about 25 mg to about 580 mg, about S0 my (o about 500
mg, about 75 mg to about 300 mg, about 100 g to about 500 mg, about 125 mg o
about 300 mg, about 150 mg to abowt 500 my, sbout 175 mg o about 500 mg, about 200
mg to about 300 mg, about 225 mg 1o about 500 mg, sbout 350 mg to about 500 mg,
about 300 mg to about 300 myg, about 350 mg o about 500 mg, about 400 mg to shout
300 mg, about 450 mg to about S0 myg, about T myg 1o about 400 mg, about 2 mgto
about 400 mg, about 5 mg to aboot 400 mg, about 10 mg to about 400 myg, about 25 mg
i about 400 mg, about 50 myg to about 400 my, about 78 mg to about 40 myg, sbout 100
mg to about 400 mg, about 125 myg to abowt 400 my, about 150 mg to sbout 400 my,

about 173 mg to about 400 mg, abowt 200 myg to about 400 mg, sbout 228 myg to about
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400 mg, about 230 mg to about 400 mg, about 300 mg to about 400 myg, about 350 mg o
about 40 myg, about T mg to shout 300 me, about 2 myg to about 300 my, about 5 mg 1o
about 300 mg, sbout 10 mg to about 300 mg, about 25 mg to about 300 my, about 50 mg
to about 300 mg, about 75 mg to about 300 mg, about 180 mg to about 300 mg, about
125 myg to about 300 mg, about 150 mg to about 300 mg, about 175 mg to about 300 mg,
aboat 200 mg o about 300 mg, about 223 mg to about 300 mg, about 250 mg to about
300 mg, about 1 mg to about 250 mg, about 2 mg o about 250 mg, about § mg o about
250 mg, sbout 10 mg to about 230 mg, about 25 myg to about 250 mg, about 30 mg to
about 230 mg, about 75 mg (0 about 250 mg, about 100 mg o about 250 mg, about 125
mg to about 230 mg, about 150 mg to about 250 mg, about 175 mg to about 230 mg,
about 200 mg to about 230 mg, about 225 mg to about 250 mg, about I my to about 223
mg, about 2 mg to about 225 mg, about § mg to abowt 225 myg, about 10 mg to about 223
mg, about 23 mg o about 225 mg, about 50 mg to about 225 mg, shbout 75 mg to about
223 mg, sbout 100 mg to about 223 mg, abowt 125 mg to about 225 mg, abowt 150 mg to
about 225 mg, about 175 mg 1o about 225 myg, about 200 mg 1o about 22385 me, about 1
mg to about 200 myg, about 2 mg to about 200 mg, about 5 mg to about 200 mg, about 10
mg to about 200 g, about 25 mg to about 200 me, about 30 me to about 200 my, sbout
75 mg to about 200 mg, about 100 mg to sbout 200 mg, sbout 125 mg to about 200 mg,
about 150 mg to about 200 mg, about 175 mg to about 200 mg, about 180 mg to abowt
200 mog, about 1 mg to about 175 mg, about 2 mg to about 175 mg, about § mg to ahowt
175 mg, about 10 mg to about 175 mg, about 25 mg to about 175 mg, sbowt 30 mg 1o
about 175 mg, about 75 mg to about 175 mg, about 100 mg to sbout 178 mg, about 125
g 1o about 173 myg, about 150 mg to about 175 mg, about 1 mg to about 1530 mg, about
2 mg to about 130 mg, about § mg to about 150 myg, sbout 10 mg o about 150 mg, about
23 my t© about 130 mg, about 30 mg to sbout 150 g, sbout 75 mg to gbout 150 mg,
ahout 100 mg to about 150 mg, about 125 mg o about 150 mg, about 1 myg to about 125
mg, about 2 g o about 125 mg, about 3 mg to sbout 125 mg, about 10 myg to about 125
myg, about 25 mg o sbout 125 mg, abowt 30 myg to about 125 mg, about 78 mg to about
123 mg, about 100 mg to about 125 g, about 1 mg to about 100 mg, about 2myg o
about 100 myg, sbout 3 mg to about 100 mg, abowt 1 myg to about 100 mg, sbout 25 mg
0 about 100 mg, about 30 myg o about 100 mg, about 60 mg to about 100 mg, or about
73 mg to about 100 mg.
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{8247} in some embodiments, exemplary doses of the compound of Fornula §, ora
pharmaceutically accepiable salt thereof, for a human subject may be about 1 mg, about
2 mg, about J mg, about 10 mg, about 15 myg, sbout 20 mg, sbout 23 mg, about 30 mg,
about 35 mg, about 40 mg, about 435 veg, sbout 30 mg, sbout 0 mg, about 5 myg, about
70 mg, about 75 mg, about 100 mg, about 123 mg, sbout 150 my, about 173 mg, about
180 nug, about 190 mg, about 200 mg, abowt 223 mg, abowt 230 my, shout 300 mg,
about 350 mg, about 400 myg, sbout 430 mg. about 500 mg, about 350 mg, about 500
mg, about 630 mg, sbout 700 mg, about 75} mg, about 30{ mg, about 850 mg, sbowt
200 mg, about 930 mg, about 1K mg, about 1200 my, about 1400 mg, about 1600 mg,
about 1800 mg, about 2000 myg, sbout 2200 myg, about 2400 mg, abowt 2600 myg, about
2800 mg, about 3000 myg, about 3200 mg, shout 3400 mg, about 3600 my, abowt 3800
mg, about 4600 mg, about 4200 myg, about 4400 mg, about 4600 mg, about 4800 mg, or
about 5000 mg.

{B248] Inn other embodiments, the methods provided comprise continuing to treat the
subject {e.g., a human) by administering the doses of the compound of Formula 1, or a
pharmacentically accepiable salt thereof| at which clindcal efficacy is achieved or
reducing the doses by increments to a level at which efficacy can be maintained. In
some embodiments, the methods provided comprise administering 0 the sublect {e.z., 2
hurpan) an utial datly dose of 30 mg o sbout 300 myg or the compound of formula §, or
in an alternative embodiment 100 mg to 1000 mg of the compound of Formula L ora
pharmmaceutically acceptable salt thereof, and administering subsequent daily doses of
the compound of Formula §, or a pharmaceutically accepiable salt thereof, over at least 6
days, wherein each subsequent datly dose s inoreased by 25 mg to 300 mg, or by 50 mg
to sbout 400 mg. Thus, i showld also be vnderstood that the dose of the compound of
Formula I, or 2 pharmaceutically acceptable aalt thereof] may be increased by Increments
urtil clinical efficacy is achieved, Tncroments of about 10 mg, about 25 mg, sbout 50
mg, about 100 mg, or about 125mg, or abont 150 mg, or about 200 mg, or about 250 mg,
or about 300 mg 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 dosng will depend on the pharmacokinetic parameters of
the compound administered, the rowte of administration, and the particular disease
reated. The dose and frequency of dosing may also depend on pharmacokinetic and

pharmacodynamde, as well as toxicity and therapeutic efficiency data. For example,
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pharmacokinetic and pharmacodynamic information about the compound of Formula §
or a pharmaceutically accepiable salt thereof, can be collected through preclinical in
vitro and in vive studies, later confirmed i humans during the course of clinical irials.
Tiws, for the compound of Formuls 1, or & pharmaceutically acceptable salt thereof, used
it the methods provided herein, a therapeutically effective dose can be sotimated initially
from biochemical and/or cell-based assays. Then, dosage can be fornmilated in andmal
models o achieve a desirable circulating concentration range that modulates Syvk
expression or activity. As human stodies are conducted funther nformation will ewerge
regarding the appropriate dosage levels and duration of treatment for various discases

and conditions,

{3544 Toxicity and therapeutic efficacy of the compound of Formula [, ora
pharmaceutically acceptable aalt thereof, can be determined by standard pharmaceutical
provedures in cell culfures or experimental animals, e g, for determining the Lk, {the
dose lethal to 30% of the population} and the EDsq {the dose therapeutically effective in
30% of the population}. The dose ratio between toxic and therapentic affects s the
“therapeutic inden”, which typically is exprossed as the ratio LDsy/EDse. Compounds
that exhibit large therapeutic indices, Le., the toxic dose is substantially higher than the
effective dose, are preferred. The dats obtained from such cell culture assays and
additional animal studies can be used in formulating 8 range of dosage for human use.
The doses of such compounds les preferably within a range of ciroudating

concenirations that include the EDsy with little or no toxicity.

{B251} In the methods provided herein, the compound of formula §, or a
phammaceutically acceptable salt thereot, or & pharmacentical composition thereof, is
adnuinistered in a therapeutically effective amount to achieve its intended purpose. As
used herein, a “therapeutically effective amount” when referring to a vinca-alkaloid, or a
pharmaceutically acceptable sali thereof] s an amount sufficient o infubit tubulin
growth or forpiation, or fo inhibit or reduce mderotubuole formation, or to interfere with
spindle formation, and thereby treat 8 subject {e.g. a human) suffering an indication, or
to ameliorate or allevigte the oxisting symptoms of the indication. For example, a
therapeutically effective amount of & vincs-alkaloid or a phannaceutically accsplable
salt thereof may be an amouot sufficient o decrease 3 symptom of a disease or condition

responsive to nhibit of twbulin activity and/or formation.
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[B252] The therapeutically effective amount of the vinca-alkaloid of this disclosure,
o its pharmaceutically acceptable salt thereof, may be provided in & single dose or

multiple doses to achieve the desired treatment endpoint. As used herein, “dose™ refers
to the total amounnt of an active ingredient {e.g., vineristine or vinblastine, for example),
or a pharmacentically accepiable salt thereof)} to be taken each time by 2 subject ez, a

homan).

{8383] BExermaplary doses of the vines-alkaloid of this disclosure, or its
pharmaceutically acceptable salt thereof, for 2 human subject may be between ahout

.01 mg-M? to abowut 3.0 mg-M°, depending on the identity of the vinca-alkalowd, or
betwesn abowt 0.01 mg-M 1o sbout 2.5 mg-M7, or between abowt 0.01 mg-M? to about
2.0 mg-MY, or between shout 0.01 mig-M° to about 1.9 mg«f\.’iz? or between about 3.01
mg-M o shout 1.8 mgnM:Z, or between about 8.01 mgnrM?' to about 1.7 mg~M2, or
between sbout 0.01 mg-M2 to about 1.6 mg-M?, or batween about 0.01 mg-M* 1o about
1.5 mg-M", or betwsen about 0.01 me-M° to about 1.4 mg-b°, or betwesn ahout 0.01
mg-M* to about 1.3 mg-M~, or between sbout 0.01 mg-b? to about 1.2 mg-MP, or
between about 3.01 mg~M2 1o about 1.1 mguM?; or between about 8.81 mg~M2 o ghout
1.G mgnMZ, or between about 0.01 mg—Mi i ghout 0.9 mgnmz, or between about (.01
M 60 about .8 mg-MP, or between about 0.01 mg-M~ io about 0.7 mg-MY, or
between about 0.01 mg-M” to abowt 0.6 mg-M’, or between shout 0.01 mg-M’ to about
0.5 mg-M, or between about (.01 mg-M o about 0.45 mg-M, or between about 0.81
mg-M* to about 0.4 wog-M°, or between about (.01 me-M? to about 035 mg-M-, or
between about 0.01 mg-M to about 0.33 me-M%, or betwesn about 0.01 mg-M- to about
0.3 mg-M, or hetwesn about 0.01 mp-3M° o sbout 0.25 mg-M?, or between about (.01
mg-M? te shout 0.2 me-M?, or between about 0.01 mg-h" o about 0.15 mg-M°, or
between about 0.01 mg-M* to about 0.01 mg-M°, or betwsen about 0.1 mg-M” to about
1.8 mg-M°, or between about .15 mg-M to abont 1.7 mg-M°, or between about 0.2 mg~
MY s abeout 1.6 mg-MY, or between ahout 0.25 wag-M* 1o about 1.5 mg-M2, or betwesn
about 0.3 mg-M- to about 1.4 mg-b*, or between about 8.33 mp-M” fo about 1.3 tng-d7,
or between about .35 mp-M” 1o about 1.2 mg-M?, or between sbout 0.4 mg-M? to shout
1.1 mg-M?, or between about 0.45 wg-M- to about 1.0 mp-M?, or between about 0.5 mg-
M7 to ghout 0.9 mg-MY, or between about 0.6 mg-MC fo about 0.8 me-M™. In one
embodinent, the dose of the vinca-alkaloid of tis disclosure, or its pharmacentically

acceptable salt thereof, administered o the subject in the methods provided herein is

111



WO 2016/010809 PCT/US2015/039677

about 1.5 mgmM? In one embodiment, the dose of the vinca-alkaloid of this disclosure,
or its pharmaceutically acceptable sal thereof, admindstered to the subject in the
methods provided herein iz about 1.0 mg«Mg, In one embodiment, the dose of the vinea-~
alikaloud of this disclosure, or its pharmaceutically acceptable salt thereof, admindstered

to the subject in the methods provided herein is about 0.5 mg-M*,

{2541 In other embodiments, the methods provided comprise continuing o treat the
subjoct {e. g, & human} by adnunistering the doses of the vinca-alkaloid of gds
disclosure, or a pharmaceutically acceptable salt thereof, at which clinical efficacy is
achioved or redocing the doses by increments o a lovel at which efficacy can be
maintained. The freguency of dosing will depond on the pharmacokinetic parameters of
the compound administered, the route of administration, and the particular disease
treated. The dose and frequency of dosing may also depend on pharmacokinetic and

pharmacodynamie, as wall ag toxicity and therapeutic efficiency data

{0255] The vinca-alkaloid of the disclosurs, or the pharroacentically acceptable salte
thereof, are admunistered via IV, In one embodiment, the vinca-alkaloid is vincristine
sulfate and the amount of the vial is Img/lml In some embodiments, the vinca-atkaloid
is vincristine sulfate and the vial s 2ml containing sither Tmg or Zmg of vinceristine
sulfate. In another embodiment, “Vinoristine Sulfate”, USP is a white (o off-white
poveder. I s soluble i methanol, freely soluble m water, but only slightly soluble in
23% ethanol. In 98% ethanol, Vincristine Sulfate, USP has an uliravicle! spectrurm with

maxima at 221 ruw {&+47 1.

18256} “¥incristine Sulfate Injection”, USP is & stertle, preservative-free, single use
only solution available for intravenous use in 2 ml {1 mg and 2 mg) viale, Fach miL
contains 1 myg Vineristine Sulfate, USP, 100 mg mannitol and Water for Injection, USP.
(3.5, Sulfunc acid or sodiom hydroxide bave been added for pH control. The pH of

Vincrstine Sulfate Injection, USP ranges from 4.0 10 3.0

{257} The admumistration of the compound of Formaula 1, or 2 pharmaceutically
acceptable salt thereot, may be administered onder fod conditions. The term fd
conditions o variations thereof refers o the consumption or uptake of fvod, in either
solid or bguid forms, or calories, in any suitable form, before or gt the same time when
the compounds or pharmaceutical compositions thereof are administered. For example,

the comnpound of Formuds §, or a pharmaceutically accepiable salt thereof, may be
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administered to the subject {e g, 8 homan) within minutes or hours of consuming
calories {e.g., 8 meal). In sowe embodiments, the compound of Formula L ora
pharmaceutically acceptable salt thereof, may be administered to the subject {e.g., a

human} within 5-10 minutss, sbout 30 minutes, or sbout §3 minuies consuming calories.
Ar8icies of Manufacture and Kis

{B258] Compositions {including, for sxample, formuolations and vnit dosages)
comyrising the compound of Formuls §, or a phammacsutically acceptable salt thereof]
can be prepared and placed i an appropriate container, and labeled for treatment of an
indicated condition. Accordingly, provided is also an article of mamufscture, suchas a
container comprising 8 wnit dosage form of the compound of Formula , ora
pharmacentically acceptable salf thereof, and a label containing instructions for use of
the compounds. In some embodiments, the article of manafachoe is & container
comprising & unit dosage form of the compound of Formuls §, or a pharmaceutically
accepiable salt thereof, and at loast one pharmaceutically acceptable vehicle, The article
of manufacture may be a botile, vial, ampoule, single-use disposable applicator, or the
bike, contaming 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 containg a label on, or associated with, the conainer which indicates
directions for use in the treatment of cancer or inflammatory conditions. 1t should be
understood that the sctive mgrediont may be packaged in any material capable of
improving chemical and physical stability, such a3 an abwoimun foil bag, In some
embodimnents, diseases or conditions indicated on the label can imnclude, for example,

reatment of cancer,

LRSS In another srobodiment, the article of manufacture is & container comprising a
unit dosage form of a compound of formuda 1, or 2 pharmaceutically acceptable salt
thereof, and af least one pharmaceutically acoeptable vehicle, and a vial coniaining a

vinca-alkaloid, or a phammacentically acceptable salt.

{82601 Any pharmaceutical composition provided in the present disclosure may be
used i the articles of manufacture, the same as if cach and every composition were
specifically and mdividually listed for use in an article of manufacnure,

{8261} Kits comprising a phanmacsutical composition comprising 8 compound of

Formuda I, or a pharmacsutically scceptable salt thereof, are also provided. For
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example, a kit can comprise unit dosage forms of the compound of Formula §, era
pharmaceutically acceptable salt thereof, and a package insert containing instructions for
use of the composition in treatment of a medical condition. In soms smbodiments, the
kat comprises a unit dosage form of the compound of Formula 1, or 2 pharmaceutically
acceptable salt thereof, and at least one pharmaceutically accepiable vehicle, In some
embodiments, the kits comprises 2 unit dosage form of the compound of formada T ora
pharmacentically acceptable salt thereof, and at least one pharmaceutically acceptable
vehicle, and a vial containing & solution of vinca-alksloid, or & pharmaceutically
accepiable salt thereof. The instructions for use in the kit reay be for treating 8 cancer,
including, for example, a hematologic malignancy. In some embodiments, the
instructions are directed to use of the pharmaceutical composition for the treatment of
cancer, such as leakenda oy lymphoma, incloding relapsed and refractory leukemds or
ivmphoma. In some embodiments, the instructions for use in the kit may be for treating
a hereatologic cancer selected from the group consisting of small lymphocytic
Iymphoma, non-Hodgkin's ymphoma, indolent non-Hodgkin’s bymphoma, refractory
iNHL, mantle cell lymphoms, follicular lymphoma, Ivmphoplasmacytic lymphones,
marginal zone lymphoms, immunoblastic large cell lymphoma, lvmphoblastic
fymphoma, Splenic marginal zone B-cell lymphoma (+/- villous lyephoovies), Nodal
marginal zone ymphoms (4 monooytoid B-cells), Hxtranodal marginal zone R-cell
ivmphoma of mucosa-asscciated lyrmphoid tissne {ype, cutansous T-cell lymphoma,
extranodal T-cell lymphoma, snaplastic large cell lvmphoma, angiotmmuneblastie T-call
bymphoma, mycosis fungoides, B-cell lymphomea, diffuse large B-cell lymphoma,
Meodiastinal large B-cell lymphoma, Intravascular large Becell lymphoma, Primary
effusion lymphoma, small non-cleaved cell lyrophoma, Borkitt’s byraphoma, multiple
myeloma, plasmacytoma, acute lymphooytic leukemda, T-cell acute lymphoblastic
teukemia, B-ocell scute lymphoblastic leukenta, B-cell prolymphocytic leukemis, acute
myeloid leukemia, chronie hmphooytic leukemia, juvenile myelomonooytic leukemia,
minital residual disease, bafry coll loukemia, primary myelofibrosis, secondary
myelofibrosis, chronic mysloid leukemia, myelodysplastic syndrome, myeloproliferative
disease, and Waldestromy’s macroglobulivemis. Tn one embodiment, the instructions for
use in the kit may be for teating chronic lympheocvtic lenksmia or non-Hodgkin's
lvmphoma. In one embodiment, the NHL is diffise large B-cell lymphoma, mantle cell
tymphoma, follicular Iympboma, small lymphocytic lymphoma, Iynphoplasmacytic

tymphoma, and marginal zone lymphoma. In one erebodimen, the hematologic
1i4
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malignancy is indolent non-Hodgkin’s lymphoma. In some embodiments, diseases or

conditions indicated on the label can include, for example, treatment of cancer.

[B262] in some mstances, the mstructions ave directed o use of the pharmaceutical
eompostiion for the treatment of a selid tumor, wherein the solid tumor s from a cancer
selecied from the group consisting of pancreatic cancer, wrologieal cancer, bladder
cancer, colorectal cancer, colon cancer, breast cancer, prostale cancer, renal cancer,
hepatocellular cancer, thyroid cancer, gall bladder cancer, lung cancer (e.g. non~small
cell lung cancer, small-cell lung cancer), ovarian cancer, cervical cancer, gastric cancer,
endometrial cancer, esophageal cancer, head and neck cancer, melanoms,
neuroendocrine cancer, UNB cancer, brain tumors {2.g., ghioms, anaplastic
oligodendroghioms, adult ghoblastoma multiforme, and adult anaplastic astrocyioma),
bone caneer, soft tissue sarcoma, retinoblastomas, noureblastomas, peritoneal effusions,
malignant plenral effusions, mesotheliomas, Wilms tomors, trophoblastic neoplasms,
hemangiopericytomas, Kapost's sarcomas, myxoid carcinomms, round cell carcinoma,
squamous cell carcinormas, esophageal squamous cell carcinonas, oral carcinomas,

cancers of the adrenal cortex, ACTH-producing fumors.

{8263} fn some instances, the instractions are dixected 1o use of the pharmaceutical
composition for the treatment of an allergic disorder and/or an autolmmune and/or
inflammatory discase, and/or an acute inflantmatory reaction, In some embodiments, the
mstractions are dirseted to use of the pharmaceutical composition for the treatment of an
autoimmme disease. in some embodiments, the instructions are divected o use of the
pharmaceutical composition for the treatmeny of an autolmmune disease selected from
the group consisting of systemic lopus ervthematosus, myestenis gravis, rtheumatoid
arthritis, acute disseminated encephalomyelitis, idiopathic dwombooytopenic purpurs,
multiple sclerosts, Sjoegren’s syndrome, psoriasis, sutcimmune hemolvtic anemia,
asthma, ulcerative colitls, Crohn’s diseasse, irritgble bowet disease, and chronic
obstroctive pubmonsry disesse. In some embodiments, the autolmmune disease s
selected from the group consisting of asthma, rheumatoid arthritls, multiple sclerosis,

chronic obstractive pulmonary disease and svstemie lopus eryvthematosus.

g4} 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

mdividually listed for nse g kit
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Synthesis

{H265] The compounds of the disclosure may be prepared using methods disclosed
herein and routine modifications thereof which will be apparent given the disclosure
herein and methods well known in the art. Conventional and well-known synthetic
methods may be used in addition to the teachings herein, The synthesis of typical
compounds of Formula §, or a pharmacsutically scceptable salt thereof, may be
accomplished as described in the following examples. If gvailable, reagenis may be

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

266} Typical embodiments of compounds in accordance with the present
disclosure may be synthesized using the general reaction schemes described below. Tt
will be apparent given the description heretn that the general schemes may be altered by
substitution of the starting materials with other materials having similar structures to
result in products that are correspondingly different. Descriptions of syniheses follow o
provide numerouns examples of how the starting materials may vary o provide
corresponding products. (iven a desired product for which the substituent groups are
defined, the necessary starting materials generally may be determined by inspection.
Startimg mateniale are typically obtained from conmnercial sources or synthesized using
published methods. For synthesizing compounds which are embodiments of the present
disclosure, inspection of the structure of the compound to be synthesized will provide
the identity of each substituent group. The identity of the final product will generally
render apparend the wlentity of the necessary starting materials by 8 simple process of

inspection, given the examples herein,
Synthetic Reaction Parameters

ja2a7 The compounds of this disclosure can be prepared from readily available
starting materials using, for exampde, the following peneral methods and procedurss. It
will be appreciated that whers typical or preferred process conditions (ie,, reaction
temnperatures, times, neole ratios of reactants, solvents, pressures, efe.) are given, other
process conditions can also be used unless otherwise stated. Optinnes reaction
conditions may vary with the particular reactants or solvent used, but such conditions

can be determined by one skilled in the art by routine optindzation procedures.
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{8268} Additionally, as will be apparent to those skilled in the art, conventional
protecting groups may be necessary 1o prevent cerfain functional groups from
undergoing undesired reactions. Suitable protecting groups for varous functional
groups 8s well as suitable conditions for protecting and deprotecting partioular functional
groups are well known in the art. For example, muwerous prolecing groups are
described v T. W, Greene and G. M. Wuts (1999} Protecting Groups in Organic

Synthesis, 3vd Editton, 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.a., as individual enantiomers or as stersoisomer-enriched mixtures. All
such stersoisomers (and enriched mixtures) are included within the scope of this
disclosure, unless otherwise indicated. Pure storeoisomers {or enriched mixtures) may
be prepared using, for example, optically active starting materials or stereoselective
reagents well-known in the art. Aliernatively, racemic mixtures of such compounds can
be separated using, for example, chiral column chromatography, chiral resolving agents,
and the like.

BI78] The starting maierials for the following resctions are generally known
compounds or can be prepared by known procedures or obvious modifications thereof.
For example, many of the starting roaterials are available from commercial supphiers
such as Aldrich Chemical Co. (Milwaukee, Wisconsin, USA)Y, Gthers may be prepared
by procedures or obvious modifications thereof, described in standard reference texts
such as Fieser and Fieser's Reagents for Organic Synthesis, Volumes 115 (Johm Wiley,
and Sons, 1891}, Rodd's Chemistry of Cashon Compounds, Volumes 145, and
Supplemendals {Elsevier Science Publishers, 1989} organic Reactions, Volumes 1-40
{fohn Wiloy, and Sons, 1991}, March's Advanced Organic Chemistry, (John Wiley, and
Sens, 57 Fdition, 2001), and Larock’s Comprehensive Organie 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, toluene, acstonitrile, tetrabydrofuran
{"THF", dimethylformamide (“DMF”), chloroform, methylene chloride (or
dichloromethane), disthy! sther, methanof, pyridine and the like} Undess specified to

povy
rers
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the contrary, the solvents used in the reactions of the present disclosure are inert 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 achieve a stated

function, 2.8., to bring & solution to the desired volume (Le., 100%).

18273} The following examples ave inchuded to demonsirate preferred smbodiments
of the disclosure. It should be appreciated by those of skill in the art that the technigues
disclosed in the examples which follow represent techuigues discoversd by the imventor
o function well in the practice of the disclosure, and thus can be considered to constitute
preferred modes for its practice. However, those of skill in the art should, in lght of the
present disclosure, approciate that many changes can be made in the specific
cmbodiments which are disclosed and siill obtain a lke or similar result without

departing from the spirit and scope of the disclosure,
List of abbroeviations and acronvims.

Abbreviation Meaning

o Degres Celctug

anal Analytical

ATP Adenosine-3'-iriphosphate
ATX I Anemonia suleata toxin
AcOH Acetic avid

ACN Acstoniinile

CAN Ceric ammonium nitrate

Bl 1,1 -carbonyldiimidazole
CHEG Chinese hamster ovary

cone. Concentrated

d Doublst

DABCO 1,4-Diazabicyvelo{2.2 2joctane
DIAST {Dhethylaminosulfin withuoride
dd Doublet of doublets

DCE 1, 2-dichloreethane

DM Dichloromethane

DEAD Disthyl azodicarboxyiate
DIPEA M N-diisopropylethyvlamine
DMAP 4-gimethyiaminopyriding
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Abbreviation
DME
D3MF
DMSO
dppf
EA

ECF
EI¥TA
EGTA
aguivieg
HSE

Ac

£
Ht(GAc
g
HEPES
HATYU

RERG
HMIES
HPLO
k

Hz

s
IMR-32
¢

Kg
kHz
1AH
LOMS/LC-MS
M

m

w2
”+
M+H

Meaning

1, 2-dimethoxyethane
Drmethyiformanmide
Dimethylsulfoxide

1, 1-Bis{diphenylphosphino Herrocens
Eihyl aloohol

Extraceliular fluid
Eihylenediaminetetrascetic acid
Hthviene glyeol tetrascetic acid
Hquivalents

Electroapray iondeation

Agetate

Hihyl

Ethyl Acetate

{Irams
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{4-(2-Hydroxyethyl)-1-pipemszinccthanesulfonic acid )

2-{7-Aza-1H-Beproiriazole -1-v1}-1,1,3,3-
tetramethyluronnun bexafluorophosphate

human Ether-a-go-go Related Gene
hexamethyldisilazane{azide)
High-performance lquid chromatography
Hours

The half maximal inhibitory concentration
Human peuroblastoma cell bine

Coupling constant

Kilogram

Kilohertz

Lithdum ammonium hydride

Liguid clromatography—mass spectrometry
Molar

multiplet

mass-io-charge vatic

Mass peak

Mass peak plus hydrogen
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Abbreviation
mCPBA

Me

MeOH

g

MHz

minm

mi/fml,

b

mmol

nmol
miismo]
MRM

ME

my
W
N
otk
NRAP
NMR

Ph

ppnt
prep

THEA

Mesning
I-chioroperoxybenzoie acid
Muethyl

Methanol

Milkigram

Megsherlz

it

Milliliter

Milhmolar

Millimole

Nanomole

Milliosmale

Magnetic Resonance Microscopy
Mass spoctroscopy
Millisecond

Millivolt

Microwave

Normal

Mole
N-pethylpyrrolidinons
Nuclear magnetic resonance
Picoamps

Phenyl

Parts per million

Preparstive

Cuantity sufficient {0 achieve a stated function

Retention factor

Revaerse phase

Room temperatore

Second

Singlet

3-{ Trirpethylsibylethoxymethyl
Triplet

Tonic Block

Tristhylamine
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Abbreviation
TFA
THF
TLC
TMS
TTX
UDR
WT

)

HE
pdd ul
i
Hin

pmoel

Meaning
Trifluoroscetic acid
Tetrahydroturan

Thin layer chromatography
trimeothylisiyl
Tetrodotoxin

Use Depondent Block
Wild typs

Chemieal shift
Microgram
Microliter
Micromolar
Micrometer

Micromole
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BEXAMPLES

Freparation of Common Infermediotes

Infermediate 1.81. Preparation of tert-Butyl (G-bromeimidaze{l, 2-ajpyrazin-§-
yiHd-{d-{oxetan-3-yiipiperazin-t-yiiphenylicarbamate IV and tert-butyl 4-{¢-
{oxetan-3-yiipiperazin- L-yDphenyld-{tributylstannyimidars{l 2-a] pyrazin-8-

yijearbamate ¥V

-
\,_,)\N,\ o
P L, ;

- s !\\ \\J,NH N i HE' Paic
Q! - St -
S ‘Nog DMF, KOO T\ /EL

NO-
H
B =
9 e
N L g /} } N Bog, 0, TEA,

; ’} Br/ B Mo TN {‘/{;\'E QMAP DM
i\\/N\ ;f\ N -\ >

T\ E A A i - ¥ 85°C, 1h

R >
i N asen N “ N\:)

priube A N
Oy -
e ,\ J ”\‘z
Sniu,, b \5\; T
THAL
\i dioxane, \” s
s Pe (PPh), . ]\ _Boc
AN 100°C v :
v ?ﬁ\ \;g‘ ’4} overnight fo\ ;;N}\
B Pl DN iube Buﬁgn,/l\“{\vfﬁw-‘;’/

274} ~{4-Ritvophenyii-4-(oxetan-3-vljpiperazine I In g 5300 mL round bottom
flask, 1-{oxetan-3-ylipiperazine (3.02 g, 21.26 vunoles), poisssium carbonate {3.87 g,
42.52 mmoles), I-lnoro-damtrobenzene {3.00 g, 21.26 mmeles) was combined in
acstomitrile {33 mL) and stivred under nitrogen overnight at 100 °C. The mixture was
diluted with water {100 mL} and extracted with DCM (100 mT x 3}, dried over
anfrydrous sodun earbonate, filtered and the fillrate was concentrated. The residue was

disaolved in mimimal DOM using a sonicator and crashed out with hexane. The
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precipifate was filtered, washed with hexane and dried to provide the title compound T as

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

HATS] 4-{4-{Oxetan-3-ylipiperazin-I-vijauiline 1f: In a hydrogenation vessel, §-
{4-pitrophenyl-4-{oxetan-3-vlipiperazine {{4.70 g, 17.85 nunoles) was dissolved as
much as possible in MeOH (26 mb} and DOM {5 mL), PO (10%) (2.85 g, 2.68
mmoles) was added and the reaction was stored under nitrogen. The reaction was shaken
on the Parr hydrogenator at 45 PSIL After 15 mimrtes, 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 U as a light
brown sohid (4.16 g, 17.85 mmoles, 98%).

HB27s] &-Bromo-N-(4-{4-{oxetan-3-yDpiperazin-1-yDphenyDimidazs [ 1,2-
zipyrazin-8-amine HE: To 4-(4-{oxetan-3-yDHpiperazin-T-yDaniline T 2.00 g, 8.57
mmoles), hunig’s base (3.29 mL) and 6, 8-dibromoimidazo{1,2-alpyrazine (237 g, 8.57
mmoles) was added 1o DMF {43 mL). The reaction was stirred at 85 °C in a pressure
tube for overnight. The raaterial was quenched with saturated sodium bicarbonate,
extracted with DUM {120 mL x 3) and the organic lavers were combined and washed
with water {120 ml, x 3}, dried over anhydrous sodium carbonate and concentrated. The
crude material was purified using 2 120 g Isco columm and eloted off using a stepwise
gradient of 3-6(0% {(10% MeOH/DCM). The desived fractions were combined and
concenirated o provide the title compound I as a Hght yvellow solid (3.00 g, 6.99

mmocies, 82%

{8377 tert-Buiyl {(&-bromoimidazol LI-alpyrazin-8-yii{é-{4-{oxetan-3-
vipiperazin--yDiphenyljcarbamate IV: &-bromo-N-{4-{4-{oxetan-3-yDipiperazin-1 -
yhiphenylnmidazo{l.2-alpyrazin-8-amine I {1000 mg, 2.33 mumol), di-eri-butyl
dicarbonate (1016.72 myg, 4.66 mmol) and N N-dimethylpyridin-d-amine (21.34 mg,
317 momol} were stirred in DM (1.0 mi} and refluxed st 85 °C for 3h. The reaction
was diluted with 100 mb of DUM, washed with H2O (33}, dried, fltered and
concentrated. The crude material was dissolved in mintmal DCM, loaded onto a
prefosded ailica loader and eloted off 8 40 g column using 0-30% MeQH/DCM over 20
colomn volumes. The desired fractions were combined and concentrated to provide the

titie compround TV {1.2 g, 87%). This compound is used in Example 2.
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tort-Butyl 4-{&-(oxstan-3-vhipiperasin-1-viiphenyl{e-

{tributylstannyiimidaze{L,2-alpyracin-S-yhearbamate Ve Ina 350 mL p-tube, tert-

butyl 6-bromotmidazol 1, 2-alpyrazin-8-vi{4-(4-{oxetan-3-yDpiperazin. 1~

viphenylcarbamate IV (8150 nog, 15.3% mmol}, 1,1,1,2,2 2-hexabutyidisiannane (11.67

mi, 23.09 mumoly, tetrakis{tviphenyliphosphine)palladivm (889.43 mg, (.77 mmaol), and

tetrabutylanmmonium jodide {3686.03 wyg, 1539 romel} were combined in dioxane (62

mi} and heated 0 110 °C overnight. Acsording to LUMS, no starting material remained.

The reaction was abzorbed onte celite and eluted off 8 160 g aluming cobmon using a §-

1{-26-30-100% {30% BEtOAc Hex-Hex) gradiont holding at 50% for 14-15 column

volames over 50-60 colupin volumes 1o provide the title comspound V {5.83 g, 51346

This compound is used in Examples 1 and 2.

Intermediate 192, Preoparation fert-butyl (&-brome-S-methylimidazsii 2~

aipyrazin-8-yijd-{d-(oxetan-3-ylipiperazin-1-yliphenyijcarbamate X

Znily,

B ~ o
N 348 CHMOB in ELO T NBS Bin, Mo B
B Y 3 S
THF Vi Vi
Q‘:"“}\'\Nf’\\
Oy 3 ;Zs
: Py Br < ; o~
PRV Vi N.&L\F,N\) T
- M. f’,;, -
HEr, 1 h aff’{‘*\]‘/
2. sthano E}Eg‘g‘%@"‘
3 K004 MO Vil
e T p-tube
) 0,
*\M/\ = Nitéx\\g
l\\/ ANIPN Bou,(, TEA, L NP
TMAR, DOM \E /’L 5
R g - SO
N 85°C, 1h J\FN
SN, -
x A x
E’}r’J\T' ~ B j/N‘\ij
6279 f-Methylpyrazin-2-amine VI To a sohstion of anhydrous zine{Il} chloride

{26.3 g, 193 munol} in THF (150 mL) at 8 °C, was added 3M wethy! magnesium
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bromide in diethyl ether (129 ml) drop wise over a period of 1 h. [1,3-
Bis{diphenyvipbosphins jpropane jnicksi{I} chioride (2.08 g, 3.85 munol) was then added
and the mixture allowed o warm {0 room femperature. To the sbove mixture, 3 schition
of 6-chlore-2-aminopyrazine {5.00 g, 38.6 mmol} in anhydrous THF (25 mL) was added
and the resction stirred, under a nitrogen atmosphere, at reflux for 6 b, After this time,
the mixture was cooled to room temperature, then to O °C and carefully quenched with
saturaied aquecus ammonium chlonide (30 mi). The organic Jayer was separated and
dried over sodivm sulfste. The drving agent was filiered and the filivate concentrated
vrdder reduced pressure to provide crude S-methylpyrazin2-amine VI (2.60 ¢, 82%)as a
light yeliow solid which was used in the next step without purification: 'H NMR (400
Mz, COCL) §: 7.63 (s, 1H}, 7.53 (s, 1H), 4.94 (bs, 2H), 2.16 (s, 3H).

{286} 3,5-DHbromoe-S-methyipyrazin-2-amine VI To a solution of 8-
methyvipyrazin-2Z-amine VI {2.00 g, 18.3 nuvol) in THF {40 wi} st 10 °C, was added N-
bromosnceinmide (6,70 g, 37.6 wmumol} portion wise over 13 min and the mixturs
alfowed {0 warmm to room temperature while stirving. After 2 b, the reaction was
concenirated under reduced pressure and the resulting regidue was purified by column
chromatography {silics, gradient, hesanes to BiOAc) to provide 3,5-dibromo-6-
methylpyrazin-2-amine VI (3,10 g, 64%) as sn orange solid: 'H NMR (400 MHz,
CDCHY 8: 4,93 (bs, 2H), 2.38 (5, 3H).

{8281} §,8-Dibrome-S-methyiimidaze] L 3-glpyrazinge VIEL A mixture of 2-
brome~1, F-diethoxyethane (3.21 wml, 20.7 moel) and 48% agquecus hydrobromic acid
{1.0 mL} was stivred at reflux for 2h. The reaction was then cooled to room temperatare
and treated with sodinm bicarbonate wntil gas evolution cessed. The mixture was
filtered and the fltrate diloted with cthanol (15 ml). To this mixture, 3,5-dibromo-6-
methylpyrazin-2-amine VI (3.00 g, 11.2 nunol) was added and the reaction stirred at
reflux for 16 k. After this time, the resction was cooled to room temperature and
concentrated under reduced pressure t© a volume of approximately 10 mL. The
suspension was fltered and the filter cake washed with cold ethanel {8 mL}. The filter
cake was then taken into water (30 ml} 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-5-methylimidarol 1, 2-alpyrazine VIH
{197 g, 60%) as a light brown solid: 'H NMR (400 Mz, CHCE) 5 7.90 (s, 1), 7.72
{s, 1H}, 2.74 {5, 3H).
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{2821 &-Bromo-S-methyl-MN-{4-{4d-{oxetan-3-vijpiperazin-1-
yhphenylimidaze(), 2-alpyrazin-E-amine IX: The compound IX was prepared from
6,8-dibrome-5-methylimidazo{ 1, 2-alpyrarine VIIT using the method as described for
preparing &-bromo-N-{4-{4-{oxetan-3-yDpiperazin-1-yDphenyliimidaro] 1 2-alpyrazin-§-
amine [H in Intermediste Example 1.01.

{6283 tert-Butyl (&-bromo-S-methyimidare]1,2-alpyragin-8-vHié-{4-{oxetan-3-
yiipiperazin-i-yhphenyDearbamate X: The compound X was prepared from 6-bromo-
S-methyl-N-{4-{(d-(oxetan-3-yhpiperazin-L-vlpheoviimidazol 1,2-alpyrazin-R-amine IX
using the method as described for preparing tert-butyl (§-bromoimidazof 1,2-alpyrazin-§-
vi{4-{4-{oxetan-3-yhpiperazin- 1-yDphenyDoarbamate [V in Intermediate Example 1.01.

This compound i3 used in Example 4.
Synthesiy of Examples 1-7

Example T Preparation of &-(S-amino-S-methylpyrazin-3-y1-N-{4-{4-{oxetan-3-
yhpiperazn-1-yiiphenylimidare{l, ol pyrazin-Boamine (1)
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2841 Z-Bis(tert-butexyearbonyDamino-é-bromo-3-chioropyrazine XI: 6-
bromo-3-chloropyrazin-2-amine (2000 mg, 9.59 nunol) was dissolved in DOM (48 mi)
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fullowed by Triethylamine {3.99 ml, 28.78 mmol}, di-teri-butyl dicarbonate (4188.12
mg, 19.1% mmeol}), and N N-dimethylpyridin-d-amine (87.91 mg, .72 punol). The
regction was allowed 1o stir at tt for ovemight. The crude material was washed with
water, dried, fillerad and concendrated. The crude material was dssolved in minimal
DOM and loaded onto a 25 g prepacked silica loader and chuted off a 40 g column using
0-30% MeOH/DOM. The title compound XY {3500 mg, 99%) was isolated and identified
by LOMS and NMR. The product was & mix of mono and bis boc-protected material,

mainly bis boc-protected as seen by NMR.

{285} tert-Buiyl tert-butoxyearbonyH§-(8-{{tert-butoxyearbonyli{d-{4-{oxeisn-
3-yijpiperazin-1-vijphenyliamino)imidare{l, -alpyrasin-6-yii-3-chloropyrazin-2-
yhearbamate XH: tert-Butyl 4-(4-{Uxetan-3-vDipiperazin-1-viphenyl6-
{tributylstannylimidazel 1 2-alpyrazin-8-yhcarbamate V (1000 mg, 1.4 romel), 2-
Bis(tert-butoxycarbonyDamine-6-bromo-3-chloropyrazine XY (852 myg, 1.35 mmol), and
PACHIPPha): (142.77 mg, 0.20 nunol}, m 1,4-Dioxane {11.27 ml} was frridated in the
microwave for 20 min at 140 °C. The reaction was absorbed onto celite and eluted off 3
43 g Gold Isco column using 0-10-100% (30% MeOH/DCM) aver 20 column vohumes,
Fractions 34-3% were collected and concentrated. According to NMR, the title compound

X1 was identified and isolated {590 mg, 55%).

{38! fori-Butyl {(-{6-amine-S-methylpyrazin-2-yhimidaze{1,2-alpyracin-g-
yid-{d-{onstan-3-yhipiperazin-1-viiphonyilcarbamate X1 In 2 microwave vial,
tert-butyl tert-butoxycarbonyl{é-{ 8-{{tert-butoxyearbonyi{4-{d-(oxetan-3-yhpiperazin-1 -
vijpphenviaminoimidazo] I, 2-alpyrarin-6-y1}-3-chloropyrazin-2-yhearbamate X {300
mg, 0.44 mmol}, methyiboronic acid (794.3% mg, 13.27 mumol},
tetrakis{iriphenylphosphinejpalladivrn (51,12 myg, 0.04 mumol}, and 2M NapCO4 (0,44
it} were combined in DME (1.77 m) and iridated in the ndorowave for 20 min at

136 °C. The reaction was worked up using 25% MeUOH/DCM and water. The organic
layers were combined, dried, filiered and concenivated. The crude material was loaded
onto silica and eluted off a 40 g Gold cohunn using 0-5-18-25-50 %6 (0% MeOQH/DOM)
over 43 column volumes. The desived fractions were concentrated and provided tert-
butyl {&-{G-amino-S-methyipyrazin-2-vi}imidazol 1, 2-alpyrazin-8-yId-{4-{oxetan-3-
yhpiperazin-T-yhiphenyDearbamate XY as the minor product and the desived final
compound 1 as an inseparable mixture (208mg total} and were taken in to the TFA

reaction.
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[HE8T] &{6-Ancine-S-methylpyrazip-2-yh-N-(d-{d-{oxetan-3-yIipiperazin. 1~
yhphenyhinidazo{L,3-alpyrazin-S-amine (I To a solution of tert-buiyl §-(S-amine-
S-methylpyrazin-2-vijmidaze] I, 2-alpyrazin-B-yi{4-{4-{oxetan-3-ylipiperazin-1-
vijphenyljcarbamate XHI {48 mg, 1.09 nunol} and 6-(6-amino-S-methylpyrazin-2-y1)-N-
{4-{(4-{oretan-3-yDpiperszin-1-yhiphenyDimidazol 1, 2-a jpyrazin-8-amine {1, 160 mg,
(.33 momol} in DOM (2.3 mi} was added TFA (0.16 ml, 2.15 mmel}. The resulting
muxfire was stirred al room temperature overnight. According to LUMS, the reaction
was incomplete. The reaction wag subjected to additions! TRFA (0.16 ml, 2.15 mmol) and
stirred for Th, According to LOME, the reaction was incomplete, the reaction was
subjected to additional TFA (0.32 mi, 4.3 mameod) and stivred for 2h move. The reaction
was cooled to § ¥C and quenched with sal. NaHCOy, then exivacted with DOM (S ml x
3}, and the combined orgamic lavers were washed with water {5 ml x 2), brine Smix 1),
dried (Nag3Q4}, and concentrated to give the crude product. The erade material was
absorbed onto silica and cluted off a 24 g Gold Isco column using 0-15-25-40-100%
{30% MeOH/DCM}. The desired fractions were combined and concentrated to provide
the desired compound {1, 67.5 mg, 34%). LOMS-EST (may IM+HT: 45822, 'H
NMR (300 MHz, d-DMSO) 8: 848 (3, 1H), 8.54 (5, 1H), 841 (5, 1H)LE.11 s, 1H), 7.95
{d, ZH}), 7.6 (s, 1M}, 6.98 {d, 3H}, 6.2 (s, TH), 4.58-4 .48 {dt, 4H), 3.3 {m, 1H}, 314 {y,
4H}, 2.30-2.4 {dr,4H]}, 2.33 {5, 1H}). Alernatively, compound X could be taken divectly
to this step and similarly de-protected to provide the S-chloropyrazine substituted

analog.
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Example 2. Preparation of &-(G-aminopyrazin-2-y-N-{4-{4-{oxelan-3-yDpipsrazin-
vhphenyimidazol L 2-alpyrazin-8-amine {2}
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[0388] I-Bis(tert-butexyearbonyiismino--bromopyrazine XIV: To a mixtare of
&-bromopyrazin-Z-amine {3 g, 28.7 mmol) and di-tert-butyl dicarbonpate (2509 g, 114.94
runol} was added DCM {10 ml) followed by DMAP (0,351 g, 2% mmol). The reaction
was heated o0 35 °C for Th, cooled to RT, the reaction was partitioned between water
and DOM, purified on silica gel and concentrated fo provide 18,75 g (87% yield) of 2~
bis{teri-butoxyearbonylamino-6-bromopyrazing XIV, LOMS-ESI (md): [MHHT
374.14. "H NMR (DMS0) & 8.84(d, 2H), 1.39 (s, 18H)

{289 tert-Butyl (6-(&-(bisQtert-butoxyearbonyllaminopyrazin.2-
yhinddaze{l,2-alpyracin-8-yiid-{4-{oxstan-3-yiipiperazin-L-yDphenylearbamate
VI - CHEMIBTRY A route: tert-Butyl 4-(4-{oxetan-3-vDipiperazin-1 -yl iphenyi{(§-
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{iributylstannyHimidazo[1,2-alpyrazin-8-vijcarbamate V (215 myg, 0.291 nunol}, was
combined with 2-bis{tert-batoxycarbonyljamino-S-bromopyrazine XIV {217.58 mg,
.581 mmol}, bis{iriphenylphosphinepalladivm(l) dichloride(30.61 mg, 0.044 mumol)
and 1,4-dioxane Sy}, The reaction mixfure was stirred in a microwave reactor at 120
°C for 30 min. The resction mixture was guenched with saturated KF, extracted with
EtAc, purified on stlica gel, oluted with BEt0Ac. The desired fractions were combined
and concentrated 1o provide 100 my (46% vield) of tert-butyl (6-{6-{bis{teri-
butoxyearbonylaminejpyrazin-2-yhimidazol 1, 2-alpyrastn-&-vD{4-{4-(oxnetan-3-
viipiperazin-1-yDphenyDearbamate XV LOMS-ESI (az): IMHHT: 7444, 'H NMR
{300 MHz de-DMBOY 00 837 (5, 1H), .18 (s, TH), €77 {5, 1H), 833 {d, 1H), 7.87 ¢4,
1H), 7.28-7.25{d, 2H}, 6.92-6 89 {4, 2H}, 4.55-4.41 {m, 4H), 3.4 (m, 11}, 3.14-3.11
(o,4H}, 2,37-2.34 {m, 4H}, 1.37 (g, 18H), 1.3 (s, $H).

e tert-Butyl (§-{é-{bis{lori-butoxyearbonyDaminolpyrazin-2-

yiiimidazo{i I-alpyrazin-&yD{d-{d-{oxetan-3-yDpiperazin--yhphenviicarbamate
AVI - CHEMISTRY B reute: Step L) To a dry 250 mL round-botiomed flask was
added 2-bis{tert-butoxycarbonyljamine-&-bromopyrazine XIV (1.0g, 1.0equiv,
2.67Tmmel), KOAc (T90mg, 8.02mmel, 3.0equiv), 4,4,4,4',5,5.5 % -octamethyl-2,2"-
bi{1,3,2-dioxaborolane} {750mg, 2.%4mmol, 1.lequivy, Pd{dba) {171myg, 0.187mmol,
1.07equav) and X-phos {128mg, 0.267mmel, 0. 1eguiv} followed by 1 4-dioxane {25mL)
and the solution was sordcated for § min and then purged with Ny gas for § min. The
flask with contents was then placed under N, atmosphere and heated at 110 °C for

90 min. Onee full conversion 1o the pinscolboronate was achieved by LOME, the
reaction was removed from heat and allowed 1o cool 1o RT. Once cool, the reaction
contenis wers filtered through Celite and the Sler cake was washed 3 x 20 mL EtDAc,
The resultant solution was then concentrated down o a deep red-orange syrup providing
N, N-BisBoc 6-{4,4,5,5-tetramethyl-1,3, 2-doxgborolan-2-yDpyrasin-2-amine XV,

which was used directly in the next step.

291} Step 2: The freshly formed N, N-BisBoc 6-{4,4,5, 5-etramethyl-1,3,2-
dioxaborolan-2-yhipyrazin-2-amine XV {2.67 mol based on 100% conversion, 2.0
eqiiv based on broanide) was dissolved in 20 Ml of 1,2-dimethoxyethane and to that
soiution was added tert-butyl {6-bromoimidazol 1, 2-alpyrazin-B-y}{4-(4-(oxetan-3-
yhpiperazin-1-yhphenylicarbamate IV {707my, 1.34mmol, 1.0equiv), NayC0; {283myg,
Z2.67mmel, 2. 8equivy, PA(PPha)s (155mg, $.134mmol, 0. 1oquiv) and water {10vwel.} and
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the solution was degassed for 5 min using Ny gas. The reaction was then placed under
Ny atmosphere and heated a1 110 °C for 90 min. LOMS showed complets consumption
of the bromide starting material and the reaction was removed from heat and allowed 1o
cool to RT. The reaction was dilated with 100 mL water and 100 mL 20% MeOH/DCM
and the organic layer was recovered, extracted 1 x sat, NaHOG,, 1 x sat brine and then
dried over Na:80y. The solution was then filtered and concentrated down {o an orange-
red solid. The sample was then slurried in warm MeOH, sonicsted then filtersd,
washing 2 x 20 ml with cold Me(UH and then the cream-colored solid was dried on hi-
vacuum overmght to vield 903 mg of tent-butyl (6-(6-{bis{tert-
butoxyearbonyljaminoypyrazin- Z-yhimidazo] 1, 2-a Jpyrazin-8-vij4-{4-{oxetan-3-

yvipiperazin- T-yhphenyDoarbamate XV in a 30% vicld over 2 steps {95% per step).

{8292} H-{&-Anminepyrasin-2-yh-N-{d-{d-(oxetan-3-yhipiperasin-i-
viiphenyijimidaze{l,2-ajpyrazin-B-amine (I): To o sohution of tert-butyl (6-(6-
{bis(tert-butexycarbonyl jaminopyrazin-2-yimidazol 1, 2-alpyrazin-8-v1i{4-{4-{oxetan-
I-yhpiperazin--yvhphenyljcarbamate ¥VI (200 mg, 0.269 omel) fn BCM 2 mi) was
added TFA (0.5 m, 6.578 mmol), The reaction was stirred at 1t for 16k, satorated
sodiumn bicarbonate was added, extracied with EIOAC and purified on silica gel, sluted
with 3%%6MeCQH / EtOAc, 2086MeQH / BiDAc. The desired fractions were combined and
concentrated to provide 100 mg (83% yield) of the ttle compound 2. LOMS-E&T (m/i):
IMAHTT 444.2. TH NMR (300 MEz do-DMSOH §: 9.5 {s,1H}, B.588 (s, 1H}, 8.47 {5,
IH), 812 (4, 1M}, 7.95-7.92 (d, 28, 7.88 {5, 1H), 7.62 (s, 1H}, 6.99-6.96 {d, 2H), 6.46
{5, 2H}, 4.37-4.53 {m, 2H}, 4.48-4.44 {mn, 2H), 343 (m, 1H), 3.15-3.12 (m, 4H), 2.41-
238 {m, 4H}.
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Example 3. Preparatien of (R}-E-d-{{¢-{f-aminopyrazin-2-yDimidazoe]1,2-
aipyrazin-B-yhamineiphenyiimorpholin-2-yDmethans] (B
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{33931 {Rp{4-{4-{{t-Bromeimidare] 1 2-alpyrazin-8-
yhamino)phenyDmorpholin-2-ylimethane] XVH: In a 250 mL round bottom flask
equipped with a condenser was placed 6 8-dibromotmidazof 1, 2-alpyrazine (2000 mg,
7.22 mmol} and added 30 mi isopropancl followed by N N-diisopropylethylamine {2.52
ml, 14.44 mmol} and (R}-{4-(4-aminophenyDimorpholin-2-yDmethano! (1504.12 mg,
7.22 mmol}. The reaction was heated to refhey {0 bath 95 *Ct overnight. The reaction
was cooled and precipitates were collected by filtration and washed with {sopropano

followed by hexanes to give the desired compound XVII, 2.92 g, 95% vield.

{32841 {(R-tere-Butyl (t-bromeimidaze il 2-slpyrasin-8-yH4-3-({{tert-
butoxyearbonyDoxyimethyDmorpholinelphenyhearbamate XVHE In 2 250 mL
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round bottom flask was placed (R)-(4-(4-{{6-bromoimidazo{1,2-alpyrarin-§-
yvhaminojphenyDmorpholin-2-yhimethanol XVH {2.80g, 6 9mmol} and added DCM
followed by triethylamine {2.9ml, 2.1g, 20 8mumol), DMAP {63g, 0.52mumol) and di-
tert-butyl dicarhonate (3.8g, 17.3mmol}. The reaction was stirred overnight then diluted
with DCM and water, separated, washed with brine, dred over Na; 80, filtered and
concemirated under reduced pressure. The crude material was purified by
chromatograophy: [BCO 40 g silies with 25 g silica loader, ehuting with 3-100%
EiAc/hexanes o give compound XV {1.66 g, 40 %)

298] {(R}-tert-Butyl (4-{3-{{{tert-
batoxycarbonyiloxyimethylmorpholine}phenyi&-{iributyistannyDimidaze{ 1 2-
aipyrazin-8-yiicarbamate XEX: (R)-tert-Butyl (&-bromoimidazo] 1 2-alpyrazin-8-y{4-
{2-{{ fert-butoxyearbomylloxy methylmorpholine jphenylecarbamate XVIH was reacted
according to the analogous method of Example Intermediate 1.01 to provide (R)-tert-
butyl {(4-{2-({{tert-butoxycarbonyijoxyimethylimorpholinophenyl ¥ 6-

{ributylstarmyDimidazol 1, 2-alpyrazin-8-vicarbamate XIX

{B258} {R-tert-Butyl (&-{6-{bizs{lert-butaxycarbonyDaminepyrazin-2-
viimidazs] i, 2-alpyrazin-8-yD{4-C-{{(tert-
butoxyearbonyljoxyimethyhimorpholine)phenylicarbamate XX (R)-tert-Butyl (4-02-
{tert-butoxycarbonylioxy ymethyinorpholino jphenyi 6-(iributylstannyl imidazo[ 1,2+
aipyrazin-S-yhearbamate XIX was reacted with 2-Bis{tert-butoxyearbonylaming-6-
bromopyrazine XIV according to the analogous method of CHEMISTRY A as described
i Example 2 to provide the desired compound (R}-tert-butyl {6-{6-{bis{ier-
butexyearbonyhandno jpyrazin-2-yimidazol 1, 2-alpvrazin-&-vi ¥ 4-2-{{{fert-

butoxyearbonyiloxyimethyDmorpholinephenyDearbamate XX,

{2971 {Rp-{4-{4-{{6-{6-Amino-S-methylpyrazin-2-yimidazs| L, 2-alpyraein-8-
ylaminojphenyiimorpholin-2-yimsthansl () (R)-tert-tastyl (6-{6-(bis{teri-
butoxycarbonyhamine}pyrazin-2-yiimidazol 1, 2-alpyrazin-B-yIH4-(2-{({(tert-
butoxycarbonyDoxyimethylsorpholinoiphenyloarbamate XX (460 g, .56 mmeol} in
DOM was added to a round bottom Hask, and TFA {1.29 ml, 16.85 mmol) was added.
The reaction was partially complete after stivring ~8 hours. Added an additions! 10 eg
TFA and stirred overmight, then concentrated under reduced pressure. 1086 MeOH/DCOM
{~100ml} and sat.aq. sodium bicarbonate were added and stirred 15 min, separated,
extracted with ~100mi. 10%MeOMH/DUM. The organie layers were combined, washed
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with brine, dried over Nay8O,, filtered and concentrated under reduced pressure and

dried under vacuurn. The resulting solid was triturated with DCM, collected solids via

filtration and dried under vacuum o give a brown solid, 125 mg, with identity confirmed
as commpound 3 by NMR and LO-MS.  LOMSEST (g [MAHT 4162, "H NMR
{300 MHz d-DMBO) 81 2.57 {5, 1H), 859 (5, 1H), 847 (3, 1), 813 (¢, J= 1.2 Hz, 11,
8.06 - 7.90 (m, 2H}, 7.87 (s, 1H}, 7.62 {d, 7= 1.1 Hz, IH}, 7.05 - 6.93 (m, 2H}, 6.4% {5,
IH), 4780, J= 5.8 He, 1H), 398 387 (m, IH), 371 - 336 (m, THY, 263 {6d, T =
L7, 3.4 He, 18, 337 {dd, J=12.1, 10.5 He, 1H}. The corresponding {8) isomer, or

racemnic mixture of compounds is prepared similarly, using (83-(4-(4-

aminophenylimorpholin-2-vimethano! or a racemic mixiwe of (4-{4-

aminophenylmorpholin-2-vhimethanol, respectively, in the first step.

Example 4. Preparation of 6-(G-aminopyrazin-2-yi-S-methyl-M-{4-{4-{sxetan-3-

vhipiperazin-L-yDphenyDimidaze],2-alpyrazin-8-amine (4}
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fert-Buatyl (6-(6-(bis(tert-butoxyearbonyDaminoipyrazin-2-yi}-3-

wethylimidazo{l 2-slpyrazin-S§-yid-{d-{foxetan-3-yiipiperazin-1-

yhphenyiicarbamate XXE tert-Butyl {6-bromo-3-methylinnidazs] 1, 2-alpyravin-§-

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

desived compound XX
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G299 f~{t-aminopyrazin-2-yH-S-methyEN-(4-(4-(oxetan-3-viipiperazin-1-
yhphenyDimidaze] ], 2-alpyrazin-B-amine (4): The compound tert-butyl {6-{6-
{(bis(tert-butoxycarbonyDamunopyrazin-2-yij-S-methylimidaza] 1, 2-alpyrazin-8-v14-(4~
{osetan-3-yipiperazin- 1 -yliphenyljcarbamate XXI was de-protected by the analogous
method described in Example 2 to provide the desired compound 4. LOMS-ESIY (s
[MAHHT: 45832, TH NMR (300 MHz, de-DMSO) 8: 9.28 (s, TH), 8.28 {5, 1H), 8.04 {s,
1H), 7.8% (d, 2H}, 7.83 {s, 1H}, 7.7 (3,1H)}, 6.91 {d, 2H}, 6.46 {8, 7H}, 4.6-4.4 {dy, 4H),
3.43 {m, 1H}, 3.1 {8, 4H), 249 (s,3H)}, 2.4 {4H).
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Example 5. Preparation of 3-{5-{{¢-(6-aminopyrazin-2-yi¥imidaro]l,2-aipyrazin-B-

yhamino}-2-(d-(oxetan-3-yiipiporazin- L-ylphenonyjethanst (8}
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{B380] -(2-{2-Fluore-S-nitrophenoxyjethoxyMetrahvdre-2H-pyran XXIL: A

mixtare of 2-flusro-S-nitrophenol {4 g, 25 mmol}, 2-(2-bromosthoxyHetrahydro-2H-

pyran {4.4 mb, 28 nunol} and potassium carbonate (4.2 g 30 mmol) i DMF (50 mL)

was stirred at 58 °C for 16h. The reaction was cooled to room temperature, diluted with
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EtOAc and HxO. The aqueous laver was separated and extracted with EtOAc., The
combined organic extracts were washed with Hz0 (5¢'s to remove DIMF) and brine and
dried over sodivwn sulfate. The resulting residue was purified by columm
chromatography ISCO R (40 g column) eluting with a gradient of 100% hexanes — 111
hexanes:EtOAc 1o provide 2-(2-(2-fluore-S-nitrophenoxyiethoxyitetrabydro-2H-pyran
XXU (1.5 g 21%).

{83011 Io{4-Nitre-2-{Z-{{feirabydro-2 B-pyran-2-yhioxy)ethoxyiphonyijd-
{oxetan-3-vhipiperazine XX A mixnwre of 2-2-(2-fluore-3-
nitrophenoxy jethoxy jtetrabrydro-2H-pyran 23X (1850 myg, 5.43 mmol}, I-{oxetan-3-
vhpiperazine (772 myg, 5.43 mmol} and potassiom carbonate (112641 mg, 8.15 mmol)
i NMP {6 mL)} was stizred at 100 °C for 8h, The aguecus layer was separated and
exiracted with E¥OAc. The combined organic extracis were washed with HhO (5 x to
remove NMP) and brine and dried over sodiom sulfate. The resulting residus was
purified by column chromatography ISCO RE {24 g colunm) sluting with a gradient of
130% DOM — 60:35:3 DOMERO:MeOH to provide 1-{4-nitro-2-2-{{tetrahydro-2H-
pyran-2-yhoxyethoxyiphenyibd-{oxetan-3-vIipipevazine XXIH (2.1 g, 94%..

{B362] 4-{4-{Oxetan-3-ylipiperazin-1-yi-3-2-{(etrabydra-2 H-pyran-3-
yhoesykthoxylaniline XXIV: To a suspension of I-(d-nitro-2-¢2-{{ictrahydro-2H-~
pyran-2-yhoxyethoxy)phenyl}-4-{oxetan-3-yDpiperasine XX 2100 mg, 5.1 mmol} in
ethanct {30 mL} was added 10% P&/C {50% wet, 390 mg dry weight) in a 300-mL Parr
hydrogenation bottle. The bottle was evacuated, charged with hydrogen gas to a presswre
of 80 psi and shaken at rt for 2 b on a Parr hydrogenation apparatus. The reaction
mixiore was filtered, and washed with ethanol. The filtrate was concentrated in vacuo t0
give 4-{4-{oxotan-3-yhipiperazin- 1-v-3-(2-{{totrahydro-2 H-pyran-2-
yvhoxylethoxylaniline XXIV (1850 myg, 95%).

383} e-Bromo-N-{4-{d-{oxetan-3-yvhipiperagdn-1-yi-3-2-{{tetrabydro-2H-
pyran-3 yhoxyjethoxyiphenyhimidazo{l, 2-alpyrazin-8-amine XXV: To a solution
of 4-{4-{oxetan-3-yDpiperazin- I-yi-3-{2-{{tetrabydro-2Fepyran-2-yDoxyethoxylaniline
XXIV {818 mg, 2.17 vumol) and 6, 8-dibromonmidazol 1, 2-alpyrazivne {601 mg, 2.2
wunol) m IPA (15 ml) was added N N-Diiscpropylethylamine (.95 ml, 5.43 mmaol).
The mixture was stirved at 110 °C for 16 b, After this time, DM {10 mL) and sat
aguecus NaHC s {15 ml) were added. The aqueous Iaver was separsted and extracted
with DOM (2 x 10 mL). The combined organic extracts were washed with brine {10
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mib} and dried over sodivm sulfate. The resulting residue was purified by column
chromatography ISCO RE (24 g column) ehuting with a gradient of 100% DCM ~
80:35:5 DOMERO:MeCH to provide &-bromo-N-{4-{4-{oxstan-3-vlipiperazin-1-y}-3-
{2-{{tetrahydro-2H-pyran-2-vIjoxyicthoxyiphenylimidazol |, 2-alpyrarin-B-amine XXV
{1.2 g, quant}.

183484} teri-Batyl (&-bromoimidaze{l,2-ajpyrazin-E-.yDH{$-($-(onetan-3-
yhpiperazin-1-y-3-{3-{{{etrahydve-2H-pyran-2-yliosyiethoxyiphenyilcarbamate
XXVL G-Bromo-Ne{d-{4d-{oxstarn-3-ylpiperazin- 1v-3-C2-((etrahydro-Y Hepyran-2-
yhoayjethoryiphenyvlimidazoll,2-alpyrazin-S-amine XXV (1.2 g, 2.4 mamol) was
reacted aceording to the analogous method described in Intermediate Example 1.04
{conversion of LI to IV} to provide tert-butyl (6-bromoimidazo] 1, 2-alpyrazin-R-yD{4-(4-
{oxetan-3-yhpiperazin- L-yD-3-2-{{tetrabydro-2 H-pyran-2-
vhoxyiethoxyphenyicarbamate XXV (639 mg, 37%).

{385] tert-butyl {6-{6-(his(tert-butoxyeavbonyiisming)pyrazin-2-
yifmidaze{l,2-s]pyrasin-8-yHi{d-{4d-{oxctan-3-yDipiperazin- {-yD-3-{2-{{{etrahydro-
Ti-pyran--yhoxyiethoxyiphenyDearbamate XXVID tert-Butyl (6-
bromeimidazof 1, 2-afpyrazin-8-yI}4-{4-{oxetan-3-vijpiperazin- L -yD-3-(2-({(etrabydro-
2H-pyran-Z-yloxy jethoxyiphenyDearbamate XXV was reacted with XV according 1o
the methods of CHEMISTRY B as described in Example 2 to provide the desired
compound tert-butyl {(6-{6-(his(tert-butoxycarbony aming jpyrazin-2-yiHmidazo{ 1,2~
alpyrazin-8-y}{4-{d-{oxetan-3-vlipiperazin- L-y1}-3-(-((temahydro-2Hpyran-2-
viloxyiethoxyiphenyDearbamate XXVH (313 myg, 59%).

0308] 2o{S~{{6~(S-aminopyrazin-2-ylimidaze [ 2-alpyravin-8-yhamine 2-(4-
{oxetan-3-ylipiperazin-i-yiiphenoxylethanad 83 The compound teri-butyl (6-{6-
{(bis{tert-butoxyearbonyDaminojpyrazin-2-yhimidazo] 1, 2-alpyrazin- 8-y [i{4-{4-{oxetan-
JI-yhpiperazin-1-91-3-2-{(etrabydro-2H-pyran-2-vlioxylethoxyiphenylosrhamate
XXV (313 mg, 0.35 munol} was de-protecied by the analogous meihod described in
Example 2 to provide 2-{3-{{6~{G-aminopyrazin-2-yhimidazo[ 1 2-alpyrazin-8-vaming -
2-44-{oxetan-3-vlpipersein-1-yhiphenoxy)ethanol {5}, LOMS-BST™ {mi): [MEHT:
5043, TH NMR (300 MHz, de-DMSO) §: 9.52 (s, 1H), 8.61 {5, 1H), §.51 {s, 1H}, §.14
&,J=1011Hz 1H), 789 (s, 1H), 781 {d, /=23 He, 1H), 7.74 - 7.60 (m, 2H), 6.90{d, 7
= 8.6 Hz, 1H}, 647 (5, 2H}, 5.74 {5, 1H), 486 ~ 4.76 (m, 1H}, 4.50 {d, F = 25.6, 6.3 He,
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5.1 Hz, 2H}, 3.51 — 3.42 (m, 1H), 3.02 (s, 48),

Hxample & Preparation of 2-({($-{4-{(&-(G-aminopyrazin-2-yiiimidaze ] 1.2
aipyrazin-§-yamineiphenyDpiperszin-1-ymethyDpropane-1,3-diol {§)
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Oxetane-3-carbaldelryde XXV To a round-bottomed Hagk equipped

with a stirving bar, oxetan-3-vimethanel (2.00 ¢

2727

Ty e

nunol} was dissolved in DOM (50

ml} and Dess-Martin periodinans (10.67 g, 2838 numol) was added o one portion. The

reaction mixture was stirved at RT overnight. The solids were filtered through celits, and
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washed with BCM {3 mi x 5). The filirate was removed and concentrated in vacus and

the resulting cnede oxstane-3-carbaldehyde XX VI was used in the next step divectly.

{0308] i-{d-Nitrophenylp-4-{oxvetan-I-vimethylipiperazine XXIX: To a round-
bottomed fulsk equipped with a stirring bar, oxetane-3-carbaldehyde XXV {0.977 g,
11.35 muol}, 1-{4-nitrophenylipiperazine {1.18 g, 5.68 mmol} in DCM (100 ml}, and
HOAc (1.70 g, 28.38 mumol} in DOM (2 mL) were sdded. Afler § mimutes, NaBH{DACH
{24.06 g, 113.05 mumol) was added. The resuliing mixture was stivred at room
temperature for 2 h. Most volatiles were removed in vacwe, DOM (200 m) was added,
followed by saturated NaHCO; aquous solution {20 mL), and the resulting mixture was
stivred for 20 minutes. The organic phase was separated and washed with saturated
MNalCOs aqueous sohution (20 mi x 3}, brine (20 mb x 1), dried over NgyR0y, fitered
and solvents were remaved in vacue. The residie was passed through a silics gel column
(MeQOH: DUM =0 H} (o §: 85 to 25 75) to provide the desired compound XXIX as
vellow solids, 210 g

389} $-{4-{Oxeian-3-yimethyDpiperazin-1-yhaniles XXX To a round-
bottomed flask equipped with a stirving bar, were added 1-{4d-nitrophenyl}-4-{oxetan-3-
yvimethyDpiperazine XXEX (3.20 g, 11.54 mmol}, cthane! {60 mL) and water (60 mL).
Following the addition of fron (4.51 g, 30.77 mmol) and ammonium chloride (4.32 g,
80.77 munol}, the reaction mixture was heated at 30 OC for 1 b, then filtered through
Celite and washed with DCM {5 wl x §). The resulting filirate was exiracted with DOM
(20 mL x 3). The combined organic extracts were washed with water (20 mL x 2}, brine
{20 mL x 1}, dried over Nay8{y, and concentrated in vacuo. The desired 4-{4-{oxetan-3-

yimethyhipiperazin-L-yhaniline XXX was obtained, 1.19 ¢

314 &-Bromo-N-{$-{4-{oxetan-I-yimethyDpiperasio-L-yDphenyiimidazei§,2-
aipyrazin-B-amine XXXI: To a seal tubs equipped with a2 stirring bar, 4-{d-{oxetan-3-
vimethyDpiperazin-1-vhaniline XXX ¢ 1.19 g, 4.81 mumol}, §,8-dibromoimidazol1,3-
aipyrazine (1.33 g, 4.81 munol}, isopropanci (24.1 mL}, and diisopropylethylamine (1.37
g, 10.38 mmol) were added, and the reaction mixture wag heated at 100 °C overnight.
Most solvents were removed in vacue and DOM (200 ml} was added o the mixture.
The solution was washed with H0 (20 mi. x 2), brine (20 mL x 1}, dried over NaaSQy,

filtered and solvents were removed iz vacno. The resalting residue was passed through a
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sthca gel eolomm {(MeOH: IXCM = §: 85} and Hght red solids were obtained as the
desired compound XXX, §.692 g {(vield 32.4 %)

HETRY! tert-Butyl (&-bromeimidaze{l.2-alpyrasin-8yhi{d-{1-{oxetan-3-
yvhimethylipiperidin-4d-ylphenyijearbamate XXXIE To a round-bottomed fask
squipped with a stivring bar, were added &-bromo-N-{4-{d-{oxetan-I-yimethyDpiperazin-
i-yhphenylDimidazol {,2-alpyrazin-E-amine XXX (360 mg, 1.27 momol}, DUM {11 mly,
di-tert-butyl dicarbonate {414.4 mg, 1.90 mmol}, and tricthylamine {640.5 mg, 6.33
ramed). The reaction mixturs was heated at 50 °C overnight. BCM {200 mL) was added,
andd the resulting solution was washed with water 30 mL x 23, brine {20 mi x 1}, dried
over NaxSQy, filtered and solvents were removed in vacuo. Colums chromatography

gave the desired compound XXX as vellow solids: 640 myg (yield 93.2 %),

{8313} tort-Butyl {(6-{6-(bis(tert-buioxyearbonyllamine)pyrazin-2-
vifnddaze]i 2-alpyrazin-E-y4-{4-{oxetan-3-vimethyl)piperazin-i-
vijphenylicarbamate XXXIH: To a round-bottomed flask equipped with a stirring bar,
tert-butyl (&-bromotmidazel 1, 2-ajpyrazin-&-yH{4-(4-{oxetan-3-vimethyDpiperazin- 1~
vhiphenyhicarbamate XXX (150 myg, 0.276 mmol), N, N-BisBoc 6-{4,4,5,5-
tetrametiyl-1,3,2-dioxaborolan-2-yljpyrazin-2-aptine XV {255.8 mg, 0.607 mmol} in
DME {2.3 mb}, PAPPhy ) (16.0 mg, 3.14 mmol), Nax U0 agueous solotion (1.0N, .91
ml, .91 romol), and DME (3 mL) were added. The mixture was heated at 75 °C foxr 2,
then DM (200 mL) was added and the resulting mixture was washed with water {30
m ¥ 3}, beine (30 mL x 1}, dried over MgSQ;, Altered, and solvents were removed in
vaecue. Purification by silica gel colunn (MeOH: DOM = §: £5) gave the desived
componnd XAXTH 250 mg,

HRIRT 2-{{4-{4-{{6-(G-aminopyravin-2-yvimidaze{l,2-a]pyrazin-8-
yhaminolphenyhipiperazin--vimethyDpropane-13-diol (8} To g solution of tert-
butyl {6-{6-(his(lert-butoxycarbonylamine pyrazin-2-yhimidazo] 1, 2-ajpyrazin- 8-y} 4-
{4-{oxetan-3-yvimethylipiperazin-1-yljphenylicarbamate X0 (250 mg, 0.33 mmol)
in DOM (30 ml) was added TFA (840.3 mg, 8.25 punel). The resulting mixiure was
stirred at room temperature for overnight. Morg TFA {752.2 mg, 6.60 munol) was added
and stirred at room ternpersture overnight. Most solvents were removed in vacue, DUM

{200 mL} and saturated NalHC0O3 agueons solution (30 ml} were added and the resulting

miixture was stirred for 30 minuies. The organic phase was separated, washed with
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satarated NaHCO3 aqueouns solution (20 mi x 4), brine (20 mL x 1} The aqueous phase

was extracted with DOM (30 mL x 2}, The combined organic phases were washed

with brine (20 mL x 1}, dried over NaxSQ,, filiered, and solvenis wers removed in
vacue. The erude material was purified on ISCGO cohumn, MeOH: DOM = (:100 10 5:93
(0 7.5: 92.3 10 25: 75 to chue the desired componnds. Two compounds were ohitained,
the first is the oxetane compound {26.8 mg); and the other the desived compound (5, 45.3
mg, vield 31.4 %), LOMS-EST {nvk): IMHHTT 476, TH NMR (300 MHz, de-DMSO) &
G5 (s, THLB60{e, 1 HLEA (G, THLE M4 =18 He 1 HLT795(d, I=0Hz2
HY, 790 (s, VEL 764 {5, 1 H), 699 {d, =9 Hz 2 H), 648 (5, 2 H), 4.5} (road §, 2 H),
343{d,J=06Hz, 4 H), 312 (broad m, 4 H), 2.54 (broad m, 4 ¥}, 2.34¢3, J =72 Hz, 2
Hy, 1.83 ¢m, T H

Example 7. Preparation of 2-(3-{(&-{¢-amino-S-methyipyrazin-2-viimidaze{i 2~

aipyrazin-S-yhamine}-2-(d-{oxetan-3-yijpiperazin-i-yhiphemoxyiethanol (7}

v
- Boo 87N, e
O 3 H % x( PO
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{B314] tert-butyl tert-butexyearbonyi{&-{8-{{tort-butoxyearbonyhid-{4-{oxetan-
J-yhipiperazin-LyD-3-3-((etrabydro-2H-pyran-2-

yihoxyjethoesyiphenylaminelimidazo]l 2-alpyrazin-G-yli-3-chieropyrazin-2-
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yhearbamate XXXIV: A flask squipped with a reflox condenser was charged with tert-
butyl {&-bromotmidazol 1 2-ajpyrasin-8-yI{4-{4-{oxetan-3-vlipiperazin- 1 -v1}-3-(2-
{{tetrahydro-2H-pyran-2-vDoxylethoxyiphenviloarbamate XXV {prepared ag described
m Hxample 33 (352 mg, 0.52 mmol}, 2-(bis-boc-amine}-3-chloro-6-{4,4,5 S-tetramethyl-
1,3, 2-dioxaborolan-2-vlipyrazine {prepared by analogous method as used in Example 2
for the preparation of compound XV} (500 mg, 1.1 mmol}, PAPPha)s (30 myg, 0.03
mmnol} in sodivm carbonate (1.6 mL, 1M in HoO) and DME {4.8 mL}. The mixiure was
heated to reflux for 1 k. The reaction was cooled o room temperature, dituted with
BCM and HO. The agueous layer was separated and extracted with DUM. The
conibined organic exiracts were washed with brine, dried over sodivm sulfale, filtered
and concentrated under reduced pressure. The resulting residus was purified by colums
chromatography ISCO RE {4 g column) eluting with 3 gradient of 100% DCM —~ 100%
63/35/5 DOM/ELO/MeOH, sppropriate fractions were combined and concentraied to
wovide the desired compound tert-butyl tert-bitoxyearbonyi(6-(B-{{teri-
butoxyearbonyld-{ &-{oxetan-3-yDpiperszin-1 -y 3-(2-{{tetrahydro-2 H-pyran-2-
vijoxyiethoxyiphenyhamine midazol 1, 2-alpyrazin-G-yh-3-chloropyrazin-2-

vijcarbamate XXXIV (258 mg, 53%).

HHARRE teri-butyl tert-buioxyearbonyl{&-(8-{{{eri-butoxyearbonyhid-{4-{oxetan-
J-vhipiperazin-L-yi-3-(3-{{tetrativdre-2H-pyran-2-
yvhoxyiethoxyiphenyhamino}intidarofl 2-alpyrasin-6-yi}-Jmethylpyrazin-2-
yhearbamate XXXV: A microwave vial was charged with tert-buiy! tert-
butoxyearbonyi{6-(8-{ (tert-butoxyearbonyli{d-(d-{oxetan-3-ylipiperazin-1-y[-3-(2-
{{tetrahydro-2H-pyran-2-yhoxylethoxy jphenyllamine fidazo] §,2-alpyragin-6-yi}-3-
chloropyrazin-2-yhearbamate XXXV {258 mg, 0.28 munol}, methyiboronic acid (503
mg, 8.4 mmol), PAPPhs, 32 mg, .03 muvol} in sodivm carbonate (0.8 mi, IM in
HoO% and DME (2.5 mL). The mixture was heated at 150 °C for 20 min. The resction
was cooled lo room temperature, dihuied with DUM and H0 The aqueocus laver was
separated snd extracted with DOM. The combined organic exiracts were washed with
bring, dried over sodium suifate, filtered and concenirated under reduced pressure. The
resulting residue was purified by column clwomatography ISCO RE {4 g eohumn) eluting
with a gradient of 100% DCM ~ 100% 7518/7 DOM/ERO/MeOH to provide the
desired compound teri-butyl tert-butoxycarbonyl{6-{8-{{tert-butoxyearbony {4-{4-
{oxetan-3-vhipiperazin- -V} 3-(2-({tetrahydro-2H-pyran-2~
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yhoxviethoxyiphenyhamine Hmidazol 1.2 -alpyrazin-6-v}-3-methyvlpyrazin-2-
yhearbamate XXXV (168 mg, 65%).

3316} 2-{8-{{&-{-Antino-S-methylpyrazin-2-yijimidaze]{,2-alpyrasin-8-
yiiaming}-2-{4-{oxetan-3-yDipiperazin-1-yiphenoxyiethanol (7)1 To a solution of
tert-butyl tert-butexycarbonyl{6-{&-{{tert-butoxycarbonyii{4-(4-{oxetan-3-ypiperazin-1-
yi-3-(2-{{tetrahydro-2H-pyran-2-yhoxyiethoxyiphenyDamino imidazo{ 1 2-alpyrazin-6-
yi-3-methylpyrazin-2-yhcarbarate XXV (1635 mg, 0.18 mmel) fo DOCM (2.2 mL) was
added TFA (1.1 mi, .11 nunol}. The mixture was stivred at 1t for 16 b, The reaction
was dihated with 9.1 DCMMeOH and HO. 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 colummn chromatography eluting with a gradient of
100% T318/7 DOM/EROMaOH - 100% 70/20/10 DOMERO/MeOH to provide the
desired comopund 2-{5-({6-{6-amino-S-methylpyrazin-Z-vi}imidazo{ 1 2-alpyrazin-&-
yhamino}-2-{d-{oxetan-3-yhipiperazin- L-yliphenoxylethanol {7, 56 mg, 59%). LOMS-
BST {me2): [MHHTT $18.2. 'H NMR (300 MHz, do-DMSO) 8: 948 (5, 1H), 8.58 (5,
1H), 844 (s, 1H}, 813 {d, /= 1.1 He, 1H}, 7.85 - 7.66 (m, 2H), 7.62 (d, 7= 1.1 He, 1H)},
.90 {d, =80 Hz, 1H), 625 {s, 2}, 487 - 4.77 {m, 1H}, 4.50 {d1, /= 25.2, 6.3 Hz,
AHL 404 (/=581 He, 2H), 3.74 (g, /=52 He, 2H), 3.51 - 338 {m, 1H), 3.10 - 2.85
{my, 45}, 2.45 - 235 {m, 4H), 2.34 {5, 3H). Alternatively, compound XXXIV could be
taken divectly {o this step and simifarly de-protected to provide the Schloropyrazine

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

8317 Svk activity was measured using KinBEASE (Cishio}, a time-resolvad
fluoreseence resonance energy transfer (TR-FRET) immumoassay. In this assay, Syk-
catalyzes the phosporyiation of a XL665-1abeled peptide substrate. Furoptum conjugated
phoapho-tyrosine specific antibody binds the resulting phosphorviated peptide.
Formation of phosphorylated peptide is guantified by TR-FRET with Europium as the
donor and XL665 the acceptor in a 2-step endpoint assay. In brief, test compounds
serially diluted in DMSO were delivered inlo Coming white, low volume, non-binding

384 well plates using the Foho 550 scoustic hguid dispenser {Labeyte®). Svk enzvme
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and subsirates were dispensed Into asaay plates using a Multi-Flo (Bio-Tek Instruments).
The standard 3 pl reaction misture contained 20 pM ATP, | M biotinylated peptids,
0.013 nM of Syk in reaction buffer (36 md Hepes, pF 7.0, $.02% Nals, 0.1% BSA, 0.1
mM Orthovanadate, § mM MpCh, 1M DTT, 0.025% NP-40). Afier 30 minutes of
mcubation at room temperature, § ul. of Stop and Detect Solution (1:200 Turophum
Cryptate lsbeled anti-phosphorviated peptide antibody sohution and 125 oM strepavidin-
XL665 Tracer in a 30mM Hepes pH 7.0 detection buffer containing sufficient HDTA)
was added. The plate was then further incubated for 120 minutes at romm temperature
snd read using an Boviston 2103 Multiiabeled reader (PerkinBlmer) with
excitation/emissicnFRET emiscion at 340mm/61 Snm/665mm, respectively.

Fluorescence intensities at 615nm snd 865w envssion wavelengthe were expressed as a
valio (668mm/61 Sum). Percent inhibition was calculated as follows:

% Inhibition = 100 x (Ratio sunpie ~ Ratio g nainea IRAUS 1009 mmbibivien ~ RAHO 534 mhibiion}
where .1% DMSC {0% inhibition) was the negative confrol and 1 pM K252a {100%
mhubition} was used as the positive control. Activity of the comnpounds of Examples §-7
are provided in the following table, demonstrating the compounds are Syk inhibitors

with s below 30 nbd.

Syvk
Exampie No.: Compound Nams Cam
{Bhi}
Ex.-1: 6-{6-amino-S-methylpyrazin-2-vi-N-{4-{4-{oxetan-3- 62
yhpiperanin-1-vliphenylyimidazol | 2-alpyrazin-8-amine ’
Ex.-2: 6-{6-aminopyrazin-2-yi-N-{4-{4-{oxetan-3-yhipiperazin-1-
\ . , : 3 13.5
yhphenyhimidazol 1, 2-a pyrazin-B-amine
Ex.-3: {R}-{4-{4-({6-(G-aminopyrazin-2-yDimidazol 1,2 -alpyrazin-8- 131
yvhaminophenyDmorpholin-2-yhmethanol -
Ba~4 S-(6-aminopyrann-2-yh-S-methyl-N-{4-{4-{oxeian-3- 44
viypiperazin-1-yhphenylimudazol | 2-alpyrazin-8-amine
Ex-3: 2-(5-{{6~¢{ G-aminopyrazin-2-yhimidazo[1,2-2]pyrazin-§- 197
yhammo}-2-{4-{oxeten-3-ylpiperazin-1-yvhiphenoxyethans! o
Ex.-fr 2-{{4-{4-{{6-{ G-aminopyrazin-2-yviimidarol 1 2-alpyrazin-§- 145
yhammnoephenvhpipersain-1-yDmethyDpropane-1,3-diol "
Ex.-7: 2-{5-{{6-{5-amino-S-methylpyrazin-2-yDimidazo{ 1, 2-alpyrazin- 2.7
8-vlamino}-2-{4-{oxetan-I-vipiperazin- I ~viiphenoxyiethanol ’

Example 9: 384-well HTES Whele Blood D63 Basophil Assay
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318} Syk activity was aseessed in relation to reduced activation of basophils as
measred by the expression of CD63 in g human whole blood basophil cellular assay
{15% blood). Basophil activation was messured in human whole blood using the Flow
CAST kit {(Buhlmann Laborstortes AG, Basclsivasse, Switzerland) following the
protocol provided by the manufacturer with minor modifications. Fresh human whole
biood in heparin was collected and delivered same day (AllCells, Emeryville, CA).
Whole blood samples were incubated with either DMSG (1% final) or serial diluted
compounds in DMSO for 60 mimstes at 37 °C. Basophils were activated using the anti-
FeeRImAb and stained with anti-CDE3-FITC and anti-CCRA-PE for 20 mimutes at

37 °C {per well: 50 pl. of whole blood was mixed with 113 uL of sthnulation buffer, 8.3
pL anti-FesRImAb, 8.5 uL Ab stain COR3-PRACDSI-FITC). Colls were centrifuged at
1000 x g for 18 minutes and 150 pl/well of superatant removed. Red blood cells were
fysed and cells fixed by 2 rounds of cell lysing: resuspending cell pellsls with 150
wl/well 1X lysis buffer, incubating af room temperatare for 10 minutes, and collecting
cell pellets by centrifuging for 1200 rpms for § minutes. Cells were washed with 150
uld/well wash bulfer twice, and resuspended in a final volume of 75 ul/well of wash
buffer for either immediate flow cytometery analysis or overnight incubation at 4 °C
followed by flow cytometry analysis. Dogranulation (hasophil activation) was detected
by CI63 surface expression on CCR3 positive cells. The percent UD63 positive cells
withen the gated basophi! population were determined and normalized to the DMSO
{negative control) and control compound (positive control). Activity of the compounds
of Bxamples 1-7 are provided in the following table, demonstrating the compounds are

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

D63
Exasmple No.: Componnd Name K
{nd)
Ex-1: §-{6-ammno-S-methyvipyrazin-2-yvi}-N-{4-{4-{oxetan-3-
o T R SN 51
vipiperazin- L-vhphenylimidazol 1 2-glpyrazin-8~amine
Bx~2 S{G-aminopyrazin-2-y-N-{d-{4-{oxetan-3-ylipiperazin-1- 20
viiphenylimidazof 1 2-alpyrazin-8-amine
Ex.-3 (Rp-{4-{4-{{6-{C-aminopyrazin-2-vipnddare] 1, 2-alpyrazin-§- 62
vhsmino iphenvDmorpholine2-yDimethans! ”
Ex -4 &-{S-aminopyrazin-2-y-S-methyl-N-{4-{4-{oxetan-3- 157
yhipiperazin- I -yhphenyiimidazo] 1, 2-alpyrazin-8-anine e
Ex.-8 2-{§-{{6-(G-aminopyrazin-2-yhimidazol1,2-a Jpyrazin-8- 130
yhamino}-2-{4-{oxetan-3-vlipiperazin- 1 -viiphenoxyethanol i
Bx-6r I-{(4-{4-{{6-{(G-aminopyrazin-Z-yhimidaze] 1, 2-alpyrazin-8- 198
vianinoiphenyDpiperazin- Lylmethylipropane-1, 3~diol

146



WO 2016/010809 PCT/US2015/039677

Ex.-7: 2-{53-{{(6-{6-amino-S-methylpyrazin-2-ylimidazo] 1 2-alpyrazin- 167
g-vhaming }-2-{4-{oxetan-3-viipiperazin- 1 -viphenoxyjethanol o

Example 1¢: Kinetie Solubility

{8319 The kingtic solubility of compounds in phosphate buffer at pi 7.4 was
assessad. The compounds @0 be teated were dissolved in dimethyisuifoxide at g 10 mbM
concentration. Stock samples were diloted, 3 i Lwith 297 1 | of the phosphate buffer at
pH 7.4 {DulBeceo’s phosphate buffered saline (Sigma-Aldrich D8662), 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 to & known standard
concentration of 0.1 mM. The kinetic solubility of the compounds of Examples 1-7 are
provided in the following table, demonsivating the compounds have kinetic solubility at

pH 7.4 of greater than 90 pb.

- . Solubility pH 7.4

Esampls No.: Compound Mame (B3
Ex.-1: 6-{0-amino-S-methylpyrazin-2-vi}-N-{4-{4-{pxsian-3- a¢
yhpiperazin- i -vhphenyDimadarol 1, 2-alpyrazin-S-amine o
Ex-2: S-{S-aninopyrazin-2-y-N-{4-{4-{onetan-I-yDipipemzin-1- 94
vhpbenvitimidaro] 1 2-aipyrazin-8-amine -
Ex-3 (Rp-(4-{4-{{ 6-{G-amivopyrazin-2-y imidazol 1 2-alpyrazin-&- 91
yvhanunojphenyiimorpholin-2-viimethanol ‘
Ex.-4 6-{G-aminopyrazin-2-vi}-S-moethyl-N-{(4-{4-{oxetan-3- 100
yvhipiperazin-1-vlphenyiimidaro] 1 2-alpyrarin-8-aming
Ex.-5: 2-03-{{(6-{B-aminopyrazin-2-yIimidazo] I Z-alpyrazin-8- 97
yijamine -2-{(4-{oxetan-3-vpiperazin- -y Dvhenoxylethanol
Ex.-8; 2-H{4-{4-({6-{G-aminopyrazin-2-yiimidazoef 1,2-ajpyrazin-8- 95
vhaminophenylipiperazin-1-vDmsthyDpropane-~1,3-dio}

Example 11: Human Hepatocyte Stability Assay

324] The human hevoatocyte stability of the compounds as pradicied hepatooyte
clearance in L'’k was assessed. Compounds 1o be tested were diluted to 200 uM (4
ul of 10 mM DMEO siock inte 196 pl ACNILO (36:50). Propranclol was used as a
positive control, and buffer only without hepatocyies s 0% control. These were further
dituted 4 pl with 91 pl KHB buffer (lnViroGRO catalog mumber 299074} o provide
2X dosing spfution. To each well 0f 24 well plaie, 250 pl of the 2X dosing solution was
added 1o each well with 250 ul of hepatoevtes cells {1 x 10% viable celis/ml per well} or
KHE for contro] samples to achieve 3 finel compound concentration of | phd during

ncubation. The final solvent concentration was 0.01% DMBO and £.25% ACN. The
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cultore plate was placed on a rocker and incubated at 37 °C, 5% COn. Samples were
collected gt tuwe 0, 1, 3, and 6 bours. The loss of parent compound was determined
wzing LO-MS methods against a standard curve. Activity of the compounds of
Examples 1-7 are provided in the following table, showing hepatocyte clearance of about
(.12 Liw/kg or less,

Example MNo.: Compound Name {?Lﬁiﬁaﬁk g

Ex-l 6-{S-amino-S-methylpyrazin-2-vi)-N-{4-{4-{oxetan-3- 012
yhpiperazin--yDphenyvhiimidazol 1 2 -alpyrazin-S-amine T
Ex.-2: §-{G-aminopyrazin-2-yi-N-(d-{4-{onetan-3-yipiperazin-1~ «

. o~ : . §.055
yiphenyhinudazof 1,2 -alpyrazin-8-amine
Ex-3 (R3-(4-{4-({0-{6-aminopyrazin-2-yiimidaro] 1,2-a)pyrazin-&-

N B : , _ 8.09
yiaminephenyPmorpholin-2-vhmethanol
x4 S{6-aminopyrazin-2-vi-Sanethyb-MN-{(4-{4-{oxstan-3- 008
viipiperazin-1-viiphenvljinidazol 1, 2-alpvrazin-§-amine ”
-3 2-{5-{{6-(6-ammopyrazin-2-vi oidazof 1, 2-a jpyrazin-8- no7
yhaming-2-(4-{oxetan-I-vDipiperazin- L-viphenoxyiethanol '
Exf: 2-{(4-(4-{{6-{G-aminopyrazin-2-yviHmidazo] 1, 2-alpyrazin-§- 008
vhaminophenyhipiperazin- 1 -vimethyDpropane-1, 3-diol B
Ex.7: 2-{5-{{6-{6-amino-S-methyipyrarmn-2-yimidarof 1,3~
alpyrazin-8-vDamine}-2-{4-{oxetan-3-vipiperazin-1- {135
viiphenoxy)ethanol

Example 13: Comparison to known Syk inkibitors

8321 The assays of Examples 8-11 were used to compare the compounds as
deseribed berein with compounds known in the art. The dats comparing the compounds
of Examples 1.7 o previously descoribed compounds is provided in the following table.
From these results, 1 is clear that compounds as described herein are desirable as Syk
jnhibitors, with improved Syk and UD63 activity relative to the kaown compounds,
improved kinetic solubility {at lesst sbout 8-fuld more soluble} and hepatocyte clearance
{at least sbowt 2-fold less clearance). As such, the combination of imoproved Syk and
CI¥63 mmhibitory getivity with improved kinetic solubility and clearance provides
compounds that are expected to be effective af treating diseases as described herein with

improved pharmacokinetic properties.

Syk C63 | Solubility | Hheps
Compound Nams sy ¥ ry pH 74 5,
{nbi} {nhi} {hi} {units}
Ex.-1: &-{G-amino-S-methvipyrazin- 6.2 51 45 6,12
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2y b i-{4-{d-{oxetan-3-vipiperazin.
1-yiiphenyiimidazo] 1,2-a]pyrazin-&-
aming
Ex.-2: f-{G-aminopyrazin-2-yi}-N-
{#-{4-{oxetan-3-vlipiperazin-1-
viphenyviimidazol 1 2-alpyrazin-&-
aming
Fx -3 (R3-{4-{(4-{{5-(6~
aminopyrazin-2-yhimidazoil,2-
alpyrazin-§- 13.3 &3 91 06.09
yhiaminoiphenyDmorpholin-2-
yhimethano]
Fx -4 O-{H-aminopyrazin-2-yi-5-
methyN-{(4-{4-{oxetan-3~
viypiperazin-1- 44 i5
yiphenyliimidazo[ 1, 2-alpyrazin-8-
|G
Ex -3 2-{&4{{6-{0-aminopyrazin-2~
yinmadazof 1,2-a)pyrazin-§-
yiemine}-2-{d-{oxetan-3-
yipiperazin-1-viirhenoxyjethanc!
Ex-6 2H{{4-(4-{{6-{G-aminopyrazin-
2-yiyimidarol 1, 2-alpyrazin-8-
yiaming jphenyhpiperazin-1-
yhmethylpropane-1,3-diol
Ex.-7: 2-5-{{6-{6-amino-3-
methylpyrazin-2-vijimidazo{ 1 2~
sipyrazin-8-vhamino 2 -{4-{oxetan-
3-vipiperazin-1-viiphenoxyiethanol
Known compounds;

i3.3 80 9§ 0085

100 .08

-l

122 12¢ a7 0.07

i4.5 128 SG (.08

8.7 167 ud .03

&-{ S-aminopyridined-vi-DN-{4-
rgorpholinophenyiiimidazo] 1,2- 3} 143 5 .58
ajpyrazin-S-amine
&-(3-aminophenvi}-N-{3,4-
dimethoxyphenyiimidazo]1,2- 188 809 3 (.24
alpyrazin-8-amine

&-{ S~amino-G-methylpyridin-3-y-N-
{4-morpholinophenylimidazo{l,2- i6 2850 5 0.40
alpyrazin-B8-amine
&-{G-aminopyridin-3-y1-MN-{3,4-
dimethoxyphenylimidazof 1,2~ 33 734 10 0.9
% ipyrazin-8-amine

8322} The followmg examples are included to Hlustrate embodiments of the

disclosure, and are not intonded to limit the scope of the disclosure. B should be
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appreciated by those of skill in the art that the technigues disclosed herein represent
technigues that apply in the practice of the disclosure. Those of skill in the ant would
appreciate that, in hight of the present disclosure, changes can be made in the examples

herein without departing from the spirit and scope of the disclosurs.
Eaample 13

Comparison Effect of the Combination of 8 Compound of Formula §, &{&-
aminopyrazin-2-yip-N-{4-{d-{oxetan-3-ylipiperazin--yiphenyhimidaze] 1,2
alpyrazin-S-amine, with Vineristine versus Effect of the Combinationin of the
Compound of Formula §, 6-{¢-aminepyrazin-2-yDH-N-{4-{d-{oxetan-3-
yhpiperazin--yDphenyDinddazel ], 3-alpyrazin-8-amine, with Vinhisstine in the
malignant DLBCL Bocell Hne, DIfI-~18

8333 This Example evaluates the efficacy of & compound of Formula 1, 6-(6-
aminopyrazin-2-yi-N-(4-{4-{oxetan-3-vhipiperazin-1 -yliphenyl Hmidaro[ 1, 2-a fpyrazin-
S-arpine, or a pharmacsutically acceptable salt thereof, in combination with vincristine to
inhibit malignant B-cell viabality in the malignant diffuse large B-cell lymphoma
{LBCL) cell line DHL-10. This Example alzo svaluates and compares the efficacy of a
compaound of Formula §, 6-{6-aminopyrazin-2-yi}-N-{4-{4-{oxetan-3-vDipiperazin-1-
yvhphenyDimidaze] 1,2-alpyrazin-8-amine , or a pharmaceutically accepiable salt thersof)
in combination with vinblastine to inhibit malignant B-cell viability in the malignant

diffuse large B-cell lymphoma {DLBCL) cell line DHIA10

183241 Cell Titer Glo Viability Assay: Vineristine and vinblastine were tested alons,

or in combination with 100oM of the compound of formula (8. The DLBCL cell line,
DHE-10 was plated at 10,000 cells per well in duplicate and incubated at 37°C with 5%
0, for 72 hours in RPMI supplemented with 10% FBS and 100 U/L pendeiliin-
streptomyocin. Cell viability was assessed using Cell Titer Glo (CTG)Promega,
Madison, Wi} following the manufactured’s protocol. UG signals were recorded for

mdividual compound trestment and combinations, Results are shown in Figure 1.

{6328] FIG. 1 dopicts and summmarizes the inhibiiory effects of the combination of 3

compound of Figure 1, 6-{6-aminopyrazin-2-v13-N-{4-{4-{oxetan-3-vDpiperazin-1-
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viiphenyliimidazo{l,2-alpyrazin-S-amine, and one of two of the vinca alksloids,
vincristine {FIG 1A) and vinblasting (FIG 1B) respectively, in the DLBCL cell line,

DHE-10 when compounds were co-admnistered (Figare 1)

Example 14

Comparison Bifect of the Compound of Formuls §, §&(S-amivopyrazin-2-vi-N-
{4-{4-{oxetan-3-yiipiperazin-tyliphenyiimidazell, 2-alpyrazin-B-amine , in
Combination with Vineristine in 8 Syl-expressing Solid Tuomor Cell Line versus
Effect of the Compound of Formula §, é-{6-aminopyrazin-2-yH-N-{d-($-{oxetan-
3-yhipiperazie-I-yiiphenylimidazol i 2-alpyrazin-8-amine, in Combination

withVincristine In 8 non Sykesxpressing Solid Tamor Celf line

133s] This Example svaluates the efficacy of the compound of Formula §, 8-{(6-
aminopyrazin-2-yH-N-(d-{¢-{oxetan-3-yDpiperazin- 1 -vhphenyimidazo] 1, 2-a pyrazin-
8-amying, or a pharmaceutically scceptable salt thereof] in combination with vineristine o
inhibit cell viability in the Svk-expressing malignant colon cell Hne, MiaPaca, This
Example alse svaluates the efficacy of the combination of the compound of Fornwula §,
S-{G-aminopyrazin-2~y1-N-{4-{4-{oxetan-3-yl}piperazin- 1-yphenyimidazo] 1,2~
alpyrazin-S-amine, and vincristine to inhibit cell viability in the non-8yk expressing cell

fing, Hep(G2.

{327 Cell Titer Glo Viahility Assay: Vineristine was tested alone, orin

combination with 4 concentrations of the compound of formda (13 (300, 160, 33, and 13
ndi}, in the malignant colon cell line, MiaPaca and in HepG2 cells. Cells were plated at
3,000 cells per well in duplicate and incubsated a1 37°C with 5% OO, for 72 howrs in
RPMIE supplemented with 10% FBS and 100 W/L penicillin-streptomycin, Cell viability
was asaessed using Cell Titer Glo (CTG Y Fromega, Madison, W) following the
manefactorer’s protocol. OTG signals were recorded for individual compound treatment

and combinations. Results are shown in Figure 1.

(#3281 FIG. 2 summarizes the inhibition of cell vishility by the combination of the
compound of Formula 1, 6-{6-aminopyrazin-2-y-N-{4-{4-{oxetan-3-yDpiperazin-1-

yhphenyldmidazof 1, 2-ajpyrazin-8-amine (Compound A}, and vincristine in the Syk-

i

(x4

i
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expressing malignant colon cell line, MiaPaca (FIG 2A}, and in the non-Syk expressing

malignant colon cell Hae, HepG2 (FIG 2B).

{93294 Svk Protein Assay: Cell lines were grown logarithmically overnight in RPMI

supplemented with 10% FBS and 100U/L penicillin-streptomycin. 1 x 107 were
collected by cenirifugation at 300 x g st room teroperature for & minutes in 50 mi tubes.
Cell pellets were fysed onice for 15 mimmes in 200 b of 1X RIPA buffer (Cell
Signaling Technology, Danvers MA) containing protease (Roche, Palo Alto CA) and
phosphatase inhibitors (Sigma, Saint Louds MOy Santa Cruz Technologies, Dallas TX).
Cells lysates were transferred to 96-well V-bottors plates and used directly or frozen at
-8 for use the next day. Proteins ware separated with 4-12% SDS-Bis/Tris gels and
blotted onto mtrocellulose. Blots were blocked in Rockland Odyssey blocking buffer
and ncubated with a total Syk antibody, 41310 (Santa Cruz) and pSyk-Yspss {Cell
Signaling Technologies). The primary antibodies were diluted 111000 and incubated for
1 howr at room temperature. Blots were washed 3 times § minutes in Tris-buffered
saling contatning 1.0% Tween {TBS-T), Blots were then incubated goat amouse 190 (H
+ 1.}, AlexaFluor 680 (Life Sciences, Inc) and Goat aRabbit IgG (H + L), DyvLight 800
{Thermo Scientific), each diuted 1:20,000 in blocking buffer, for | hour at room
temperature. Blots wers washed 3 times 5 minutes in TBS-T and analyzed on an

Odyssey gel imager (LI-COR)

B33 FIG 3 depicts the level of Syk expression in the MiaPaca and Flep(2

malignant colon cell Hnes (Figure 3).

Exampie 15
Petermination of Syk Expression in Certain Malignant Solid Temor Cell Lines

{331} Svk Protein Assay: Cell nes were grown logarithmoically in overnight and 1

x 107 were collected by contrifugation at 300 x g at room teppersture for § minutes in 50
ml wmbes, Cell pellets were lysed on ice for 15 minutes in 200 ul. of TX RIPA buffer
{Cell Signaling Techoology, Danvers MA) containing protease {Roche, Falo Alto CA)
and phosphatase inhibitors (Sigma, Saimt Louis MO; Santa Cruz Technologies, Dallas

TX). Cells lysates were transferved to 96-well Vebottom plates and used divectly or
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frozen at -BO°C for use the next day. Proteins wers separated with 4-12% SDS-Big/Trig
gels and blotted onio nitrocellulose. Blots were blocked in Rocldand Odyssey blocking
buffer snd incubated with a total Syk antibody, 40310 (Santa Cwez). The primary
anttbodies 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 IgG (H + LY, AlexaFloor 868G (Life Sciences,
Inc}, dituted 1:20,000 in blocking buffer, for 1 howr at room femperature, Blote were
washed 3 times § minutes in TBS-T and analyzed on an Odyssey gel imager {(LI-COR),

Ses Figire 4.

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

thelr endivety for all purposes.
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CLAIMS
What is claimed:
i A method for treating in a huroan 8 disease or condition selected from the group

consisting of an inflammaatory disorder, an allergic disorder, an autoimmune discase, and
& cancer in a subject in need thereot, the method comprising administering {0 the human
in need thereof a therapsotic effective amount of a 4 vineca atkaloid, ora
pharmaceutically acceptable salt thereof, and a therapeutically sffoctive smount of a

compound having the structure of Formula [:

H;N "‘JN\{X /%,N ,/
ISR
R b
Formula T

or a pharmaceutically acceptable salt thereof, wherein:

N :
. e i !
R'is selected from the group consisting of  # * , and
o
- f,c:j

N
4 , wherein * indicates the carbon atom of the indicated pheny!

ring of Fermula § to which R’ is attached;
RYis Hor 2-hydroxysthosyl
R is H or methyl and

RUisHor methyl,
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2.

The method of claim 1, whersin the disease or condition 18 a cancer selected from

the group consisting of a hematologic mahignancy and 8 solid tumor,

The method of clatm 2, wherein the disease or condition 15 a hematologic
malignancy selected from the group consisting of lymphoma, multiple mysloms,

or leukenta,

The method of claim 2, wherein the disease or condition s selecied from the
group consisting of small bymphooytic lvmphomas, non-Hedgkin®s lvmphoma,
indolent non-Hodgkin's lymphoma, refractory INHL, mantle cell lymphoma,
follicular lymphoroa, lvinphoplasmacytic ymphoms, marginal zone Iymphoma,
immmanoblastic large cell tymphoma, Ivmphoblastic lymphoma, Splenic marginal
zome B-cell lvmphoma (+/- villous lyrophoeytes), Nodal marginal zone
{yrophoma {+/- monocytoid B-cells), Extranodal marginal zone B-cell lymphoma
of mucosa-associated lymphoid Gssue type, cutancous Tecell lymphoma,
extranodal Tocell lymphoms, anaplastic large cell ymyphoma,
angicimmunoblastic T-cell Ivmphoma, mycosis fungoides, B-cell lymphoma,
diffuse large B-cell lymphoma, Mediastinal large Becell lymphoms, Intravascular
large B-cell lymphoma, Primary effusion lvmphoma, small nen-cleaved cell
tymphoma, Burkitt’s iymphoma, multiple myeloma, plasmacytoma, acute
vphocytic leakemia, T-cell acote Ivmphoblastic levkemdsn, Becell acute
tvmphoblastic loukenia, B-cell probymphocytic leukemia, acute myeloid
jeukennia, chronic lymphocytic leukemia, juvenils myelomonocytic leukemia,
minimal residual disease, hairy cell loukemia, primary myelofibrosis, secondary
myelofibrosis, chronic myelowd leukemia, myelodysplastic syndrome,

nyeloproliforative disease, and Waldestrom's macroglobulinemia,

The method of claim 2, wherein the dissase or condition is 3 solid tumor,
wherein the solid tumor is from a cancer selected from the group consisting of
panereatic cancer, wrological cancer, bladder cancer, colorectal cancer, colon
cancer, breast cancer, prostate cancer, renal cancer, hepatocelhular cancer, thyroid
cancer, gall bladder cancer, lung cancer {e.g. non-small cell hing cancer, small-
ceil lung cancer), ovarian cancer, cervical cancer, gasiric cancer, endometrial
cancer, esophageal cancer, head and neck cancer, melanoms, newroendocrine
cancer, CNS caneer, brain fumors {e.g., goma, snaplastic oligodendroghoma,
adult ghioblastoma multiforme, and adult anaplastic astrocytoma), bone cancer,
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soft tissue sarcoma, retinoblastomas, neuroblastomas, peritoneal effusions,
malignant plewral effissiong, mesotheliomas, Wilms tumors, frophoblastic
neoplasms, hemangiopericylomas, Kaposi's sarcomas, myxoid carcinoma, round
coll carcinoma, squamous cell carcinomas, esophageal squamous cell
carcinomas, oral carcinomas, cancers of the adrenal cortex, and

ACTH-producing hunors,

8. The method of claim 2, wherein the disease or condition is selecied from the
group congisting of systemic lupus srythematosus, myestenia gravis,
Goodpasture’s syndrome, glomerslonephritis, hemorthage, pulmonary
hemorrhage, atherosclerosis, rheumatoid arthritis, psoriatic arthritis,
monoarticular arthritis, ostecartheitis, gouty arthritis, spondvlitis, Beheet disease,
autoinunune thyrouditis, Reynaud's syndrome, acute disseminated
encephalomyelitis, chronie idiopathic thrombocylopenic purpura, multiple
sclerosis, Sidgren’s syndrome, sutotmmune hemolytic anemia, tissue graft
rejection, hyperacute rejection of wansplanted organs, alfograft rejection, graft-
versus-host disease, diseases involving leukooyie dispedesis, discase states due to
teukocyie dyscrasia and metastasis, granulocyte ransfusion-associated
syndromass, cytokine-induced toxicity, scleroderma, vasculitis, asthima, psoriasis,
chronic inflammatory bowel disease, wlosrative colitis, Crohn’s disease,
necrotizing enterocolitis, irritable bowel syndrome, dermatomyositis, Addison’s
disease, Parkinson's disease, Alzheimer’s discase, diabetes, type | diabetes
mellitus, sepsis, septic shock, endotoxic shock, gram negative sepsis, gram
positive sepsis, and toxic shock syndrome, multiple organ Injury syndrome
secondary 1o septicenua, vauma, hypovelenue shock, allergic confunciivitis,
vernal comjunctivitis, and thyrotd-associated ophthalmopathy, sosimophilic
gramuloma, eczems, chronic bronchitis, acute respivatory distress syndrome,
allergic rhinitis, coryza, hay fever, bronchial asthuaa, silicosis, pulmonary
sarcoidosis, pleurisy, alveolitls, emphysema, preumaonia, baciorial pneumaonia,
bronchicotasis, and pulmonary oxygen toxwity, reperfusion injury of the
myocardinm, brain, or extremitiss, thermal injury, 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 nvolving leukocyte

diapedesis, acute bypersensitivity, delaved hypersensitivily, urticania, food
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allergies, skin sunburm, nflamuatory pelvie disease, urethritis, wveitis, sinusitis,
pnewnonitis, encephalitis, meningitis, myocarditls, nephritis, osteomyvelilis,
uryositiz, hepatitis, alecholic hepatitis, pastritis, enteritis, contact dermatitis,
atopic dermatitis, gingivitis, appendicitis, pancreatitis, cholocystitis,

polyeythenia vera, exsential thrombocytheomia, and polyoystic kidney disease.

s

The method of clatm 2, whersin the disease or condition is selected from the
group consisting of systemic lupus erythematosus, myestenia gravis, rheumatoid
arthritis, acole disseminated encephalomyelitis, idiopathic thrombocyiopenic
purpurs, multiple sclerosis, Sjoegren’s syndrome, psoriasis, autoimmuns
hemelytic anemia, asthima, ulcerative colitis, Crohn’s discase, irritable bowe]
dissass, and chronie obstructive pulmonary disease. systensic fupus
erythematosys, myestenia gravis, theumatoid arthritis, scute disseminated
encephalomyelitis, idiopathic thrombocoytopenic purpura, multiple sclerosis,
Sicegren’s syndrome, psoriasis, autolmmune hemolviic anemia, asthma,
ylcerative colitis, Crohn’s disease, irritable bowel discase, and chronic

obstructive pulmonary

g. The method of clabm 2, wherein the disease or condition 13 selected from the
group consisting of asthma, rheumatoid arthritis, multiple sclerosis, chronde

obstuctive pulmonary disease, and systemic lupus erythematosus,

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

sali.

10,  The method of claim 2, wherein the compound of forpuula [ is
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and the vinca-alkalodd is selected from the group consisting of vincristine, vinblastine,
vindesine, vinorelbine, desoxyvincaminol, vincaminel, vinburning, vincamajine, and

vineridine.

il The method of claim 10, wherein the vinea-alkaloid s selected from the growp

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

14, The metbod of claime 11, whersin the cornpound of formula (1), ora
pharmaceutically acceptable salt thereof, is administered before the vinca-alkaloid, ora

pharmaceutically acceptable salt thoreofl

15, The method of claim 11, wherein the vinca alkaleid, or a pharmacentically
aceeptable salt thersof, i3 administered before the compound of formula (fora

pharmacentically acceptable sall thereofl

16, The method of claim 11, wherein the compound of formeda Qjora
pharmaceutically accepiable salt thereof, and the vinca-alkalowd, or a pharmaceutically

accepiable salt thereof, are administered simultaneously.

17. The method of claim 1, wherein the compound of formula Dora
pharmaceutically acoeptable salt thereof is administered at 8 dose between 50 mg and
300 mg and the vinca-alkaloid, or a pharmaceutically acceptabls salt thereof, is

administered at a dose between 0.1 me-M” and 1.5 med® .
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18 The methed of claim 11, wherein the compound of formua (Il ora
pharmaceutically acceptable salt thereof is administered at a8 dose between 10 mg and
250 mg and the vines-alksloid or a pharmacentically scceptable salt thereof is
administered at a dose between .25 mg-M” and 1.0 wmg-M~ , wherein the vinca-alksloid

is selected from the group consisting of vineristine and vinblastine.

18, The method of Claim 11, wherein the human who has cancer is (i) refractory to
at least one chemotherapy treatment, or (i) is in relapse after reatment with

chemotherapy, or 8 combination thereof
3. The mothod of Claim 11, wherem the cancer is a hematologic malignancy,
2E. The method of Claim 20, wherein the cancer is g leukemia.

22, The method of claim 20, wherein the leukemia is chronic Iymphocyiic leukemia
{CULL).

23,  The method of claim 20, wherein the cancer i3 a lymphoma.

24, The method of claim 23, wherein the tymphoma is non-Hodgkin's bynphoma
{(MNHL).

25, The method of claim 20, wherein the NHL is diffuse large B-cell lyrephoma
{(DLBCL), mantle cell lvmphoma (MOL), follicular lvmaphoma (FL), small lymphocytic
Ivmphoma (SLLY, tvemphoplasmacyiic Ivmphoma (LEPL), snd marginal zone lymphoma

(MZL.

26, The method of claim 20, wherein the cancer is selected from the group consisting
of acuts tymphooytic leukemia (ALL}, acute myeloid leukemia (AML), Burkitt’s
Iymphoma (BL), chronie lymphooytic leukemus (CLL), small lymphocyiic lymphoma
{SLL), myelodvsplastic syndrome (MDS), myeloproliferative disease (MPIF), chronic
myeloid lenkemia (CML}Y, multiple myeloma (MM}, non-Hodgkin’s lymphoma (NHL},
indolent non-Hodgkin’s lvmphoma (iNHL)}, refractory iINHL, mantle cell lymphoma
{(MCL}, follicular bymphoma (FL}, Waldestrom's macroglobulinemia {Wh}, T-csll
bymphoma, B-csll lymphoma, Hodgkin’s lymphoma, diffuse large B-cell lymphoma

(DLBCL), lymphoplasmacytic lymphoma (LPL), and marginal zone lymphoma MZL).
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27.  Themethod of slaime 20, wherein the cancer is a solid tumor and expresses spleen

tyrosine kinase (Svk} activity.

28, The method of Claim 27, wherein the solid fuomor cancer is selected from the
group conststing of pancreatio, hmg, colorectsl cancer, ovarian, breast, adenocarcinoms,

esophageal and hepatocehuiar,
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Figure 1 {A and B}
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Figure 2 {Aand B)
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Figure 3
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