SOLID FORMS OF ISOQUINOLINONES, AND PROCESS OF MAKI NG, COMPOSITION
COMPRISING, AND METHODS OF USING THE SAME

[0001] This application claims priority to U.S. Provisiorgplication Nos. 62/218,486, filed September
14, 2015, and 62/218,493, filed September 14, 2BE5entireties of which are incorporated hereimdfgrence.

1. BACKGROUND

[0002] The activity of cells can be regulated by extegighals that stimulate or inhibit intracellular
events. The process by which stimulatory or irthilyi signals are transmitted into and within a teklicit an
intracellular response is referred to as signalslaction. Over the past decades, cascades afl signsduction
events have been elucidated and found to playtaateale in a variety of biological responses. fé&ts in
various components of signal transduction pathvirayse been found to account for a vast number ebdiss,
including numerous forms of cancer, inflammatorsodders, metabolic disorders, vascular and neuchsahses
(Gaestel et alCurrent Medicinal Chemistr{2007) 14:2214-2234).

[0003] Kinases represent a class of important signalinigootes. Kinases can generally be classified
into protein kinases and lipid kinases, and celkaiases exhibit dual specificities. Protein kemare enzymes
that phosphorylate other proteins and/or themsdhasautophosphorylation). Protein kinases can bergépe
classified into three major groups based upon thdistrate utilization: tyrosine kinases which prachantly
phosphorylate substrates on tyrosine residegs, érb2, PDGF receptor, EGF receptor, VEGF receptor,abl),
serine/threonine kinases which predominantly phosgpéite substrates on serine and/or threonineuesié.g.,
mTorC1l, mTorC2, ATM, ATR, DNA-PK, Akt), and dual-sgificity kinases which phosphorylate substrates on
tyrosine, serine and/or threonine residues.

[0004] Lipid kinases are enzymes that catalyze the phaglattion of lipids. These enzymes, and the
resulting phosphorylated lipids and lipid-derivedlbgically active organic molecules play a roleniany
different physiological processes, including cetllifferation, migration, adhesion, and differeritat Certain
lipid kinases are membrane associated and thelypatdne phosphorylation of lipids contained irassociated
with cell membranes. Examples of such enzymesidigcphosphoinositide(s) kinasesq,PI13-kinases, Pl4-
Kinases), diacylglycerol kinases, and sphingosinades.

[0005] Phosphoinositide 3-kinases (PI3Ks) constitute gumiand conserved family of intracellular lipid
kinases that phosphorylate the 3'-OH group on phatgylinositols or phosphoinositides. The PI3niy
comprises 15 kinases with distinct substrate sjp@@f, expression patterns, and modes of reguiatiThe class

| PI3Ks (pl1@, p11@, p11®, and p11Q) are typically activated by tyrosine kinases op@tein coupled
receptors to generate a lipid product termed,RiRich engages downstream effectors such as thake
Akt/PDK1 pathway, mTOR, the Tec family kinases, #mel Rho family GTPases. The class Il and |l F3#ay
a key role in intracellular trafficking through tegnthesis of PI(3)P and PI(3,4)P2.



[0006] The PI3K signaling pathway is one of the most highlitated systems in human cancers. PI3K
signaling is also a key factor in many other diseds humans. PI3K signaling is involved in maigedse states
including allergic contact dermatitis, rheumatoithgtis, osteoarthritis, inflammatory bowel diseaschronic
obstructive pulmonary disorder, psoriasis, multgterosis, asthma, disorders related to diabetigplications,
and inflammatory complications of the cardiovascslstem such as acute coronary syndrome.

[0007] Many inhibitors of PI3Ks have been generated. Whilch compounds are often initially
evaluated for their activity when dissolved in $@ln, solid state characteristics such as polymismiplay an
important role. Polymorphic forms of a drug substg such as an inhibitor of PI3K, can have difieahemical
and physical properties, including crystallinityeltmg point, chemical reactivity, solubility, d@stion rate,
optical and mechanical properties, vapor pressurg density. These properties can have a diristtain the
ability to process or manufacture a drug substancethe drug product. Moreover, polymorphism temmfa
factor under regulatory review of the “samenessdrofy products from various manufacturers. Fongle,
polymorphism has been evaluated in compounds sueladarin sodium, famotidine, and ranitidine.
Polymorphism can affect the quality, safety, anéfficacy of a drug product, such as a kinase ittnb Thus,
research directed towards polymorphs of PI3K irthisiand processes for preparing polymorphs of PI3K
inhibitors represents a significantly useful fielidinvestigation in the development of active phaceutical
ingredients (APIs).

[0008] In addition, PI3K inhibitors have been used tottkeaious diseases and disorders in humartg (
in clinical trials). For the production of a dragbstance intended for use in humans, current Good
Manufacturing Practices (GMP) are applicable. Pdoces need to be in place that can control theldef
impurities and ensure that API products are produatich consistently meet their predetermined ifipations.
Thus, a significant need exists for a processépame PI3K inhibitors suitable for human use, paldirly on a
commercial scale, that isiter alia, safe, scalable, efficient, economically viableg/ar having other desirable
properties. Among other entities, disclosed heaeinpolymorphic forms of PI3K inhibitors which adds these

needs and provide exemplary advantages.

2. SUMMARY
[0009] Provided herein are solid forms comprising a conmgoaf formula (I) (also referred as

Compound 1 herein):
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or a salt, or solvatee(g, hydrate), or solvate of a salt thereof, or a arxtthereof. Also provided herein are
methods of synthesizing the solid forms.

[0010] The solid forms provided herein include, but artlimited to, hydrates, anhydrates, solvates of
Compound 1 and salts and cocrystals thereof. dlic ferms provided herein are useful as active
pharmaceutical ingredients for the preparatioroafifulations for use in animals or humans. Thudyatiments
herein encompass the use of these solid formdiaalarug product. Certain embodiments providiédsiorms
useful in making final dosage forms with improvedgertiese.g, powder flow properties, compaction
properties, tableting properties, stability projgexitand excipient compatibility properties, amotigers, that are
needed for manufacturing, processing, formulatimf@r storage of final drug products. Certain edilnents
herein provide pharmaceutical compositions compyisi single-component crystal form, and/or a migip
component crystal form comprising the compoundaiiula (1) and a pharmaceutically acceptable diluen
excipient or carrier.

[0011] In one embodiment, the solid form is a crystalfimen. In one embodiment, the solid form
further comprises a coformer. In one embodiméret,sblid form comprising Compound 1 and a coforimer
cocrystal. In another embodiment, the solid fosram amorphous form.

[0012] Also provided herein are pharmaceutical compositisingle unit dosage forms, dosing regimens
and kits comprising the amorphous form providecatimer

[0013] Also provided herein are methods for treating, préng, and managing various disorders using
the compositions and amorphous form provided heréhe methods comprise administering to a patieneed

of such treatment or management a therapeuticdigtere amount of a compound provided herein. tier
provided are methods of preventing various diseasdglisorders, which comprise administering tatiept in
need of such prevention a prophylactically effextivnount of a compound provided herein.

[0014] Further provided herein are processes of preparitgmpound of formula (1), or a salt, or solvate
(e.g, hydrate), or solvate of a salt thereof, or a omitthereof.

[0015] Further provided herein are methods for analyzingpgerial for the presence or amount of a
solid form provided herein, comprising providingnaterial comprising a compound of formula (1), wadt,
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solvate €.g, hydrate), or solvate of a salt thereof, or a omtthereof; and using a characterization method to
determine whether a signatory characteristic agsetiwith the solid form is present in the matdriatomparing
the characteristic obtained from the material \witleference signatory characteristic; wherein #igtence of a
characteristic substantially identical to the refere signatory characteristic indicates the presehthe solid
form in the material.

3.  INCORPORATION BY REFERENCE
[0016] All publications, patents, and patent applicatiorentioned in this specification are herein
incorporated by reference in their entireties anthe same extent as if each individual publicatpatent, or

patent application was specifically and individyafidicated to be incorporated by reference.

4. BRIEF DESCRIPTION OF FIGURES

[0017] FIG. 1 is a representative X-ray powder diffract{giRPD) pattern of Form 1 of Compound 1.
[0018] FIG. 2 is a representative overlay of thermal greetric analysis (TGA) and differential scanning
calorimetry (DSC) thermograms for Form 1 of Compmbdn

[0019] FIG. 3 is a representative gravimetric vapour sorptGVS) isotherm plot of Form 1 of
Compound 1.

[0020] FIG. 4 is a representative XRPD pattern of Fornfi @ampound 1.

[0021] FIG. 5 is a representative overlay of TGA and DB&rmograms for Form 2 of Compound 1.
[0022] FIG. 6 is a representative GVS isotherm plot ofnfr@rof Compound 1.

[0023] FIG. 7 is another representative overlay of TGA B thermograms for Form 2 of Compound
1.

[0024] FIG. 8 is another representative XRPD pattern ohfg of Compound 1.

[0025] FIG. 9 is a representative XRPD pattern of Fornf Gampound 1.

[0026] FIG. 10 is a representative overlay of TGA and DB&mograms for Form 3 of Compound 1.
[0027] FIG. 11 is a representative XRPD pattern of Forof @ompound 1.

[0028] FIG. 12 is a representative overlay of TGA and D& mograms for Form 4 of Compound 1.
[0029] FIG. 13 is a representative XRPD pattern of Forofi Gompound 1.

[0030] FIG. 14 is a representative overlay of TGA and DB&mograms for Form 5 of Compound 1.
[0031] FIG. 15 is a representative XRPD pattern of Forofi Gompound 1.

[0032] FIG. 16 is a representative overlay of TGA and DB&mograms for Form 6 of Compound 1.
[0033] FIG. 17 is a representative GVS isotherm plot ahf6 of Compound 1.

[0034] FIG. 18 is a representative XRPD pattern of Forof Compound 1.

[0035] FIG. 19 is a representative overlay of TGA and DB&mograms for Form 7 of Compound 1.
[0036] FIG. 20 is a representative XRPD pattern of Forofi @ompound 1.

[0037] FIG. 21 is a representative ORTEP plot of Form Zofmpound 1.
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[0038] FIG. 22 is a representative XRPD pattern of Forr@®af a cocrystal of Compound 1 and L-

tartaric acid.

[0039] FIG. 23 is a representative TGA and DSC analysksooin P1C3 of a cocrystal of Compound 1
and L-tartaric acid.

[0040] FIG. 24 is a representative XRPD of Form P1C9 aderystal of Compound 1 and salicylic acid.
[0041] FIG. 25 is a representative TGA vs. DSC analysiBarfn P1C9 of a cocrystal of Compound 1
and salicylic acid.

[0042] FIG. 26 is a representative XRPD analysis of FoR@%of a cocrystal of Compound 1 and
salicylic acid.

[0043] FIG. 27 is a representative TGA and DSC analysksooin P2C9 of a cocrystal of Compound 1
and salicylic acid.

[0044] FIG. 28 is a representative GVS analysis of For@3df a cocrystal of Compound 1 and L-
tartaric acid.

[0045] FIG. 29 shows Compound 1 solubility in ethanol/wated corresponding ethanol content in
isolated Compound 1.

[0046] FIG. 30 is a representative crystal structure ahd of Compound 1 obtained by heating 13.5
mg/ml Compound 1 in 80% ethanol/water to 60 °C theol to room temperature.

[0047] FIG. 31 is a representative TGA analysis of spragddCompound 1.

[0048] FIG. 32 is a representative TGA analysis of spragddCompound 1 and PVP/VA 64.

[0049] FIG. 33 is a representative TGA analysis of spragddCompound 1 and HPMC-AS.

[0050] FIG. 34A shows the conversion at 2 hours (% amathie coupling reaction of 4-iodo-1-methyl-

1H-pyrazole with trimethylsilylacetylene; FIG. 34Bows the reaction conversion at 24 hours (% aFé@); 34C
shows the product/diyne ratio (% area) at 24 hand;FIG. 34D shows the diyne content at 24 hcrarga).

5. DETAILED DESCRIPTION

5.1 DEFINITIONS

[0051] Unless defined otherwise, all technical and sdiertérms used herein have the same meaning as
is commonly understood by one of skill in the art.

[0052] As used in the specification and claims, the siagfdrm “a”, “an” and “the” includes plural
references unless the context clearly dictatesotbe.

[0053] When ranges are used herein for physical propesieh as molecular weight, or chemical
properties, such as chemical formulae, all comlwnatand subcombinations of ranges and specifiodimtents
therein are intended to be included. As used hgtleé terms “about” and “approximately” when uged
combination with a numeric value or range of valoresin that the value or range of values may detdede

extent deemed reasonable to one of ordinary skilié arte.g, within experimental variability (or within



statistical experimental error), and thus the nienazlue or range of values can vary from, for eglanbetween
1% and 15%, between 1% and 10%, between 1% and&f¥een 0.5% and 5%, and between 0.5% and 1%, of
the stated numeric value or range of values. Aslalied herein, every instance where a numeriewauange
of values preceded by the term “about” also inchuttie embodiment of the given value(s). For exafipbout
3 °C” discloses the embodiment of the temperatemedy*3 °C”. The terms “about” and “approximatelie
used completely interchangeable throughout thdatisce. The term “between” includes the endpoirhbers
on both limits of the range. For example, the eadgscribed by “between 3 and 5” is inclusive eftlambers
“3” and “5”. As used herein, a tildé€., “~") preceding a numerical value or range of ealindicates “about” or
“approximately.”

[0054] As used herein, and unless otherwise specifiecritdgr “biologically active agent” or “second
active agent” refers to a biological, pharmaceutimachemical compound or other moiety. Non-lingt
examples include simple or complex organic or inaig molecules, a peptide, a protein, an oligoraiitle, an
antibody, an antibody derivative, antibody fragmentitamin derivative, a carbohydrate, a toxinaor
chemotherapeutic compound. Various compounds eayiithesized, for example, small molecules and
oligomers €.g, oligopeptides and oligonucleotides), and synthetjjanic compounds based on various core
structures. In addition, various natural sourasmrovide compounds for screening, such as pteemimal
extracts, and the like. A skilled artisan can ilgagcognize that there is no limit as to the stasal nature of the
agents of the present disclosure.

[0055] As used herein, and unless otherwise specifiedgetine “agonist” refers to a compound having
the ability to initiate or enhance a biological étion of a target protein, whether by enhancinghibiating the
activity or expression of the target protein. Awtiogly, the term “agonist” is defined in the caxitef the
biological role of the target protein. While aggtsiprovided herein can specifically interact wity, bind to)
the target, compounds that initiate or enhanceladical activity of the target protein by interiact with other
members of the signal transduction pathway of wktiehtarget protein is a member are also spedificatiuded
within this definition.

[0056] As used herein, and unless otherwise specifiedetings “antagonist” and “inhibitor” are used
interchangeably, and they refer to a compound Igat¥ia ability to inhibit a biological function oftarget
protein, whether by inhibiting the activity or ergsion of the target protein. Accordingly, therterantagonist”
and “inhibitors” are defined in the context of thielogical role of the target protein. While artagsts provided
herein can specifically interact with.§, bind to) the target, compounds that inhibit ddgaal activity of the
target protein by interacting with other membershef signal transduction pathway of which the tapgetein is
a member are also specifically included within tifeginition. In one embodiment, a biological aittivnhibited
by an antagonist is associated with the developngeowvth, or spread of a tumor, or an undesired timen
responsee.g, as manifested in autoimmune disease.



[0057] As used herein, and unless otherwise specifiethr@tircancer agent”, “anti-tumor agent” or
“chemotherapeutic agent” refers to any agent ugefille treatment of a neoplastic condition. Olassof anti-
cancer agents comprises chemotherapeutic agestasel herein, and unless otherwise specified,
“chemotherapy” means the administration of one orarthemotherapeutic drugs and/or other agentsaoeer
patient by various methods, including intravenawal, intramuscular, intraperitoneal, intravesisalbcutaneous,
transdermal, buccal, or inhalation or in the forna guppository.

[0058] As used herein, and unless otherwise specifiedgetine “cell proliferation” refers to a
phenomenon by which the cell number has changadesult of division. In one embodiment, this tetiso
encompasses cell growth by which the cell morpholtas changede(g, increased in size) consistent with a
proliferative signal.

[0059] As used herein, and unless otherwise specifiedetine “co-administration,” “administered in
combination with,” and their grammatical equivakergncompasses administration of two or more agersts
animal either simultaneously or sequentially. fie @mbodiment, both agents and/or their metab@iepresent
in the animal at the same time. In one embodineERgdministration includes simultaneous adminiistnain
separate compositions, administration at diffetiemés in separate compositions, or administratioa i
composition in which both agents are present.

[0060] As used herein, and unless otherwise specifiedetine “effective amount” or “therapeutically
effective amount” refers to an amount of a compadestribed herein that is sufficient to effect mended
application or effect, including, but not limiten, disease treatment, as defined herein. Thepeetiaally
effective amount can vary depending upon the irgdrapplicationif vitro or in vivo), or the subjecand disease
condition being treate@.g, the weight and age of the subject, the sevefithedisease condition, the manner of
administration, and the like, which can be detesdiby one of ordinary skill in the art. The teram@lso apply
to a dose that will induce a particular respondriiget cellse.g, reduction of platelet adhesion and/or cell
migration. The specific dose will vary dependimgtbe particular compounds chosen, the dosing Egitm be
followed, whether it is administered in combinatisith other compounds, timing of administratiorg tissue to
which it is administered, and the physical deliveygtem in which it is carried.

[0061] As used herein, and unless otherwise specifiedetings “treatment”, “treating”, “palliating” and
“ameliorating” are used interchangeably herein, i@fielr to an approach for obtaining beneficial esiced
results, including, but not limited to, a therapebienefit. In one embodiment, therapeutic bemaéiains
eradication or amelioration of the underlying darbeing treated. In one embodiment, a therapbetiefit is
achieved with the eradication or amelioration o @n more of the physiological symptoms associaiiéit the
underlying disorder, such that an improvement seoled in the patient, notwithstanding that théepatcan still
be afflicted with the underlying disorder.

[0062] As used herein, and unless otherwise specifiedgetings “prevention” and “preventing” refer to

an approach for obtaining beneficial or desiredltesncluding, but not limited to, prophylacticrifit. In one



embodiment, prophylactic benefit includes delaydangliminating the appearance of a disease or tongli
delaying or eliminating the onset of symptoms dfsease or condition, slowing, halting, or reveydime
progression of a disease or condition, or any coatluin thereof. To obtain prophylactic benefig th
compositions can be administered to a patienshtaf developing a particular disease, or to aepatieporting
one or more of the physiological symptoms of aakse even though a diagnosis of this disease czsmoiot
have been made.

[0063] As used herein, and unless otherwise specifiegnéitransduction” is a process during which
stimulatory or inhibitory signals are transmittatbi and within a cell to elicit an intracellulasponse. A
modulator of a signal transduction pathway refera tompound which modulates the activity of onmore
cellular proteins mapped to the same specific $igaasduction pathway. A modulator can augmegoiisst) or
suppress (antagonist) the activity of a signalirajetule.

[0064] As used herein, and unless otherwise specifiedgetine “selective inhibition” or “selectively
inhibit” as applied to a biologically active ageafers to the agent’s ability to selectively redtioe target
signaling activity as compared to off-target sigmglactivity, via direct or interact interactionttithe target.
[0065] As used herein, and unless otherwise specifiedetine ‘in viva’ refers to an event that takes
place in a subject’s body.

[0066] As used herein, and unless otherwise specifiedetine ‘in vitro” refers to an event that takes
places outside of a subject’s body. For exampié &itro assay encompasses any assay run outside of atsubjec
assay In vitro assays encompass cell-based assays in whichaltedior dead are employed. In one
embodimentin vitro assays also encompass a cell-free assay in whigftact cells are employed.

[0067] “Subject” to which administration is contemplatedludes, but is not limited to, humang( a
male or female of any age groupg, a pediatric subjece(g, infant, child, adolescent) or adult subjezg(
young adult, middle—aged adult or senior adultl)/another primatese(g, cynomolgus monkeys, rhesus
monkeys); mammals, including commercially relevaaimmals such as cattle, pigs, horses, sheep, gatss,
and/or dogs; and/or birds, including commerciadligvant birds such as chickens, ducks, geese, qudlilor
turkeys.

[0068] As used herein, and unless otherwise specifiedjdtian therapy” means exposing a patient,
using routine methods and compositions known tgthetitioner, to radiation emitters such as alphsicle
emitting radionuclidese(g, actinium and thorium radionuclides), low lineaegy transfer (LET) radiation
emitters €.g, beta emitters), conversion electron emitterg,(strontium-89 and samarium-153-EDTMP), or
high-energy radiation, including without limitatiox-rays, gamma rays, and neutrons.

[0069] As used herein, the term “combining” refers to iy one or more chemical entities into
association with another one or more chemicalieatitCombining includes the processes of addirgoomore
compounds to a solid, liquid or gaseous mixturere or more compounds (the same or other chermtéks),

or a liquid solution or multiphasic liquid mixturd he act of combining includes the process orgsses of one



or more compounds reacting.§.,bond formation or cleavage; salt formation, savarmation, chelation, or
other non-bond altering association) with one orer@mmpounds (the same or other chemical entitiEsg act
of combining can include alteration of one or mooenpounds, such as by isomerizatierg( tautomerization,
resolution of one isomer from another, or racenozét

[0070] As used herein, and unless otherwise specifiedna-pot” process refers to a process of
preparing a desired product, wherein all reactargsadded simultaneously or successively, and wheoe
separation, isolation, and/or purification of antermediate formed is conducted before the formaticthe
desired product is substantially complete. A “@uo#- process is preferably conducted in a singlet@ioer, but
may be conducted in more than one container.

[0071] As used herein, the term “recovering” includes,ibuttot limited to, the action of obtaining one
or more compounds by collection during and/or atprocess step as disclosed herein, and the axtion
obtaining one or more compounds by separation efasrmore compounds from one or more other chemical
entities during and/or after a process step asodisd herein. The term “collection” refers to awgion(s) known
in the art for this purpose, including, but notitied to, filtration, decanting a mother liquor frasolid to obtain
one or more compounds, and evaporation of liquidianig a solution or other mixture to afford a dplil, or
other residue that includes one or more compourtassolid can be crystalline, acrystalline, pastiatystalline,
amorphous, containing one or more polymorphs, adgoygranular, of varying particle sizes, of unifgparticle
size, among other characteristics known in the Art.oil can vary in color and viscosity, and inidéuone or
more solid forms as a heterogeneous mixture, aratray characteristics known in the art. The term
“separation” refers to any action(s) known in thiefar this purpose, including, but not limited teplating one or
more compounds from a solution or mixture usinggikample, seeded or seedless crystallizationhar ot
precipitation technique®(g, adding an anti-solvent to a solution to inducepound precipitation; heating a
solution, then cooling to induce compound precijoitg scratching the surface of a solution withraplement to
induce compound precipitation), and distillatioohteiques. Recovering one or more compounds canviav
preparation of a salt, solvate, hydrate, chelattoer complexes of the same, then collecting paisging as
described above.

[0072] As used herein, a “pharmaceutically acceptable fafma disclosed Formula (1) includes, but is
not limited to, pharmaceutically acceptable s&ijgirates, solvates, chelates, non-covalent complés@mers,
prodrugs, and isotopically labeled derivativeselogérand mixtures thereof. Hence, the terms “clah@ntity”
and “chemical entities” also encompass pharmaclytiacceptable salts, hydrates, solvates, chelates
covalent complexes, isomers, prodrugs, and isaatipitabeled derivatives, and mixtures thereof.sdéme
embodiments, a pharmaceutically acceptable forendi$closed Formula () includes a salt, a solvate,
hydrate thereof.

[0073] In certain embodiments, the pharmaceutically aed#ptform is a pharmaceutically acceptable

salt. As used herein, the term "pharmaceuticalbeptable salt" refers to those salts which arthimihe scope



of sound medical judgment, suitable for use in acinivith the tissues of subjects without undueditii
irritation, allergic response and the like, and@mmensurate with a reasonable benefit/risk ratio.
Pharmaceutically acceptable salts are well knowthérart. For example, Bergéal. describes pharmaceutically
acceptable salts in detail Jn Pharmaceutical Scienc€g977) 66:1-19. Pharmaceutically acceptable sélise
compounds provided herein include those deriveth fsaitable inorganic and organic acids and basesg&nic
acids from which salts can be derived include dvatnot limited to, hydrochloric acid, hydrobronaigid, sulfuric
acid, nitric acid, phosphoric acid, and the likerganic acids from which salts can be derived ite)lbut are not
limited to, acetic acid, propionic acid, glycolici@, pyruvic acid, oxalic acid, maleic acid, malpacid, succinic
acid, fumaric acid, tartaric acid, citric acid, beit acid, cinnamic acid, mandelic acid, metharfesid acid,
ethanesulfonic acigy-toluenesulfonic acid, salicylic acid, and the likxamples of pharmaceutically acceptable,
nontoxic acid addition salts are salts of an angiroup formed with inorganic acids such as hydragtilacid,
hydrobromic acid, phosphoric acid, sulfuric acid @erchloric acid or with organic acids such agiaeeid,
oxalic acid, maleic acid, tartaric acid, citric@csuccinic acid or malonic acid or by using ottrthods used in
the art such as ion exchange. Other pharmaceytaateptable salts include adipate, alginate, hater
aspartate, benzenesulfonate, besylate, benzosiéfabe, borate, butyrate, camphorate, camphonsaté citrate,
cyclopentanepropionate, digluconate, dodecylsyl&tenesulfonate, formate, fumarate, glucohepgonat
glycerophosphate, gluconate, hemisulfate, heptanbakanoate, hydroiodide, 2—hydroxy—ethanesuléynat
lactobionate, lactate, laurate, lauryl sulfate,atglmaleate, malonate, methanesulfonate, 2—nadehésalfonate,
nicotinate, nitrate, oleate, oxalate, palmitatenpate, pectinate, persulfate, 3—phenylpropiondtesphate,
picrate, pivalate, propionate, stearate, succisaléate, tartrate, thiocyanate, p—toluenesulfgnatdecanoate,
valerate salts, and the like. In some embodimengmnic acids from which salts can be derivediide] for
example, acetic acid, propionic acid, glycolic agigruvic acid, oxalic acid, maleic acid, malon@ica succinic
acid, fumaric acid, tartaric acid, citric acid, beit acid, cinnamic acid, mandelic acid, metharfesid acid,
ethanesulfonic acid, p-toluenesulfonic acid, séiticgcid, and the like.

[0074] Pharmaceutically acceptable salts derived from@pate bases include alkali metal, alkaline
earth metal, ammonium and(€:_salkyl)*- salts. Inorganic bases from which salts candsaveld include, but
are not limited to, sodium, potassium, lithium, aomium, calcium, magnesium, iron, zinc, copper, naaege,
aluminum, and the like. Organic bases from whaltsscan be derived include, but are not limitegotomary,
secondary, and tertiary amines, substituted aminelsiding naturally occurring substituted amingg;lic
amines, basic ion exchange resins, and the likenples include, but are not limited to, isopropyitzen
trimethylamine, diethylamine, triethylamine, tripgdamine, and ethanolamine. In some embodimemts, t
pharmaceutically acceptable base addition sathim@nium, potassium, sodium, calcium, or magnesiits.s
Representative alkali or alkaline earth metal satthide sodium, lithium, potassium, calcium, magjam, iron,
zinc, copper, manganese, aluminum, and the likethEr pharmaceutically acceptable salts includerw

appropriate, nontoxic ammonium, quaternary ammonamd amine cations formed using counterions sach a
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halide, hydroxide, carboxylate, sulfate, phosphaiteate, lower alkyl sulfonate and aryl sulfona@gganic bases
from which salts can be derived include, for examptimary, secondary, and tertiary amines, sulbsetitamines
including naturally occurring substituted amineglic amines, basic ion exchange resins, and kiee diuch as
isopropylamine, trimethylamine, diethylamine, thigamine, tripropylamine, and ethanolamine. In som
embodiments, the pharmaceutically acceptable k@digan salt is chosen from ammonium, potassiurdjso,
calcium, and magnesium salts. Bis salts, ({wo counterions) and higher sakésq, three or more counterions)
are encompassed within the meaning of pharmac#ytizzeptable salts.

[0075] In addition, if a compound of the present disclessrobtained as an acid addition salt, the free
base can be obtained by basifying a solution ofittié salt. Conversely, if a product is a freechas acid
addition salt, particularly a pharmaceutically gateble addition salt, can be produced by dissoltlegfree base
in a suitable organic solvent and treating thetsmuwith an acid, in accordance with conventigmaicedures
for preparing acid addition salts from base compisurirhose skilled in the art will recognize vas@ynthetic
methodologies that can be used to prepare nonhomaceutically acceptable addition salts.

[0076] In certain embodiments, the pharmaceutically aat#etform is a “solvate’g.g.,a hydrate). As
used herein, the term “solvate” refers to compouhédsfurther include a stoichiometric or non-shadenetric
amount of solvent bound by non-covalent intermdhaciorces. The solvate can be of a disclosed comg or a
pharmaceutically acceptable salt thereof. Whegestiivent is water, the solvate is a “hydrate” aftaceutically
acceptable solvates and hydrates are complexedahakample, can include 1 to about 100, or dktout 10, or
one to about 2, 3 or 4, solvent or water moleculassome embodiments, the solvate can be a chaohelte. It
will be understood that the term “compound” as useetin encompasses the compound and solvates of th
compound, as well as mixtures thereof.

[0077] As used herein, and unless otherwise specifieddhpig”’ is meant to indicate a compound that
can be converted under physiological conditionisyosolvolysis to a biologically active compound chised
herein. Thus, the term “prodrug” refers to a preouof a biologically active compound that is phaceutically
acceptable. A prodrug can be inactive when admeirgd to a subject, but is converted in vivo t@ative
compound, for example, by hydrolysis. In some editbents, the prodrug compound often offers advastad
solubility, tissue compatibility or delayed release mammalian organis(see, e.g.Bundgard, H., Design of
Prodrugs (1985), pp. 7-9, 21-24 (Elsevier, AmstardaA discussion of prodrugs is provided in Higiidh, et

al., “Pro-drugs as Novel Delivery Systems,” A.C.S. $gsium Series, Vol. 14, and in Bioreversible Casria
Drug Design, ed. Edward B. Roche, American Plaaenticd Association and Pergamon Press, 1987, both of
which are incorporated in full by reference herelitne term “prodrug” is also meant to include anyalently
bonded carriers, which release the active Fornilia ¢ivowhen such prodrug is administered to a mammalian
subject. Prodrugs of an active compound, as desttierein, can be prepared by modifying functigmalips
present in the active Formula (I) in such a way tha modifications are cleaved, either in routimenipulation

or in vivg, to the parent active compound. Prodrugs inctmepounds wherein a hydroxy, amino or mercapto
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group is bonded to any group that, when the prodfube active Formula (I) is administered to a maatian
subject, cleaves to form a free hydroxy, free antinfsee mercapto group, respectively. Examplgzofirugs
include, but are not limited to, acetate, formate] benzoate derivatives of an alcohol; or acetenit@@mamide,
and benzamide derivatives of an amine functionaligiin the active compound, and the like. OthemgXes of
prodrugs include compounds that comprise -NO,zNONO, or -ONQ moieties. Prodrugs can typically be
prepared using well-known methods, such as thoserithed inBurger's Medicinal Chemistry and Drug
Discovery 172-178, 949-982 (Manfred E. Wolff ed., 5th d@95), andDesign of Prodrug$H. Bundgaard ed.,
Elselvier, New York, 1985).

[0078] For example, if a disclosed compound or a pharmuxadly acceptable form of the compound
contains a carboxylic acid functional group, a pugdcan comprise a pharmaceutically acceptable festaed
by the replacement of the hydrogen atom of the @@dp with a group such as:(Cs)alkyl, (Co-
Cip)alkanoyloxymethyl, 1-(alkanoyloxy)ethyl having fmo4 to 9 carbon atoms, 1-methyl-1-(alkanoyloxy)yéeth
having from 5 to 10 carbon atoms, alkoxycarbonytogthyl having from 3 to 6 carbon atoms, 1-
(alkoxycarbonyloxy)ethyl having from 4 to 7 carbamoms, 1-methyl-1-(alkoxycarbonyloxy)ethyl havimgrh 5
to 8 carbon atoms, N-(alkoxycarbonyl)aminomethylihg from 3 to 9 carbon atoms,
1-(N-(alkoxycarbonyl)amino)ethyl having from 4 t0 tarbon atoms, 3-phthalidyl, 4-crotonolactonyingaa-
butyrolacton-4-yl, di-N,N-(GCy)alkylamino(G-Cs)alkyl (such ag-dimethylaminoethyl), carbamoyl-(€
Cyalkyl, N,N-di(G-Cy)alkylcarbamoyl-(G-Cy)alkyl and piperidino-, pyrrolidino- or morpholing{-Cs)alkyl.
[0079] Similarly, if a disclosed compound or a pharmaaality acceptable form of the compound
contains an alcohol functional group, a prodrugleaformed by the replacement of the hydrogen atbtine
alcohol group with a group such as+{Gs)alkanoyloxymethyl, 1-((&Cs)alkanoyloxy)ethyl,
1-methyl-1-((G-Ces)alkanoyloxy)ethyl(G-Ce)alkoxycarbonyloxymethyl, N-(ECs)alkoxycarbonylaminomethyl,
succinoyl, (G-Cg)alkanoyl,a-amino(G-Cas)alkanoyl, arylacyl and-aminoacyl, om-aminoacyle-aminoacyl,
where eaclx-aminoacyl group is independently selected fronmiirally occurring L-amino acids,
P(O)(OHY), -P(O)(O(G-Cs)alkyl), or glycosyl (the radical resulting from the remoeba hydroxyl group of the
hemiacetal form of a carbohydrate).

[0080] If a disclosed compound or a pharmaceutically aeds#g form of the Formula () incorporates an
amine functional group, a prodrug can be formethieyreplacement of a hydrogen atom in the aminemvath
a group such as R-carbonyl, RO-carbonyl, NB&bonyl where R and’'Rre each independently{Cig)alkyl,
(Cs-C7)cycloalkyl, benzyl, a natural-aminoacyl or naturat-aminoacyl-naturat-aminoacyl, —C(OH)C(O)OY
wherein Y is H, (G-Ce)alkyl or benzyl, -C(OY)Y* wherein Y is (C-Cs) alkyl and Y is (C-Cs)alkyl,
carboxy(G-Cs)alkyl, amino(G-Cs)alkyl or mono-N— or di-N,N—(G-Cs)alkylaminoalkyl, —C(Y))Y ° wherein
Y*is H or methyl and ¥Yis mono-N— or di-N,N—(GCs)alkylamino, morpholino, piperidin-1-yl or pyrrolia-
1-yl.
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[0081] In certain embodiments, the pharmaceutically aat#ptform is an isomer. “lsomers” are
different compounds that have the same molecutanta. “Stereoisomers” are isomers that differyanithe
way the atoms are arranged in space. As usechhéreiterm “isomer” includes any and all geomdg@mmers
and stereoisomers. For example, “isomers” inclystemetric double bond cis— and trans—isomers,tafsted
E— and Z- isomers; R— and S—enantiomers; diastemoiid)—isomers and (l)—isomers, racemic mixttimeseof;
and other mixtures thereof, as falling within tieege of this disclosure.

[0082] Substituents around a carbon-carbon double boarhatively can be referred to as “cis” or
“trans,” where “cis” represents substituents ondamme side of the double bond and “trans” represent
substituents on opposite sides of the double bading: arrangement of substituents around a carboayat) can
also be designated as “cis” or “trans.” The tenis™represents substituents on the same sideegfléne of the
ring, and the term “trans” represents substituentspposite sides of the plane of the ring. Miegtuof
compounds wherein the substituents are disposédthrthe same and opposite sides of plane of tigearie
designated “cis/trans.”

[0083] “Enantiomers” are a pair of sterecisomers thaharesuperimposable mirror images of each
other. A mixture of a pair of enantiomers in amggwortion can be known as a “racemic” mixture. Tdren
‘()" is used to designate a racemic mixture whegppropriate. “Diastereocisomers” are stereoisoreishave at
least two asymmetric atoms, but which are not mim@ages of each other. The absolute stereochgnmst
specified according to the Cahn-Ingold-Prelog Re8esm. When a Formula (1) is an enantiomer, the
stereochemistry at each chirogenic carbon can ésfiga by either R or S. Resolved compounds whose
absolute configuration is unknown can be design@idr (-) depending on the direction (dextro- or
levorotatory) which they rotate plane polarizedhtigt the wavelength of the sodium D line. Cert#ithe
compounds described herein contain one or morerasyrit centers and can thus give rise to enantismer
diastereomers, and other stereoisomeric formsctrabe defined, in terms of absolute stereocheyrasteach
asymmetric atom, as (R)- or (S)-. The present aterantities, pharmaceutical compositions and westare
meant to include all such possible isomers, indgdacemic mixtures, optically substantially pusenfis and
intermediate mixtures. Optically active (R)- ai$}-(isomers can be prepared, for example, usirmglanthons
or chiral reagents, or resolved using conventiteiniques.

[0084] As used herein, and unless otherwise specifiedetine “stereomerically pure” means a
composition or substance that comprises one sten@@ir of a compound and is substantially free loérot
stereoisomers of that compound. For example rasteerically pure composition of a compound hawving
chiral center will be substantially free of the opjte enantiomer of the compound. A stereomeyigalre
composition of a compound having two chiral centgitbbe substantially free of other sterecisomerg,
diastereoisomers or enantiomerssymor anti isomers, ocis or transisomers) of the compound. A typical
stereomerically pure compound comprises greaterdabaut 80 percent by weight of one stereoisoméneof

compound and less than about 20 percent by wefgither stereoisomers of the compound, greater abant
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90 percent by weight of one sterecisomer of thepmamd and less than about 10 percent by weighteobther
stereoisomers of the compound, greater than atiope&ent by weight of one stereoisomer of the aamg and
less than about 5 percent by weight of the otte@estsomers of the compound, or greater than é@percent
by weight of one stereoisomer of the compound assg than about 3 percent by weight of the otheeaimers
of the compound.

[0085] As used herein, and unless otherwise specifiedetine “enantiomerically pure” means a
stereomerically pure composition of a compoundgaine or more chiral center(s).

[0086] As used herein, and unless otherwise specifiedetines “enantiomeric excess” and
“diastereomeric excess” are used interchangealobirheln some embodiments, compounds with a single
stereocenter can be referred to as being preséemamtiomeric excess,” and those with at leastdteoeocenters
can be referred to as being present in “diastergoragcess.” For example, the term “enantiomexitess” is

well known in the art and is defined as:

_ conc. of a - conc. of b
ea -~ 100
conc. of a + conc. of b
[0087] Thus, the term “enantiomeric excess” is relatethéoterm “optical purity” in that both are

measures of the same phenomenon. The value dfld=w number from 0 to 100, zero being racemid 400
being enantiomerically pure. A compound whichhe past might have been called 98% optically psireiv
more precisely characterized by 96% ee. A 90%fects the presence of 95% of one enantiomer &ndfihe
other(s) in the material in question.

[0088] Some compositions described herein contain an iemagttic excess of at least about 50%, 75%,
90%, 95%, or 99% of the S enantiomer. In otherdspthe compositions contain an enantiomeric exged®e S
enantiomer over the R enantiomer. In other embedts) some compositions described herein contain an
enantiomeric excess of at least about 50%, 75%, 96%, or 99% of the R enantiomer. In other wotids,
compositions contain an enantiomeric excess oRtbaantiomer over the S enantiomer.

[0089] For instance, an isomer/enantiomer can, in somedimients, be provided substantially free of

the corresponding enantiomer, and can also beeefér as “optically enriched,” “enantiomericallyreched,”
“enantiomerically pure” and “non-racemic,” as usstg@rchangeably herein. These terms refer to coitipos in
which the percent by weight of one enantiomer éatgr than the amount of that one enantiomer onta
mixture of the racemic compositioa.g.,greater than about 1:1 by weight). For examplegraantiomerically
enriched preparation of the S enantiomer, meamsgagation of the compound having greater than @i by
weight of the S enantiomer relative to the R ermenér, such as at least about 75% by weight, fugheh as at
least about 80% by weight. In some embodimengsetitichment can be much greater than about 80% by

LT

weight, providing a “substantially enantiomericadiygriched,” “substantially enantiomerically pure’a
"substantially non-racemic" preparation, which ref® preparations of compositions which have agtlabout

85% by weight of one enantiomer relative to otheargiomer, such as at least about 90% by weightfumther
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such as at least 95% by weight. In certain embedis) the compound provided herein is made up lebat
about 90% by weight of one enantiomer. In othebaiments, the Formula (I) is made up of at lebeua95%,
98%, or 99% by weight of one enantiomer.

[0090] Enantiomers can be isolated from racemic mixtugeanty method known to those skilled in the
art, including chiral high pressure liquid chrongrephy (HPLC), the formation and crystallizationcbfral salts,
or prepared by asymmetric synthes8ge for exampleEnantiomers, Racemates and Resolutidasques, Ed.,
Wiley Interscience, New York, 1981); Wilen et dlgtrahedron33:2725 (1977)Stereochemistry of Carbon
CompoundsgE.L. Eliel, Ed., McGraw—Hill, NY, 1962); antiables of Resolving Agents and Optical Resolutions
p. 268 (E.L. Eliel, Ed., Univ. of Notre Dame Prelstre Dame, IN 1972).

[0091] In certain embodiments, the pharmaceutically aed#ptform is a tautomer. As used herein, the
term “tautomer” is a type of isomer that include® tor more interconvertable compounds resultingifed least
one formal migratiorof a hydrogen atom and at least one change in valéngy,a single bond to a double bond,
a triple bond to a single bond, or vice versa)aufbmerization” includes prototropic or proton-shif
tautomerization, which is considered a subset iofbase chemistry. “Prototropic tautomerization” o
“proton-shift tautomerization” involves the migmati of a proton accompanied by changes in bond ortlee
exact ratio of the tautomers depends on severarfadncluding temperature, solvent, and pH. \&her
tautomerization is possible.@.,in solution), a chemical equilibrium of tautomees be reached.
Tautomerizationsi.€., the reaction providing a tautomeric pair) can adlyzed by acid or base, or can occur
without the action or presence of an external ageremplary tautomerizations include, but arelinoited to,
keto—to—enol; amide—to—imide; lactam—to—lactim;meime—to—imine; and enamine—to—(a different) enamine
tautomerizations. An example of keto-enol tautaragion is the interconversion of pentane-2,4-diand
4-hydroxypent-3-en-2-one tautomers. Another exaroptautomerization is phenol-keto tautomerization
Another example of phenol-keto tautomerizatiorh&sinterconversion of pyridin-4-ol and pyridin-4(tbhe
tautomers.

[0092] As used herein, and unless otherwise specifieattsires depicted herein are also meant to
include compounds which differ only in the preseatene or more isotopically enriched atoms. Bameple,
compounds having the present structures excepiéareplacement of a hydrogen by a deuterium turimj or

the replacement of a carbon ¢- or**C-enriched carbon, or the replacement of a nitrdgeriN- or 1>N-
enriched nitrogen, or the replacement of an oxymeHO-, 1°0-, 1’0-, or*®0-enriched oxygen, or the
replacement of a chlorine BYCI-, **Cl-, or *’Cl-enriched chlorine, are within the scope of thisclosure.

[0093] In one embodiment, the compounds of the presediodisre can also contain unnatural
proportions of atomic isotopes at one or more ofratthat constitute such compounds. For exantme, t
compounds can be radiolabeled with radioactiveojses, such as, for example, tritiuthl), iodine-125 %), or
carbon-14'C). Certain isotopically-labeled disclosed compisi@.g.,those labeled witPH and*‘C) are useful

in compound and/or substrate tissue distributisags Tritiatedi(e., *H) and carbon-14i.e., **C) isotopes can
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allow for ease of preparation and detectabilityrtiirer, substitution with heavier isotopes suchegeriumice.,
2H) can afford certain therapeutic advantages fiegufitom greater metabolic stabilitg.¢, increased in vivo
half-life or reduced dosage requirements). Isa@lhi labeled disclosed compounds can generallyrepared by
substituting an isotopically labeled reagent faoa-isotopically labeled reagent. In some embodis)e
provided herein are compounds that can also couataiatural proportions of atomic isotopes at onmore of
atoms that constitute such compounds. All isotepitations of compounds of the present disclosuhether
radioactive or not, are encompassed within theesobphe present disclosure.

[0094] As used herein, and unless otherwise specifiedetings “solvent,” “organic solvent,” or “inert
solvent” each mean a solvent inert under the cimmditof the reaction being described in conjunctiwrewith,
including, without limitation, benzene, toluenegtmitrile (“MeCN?"), ethyl acetate (“EtOAC”), isoppyl acetate
(“IPAC"), hexanes, heptanes, dioxane, tetrahydaoiuf THF”), dimethylformamide (“DMF"),
dimethylacetamide (“DMA"), chloroform, methylenelohide (“DCM”), diethyl ether, methanol (“MeOH"),
butanol (“1-BuOH”), methyt-butyl ether (“MTBE", or “TBME"), 2-butanone ("MEKY}, N-methylpyrrolidone
(“NMP™), pyridine, and the like. Unless specifiemthe contrary, the solvents used in reactionsrdeed herein
are inert organic solvents. Unless specified ¢éodbntrary, for each gram of a limiting reageng on (or mL) of
solvent constitutes a volume equivalent.

[0095] As used herein, and unless otherwise specifiedartphceutically acceptable carrier” or
“pharmaceutically acceptable excipient” includeg and all solvents, dispersion media, coatingsbaaterial
and antifungal agents, isotonic and absorptionyitejeagents and the like. The use of such mediaagents for
pharmaceutically active substances is known irathe Except insofar as any conventional mediagenais
incompatible with the active ingredient, its uséha therapeutic compositions of the present disckois
contemplated. Supplementary active ingredientsatsmbe incorporated into the compositions.

[0096] As used herein and unless otherwise specifiedgetine “solid form” and related terms refer to a
physical form which is not predominantly in a liquar a gaseous state. Solid forms may be crystalli
amorphous or mixtures thereof. In particular eniinedits, solid forms may be liquid crystals.

[0097] In some embodiments, a solid form provided herem $ingle component or multiple component
solid form. A “single-component” solid form comgirig a compound of a formula consists essentiéltiie
compound of the formula. A “multiple-componentliddorm comprising a compound of a formula comesia
significant quantity of one or more additional sps¢such as ions and/or molecules, within theldolim. For
example, a crystalline multiple-component soliddaromprising a compound of a formula further cosgsione
or more species non-covalently bonded at regulsitipos in the crystal lattice. A multiple companeolid

form provided herein may be a co-crystal.

[0098] As used herein and unless otherwise specifiedetine “crystalline” and related terms, when
used to describe a substance, modification, miteamponent or product mean that the substancédificetion,

material, component or product is substantiall\staline as determined by X-ray diffractioS8eeg.q,
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Remington: The Science and Practice of Pharmatyedition, Lippincott, Williams and Wilkins, Baltine,

MD (2005); The United States Pharmacope2d® edition, 1843-1844 (1995).

[0099] As used herein and unless otherwise specifiedgetine “crystal forms” and related terms refer to
solid forms that are crystalline. Crystal formslude single-component crystal forms and multipleaponent
crystal forms, and include, but are not limitedgolymorphs, solvates, hydrates, and other molecaamplexes,
as well as salts, solvates of salts, hydratesl|ts, ssiher molecular complexes of salts, and polyhs thereof.

In certain embodiments, a crystal form of a sulistanay be substantially free of amorphous formdaarather
crystal forms. In certain embodiments, a crystaif of a substance may contain less than abou2%63%,

4%, 5%, 6%, 7%, 8%, 9%, 10%, 15%, 20%, 25%, 30%%,38%, 45% or 50% of one or more amorphous forms
and/or other crystal forms on a weight basis. driain embodiments, a crystal form of a substanag ne
physically and/or chemically pure. In certain ewlibeents, a crystal form of a substance may be a@@ut,

98%, 97%, 96%, 95%, 94%, 93%, 92%, 91% or 90% phllgiand/or chemically pure.

[00100] As used herein and unless otherwise specifiedgetings “polymorphs,” “polymorphic forms” and
related terms herein, refer to two or more cryfstahs that consist essentially of the same molecentdecules or
ions. Like different crystal forms, different pahprphs may have different physical properties sas;Hor
example, melting temperatures, heats of fusiomdlities, dissolution rates and/or vibrational sfpa, as a result
of the arrangement or conformation of the molecatad/or ions in the crystal lattice. The differesin physical
properties may affect pharmaceutical parameteis asstorage stability, compressibility and den@ityportant
in formulation and product manufacturing), and diiggon rate (an important factor in bioavailakyj)it
Differences in stability can result from changesliemical reactivityd.g, differential oxidation, such that a
dosage form discolors more rapidly when compridemhe polymorph than when comprised of another
polymorph) or mechanical changesq, tablets crumble on storage as a kinetically fagiggolymorph converts
to a thermodynamically more stable polymorph) dhlie.g, tablets of one polymorph are more susceptible to
breakdown at high humidity). As a result of solipidissolution differences, in the extreme casame solid-
state transitions may result in lack of potencyabthe other extreme, toxicity. In addition, gteysical
properties may be important in processing (for epanone polymorph might be more likely to formwsdes or
might be difficult to filter and wash free of imiies, and particle shape and size distributionhtize different
between polymorphs).

[00101] As used herein and unless otherwise specifiedgetine “solvate” and “solvated,” refer to a
crystal form of a substance which contains solvditite term “hydrate” and “hydrated” refer to a sit/wherein
the solvent comprises water. “Polymorphs of s@satefers to the existence of more than one drfetan for a
particular solvate composition. Similarly, “polynpdis of hydrates” refers to the existence of mbamtone
crystal form for a particular hydrate compositiofhe term “desolvated solvate,” as used hereiersdab a
crystal form of a substance which may be prepaye@imoving the solvent from a solvate.
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[00102] As used herein and unless otherwise specifiedgetine “amorphous,” “amorphous form,” and
related terms used herein, mean that the substemmgonent or product in question is not substiytia
crystalline as determined by X-ray diffraction. garticular, the term “amorphous form” describeismrdered
solid form,i.e., a solid form lacking long range crystalline ordér certain embodiments, an amorphous form of
a substance may be substantially free of other jginoois forms and/or crystal forms. In other embedlits, an
amorphous form of a substance may contain lessahant 1%, 2%, 3%, 4%, 5%, 10%, 15%, 20%, 25%, 30%,
35%, 40%, 45% or 50% of one or more other amorpfanss and/or crystal forms on a weight basiscdrtain
embodiments, an amorphous form of a substance mahysically and/or chemically pure. In certain
embodiments, an amorphous form of a substance mapdaut 99%, 98%, 97%, 96%, 95%, 94%, 93%, 92%,
91% or 90% physically and/or chemically pure.

[00103] Techniques for characterizing solid forms incluaig, are not limited to, thermal gravimetric
analysis (TGA), differential scanning calorimetBSC), X-ray powder diffractometry (XRPD), gravimietr
vapor sorption (GVS), single-crystal X-ray diffraotetry, vibrational spectroscops.g, infrared (IR) and

Raman spectroscopy, solid-state and solution numegnetic resonance (NMR) spectroscopy, optical
microscopy, hot stage optical microscopy, scanelegtron microscopy (SEM), electron crystallography
guantitative analysis, particle size analysis (RS#jface area analysis, solubility measuremeigsopliition
measurements, elemental analysis and Karl Fisctadysis. Characteristic unit cell parameters may b
determined using one or more techniques such asoblimited to, X-ray diffraction and neutron filéction,
including single-crystal diffraction and powderfdifction. Techniques useful for analyzing powdérattion
data include profile refinement, such as Rietvefihement, which may be usezlg.,to analyze diffraction peaks
associated with a single phase in a sample comgrmbre than one solid phase. Other methods ufeeful
analyzing powder diffraction data include unit detlexing, which allows one of skill in the artdetermine unit
cell parameters from a sample comprising crystlliowder.

[00104] In some embodiments, the solid forragy, crystal forms, described herein are substapntmilte,
i.e., substantially free of other solid forms and/bother chemical compounds, containing less thaugap5%,
20%, 15%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, A.7§%, 0.5%, 0.25% or 0.1% percent by weight of one
or more other solid forms and/or of other chemicahpounds.

[00105] Solid forms may exhibit distinct physical charaization data that are unique to a particular solid
form, such as the crystal forms described herélmese characterization data may be obtained bgwsri
technigues known to those skilled in the art, idalg for example X-ray powder diffraction, diffeté scanning
calorimetry, thermal gravimetric analysis, and eaclmagnetic resonance spectroscopy. The datalpdoby
these techniques may be used to identify a paati@dlid form. One skilled in the art can detemnivhether a
solid form is one of the forms described hereirpbyforming one of these characterization technigunes
determining whether the resulting data “matchee’rdference data provided herein, which is idexttifis being

characteristic of a particular solid form. Chaesiation data that “matches” those of a referesutiel form is
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understood by those skilled in the art to corredporthe same solid form as the reference solieh foin
analyzing whether data “match,” a person of ordirgkill in the art understands that particular eleerization
data points may vary to a reasonable extent whillelescribing a given solid form, due to, for exgle,
experimental error and routine sample-to-sampléyaisa

[00106] The solid forms provided herein may be crystalin@n intermediate forme(g, a mixture of
crystalline and amorphous forms). The crystal ®dascribed herein, therefore, may have varyingegesgof
crystallinity or lattice order. The solid formssieibed herein are not limited by any particulagrée of
crystallinity or lattice order, and may be 0-1008¢stalline. Methods of determining the degreerg&tallinity
are known to those of ordinary skill in the art¢lsas those described in Suryanarayanan{Ray Power
Diffractometry,Physical Characterization of Pharmaceutical SHItS, Brittain, Editor, Mercel Dekkter, Murray
Hill, N.J., 1995, pp. 187 — 199, which is incorpeherein by reference in its entirety. In somdediments,
the solid forms described herein are about 0, 513020, 25, 30, 35, 40, 45, 50, 55, 60, 65, B)80, 85, 90, 95
or 100 % crystalline.

[00107] Definitions of specific functional groups and cheatiterms are described in more detail below.
For purposes of this application, the chemical eletsare identified in accordance with the Periddible of the
Elements, CAS version, Handbook of Chemistry angsies, 7% Ed., inside cover, and specific functional
groups are generally defined as described thewsitditionally, general principles of organic chetnysas well
as specific functional moieties and reactivity, described irDrganic ChemistryThomas Sorrell, University
Science Books, Sausalito, 1999; Smith and Matahch’s Advanced Organic Chemist®" Edition, John Wiley
& Sons, Inc., New York, 2001; Larockomprehensive Organic Transformatiph’CH Publishers, Inc., New
York, 1989; CarrutherSome Modern Methods of Organic Synthe®{€Edition, Cambridge University Press,
Cambridge, 1987.

[00108] The term “alkyl,” as used herein, refers to satdastraight— or branched—chain optionally
substituted hydrocarbon radicals derived from grhatic moiety containing between one and six cardtoms
(e.g.,Cis alkyl) by removal of a single hydrogen atom. ém& embodiments, the alkyl group employed contains
1-5 carbon atoms. In another embodiment, the gitotip employed contains 1-4 carbon atoms. Ihaskier
embodiments, the alkyl group contains 1-3 carbomat In yet another embodiments, the alkyl grouptains
1-2 carbons. Examples of alkyl radicals includg,dre not limited to, methyl, ethyl, n—propyl, isopyl, n—
butyl, iso—butyl, sec—butyl, sec—pentyl, iso—pentigit—butyl, n—pentyl, neopentyl, n—hexyl, secyhex—heptyl,
n—octyl, n—decyl, n—undecyl, dodecyl, and the like.

[00109] The term “alkenyl,” as used herein, denotes a maleow group derived from a straight— or
branched-chain optionally substituted aliphaticehohaving at least one carbon—carbon double bgritieh
removal of a single hydrogen atom. In certain edirbents, the alkenyl group contains 2—6 carbon at@ng.,
Cz.s alkenyl). In certain embodiments, the alkenylugr@ontains 2-5 carbon atoms. In some embodimiets,

alkenyl group contains 2—4 carbon atoms. In amahdodiment, the alkenyl group employed contai 2
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carbon atoms. Alkenyl groups include, for examptaenyl, propenyl, butenyl, 1-methyl-2—buten—21alkl the
like.

[00110] The term “alkynyl,” as used herein, refers to a owalent group derived from a straight— or
branched-chain optionally substituted aliphaticetyohaving at least one carbon—carbon triple bonthée
removal of a single hydrogen atom. In certain edibents, the alkynyl group contains 2—6 carbon at@g.,
Cos alkynyl). In certain embodiments, the alkynyl gpacontains 2-5 carbon atoms. In some embodinidats,
alkynyl group contains 2—4 carbon atoms. In anmaghebodiment, the alkynyl group contains 2—3 cardtoms.
Representative alkynyl groups include, but ardinudted to, ethynyl, 2—propynyl (propargyl), 1-proyyl, and
the like.

[00111] The term “aryl” used alone or as part of a largeraty as in “aralkyl”, “aralkoxy”, or
“aryloxyalkyl”, refers to monocyclic and bicycligtionally substituted ring systems having a tofdhe to
twelve ring members, wherein at least one rindiéndystem is aromatic and wherein each ring irsystem
contains three to seven ring members. In some dimigmts, “aryl” refers to monocyclic and bicycliptmnally
substituted ring systems having a total of sixtteltve ring memberse(g.,Cs.12 aryl), wherein at least one ring in
the system is aromatic and wherein each ring irsylséem contains three to seven ring members.térhe“aryl”
may be used interchangeably with the term “aryg'’tinin certain embodiments, “aryl” refers to ammuatic ring
system which includes, but not limited to, phetwbhenyl, naphthyl, anthracyl and the like, whichynbear one
or more substituents. Also included within thepeeof the termaryl”, as it is used herein, is a group in which an
aromatic ring is fused to one or more non—-aromaigs, such as indanyl, phthalimidyl, naphthimidyl,
phenantriidinyl, or tetrahydronaphthyl, and theslik

[00112] The terms “heteroaryl” used alone or as part afrgdr moietye.g.,"heteroaralkyl”, or
“heteroaralkoxy”, refer to optionally substitutebgps having 5 to 10 ring atoms, preferably 5,r@® dng
atoms; having 6, 10, or T@electrons shared in a cyclic array; and havinggddition to carbon atoms, from one
to five heteroatoms. In some embodiments, the theteroaryl” refers to optionally substituted gpsuas
defined above having 6 to 10 ring atoragy(,Cs.12 heteroaryl). The term “heteroatom” refers toautn,
oxygen, or sulfur, and includes any oxidized forinmitrogen or sulfur, and any quaternized form dsic
nitrogen. Heteroaryl groups include, without liatibn, thienyl, furanyl, pyrrolyl, imidazolyl, pyealyl, triazolyl,
tetrazolyl, oxazolyl, isoxazolyl, oxadiazolyl, taialyl, isothiazolyl, thiadiazolyl, pyridyl, pyridézyl, pyrimidinyl,
pyrazinyl, indolizinyl, purinyl, naphthyridinyl, ahpteridinyl. The terms “heteroaryl” and “heterdaras used
herein, also include groups in which a heteroaramitg is fused to one or more aryl, cycloalipbatr
heterocyclyl rings, where the radical or point tihehment is on the heteroaromatic ring. Non-lingitexamples
include indolyl, isoindolyl, benzothienyl, benzoéimyl, dibenzofuranyl, indazolyl, benzimidazolyl na¢hiazolyl,
quinolyl, isoquinolyl, cinnolinyl, phthalazinyl, guazolinyl, quinoxalinyl, 4—quinolizinyl, carbazolyl, acridinyl,
phenazinyl, phenothiazinyl, phenoxazinyl, tetralegpinolinyl, tetrahydroisoquinolinyl, and pyridogb]-1,4—

oxazin—3(4H)—one. A heteroaryl group may be monobicyclic. The term “heteroaryl” may be used
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interchangeably with the terms “heteroaryl rindieteroaryl group”, or “heteroaromatic”, any of whigrms
include rings that are optionally substituted. Téren “heteroaralkyl” refers to an alkyl group sutegéed by a
heteroaryl, wherein the alkyl and heteroaryl posicndependently are optionally substituted.

[00113] As described herein, compounds provided hereincoatain “optionally substituted” moieties.
In general, the term “substituted”, whether precddolthe term “optionally” or not, means that omermre
hydrogens of the designated moiety are replacedaviuitable substituent. Unless otherwise indiaan
“optionally substituted” group may have a suitatldstituent at each substitutable position of toeg, and
when more than one position in any given structoay be substituted with more than one substitugetted
from a specified group, the substituent may beeeitiie same or different at every position. Coratiams of
substituents envisioned by this application arégpably those that result in the formation of statet chemically
feasible compoundsThe term “stable”, as used herein, refers to com@suhat are not substantially altered
when subjected to conditions to allow for theirgurotion, detection, and, in certain embodimentsiy ttecovery,
purification, and use for one or more of the pugsodisclosed herein.

[00114] Suitable monovalent substituents on a substitutzdnieon atom of an “optionally substituted”
group are independently halogen; —(HR®; —(CH)o_OR’; —O—(CH,)0_4C(O)OR°; —(CH)o-£LH(OR°)2; —
(CH2)0-sSR®; <(CH)o-4Ph, which may be substituted with R°; —(§d40(CH.)o-1Ph which may be substituted
with R°®; =CH=CHPh, which may be substituted with RRIO,; —CN; —Ns; —(CH)o-aN(R°)2; —(CHg)o-
AN(R°)C(O)R’; -N(R°)C(S)R; -(CH.)o-aN(R°)C(O)NR°2; —N(R°)C(S)NR2; —-(CH.)o-aN(R°)C(O)OR; —
N(R°)N(R°)C(O)R; -N(R°)N(R°)C(O)NR2; —N(R°)N(R°)C(O)OR’; -(CH.)0-4C(O)R°; —C(S)R; —(CH)o-
4C(0O)OR’; «(CH)o-4C(O)SR; ~(CH)o-4C(O)OSIR’s; «(CHz)o-4OC(O)R; ~OC(O)(CH)o-sSR—, SC(S)SR?; —
(CH2)0-sSC(O)R; —(CH)0-4C(O)NR’2; —C(S)NR2; —C(S)SR°; —SC(S)SR°®, -(GH-OC(O)NR’2; —
C(O)N(OR)R?; —C(O)C(O)R; —C(O)CHC(O)R’; —C(NOR)R®; -(CH2)0-sSSR; HCH2)0-sS(O)R®; —(CH)o-
4S(O)OR’; —(CH)0-4OS(O}R°; —S(OPNR?2; -(CHz)0-4S(O)R; —N(R°)S(ORNR®2; -N(R*)S(O)R°; -N(OR)R®;
—C(NH)NR2; —P(O}R?; -P(O)R2; —OP(O)R2; —OP(O)(OR)2; SiR°s; —(Ci-4 straight or branched alkylene)O—
N(R°)2; or —-(G-4 straight or branched alkylene)C(O)O-NJRwherein each Rmay be substituted as defined
below and is independently hydrogen,daliphatic, -CHPh, —O(CH)o-1Ph, or a 5-6—-membered saturated,
partially unsaturated, or aryl ring having 0—4 het¢oms independently selected from nitrogen, omyge
sulfur, or, notwithstanding the definition abowsptindependent occurrences df, Raken together with their
intervening atom(s), form a 3—12-membered saturatadially unsaturated, or aryl mono— or bicyelitg
having 0—4 heteroatoms independently selected fitnmgen, oxygen, or sulfur, which may be substituas
defined below.

[00115] Suitable monovalent substituents oh(Br the ring formed by taking two independent
occurrences of Rtogether with their intervening atoms), are indefently halogen, —(CHh-R®, —(haloR), —
(CH2)o-0OH, —(CH)o-0OR®, -(CH)o-.LCH(OR?),; -O(haloR), —CN, —N,, -(CH)o-C(O)R?, «(CH)0-LL(O)OH, —
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(CH2)o-L(0)OR?, «(CH)o-2SR®, =(CH)o-2SH, <(CH)o-NH2, =(CH)o-2NHR®, -(CH)o-NR®2, -NO,, —SiR’s, —
OSIiR®;, -C(0O)SR, —(Ci—4 straight or branched alkylene)C(O)QRr —SSR wherein each Ris unsubstituted or
where preceded by “halo” is substituted only witte @r more halogens, and is independently seldéaedC;-

4 aliphatic, —CHPh, —O(CH)o-1Ph, or a 5—-6—membered saturated, partially ungetiirar aryl ring having 0—4
heteroatoms independently selected from nitrogeygen, or sulfur. Suitable divalent substituemsasaturated
carbon atom of Rinclude =O and =S.

[00116] Suitable divalent substituents on a saturated ceabam of an “optionally substituted” group
include the following: =0, =S, =NNR =NNHC(O)R, =NNHC(O)OR, =NNHS(O}R’, =NR’, =NOR,, —
O(C(R2))2-40—, or —S(C(R.))2-sS—, wherein each independent occurrence a Belected from hydrogen; C

¢ aliphatic which may be substituted as definedetor an unsubstituted 5-6—membered saturatedalpart
unsaturated, or aryl ring having 0—4 heteroatordspendently selected from nitrogen, oxygen, owsulf
Suitable divalent substituents that are bounddmal substitutable carbons of an “optionally sitb&td” group
include: —O(CR,),-40—, wherein each independent occurrence a$ Relected from hydrogen; aliphatic
which may be substituted as defined below, or aubstituted 5-6—membered saturated, partially uresad, or
aryl ring having 0—4 heteroatoms independentlyctetefrom nitrogen, oxygen, or sulfur.

[00117] Suitable substituents on the aliphatic group oirRlude halogen, -R -(haloR), -OH, —-OR, —
O(haloR?), —CN, —C(O)OH, —C(O)OR —NH,, -NHR®, —-NR®,, or —-NQ, wherein each Ris unsubstituted or
where preceded by “halo” is substituted only witte @r more halogens, and is independently &liphatic, —
CH.Ph, —O(CH)o-1Ph, or a 5-6—membered saturated, partially ungetirar aryl ring having 0—4 heteroatoms
independently selected from nitrogen, oxygen, tfusu

[00118] Suitable substituents on a substitutable nitrodemdoptionally substituted” group include LR
—NR',, -C(0)R, —C(O)OR, —C(0)C(0)R, —C(O)CHC(O)R!, —S(O)R", -S(OINR',, —C(S)NR;, —C(NH)NR',
or -N(R)S(O}R"; wherein each Ris independently hydrogen; €aliphatic which may be substituted as defined
below, unsubstituted —OPh, or an unsubstituted mebrbered saturated, partially unsaturated, orranyl
having 0—4 heteroatoms independently selected fitnmgen, oxygen, or sulfur, or, notwithstanding th
definition above, two independent occurrences 'otdken together with their intervening atom(s)ran
unsubstituted 3—-12—membered saturated, partiatigtunated, or aryl mono— or bicyclic ring havingtO—
heteroatoms independently selected from nitrogeygen, or sulfur.

[00119] Suitable substituents on the aliphatic group baf independently halogen, $R(haloR), —
OH, —-OR, —O(haloR), —CN, —C(O)OH, —C(0O)OR —NH,, —-NHR®, —-NR®,, or -NG;,, wherein each Ris
unsubstituted or where preceded by “halo” is stldstil only with one or more halogens, and is inddpatly
Cisaliphatic, —CHPh, —O(CH)o-1Ph, or a 5-6—membered saturated, partially ungatyjrar aryl ring having 0—

4 heteroatoms independently selected from nitrogeygen, or sulfur.
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5.2 SOLID FORMS

[00120] Potential pharmaceutical solids include crystalioéds and amorphous solids. Amorphous
solids are characterized by a lack of long-rangectiral order, whereas crystalline solids are attarized by
structural periodicity. The desired class of phacautical solid depends upon the specific apptioati
amorphous solids are sometimes selected on the dfasig, an enhanced dissolution profile, while crystallin
solids may be desirable for properties sucleag, physical or chemical stabilitgée,e.g, S. R. Vippaguntat
al., Adv. Drug. Deliv. Rev(2001) 48:3-26; L. YuAdv. Drug. Deliv. Rev(2001) 48:27-42). A change in solid
form may affect a variety of physical and chemjmalperties, which may provide benefits or drawbdnoks
processing, formulation, stability and bioavailépjlamong other important pharmaceutical charésttes.
[00121] Whether crystalline or amorphous, potential satichfs of a pharmaceutical compound may
include single-component and multiple-componeritsol Single-component solids consist essentidlthe
pharmaceutical compound in the absence of othepoanuds. Variety among single-component crystalline
materials may potentially arise from the phenomesfgoolymorphism, wherein multiple three-dimensiona
arrangements exist for a particular pharmaceuticadpound ¢eee.g, S. R. Byrnet al, Solid State Chemistry of
Drugs (1999) SSCI, West Lafayette).

[00122] Additional diversity among the potential solid famf a pharmaceutical compound may arise
from the possibility of multiple-component solid€rystalline solids comprising two or more ioniesjes are
termed saltsseee.g, Handbook of Pharmaceutical Salts: Properties, S&acand UseP. H. Stahl and C. G.
Wermuth, Eds., (2002), Wiley, Weinheim). Additibtygpes of multiple-component solids that may ptitely
offer other property improvements for a pharmacalitompound or salt thereof includeg, hydrates, solvates,
co-crystals and clathrates, among othsegg.g, S. R. Byrnet al, Solid State Chemistry of Drugd999) SSCI,
West Lafayette). Provided herein are also cocysteCompound 1 and polymorphs thereof. Multiple-
component crystal forms may potentially be susbépto polymorphism, wherein a given multiple-coment
composition may exist in more than one three-dinegas crystalline arrangement. The discovery didsimorms
is of great importance in the development of a,sffective, stable and marketable pharmaceutmalpound.
[00123] The solid forms provided herein are useful as agtivarmaceutical ingredients for the
preparation of formulations for use in animals omlans. Thus, embodiments herein encompass thef tisese
solid forms as a final drug product. Certain eniivaohts provide solid forms useful in making finalsdige
forms with improved properties,g, powder flow properties, compaction propertiebleting properties,
stability properties, and excipient compatibilityoperties, among others, that are needed for metuuifiag,
processing, formulation and/or storage of finalgdpwoducts. Certain embodiments herein provide
pharmaceutical compositions comprising a singlejmament crystal form, and/or a multiple-componegstal
form comprising the compound of formula (I) andrapnaceutically acceptable diluent, excipient ariea
[00124] Solid form and related terms refer to a physicaifevhich is not predominantly in a liquid or a

gaseous state. Solid forms may be crystallinestures of crystalline and amorphous forms. A “&RAg
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component” solid form comprising a particular compd consists essentially of that compound. A “ipldt
component” solid form comprising a particular compd comprises that compound and a significant apyasft
one or more additional species, such as ions anadtgcules, within the solid form. The solid forprevided
herein may be crystallineor an intermediate foeng(a mixture of crystalline and amorphous formshe T
crystal forms described herein, therefore, may havging degrees of crystallinity or lattice ordérhe solid
forms described herein are not limited to any paléir degree of crystallinity or lattice order, andy be 0 —
100% crystalline. Methods of determining the degrecrystallinity are known to those of ordinakyllsin the
art, such as those described in Suryanarayanal;Ray Powder Diffractometrghysical Characterization of
Pharmaceutical Solids, H.G. Brittain, Editor, Maroekker, Murray Hill, N.J., 1995, pp. 187 — 19%ieh is
incorporated herein by reference in its entirdtysome embodiments, the solid forms describedmare about
0, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60,76, 75, 80, 85, 90, 95 or 100 % crystalline.

[00125] Solid forms may exhibit distinct physical charaization data that are unique to a particular solid
form, such as the crystal forms described herélmese characterization data may be obtained bguwsari
technigues known to those skilled in the art, idalg for example X-ray powder diffraction, diffetél scanning
calorimetry, thermal gravimetric analysis, and eaclmagnetic resonance spectroscopy. The datalpdoby
these techniques may be used to identify a paaticdlid form. One skilled in the art can detemnivhether a
solid form is one of the forms described hereirpbgforming one of these characterization technigunes
determining whether the resulting data is “subgiiintsimilar” to the reference data provided hareihich is
identified as being characteristic of a particgla@liid form. Characterization data that is “subtédly similar” to
those of a reference solid form is understood bgetskilled in the art to correspond to the sarfid &om as the
reference solid form. In analyzing whether datasistantially similar,” a person of ordinary $kil the art
understands that particular characterization daitspmay vary to a reasonable extent while séifiatibing a
given solid form, due to, for example, experimeetabr and routine sample-to-sample analysis.

[00126] In some embodiments, provided herein are solid $acomprising a compound of formula (1):




or a salt, solvatee(g, hydrate), or solvate of a salt thereof, or a orixthereof. In one embodiment, the solid
form comprising a compound of formula (I) can berystalline form, a partially crystalline form, amixture of
crystalline form(s) and amorphous form(s). In engodiment, provided herein is a solid form conipgs
crystalline form of a compound of formula (1), osalt, solvated.g, hydrate), or solvate of a salt thereof, or a
mixture thereof. In one embodiment, the solid féanther comprises a coformer. In one embodimtetsolid
form comprising Compound 1 and a coformer is aygiat. In another embodiment, the solid form is an
amorphous form. In one embodiment, the solid frsubstantially pure. The compound of formulah@s a
chemical name of3j-2-amino-N-(1-(8-((1-methyl-1H-pyrazol-4-yl)ethybyl -oxo-2-phenyl-1,2-
dihydroisoquinolin-3-yl)ethyl)pyrazolo[1,5-a]pyrigiine-3-carboxamide. The compound of formula (1) is
described in US2015/011874, the entirety of whichmcorporated herein by reference.

[00127] In some embodiments, the Formula (1) is a racenmture of (S)- and (R)- isomers. In other
embodiments, provided herein is a mixture of conmalsuvherein individual compounds of the mixturesexi
predominately in an (S)- or (R)- isomeric configion. For example, the compound mixture has an (S)
enantiomeric excess of greater than about 55%,t&@8a, about 65%, about 70%, about 75%, about &bt
85%, about 90%, about 95%, about 96%, about 97%ut&38%, about 99%, about 99.5%, or more. In other
embodiments, the compound mixture has an (S)-emaatic excess of greater than about 55% to abo&#89
greater than about 60% to about 99.5%, greaterghant 65% to about 99.5%, greater than about 808bdut
99.5%, greater than about 75% to about 99.5%, gréadn about 80% to about 99.5%, greater thantadida to
about 99.5%, greater than about 90% to about 99di%ater than about 95% to about 99.5%, greader dbout
96% to about 99.5%, greater than about 97% to 686, greater than about 98% to greater thant&85%,
greater than about 99% to about 99.5%, or more.

[00128] In other embodiments, the compound mixture hafky+efiantiomeric purity of greater than
about 55%, about 60%, about 65%, about 70%, al&%t about 80%, about 85%, about 90%, about 95%tabo
96%, about 97%, about 98%, about 99%, about 99/5%toce. In some other embodiments, the compound
mixture has an (R)-enantiomeric excess of grehtar about 55% to about 99.5%, greater than ab@&att60
about 99.5%, greater than about 65% to about 99g88ater than about 70% to about 99.5%, greaterahaut
75% to about 99.5%, greater than about 80% to €686, greater than about 85% to about 99.5%erézan
about 90% to about 99.5%, greater than about @8baut 99.5%, greater than about 96% to abou®89.5
greater than about 97% to about 99.5%, greaterahant 98% to greater than about 99.5%, greaterabhaut
99% to about 99.5% or more.
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5.2.1. Solid Forms of Compound 1
[00129] Provided herein is a solid form comprising a comqmbaf Formula (1):

N\Q;/NHz
-
N—N
= M,

or a salt, or solvatee(g, hydrate), or solvate of a salt thereof, or a orxtthereof.

[00130] In one embodiment, provided herein a solid form posing a free base of Compound 1, or a
solvate €.g, hydrate) thereof. In one embodiment, provideetinds a solid form comprising an anhydrous free
base of Compound 1. In one embodiment, providegimés a solid form comprising a solvate of a foase of
Compound 1. In one embodiment, provided hereinsslid form comprising a hydrate of a free base of
Compound 1.

[00131] It is contemplated that Compound 1, or a saltpbrege €.g, hydrate), or solvate of a salt
thereof, or a mixture thereof, can exist in a wgrad solid forms. Such solid forms include crytte solids
(e.g, polymorphs of anhydride Compound 1, polymorphbyafrates of Compound 1, and polymorphs of
solvates of Compound 1), amorphous solids, or mestof crystalline and amorphous solids. In one
embodiment, the solid form is substantially cryigtial In one embodiment, the solid form is crylgtal

[00132] In some embodiments, the molar ratio of Compoutaithe solvent/water in the solid form
ranges from about 10:1 to about 1:10. In some einf@nts, the molar ratio of Compound 1 to the suiveater
in the solid form ranges from about 5:1 to abo6t In some embodiments, the molar ratio of Compalito the
solvent/water in the solid form ranges from abattd about 1:3. In some embodiments, the mot#r od
Compound 1 to the solvent/water in the solid foamges from about 2:1 to about 1:2. In one embadlintiee
molar ratio is about 1:2.€., bis-solvate/hydrate). In another embodimentntiodar ratio is about 1:1.€.,

mono-solvate/hydrate). In yet another embodintlietmolar ratio is about 2:1€., hemi-solvate/hydrate).

5.2.1.1 Form 1 of Compound 1
[00133] In some embodiments, provided herein is Form 1afrapound of formula (I). In one
embodiment, Form 1 of Compound 1 is a crystallioe-solvated anhydrous free base of Compound orme
embodiments, Form 1 of Compound 1 is substantiedly of amorphous Compound 1. In some embodiments,
Form 1 of Compound 1 is substantially free of ottrgstalline formsi(e., polymorphs) of Compound 1. In some
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embodiments, Form 1 of Compound 1 is substantiedly of salts of Compound 1. In some embodimétaan

1 of Compound 1 is provided as substantially pumerF1 of Compound 1. In some embodiments, onearem
residual solventg.g, small amount of EtOH 6PrOH) may be present in Form 1 of Compound 1, teirésidual
solvent does not form a solvate of Compound 1.

[00134] A representative XRPD pattern of Form 1 of Compolirisi provided in FIG. 1.

[00135] In one embodiment, Form 1 has an X-ray powderatiffon (XRPD) pattern comprising peaks at
16.8, 23.6, and 25.6 degreds @lus or minus 0.2. In one embodiment, Form 1ammXRPD pattern further
comprising at least one peak selected from 14.@4aridegreest? plus or minus 0.2. In one embodiment,
Form 1 has an XRPD pattern comprising peaks at 16.8, 21.2, 23.6, and 25.6 degre@si2 combination with

at least one peak selected from 11.3, 15.4, 18.3, 20.5, 22.6, 24.3, 26.6, 27.1, and 29.5 de@®gsus or

minus 0.2.

[00136] In one embodiment, Form 1 is characterized by XREBBks located at 1, 2, 3, 4,5, 6, 7, 8, 9, 10,
11, 12, 13, 14, or all of the following positiorist.3, 14.6, 15.4, 16.2, 16.8, 18.4, 20.5, 21.2%,223.6, 24.3,

25.6, 26.6, 27.1, and 29.5 degreé@stus or minus 0.2. In one embodiment, the solich is characterized by 3
of the peaks. In one embodiment, the solid foreheracterized by 5 of the peaks. In one embodinties solid
form is characterized by 7 of the peaks. In onbadiment, the solid form is characterized by %hef peaks. In
one embodiment, the solid form is characterized bgf the peaks. In one embodiment, the solid figrm

characterized by 13 of the peaks. In one embodintem solid form is characterized by all of thelke

[00137] In some embodiments, the XRPD peaks above (deg@bgesaks) are observed when analyzed
using copper K radiation.

[00138] In one embodiment, Form 1 has an XRPD pattern anbatly as shown in FIG. 1.

[00139] A representative overlay of thermal gravimetriclgsia (TGA) and differential scanning

calorimetry (DSC) thermograms for Form 1 of Compmbdaris provided in FIG. 2.

[00140] In one embodiment, Form 1 exhibits an endotherwéng as characterized by DSC, with an
onset temperature at about 255 °C and/or a pegtetature at about 257 °C. In one embodiment, Foisn
characterized by a DSC thermogram substantialshas/n in the DSC thermogram presented in FIGn2. |
another embodiment, Form 1 exhibits an endotheewént, as characterized by DSC, with an onset teahype
at about 242 °C and/or a peak temperature at @&5dutC. In yet another embodiment, Form 1 exhiuits
endothermic event, as characterized by DSC, witbreset temperature at from about 242 °C to abobit’@5
[00141] In one embodiment, Form 1 exhibits a weight losalafut 0.6% upon heating from about 230 °C
to about 310 °C. In one embodiment, Form 1 isattarized by a TGA thermogram substantially as shiow
the TGA thermogram presented in FIG. 2. In anogmebodiment, Form 1 exhibits a weight loss of altbd®o
upon heating from about 25 °C to about 70 °C, aneight loss of about 1.1% upon heating from al2@@ °C
to about 280 °C.
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[00142] A representative gravimetric vapor sorption (G\&therm of Form 1 is presented in FIG. 3. In
one embodiment, Form 1 exhibits a weight incredsdout 0.5 % when subjected to an increase itivela
humidity from about 0 to about 90 % relative huntyidiln one embodiment, Form 1 is characterized BVS
thermogram substantially as shown in the GVS thgram presented in FIG. 3.

[00143] In one embodiment, Form 1 has approximately uditdb@mensions ofa=11.1 Ab=12.8 Ac
=16.1 A0 = 90°,p = 90°, andy = 90°. In one embodiment, Form 1 has approxingatelt cell dimensions of
=11.14 Ab=12.76 Ac=16.13 Ao = 90°, = 90°, andy = 90°. In one embodiment, Form 1 has
approximately unit cell dimensions @f= 11.140 Ab=12.758 Ac = 16.131 Ag = 90°,p = 90°, andy = 90°.

In one embodiment, Form 1 has a unit cell of asggioup 0fP2:2:2;. In one embodiment, Form 1 has a volume
of about 2292.5 Acell. In one embodiment, Form 1 has a Z valué.oln one embodiment, Form 1 has a
density of about 1.279 g/ém

[00144] In one embodiment, Form 1 is anhydrous. In onecelinbent, Form 1 is non-hygroscopic. In
one embodiment, Form 1 is stable after storag® 4C475 %RH or 25 °C/96 %RH for more than 9 months.
[00145] All of the combinations of the above embodimentsemmcompassed by this application.

5.2.1.2 Form 2 of Compound 1
[00146] In some embodiments, provided herein is Form 2adfrapound of formula (I). In one
embodiment, Form 2 of Compound 1 is a crystallwleage of free base of Compound 1. In some embexlis)
Form 2 of Compound 1 is substantially free of arhogs Compound 1. In some embodiments, Form 2 of
Compound 1 is substantially free of other crystalliorms i;e., polymorphs) of Compound 1. In some
embodiments, Form 2 of Compound 1 is substantiedly of salts of Compound 1. In some embodimétaan
2 of Compound 1 is provided as substantially pumerF2 of Compound 1.
[00147] In one embodiment, the molar ratio of Compound théosolvent in Form 2 ranges from about
1:0.5to about 1:2. In one embodiment, the maltio of Compound 1 to the solvent in Form 2 rarfges
about 1:0.75 to about 1:1.25. In one embodiméetntolar ratio of Compound 1 to the solvent in F@rranges
from about 1:0.75 to about 1:1. In one embodimiat,molar ratio of Compound 1 to the solvent innf@ is
about 1:0.85. In one embodiment, the molar rati@ampound 1 to the solvent in Form 2 is about 1:1.
[00148] In one embodiment, Form 2 is an acetone/DCM soloifeee base of Compound 1. In one
embodiment, the molar ratio of Compound 1: acet®@M in Form 2 is about 1:0.1:0.75. In another
embodiment, Form 2 is an 1-propanol solvate of r@se of Compound 1. In one embodiment, the mater of
Compound 1 to 1-propanol in Form 2 is about 1:0.86another embodiment, Form 2 is an DCM solvétees
base of Compound 1. In one embodiment, the matar of Compound 1 to DCM in Form 2 is about 1:1.

[00149] A representative XRPD pattern of Form 2 of Compolrnisiprovided in FIG. 4. Another
representative XRPD pattern of Form 2 of Compourslftovided in FIG. 8.
[00150] In one embodiment, Form 2 has an XRPD pattern cisimgrpeaks at 13.6, 14.9, and 21.0

degrees &, plus or minus 0.2. In one embodiment, Form 2dmmXRPD pattern further comprising at least one
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peak selected from 7.4 and 16.7 degréeplt@is or minus 0.2. In one embodiment, Form 2dmXRPD pattern
comprising peaks at 7.4, 13.6, 14.9, 16.7, and @ddgdees @ in combination with at least one peak selected
from 9.5, 18.1, 18.4, 19.7, 20.8, 22.4, 23.2, 2262, and 26.8 degreeg, plus or minus 0.2.

[00151] In one embodiment, Form 2 is characterized by XRBBks located at 1, 2, 3, 4,5, 6,7, 8, 9, 10,
11, 12, 13, 14, or all of the following positiors4, 9.5, 13.6, 14.9, 16.7, 18.1, 18.4, 19.7, 22189), 22.4, 23.2,
24.5, 26.2, and 26.8 degreds @lus or minus 0.2. In one embodiment, the dolich is characterized by 3 of the
peaks. In one embodiment, the solid form is chareaed by 5 of the peaks. In one embodimentsttiel form

is characterized by 7 of the peaks. In one embexinthe solid form is characterized by 9 of thakse In one
embodiment, the solid form is characterized by fithe peaks. In one embodiment, the solid form is
characterized by 13 of the peaks. In one embodintem solid form is characterized by all of thelks

[00152] In some embodiments, the XRPD peaks above (degégasaks) are observed when analyzed
using copper K radiation.

[00153] In one embodiment, Form 2 has an XRPD pattern anbiatly as shown in FIG. 4. In another
embodiment, Form 2 has an XRPD pattern substantialshown in FIG. 8.

[00154] A representative overlay of thermal gravimetriclgsia (TGA) and differential scanning
calorimetry (DSC) thermograms for Form 2 of Compmbdaris provided in FIG. 5.

[00155] In one embodiment, Form 2 exhibits an endotherwéng as characterized by DSC, with an
onset temperature at about 168 °C and/or a pegtetature at about 182 °C. In one embodiment, Fbisn
characterized by a DSC thermogram substantialghas/n in the DSC thermogram presented in FIG. 5.
[00156] In one embodiment, Form 2 exhibits a weight losalmfut 12.9 % upon heating from about 80
°C to about 240 °C. In one embodiment, Form haracterized by a TGA thermogram substantiallyhasva in
the TGA thermogram presented in FIG. 5.

[00157] Another representative overlay of thermal graviioetnalysis (TGA) and differential scanning
calorimetry (DSC) thermograms for Form 2 of Compmbdaris provided in FIG. 7.

[00158] In one embodiment, Form 2 exhibits, as charactétizeDSC, an endothermic event with an
onset temperature at about 25 °C, an endotherreiat @vith an onset temperature at about 151 °Cxathermic
event with an onset temperature at about 179 °@n@ndothermic event with an onset temperatuabait 244
°C. In one embodiment, Form 2 exhibits, as charad by DSC, an endothermic event with an onset
temperature at about 25 °C, an endothermic evehtami onset temperature at about 151 °C, an exoibevent
with an onset temperature at about 179 °C, andhdatkermic event with an onset temperature at absutC.

In one embodiment, Form 2 is characterized by a Bf@@nogram substantially as shown in the DSC
thermogram presented in FIG. 7.

[00159] In one embodiment, Form 2 exhibits a weight losalafut 0.9 % upon heating from about 25 °C
to about 75 °C, and a weight loss of about 8.5 @nupeating from about 75 °C to about 250 °C. la on
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embodiment, Form 2 is characterized by a TGA thgnam substantially as shown in the TGA thermogram
presented in FIG. 7.

[00160] A representative gravimetric vapor sorption (GV&dtiherm of Form 2 is presented in FIG. 6. In
one embodiment, Form 2 exhibits a weight incredsdout 1.3 % when subjected to an increase itivela
humidity from about 0 to about 90 % relative huntyidiln one embodiment, Form 2 is characterized BVS
thermogram substantially as shown in the GVS thgram presented in FIG. 6.

[00161] In one embodiment, Form 2 is non-hygroscopic.

[00162] In one embodiment, Form 2 has approximately uditdbmensions ofa=8.7 Alb=13.2 Ac=
26.0 A,a =90°,B = 90°, andy = 90°. In one embodiment, Form 2 has approxingateit cell dimensions of =
8.73A,b=13.22 Ac=25.96 Ao = 90°, = 90°, and/ = 90°. In one embodiment, Form 2 has approxirgatel
unit cell dimensions ofa = 8.729 Ab = 13.222 Ac = 25.955 A = 90°,f = 90°, andy = 90°. In one
embodiment, Form 2 has a unit cell of a space gofi2:2:2:. In one embodiment, Form 2 has a volume of
about 2995.6 Acell. In one embodiment, Form 2 has a Z valué.ofn one embodiment, Form 2 has a density
of about 1.360 Mg/rh

[00163] All of the combinations of the above embodimenesemmcompassed by this application.

5.2.1.3 Form 3 of Compound 1
[00164] In some embodiments, provided herein is Form 3adfrapound of formula (I). In one
embodiment, Form 3 of Compound 1 is a crystallwleage of free base of Compound 1. In some embexlis)
Form 3 of Compound 1 is substantially free of arhos Compound 1. In some embodiments, Form 3 of
Compound 1 is substantially free of other crystalliorms i;e., polymorphs) of Compound 1. In some
embodiments, Form 3 of Compound 1 is substantiedly of salts of Compound 1. In some embodimétaan
3 of Compound 1 is provided as substantially pumerF3 of Compound 1.
[00165] In one embodiment, the molar ratio of Compound th&osolvent in Form 3 ranges from about
1.0.2 to about 1:1. In one embodiment, Form 32snaethyl-1-propanol solvate of free base of Conmgbl. In
one embodiment, the molar ratio of Compound 1 toe2hyl-1-propanol in Form 3 is about 1:0.79. lother
embodiment, Form 3 is a MEK solvate of free bas€ahpound 1. In one embodiment, the molar ratio of
Compound 1 to MEK in Form 3 is about 1:0.25.
[00166] A representative XRPD pattern of Form 3 of Compolirisiprovided in FIG. 9.
[00167] In one embodiment, Form 3 has an XRPD pattern cisimgrpeaks at 17.9, 20.6, and 25.8
degrees &, plus or minus 0.2. In one embodiment, Form 3dmmXRPD pattern further comprising at least one
peak selected from 11.7 and 23.5 degréeplRs or minus 0.2. In one embodiment, Form 3draXRPD
pattern comprising peaks at 11.7, 17.9, 20.6, 2818,25.8 degree®$ 2in combination with at least one peak
selected from 7.4, 10.2, 13.5, 19.3, 19.5, 21.(,212.4, 23.7, and 26.5 degre@s f@us or minus 0.2.
[00168] In one embodiment, Form 3 is characterized by XRBBks located at 1, 2, 3, 4,5, 6,7, 8, 9, 10,
11, 12, 13, 14, or all of the following positiors4, 10.2, 11.7, 13.5, 17.9, 19.3, 19.5, 20.6,,210%, 22.4, 23.5,
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23.7, 25.8, and 26.5 degreds @lus or minus 0.2. In one embodiment, the dolich is characterized by 3 of the
peaks. In one embodiment, the solid form is chareaed by 5 of the peaks. In one embodimentsttiel form

is characterized by 7 of the peaks. In one embexinthe solid form is characterized by 9 of thakse In one
embodiment, the solid form is characterized by fithe peaks. In one embodiment, the solid form is
characterized by 13 of the peaks. In one embodintemsolid form is characterized by all of thelks

[00169] In some embodiments, the XRPD peaks above (deg@bgesaks) are observed when analyzed
using copper K radiation.

[00170] In one embodiment, Form 3 has an XRPD pattern aatiatly as shown in FIG. 9.

[00171] A representative overlay of thermal gravimetriclgsia (TGA) and differential scanning

calorimetry (DSC) thermograms for Form 3 of Compmbdaris provided in FIG. 10.

[00172] In one embodiment, Form 3 exhibits, as charactétizeDSC, an endothermic event with an
onset temperature at about 29 °C, an endotherreitt @vith an onset temperature at about 126 °C, an
endothermic event with an onset temperature attabt81°C, an exothermic event with an onset termpszaat
about 181 °C, or an endothermic event with an diesaperature at about 246 °C. In one embodimemtniB
exhibits, as characterized by DSC, an endotherm@ntenith an onset temperature at about 29 °C, an
endothermic event with an onset temperature attal#61°C, an endothermic event with an onset teatpes at
about 148 °C, an exothermic event with an onsepésature at about 181 °C, and an endothermic evitmain
onset temperature at about 246 °C. In one embadjriRerm 3 is characterized by a DSC thermogram
substantially as shown in the DSC thermogram pteden FIG. 10.

[00173] In one embodiment, Form 3 exhibits, as charactétizeDSC, an endothermic event with an
onset temperature at about 30 °C, an endotherraitt @vith an onset temperature at about 127 °C, an
endothermic event with an onset temperature attal8W°C, an exothermic event with an onset tempesat
about 169 °C, an endothermic event with an onsepéeature at about 207 °C, or an endothermic evithtan
onset temperature at about 250 °C. In one embadjRerm 3 exhibits, as characterized by DSC, an
endothermic event with an onset temperature atts8#beC, an endothermic event with an onset tentperat
about 127 °C, an endothermic event with an onsepéeature at about 137 °C, an exothermic eventavitbnset
temperature at about 169 °C, an endothermic evightan onset temperature at about 207 °C, and an
endothermic event with an onset temperature attatil°C.

[00174] In one embodiment, Form 3 exhibits a weight losalafut 0.8 % upon heating from about 25 °C
to about 75 °C, and a weight loss of about 10.4p#ntheating from about 75 °C to about 300 °C. rla o
embodiment, Form 3 is characterized by a TGA thgnam substantially as shown in the TGA thermogram
presented in FIG. 10.

[00175] In one embodiment, Form 3 exhibits a weight losalafut 2.0 % upon heating from about 25 °C
to about 80 °C, and a weight loss of about 3.4 @nupeating from about 80 °C to about 175 °C.

[00176] All of the combinations of the above embodimentsemmcompassed by this application.
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5.2.1.4 Form 4 of Compound 1
[00177] In some embodiments, provided herein is Form 4afrapound of formula (I). In one
embodiment, Form 4 of Compound 1 is a crystallwleage of free base of Compound 1. In some embexlis)
Form 4 of Compound 1 is substantially free of arhos Compound 1. In some embodiments, Form 4 of
Compound 1 is substantially free of other crystalliorms i;e., polymorphs) of Compound 1. In some
embodiments, Form 4 of Compound 1 is substantiedly of salts of Compound 1. In some embodimétaan
4 of Compound 1 is provided as substantially puner4 of Compound 1.
[00178] In one embodiment, the molar ratio of Compound théosolvent in Form 4 ranges from about
1:.0.75 to about 1:1. In one embodiment, the m@o of Compound 1 to the solvent in Form 4 rarfges
about 1:0.83 to about 1:0.9. In one embodimenmibis an isopropyl alcohol solvate of free bafse o
Compound 1. In one embodiment, the molar ratiGahpound 1 to isopropyl alcohol in Form 4 is abbiGt9.
In another embodiment, the molar ratio of Compodnd isopropyl alcohol in Form 4 is about 1:0.83.
[00179] A representative XRPD pattern of Form 4 of Compolinisiprovided in FIG. 11.
[00180] In one embodiment, Form 4 has an XRPD pattern cieimgrpeaks at 7.4, 18.0, and 20.7 degrees
20, plus or minus 0.2. In one embodiment, Form 4dmeXRPD pattern further comprising at least orekpe
selected from 11.9 and 13.6 degre@sp2us or minus 0.2. In one embodiment, Form 4dmaXRPD pattern
comprising peaks at 7.4, 11.9, 13.6, 18.0, and @8grees @ in combination with at least one peak selected
from 10.3, 19.3, 19.6, 19.8, 21.0, 21.8, 23.6, 23630, and 26.6 degrees, plus or minus 0.2.
[00181] In one embodiment, Form 4 is characterized by XREBBks located at 1, 2, 3, 4,5, 6, 7, 8, 9, 10,
11, 12, 13, 14, or all of the following positiors4, 10.3, 11.9, 13.6, 18.0, 19.3, 19.6, 19.8,,20170, 21.8, 23.6,
23.8, 26.0, and 26.6 degreds @lus or minus 0.2. In one embodiment, the dolich is characterized by 3 of the
peaks. In one embodiment, the solid form is charged by 5 of the peaks. In one embodimentsttie form
is characterized by 7 of the peaks. In one embexiinthe solid form is characterized by 9 of thakse In one
embodiment, the solid form is characterized by fithe peaks. In one embodiment, the solid form is

characterized by 13 of the peaks. In one embodintem solid form is characterized by all of thelke

[00182] In some embodiments, the XRPD peaks above (degégasaks) are observed when analyzed
using copper K radiation.

[00183] In one embodiment, Form 4 has an XRPD pattern aaobiatly as shown in FIG. 11.

[00184] A representative overlay of thermal gravimetriclgsia (TGA) and differential scanning

calorimetry (DSC) thermograms for Form 4 of Commbdaris provided in FIG. 12.

[00185] In one embodiment, Form 4 exhibits, as charactétizeDSC, an endothermic event with an

onset temperature at about 30 °C, an endotherraitt @vith an onset temperature at about 156 °Cxathermic
event with an onset temperature at about 190 °@n@ndothermic event with an onset temperatusba@it 245
°C. In one embodiment, Form 4 exhibits, as charad by DSC, an endothermic event with an onset

temperature at about 30 °C, an endothermic evehtam onset temperature at about 156 °C, an exoibevent
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with an onset temperature at about 190 °C, anchdatbermic event with an onset temperature at ab¢mt’C.
In one embodiment, Form 4 is characterized by a Bf@@nogram substantially as shown in the DSC
thermogram presented in FIG. 12.

[00186] In one embodiment, Form 4 exhibits, as charactétizeDSC, an endothermic event with an
onset temperature at about 28 °C, an endotherreiat @vith an onset temperature at about 156 °Cxathermic
event with an onset temperature at about 201 °@n@ndothermic event with an onset temperatunbait 247
°C. In one embodiment, Form 4 exhibits, as charad by DSC, an endothermic event with an onset
temperature at about 28 °C, an endothermic evehtami onset temperature at about 156 °C, an exoibevent
with an onset temperature at about 201 °C, andhdatkermic event with an onset temperature at absutC.
[00187] In one embodiment, Form 4 exhibits a weight losalafut 0.7 % upon heating from about 25 °C
to about 75 °C, and a weight loss of about 9.3 @nupeating from about 75 °C to about 225 °C. la on
embodiment, Form 4 is characterized by a TGA thgnam substantially as shown in the TGA thermogram
presented in FIG. 12.

[00188] In one embodiment, Form 4 exhibits a weight losalmfut 0.8 % upon heating from about 25 °C
to about 75 °C, and a weight loss of about 8.6 @nupeating from about 75 °C to about 250 °C.
[00189] All of the combinations of the above embodimenesemmcompassed by this application.

5.2.1.5 Form 5 of Compound 1
[00190] In some embodiments, provided herein is Form Sadfrapound of formula (I). In one
embodiment, Form 5 of Compound 1 is a crystallwleate of free base of Compound 1. In some embexlis)
Form 5 of Compound 1 is substantially free of arhotgs Compound 1. In some embodiments, Form 5 of
Compound 1 is substantially free of other crystalliorms i;e., polymorphs) of Compound 1. In some
embodiments, Form 5 of Compound 1 is substantiedly of salts of Compound 1. In some embodimétaan
5 of Compound 1 is provided as substantially pumerf5 of Compound 1.
[00191] In one embodiment, the molar ratio of Compound théosolvent in Form 5 ranges from about
1:0.1 to about 1:0.2. In one embodiment, Formanignisole solvate of free base of Compound Tnén
embodiment, the molar ratio of Compound 1 to arismlForm 5 is about 1:0.12.
[00192] A representative XRPD pattern of Form 5 of Compolinisi provided in FIG. 13.
[00193] In one embodiment, Form 5 has an XRPD pattern cisimgrpeaks at 21.0, 22.1, and 25.2
degrees @, plus or minus 0.2. In one embodiment, Form 5damaXRPD pattern further comprising at least one
peak selected from 14.5 and 19.2 degréeplRs or minus 0.2. In one embodiment, Form 5araXRPD
pattern comprising peaks at 14.5, 19.2, 21.0, 2ihd,25.2 degree®$2in combination with at least one peak
selected from 7.9, 11.0, 12.7, 16.6, 18.0, 23.3[,228.5, 29.1, and 29.2 degre@s (@us or minus 0.2.
[00194] In one embodiment, Form 5 is characterized by XREBks located at 1, 2, 3,4, 5, 6, 7, 8, 9, 10,
11, 12, 13, 14, or all of the following positions9, 11.0, 12.7, 14.5, 16.6, 18.0, 19.2, 21.0,,22313, 25.2, 27.7,
28.5, 29.1, and 29.2 degreds @lus or minus 0.2. In one embodiment, the dolich is characterized by 3 of the
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peaks. In one embodiment, the solid form is charaed by 5 of the peaks. In one embodimentsttie form
is characterized by 7 of the peaks. In one embexiinthe solid form is characterized by 9 of thakse In one
embodiment, the solid form is characterized by fithe peaks. In one embodiment, the solid form is
characterized by 13 of the peaks. In one embodintemsolid form is characterized by all of thelks

[00195] In some embodiments, the XRPD peaks above (degégasaks) are observed when analyzed
using copper K radiation.

[00196] In one embodiment, Form 5 has an XRPD pattern anbatly as shown in FIG. 13.

[00197] A representative overlay of thermal gravimetriclgsia (TGA) and differential scanning

calorimetry (DSC) thermograms for Form 5 of Compmbdaris provided in FIG. 14.

[00198] In one embodiment, Form 5 exhibits, as charactétizeDSC, an endothermic event with an
onset temperature at about 126 °C, or an endotheweint with an onset temperature at about 254Ii@ne
embodiment, Form 5 exhibits, as characterized b & endothermic event with an onset temperatumbaut
126 °C, and an endothermic event with an onsetéeatyre at about 254 °C. In one embodiment, Foisn 5
characterized by a DSC thermogram substantialghas/n in the DSC thermogram presented in FIG. 14.
[00199] In one embodiment, Form 5 exhibits a weight losalafut 2.1 % upon heating from about 175
°C to about 300 °C. In one embodiment, Form Sharacterized by a TGA thermogram substantiallyhasve in
the TGA thermogram presented in FIG. 14.

[00200] All of the combinations of the above embodimentsemmcompassed by this application.

5.2.1.6 Form 6 of Compound 1
[00201] In some embodiments, provided herein is Form 6afrapound of formula (I). In one
embodiment, Form 6 of Compound 1 is a crystallipdrate of free base of Compound 1. In some embermisn
Form 6 of Compound 1 is substantially free of arhotgs Compound 1. In some embodiments, Form 6 of
Compound 1 is substantially free of other crystalliorms i;e., polymorphs) of Compound 1. In some
embodiments, Form 6 of Compound 1 is substantiedly of salts of Compound 1. In some embodiméidan
6 of Compound 1 is provided as substantially pumerF6 of Compound 1.
[00202] In one embodiment, the molar ratio of Compound théowater in Form 6 ranges from about 1:2
to about 1:4. In one embodiment, the molar rati@G@mpound 1 to the water in Form 6 is about 1:3.3.
[00203] A representative XRPD pattern of Form 6 of Compolirisiprovided in FIG. 15.
[00204] In one embodiment, Form 6 has an XRPD pattern cisimgrpeaks at 4.8, 19.9, and 26.7 degrees
20, plus or minus 0.2. In one embodiment, Form 6dmeXRPD pattern further comprising at least orekpe
selected from 11.9 and 24.8 degre@sp2us or minus 0.2. In one embodiment, Form 6amaXRPD pattern
comprising peaks at 4.8, 11.9, 19.9, 24.8, and @égrees 2 in combination with at least one peak selected
from 12.2, 12.4, 14.1, 16.0, 17.7, 18.1, 18.9, 2B490, and 27.1 degree®, plus or minus 0.2.
[00205] In one embodiment, Form 6 is characterized by XRBBks located at 1, 2, 3, 4,5, 6,7, 8, 9, 10,
11, 12, 13, 14, or all of the following positio®s8, 11.9, 12.2, 12.4, 14.1, 16.0, 17.7, 18.1,,189, 20.9, 24.0,
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24.8, 26.7, and 27.1 degreds @lus or minus 0.2. In one embodiment, the dolith is characterized by 3 of the
peaks. In one embodiment, the solid form is chareaed by 5 of the peaks. In one embodimentsttiel form

is characterized by 7 of the peaks. In one embexiinthe solid form is characterized by 9 of thakse In one
embodiment, the solid form is characterized by fithe peaks. In one embodiment, the solid form is
characterized by 13 of the peaks. In one embodintemsolid form is characterized by all of thelks

[00206] In some embodiments, the XRPD peaks above (deg@bgesaks) are observed when analyzed
using copper K radiation.

[00207] In one embodiment, Form 6 has an XRPD pattern aaotially as shown in FIG. 15.

[00208] A representative overlay of thermal gravimetriclgsia (TGA) and differential scanning

calorimetry (DSC) thermograms for Form 6 of Compmbdaris provided in FIG. 16.

[00209] In one embodiment, Form 6 exhibits, as charactétizeDSC, an endothermic event with an
onset temperature at about 46 °C, an endothermaiat @vith an onset temperature at about 154 °Cnor a
endothermic event with an onset temperature attéht31°C. In one embodiment, Form 6 exhibits, as
characterized by DSC, an endothermic event witbreset temperature at about 46 °C, an endotherraiat evith
an onset temperature at about 154 °C, and an erduthevent with an onset temperature at about'243n
one embodiment, Form 6 is characterized by a D&@rtbgram substantially as shown in the DSC theraragr
presented in FIG. 16.

[00210] In one embodiment, Form 6 exhibits a weight losatmfut 10.3 % upon heating from about 30
°C to about 100 °C. In one embodiment, Form éharacterized by a TGA thermogram substantiallyhasva in
the TGA thermogram presented in FIG. 16.

[00211] A representative gravimetric vapor sorption (G\&therm of Form 6 is presented in FIG. 17.
In one embodiment, Form 6 exhibits a weight inceeafsabout 14 % when subjected to an increasdative
humidity from about 0 to about 90 % relative huntyidiln one embodiment, Form 6 is characterized BVS
thermogram substantially as shown in the GVS thgram presented in FIG. 17.

[00212] All of the combinations of the above embodimentsemmcompassed by this application.

5.2.1.7 Form 7 of Compound 1
[00213] In some embodiments, provided herein is Form 7afrapound of formula (I). In some
embodiments, Form 7 of Compound 1 is substantiely of amorphous Compound 1. In some embodiments,
Form 7 of Compound 1 is substantially free of ottrgstalline formsi(e., polymorphs) of Compound 1. In some
embodiments, Form 7 of Compound 1 is substantiedly of salts of Compound 1. In some embodiméiaan
7 of Compound 1 is provided as substantially pumer7 of Compound 1.
[00214] A representative XRPD pattern of Form 7 of Compolirisi provided in FIG. 18.
[00215] In one embodiment, Form 7 has an XRPD pattern cieimgrpeaks at 7.5, 12.3, and 20.7 degrees
20, plus or minus 0.2. In one embodiment, Form 7dmeXRPD pattern further comprising at least orekpe
selected from 13.7 and 17.2 degre@sp2us or minus 0.2. In one embodiment, Form 7dmaXRPD pattern
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comprising peaks at 7.5, 12.3, 13.7, 17.2, and @8grees @ in combination with at least one peak selected
from 11.8, 14.9, 18.0, 18.4, 19.6, 20.2, 21.1, 23%6, and 25.9 degrees, plus or minus 0.2.

[00216] In one embodiment, Form 7 is characterized by XRBBks located at 1, 2, 3, 4,5, 6,7, 8, 9, 10,
11, 12, 13, 14, or all of the following positions5, 11.8, 12.3, 13.7, 14.9, 17.2, 18.0, 18.4,,120&2, 20.7, 21.1,
23.5, 23.6, and 25.9 degreds @lus or minus 0.2. In one embodiment, the dolich is characterized by 3 of the
peaks. In one embodiment, the solid form is charaed by 5 of the peaks. In one embodimentsttiel form

is characterized by 7 of the peaks. In one embexiinthe solid form is characterized by 9 of thakse In one
embodiment, the solid form is characterized by fithe peaks. In one embodiment, the solid form is
characterized by 13 of the peaks. In one embodintemsolid form is characterized by all of thelks

[00217] In some embodiments, the XRPD peaks above (degégasaks) are observed when analyzed
using copper K radiation.

[00218] In one embodiment, Form 7 has an XRPD pattern anbatly as shown in FIG. 18.

[00219] A representative overlay of thermal gravimetriclgsia (TGA) and differential scanning

calorimetry (DSC) thermograms for Form 7 of Compmbdaris provided in FIG. 19.

[00220] In one embodiment, Form 7 exhibits, as charactétizeDSC, an endothermic event with an
onset temperature at about 30 °C, an endotherreitt @vith an onset temperature at about 127 °C, an
endothermic event with an onset temperature attal8¥°C, an exothermic event with an onset termpszaat
about 169 °C, an endothermic event with an onsapéeature at about 207 °C, or an endothermic evintan
onset temperature at about 250 °C. In one embadjRerm 7 exhibits, as characterized by DSC, an
endothermic event with an onset temperature atts8#eC, an endothermic event with an onset tentperat
about 127 °C, an endothermic event with an onsapéeature at about 137 °C, an exothermic eventavitbnset
temperature at about 169 °C, an endothermic evightan onset temperature at about 207 °C, and an
endothermic event with an onset temperature atta&°C. In one embodiment, Form 7 is charaaerizy a
DSC thermogram substantially as shown in the D®@htbgram presented in FIG. 19.

[00221] In one embodiment, Form 7 exhibits a weight losalmfut 2.0 % upon heating from about 10 °C
to about 90 °C, and a weight loss of about 3.4 @nupeating from about 90 °C to about 190 °C. la on
embodiment, Form 7 is characterized by a TGA thgnaim substantially as shown in the TGA thermogram
presented in FIG. 19.

[00222] All of the combinations of the above embodimenesemmcompassed by this application.

5.2.1.8 Form 8 of Compound 1
[00223] In some embodiments, provided herein is Form 8agfrapound of formula (I). In some
embodiments, Form 8 of Compound 1 is substantiedly of amorphous Compound 1. In some embodiments,
Form 8 of Compound 1 is substantially free of ottrgstalline formsi(e., polymorphs) of Compound 1. In some
embodiments, Form 8 of Compound 1 is substantiedly of salts of Compound 1. In some embodiméidan

8 of Compound 1 is provided as substantially pumer8 of Compound 1.
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[00224] A representative XRPD pattern of Form 8 of Compolirisi provided in FIG. 20.

[00225] In one embodiment, Form 8 has an XRPD pattern cisingrpeaks at 18.8, 20.8, and 24.5
degrees &, plus or minus 0.2. In one embodiment, Form 8dmaXRPD pattern further comprising at least one
peak selected from 16.0 and 17.9 degréeplRs or minus 0.2. In one embodiment, Form 8araXRPD

pattern comprising peaks at 16.0, 17.9, 18.8, 20n8,24.5 degree®$2in combination with at least one peak
selected from 5.4, 9.4, 11.0, 12.3, 12.7, 14.24,18nd 22.0 degree$,lus or minus 0.2.

[00226] In one embodiment, Form 8 is characterized by XREBks located at 1, 2, 3,4, 5, 6, 7, 8, 9, 10,
11, 12, 13, 14, or all of the following positiorts4, 9.4, 11.0, 12.3, 12.7, 14.2, 16.0, 16.4, 117898, 20.8, 22.0,
and 24.5 degree®$2plus or minus 0.2. In one embodiment, the dolich is characterized by 3 of the peaks. In
one embodiment, the solid form is characterize8 by the peaks. In one embodiment, the solid fisrm
characterized by 7 of the peaks. In one embodintieasolid form is characterized by 9 of the pedksone
embodiment, the solid form is characterized by fithe peaks. In one embodiment, the solid form is

characterized by 13 of the peaks. In one embodirttemsolid form is characterized by all of theke

[00227] In some embodiments, the XRPD peaks above (deg@bgesaks) are observed when analyzed
using copper K radiation.

[00228] In one embodiment, Form 8 has an XRPD pattern aatially as shown in FIG. 20.

[00229] In one embodiment, Form 8 is an unsolvated solich fof Compound 1.

[00230] In one embodiment, Form 8 exhibits an endotherwéng as characterized by DSC, with an

onset temperature at about 156 °C.

[00231] All of the combinations of the above embodimentsemcompassed by this application.

[00232] In one embodiment, the diameter of the particlhefsolid forms provided herein.g, Form 1,
Form 2, Form 3, Form 4, Form 5, Form 6, Form Fam 8) is from about 0.Am to about 15@m, from about
0.1um to about 12m, from about 0.1um to about 10@um, from about 0.1um to about 7um, from about 0.1
um to about 5@m, from about Jum to about 5@um, from about 0.2um to about 1@um, from about 0.um to
about 7um, or from about 0.im to about Jum. In one embodiment, the diameter is from abdafith to about
5um. In another embodiment, the diameter is fromuaBdbum to about 4.§m.

[00233] In one embodiment, provided herein is a compositimmprising a solid form of a compound of
formula (1), or a salt, or solvate, or solvate cfadt thereof, or a mixture thereof, wherein thempound has a
purity greater than about 98.0% as determined byGd1Fn one embodiment, the compound of formuleh@l¥ a
purity of about 98.5%, about 99.0%, about 99.5%u889.6%, about 99.9%, or about 99.91%.
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5.2.2. Process of Preparing Solid Forms of Com@dun
[00234] Provided herein is a process of preparing a comghofirormula (1), wherein the compound is
polymorph Form 1 of a compound of Formula (), aadt, or solvate, or solvate of a salt thereof amixture
thereof; and the process comprises:

(i) exposing a composition comprising at least noe-Form 1 polymorph of a compound of Formula (1),
or a salt, or solvate, or solvate of a salt theren& mixture thereof, to one or more solventZqeriod of time
sufficient to convert at least about 50% of thaltamount of non-Form 1 polymorph(s) into Form Bof
compound of Formula (1); and

(i) recovering said polymorph Form 1.

[00235] In one embodiment, the non-Form 1 polymorph of mpound of Formula (1) is exposed to one
solvent. In one embodiment, the non-Form 1 polyrharpa compound of Formula (1) is exposed to a urixiof
two solvents. In one embodiment, the non-Form $rpotph of a compound of Formula (1) is exposedrte or
more solvents. In one embodiment, the solvert isrganic solvent. In one embodiment, the solieah
alcohol. In one embodiment, the solvent is etha&ohethoxyethanol, methanol, ethyleneglycol, opispyl
alcohol. In one embodiment, the solvent is etlogtate, methyl isobutyl ketone, toluene, 1,2-dirogjlethane,
N,N-dimethylformamide, acetonitrile, ethyleneglycatjsole, or water. In one embodiment, the solvent i
ethanol. In one embodiment, the solvent systenpetisas a mixture of two solvents. In one embodityie
solvent system is a mixture of two solvents. e embodiment, the mixture of two solvents is a orixiof
anisole and isopropyl alcohol, a mixture of anisold ethanol, a mixture of anisole and tolueneixéume of
acetonitrile and water, a mixture of toluene armhrol, a mixture of acetone and water, a mixtursagropyl
alcohol and water, a mixture of ethanol and watenixture of N,N-dimethylformamide and water, a taie of
N,N-acetamide and water, a mixture of dimethylsxite and water, or a mixture of anisole and methahoone
embodiment, the mixture of two solvents is a migtaf isopropyl alcohol and water. In one embodimte
volume ratio of isopropyl alcohol to water is frabout 1:4 to about 4:1. In one embodiment, thamel ratio of
isopropyl alcohol to water is about 1:1 or abo@ & one embodiment, the volume ratio of isopradgbhol to
water is about 1:2. In one embodiment, the mixairevo solvents is a mixture of acetone and waterone
embodiment, the mixture of two solvents is a migtaf ethanol and water. In one embodiment, theéuréxof
two solvents is a mixture of acetonitrile and watkr one embodiment, the volume ratio of acetdaito water
is from about 1:4 to about 8:1. In one embodimtra,volume ratio of acetonitrile to water is abéiit. In one
embodiment, the volume ratio of acetonitrile toevas about 2:3. In one embodiment, the solvestiesy
comprises a mixture of three solvents. In one atimbent, the mixture of three solvents is a mixtofethanol,
water, and DCM.

[00236] In one embodiment, the non-Form 1 polymorph is gmous compound of Formula (). In one
embodiment, the non-Form 1 polymorph is Form 2 obapound of Formula (1). In one embodiment, thgqu

of time sufficient to convert at least about 50%wf total amount of non-Form 1 polymorph(s) intrk 1 of a
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compound of Formula (1) is about 1 hr, about Zalwgut 5 hr, about 10 hr, about 12 hr, about 2@lhout 24 hr,
about 30 hr, about 40 hr, about 48 hr, or aboutr72

[00237] In one embodiment, the non-form 1 polymorph of mpound of Formula (l) is exposed to
isopropyl alcohol and watee,g, at a 1:1 volume ratio. Another volume of waseadded at about 6C, such
that the final volume ratio of isopropyl alcoholM@ater is 1:2. The mixture is aged at about®@or about 30
mins, 1 hr, about 2 hr, about 5 hr, about 10 hopatt2 hr, about 20 hr, about 24 hr, about 30wpa40 hr,
about 48 hr, or about 72 hr.

[00238] In one embodiment, the non-form 1 polymorph of mpound of Formula (1) is exposed to
acetone and wateg,g, at a 4:1 volume ratio, at about Dto about 60C. The solvent is exchanged from
acetone/water to isopropyl alcohol to a final votuaf about 30 volumes. The mixture is aged at aboe€ for
about 30 mins, 1 hr, about 2 hr, about 5 hr, ai6utr, about 12 hr, about 14 hours, about 20 fou&d4 hr,
about 30 hr, about 40 hr, about 48 hr, or aboutr72

[00239] In one embodiment, Form 1 is prepared by crystltin or recrystallization of a compound of
Formula (1) from one or more solvents. In one edilment, the solvent is ethanol, 2-methoxyethanethanol,
ethyleneglycol, or isopropyl alcohol. In one emineeht, the solvent is ethyl acetate, methyl isobkegone,
toluene, 1,2-dimethoxyethang,N-dimethylformamide, acetonitrile, ethyleneglycatjsole, or water. In one
embodiment, the solvent is ethanol.

[00240] In one embodiment, Form 1 is prepared by crystltin or recrystallization of a compound of
Formula (I) from a solvent comprising an alcohtsl.one embodiment, the solvent is isopropyl alcoHolone
embodiment, the solvent is ethanol.

[00241] In one embodiment, Form 1 is prepared by crystdlin or recrystallization of a compound of
Formula (I) from a solvent comprising a mixturetwb solvents. In one embodiment, the mixture af selvents
is a mixture of anisole and isopropyl alcohol, xtonie of anisole and ethanol, a mixture of anisold toluene, a
mixture of acetonitrile and water, a mixture ofutehe and ethanol, a mixture of acetone and wataixtare of
isopropyl alcohol and water, a mixture of ethamad avater, a mixture of N,N-dimethylformamide andevaa
mixture of N,N-acetamide and water, a mixture ofiethylsulfoxide and water, or a mixture of anisae
methanol. In one embodiment, the mixture of twWwesats is a mixture of isopropyl alcohol and watarone
embodiment, the volume ratio of isopropyl alcotwolater is from about 1:4 to about 4:1. In one edinent,
the volume ratio of isopropyl alcohol to water igat 1:1 or about 3:2. In one embodiment, the velwatio of
isopropyl alcohol to water is about 1:2. In onebediment, the mixture of two solvents is a mixtafecetone
and water. In one embodiment, the mixture of teleents is a mixture of ethanol and water. In one
embodiment, the mixture of two solvents is a migtaf acetonitrile and water.

[00242] In one embodiment, Form 1 is prepared by crystdln or recrystallization of a compound of
Formula (I) from a solvent comprising a mixtureaofalcohol and water. In one embodiment, the sbligea

mixture of from about 30 % to about 90 % alcoholimter. In one embodiment, the solvent is a méexafrfrom
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about 40 % to about 80 % alcohol in water. In emdodiment, the solvent is a mixture of isopropgbhol and
water. In one embodiment, the solvent is a mixairgbout 3:2 isopropyl alcohol and water. In one
embodiment, the solvent is a mixture of ethanolaatkr. In one embodiment, the solvent is a métfrfrom
about 20% to about 90% ethanol in water. In onbagliment, the solvent is a mixture of from aboue4®
about 80% ethanol in water. In one embodimentstieent is a mixture of about 40 % ethanol in wate one
embodiment, the solvent is a mixture of about 66tk&nol in water. In one embodiment, the solveat mixture
of about 80 % ethanol in water. In one embodimibet solvent further comprises DCM. In one embadimthe
crystallization or recrystallization comprises aremore €.9, 1, 2, 3, 4, 5 or 6) heating and cooling cyclis.
one embodiment, the crystallization or recrystatian comprises 3 heating and cooling cycles. nia o
embodiment, the crystallization or recrystallizatmmprises 4 heating and cooling cycles. In eonbagliment,
the heating phase comprises heating at from aib&@€30 about 60 °C for a period of timed, from about 1
hour to about 6 houre,g, about 3 hours). In one embodiment, the coolimgse comprising holding at room
temperature for a period of time.¢, from about 1 hour to about 6 houesy, about 2 hours).

[00243] In one embodiment, Form 1 is prepared by crystltin or recrystallization of a compound of
Formula (I) from a solvent comprising a mixtureagetonitrile and water. In one embodiment, theind ratio
of acetonitrile to water is from about 1:4 to ab8lit. In one embodiment, the volume ratio of acigtite to
water is about 4:1. In one embodiment, the voluatie of acetonitrile to water is about 2:3.

[00244] Provided herein is a process of preparing a comghofirormula (1), wherein the compound is
polymorph Form 2 of a compound of Formula (), aadt, or solvate, or solvate of a salt thereof amixture
thereof; and the process comprises:

(i) exposing a composition comprising at least noer-Form 2 polymorph of a compound of Formula (1),
or a salt, or solvate, or solvate of a salt thereo& mixture thereof, to one or more solventdqeriod of time
sufficient to convert at least about 50% of thaltaimount of non-Form 2 polymorph(s) into Form 2of
compound of Formula (1); and

(i) recovering said polymorph Form 2.

[00245] In one embodiment, the non-Form 2 polymorph of mpound of Formula (1) is exposed to one
solvent. In one embodiment, the non-Form 2 polyrharpa compound of Formula (1) is exposed to a urixiof
two solvents. In one embodiment, the non-Form molph of a compound of Formula (l) is exposedrte or
more solvents. In one embodiment, the solvert isrganic solvent. In one embodiment, the solient
dichloromethane, acetone, tetrahydrofuran, watgropanol, or chloroform. In one embodiment, thigtare of
two solvents is a mixture of dichloromethane aret@ue, a mixture of tetrahydrofuran and water, @umé of
dichloromethane and ethanol, or a mixture of didtitethane and methanol. In one embodiment, theunaixof
two solvents is a mixture of dichloromethane argt@we. In one embodiment, the non-Form 2 polymoifdn
compound of Formula (1) is exposed to a mixturéhoée solvents. In one embodiment, the mixturdafe

solvents is a mixture of dichloromethane, ethaat| water. In one embodiment, the non-Form 2 potpimis
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amorphous compound of Formula (). In one embodtntbe period of time sufficient to convert at lealout
50% of the total amount of non-Form 2 polymorplis) Form 2 of a compound of Formula (1) is abotirl
about 2 hr, about 5 hr, about 10 hr, about 12bout20 hr, about 24 hr, about 30 hr, about 4@bout 48 hr, or
about 72 hr.

[00246] In one embodiment, Form 2 is obtained from mataredig, in 1-propanol, acetone or
dichloromethane, or a mixture of dichloromethane acetone or a mixture of tetrahydrofuran and walieione
embodiment, Form 2 is obtained from dichloromethatnebout 5C.

[00247] Provided herein is a process of preparing a comgbofirormula (1), wherein the compound is
polymorph Form 3 of a compound of Formula (), aadt, or solvate, or solvate of a salt thereof amixture
thereof; and the process comprises:

(i) exposing a composition comprising at least noe-Form 3 polymorph of a compound of Formula (1),
or a salt, or solvate, or solvate of a salt theren& mixture thereof, to one or more solventZqeriod of time
sufficient to convert at least about 50% of thaltamount of non-Form 3 polymorph(s) into Form Zof
compound of Formula (1); and

(ii) recovering said polymorph Form 3.

[00248] In one embodiment, the non-Form 3 polymorph of mpound of Formula (1) is exposed to one
solvent. In one embodiment, the non-Form 3 polymarpa compound of Formula (1) is exposed to a orixbof
two solvents. In one embodiment, the non-Form $rpotph of a compound of Formula (1) is exposedrte or
more solvents. In one embodiment, the solvenisrganic solvent. In one embodiment, the solientethyl
ethyl ketonetert-butylmethyl ether, 2-methyl-1-propanol, 2-methiiédydrofuran, isopropyl alcohol, ethanaol,
toluene, 1-propanol, acetone, or acetonitrileorie embodiment, the mixture of two solvents is xtune of 2-
methyltetrahydrofuran and isopropyl alcohol, a migtof 2-methyltetrahydrofuran and ethanol, a nmixtof 2-
methyltetrahydrofuran and toluene, or a mixturaa#tonitrile and water. In one embodiment, the Rorm 3
polymorph is amorphous compound of Formula (l)ohme embodiment, the period of time sufficient towert at
least about 50% of the total amount of non-Fornoigmorph(s) into Form 3 of a compound of Formubag|
about 1 hr, about 2 hr, about 5 hr, about 10 fouah?2 hr, about 20 hr, about 24 hr, about 30bwua40 hr,
about 48 hr, or about 72 hr.

[00249] In one embodiment, Form 3 is obtained from mataraith one solvent or a mixture of one or
more solvents. In one embodiment, Form 3 is obth&tebout 5 °C.

[00250] Provided herein is a process of preparing a comghofirormula (1), wherein the compound is
polymorph Form 4 of a compound of Formula (), aadt, or solvate, or solvate of a salt thereof amixture
thereof; and the process comprises:

(i) exposing a composition comprising at least nor-Form 4 polymorph of a compound of Formula (1),

or a salt, or solvate, or solvate of a salt theren& mixture thereof, to one or more solventdqeriod of time
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sufficient to convert at least about 50% of thaltamount of non-Form 4 polymorph(s) into Form 4of
compound of Formula (1); and

(i) recovering said polymorph Form 4.

[00251] In one embodiment, the non-Form 4 polymorph of mpound of Formula (1) is exposed to one
solvent. In one embodiment, the non-Form 4 polyrharpa compound of Formula (1) is exposed to a urixiof
two solvents. In one embodiment, the non-Form #rpotph of a compound of Formula (1) is exposedrte or
more solvents. In one embodiment, the solvenisrganic solvent. In one embodiment, the soliet
propanol, acetone, 2-methyl-1-propanol, 1,4-dioxahéoroform, tetrahydrofuran, 2-methoxyethanapiopyl
alcohol, water, anisole, toluene, or dimethylsuidiex In one embodiment, the mixture of two solgdata
mixture of anisole and tetrahydrofuran, a mixtuféotuene and tetrahydrofuran, a mixture of toluand
isopropyl alcohol, or a mixture of isopropyl alcblod water. In one embodiment, the non-Form 4molph is
amorphous compound of Formula (). In one embodtntbe period of time sufficient to convert at lealout
50% of the total amount of non-Form 4 polymorpliis) Form 4 of a compound of Formula (1) is abotirl
about 2 hr, about 5 hr, about 10 hr, about 12bwut20 hr, about 24 hr, about 30 hr, about 4@lbout 48 hr, or
about 72 hr.

[00252] In one embodiment, Form 4 is obtained from mataraith one solvent or a mixture of one or
more solvents. In one embodiment, Form 4 is obthateabout 5 °C.

[00253] Provided herein is a process of preparing a comghofirormula (1), wherein the compound is
polymorph Form 5 of a compound of Formula (), aadt, or solvate, or solvate of a salt thereof amixture
thereof; and the process comprises:

(i) exposing a composition comprising at least noe-Form 5 polymorph of a compound of Formula (1),
or a salt, or solvate, or solvate of a salt theren& mixture thereof, to one or more solventdqeriod of time
sufficient to convert at least about 50% of thaltaimount of non-Form 5 polymorph(s) into Form &of
compound of Formula (1); and

(i) recovering said polymorph Form 5.

[00254] In one embodiment, the non-Form 5 polymorph of mpound of Formula (1) is exposed to one
or more solvents. In one embodiment, the solv&ahiorganic solvent. In one embodiment, the sblige
anisole. In one embodiment, the non-Form 5 polyiads amorphous compound of Formula (I). In one
embodiment, the period of time sufficient to comarieast about 50% of the total amount of nontbr
polymorph(s) into Form 5 of a compound of Formuij)ag about 1 hr, about 2 hr, about 5 hr, abouhd @Gbout

12 hr, about 20 hr, about 24 hr, about 30 hr, adbuir, about 48 hr, or about 72 hr.

[00255] In one embodiment, Form 5 is obtained from mataraith one solvent or a mixture of one or

more solvents. In one embodiment, Form 5 is obthatebout 5 °C.
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[00256] Provided herein is a process of preparing compadifermula (1), wherein the compound is
polymorph Form 6 of a compound of Formula (), aadt, or solvate, or solvate of a salt thereof amixture
thereof; and the process comprises:

(i) exposing a composition comprising at least noe-Form 6 polymorph of a compound of Formula (1),
or a salt, or solvate, or solvate of a salt thereo& mixture thereof, to one or more solventdqeriod of time
sufficient to convert at least about 50% of thaltamount of non-Form 6 polymorph(s) into Form éof
compound of Formula (1); and

(i) recovering said polymorph Form 6.

[00257] In one embodiment, the non-Form 6 polymorph of mpound of Formula (1) is exposed to one
solvent. In one embodiment, the non-Form 6 polyrharpa compound of Formula (1) is exposed to a urixiof
two solvents. In one embodiment, the non-FormIgrmporph of a compound of Formula (l) is exposedrte or
more solvents. In one embodiment, the solvert isrganic solvent. In one embodiment, the solient
nitromethane, acetonitrile, or water. In one embwiit, the solvent is nitromethane. In one embodintba
mixture of two solvents is a mixture of nitrometbaand water or a mixture of acetonitrile and wdteone
embodiment, the mixture of two solvents is a migtaf acetonitrile and water. In one embodimentyvtilame
ratio of acetonitrile to water is 1:1. In one exdiment, the non-Form 6 polymorph is amorphous aamg of
Formula (I). In one embodiment, the period of tigodficient to convert at least about 50% of thaltamount of
non-Form 6 polymorph(s) into Form 6 of a compouh&armula (I) is about 1 hr, about 2 hr, about 5afrout
10 hr, about 12 hr, about 20 hr, about 24 hr, aB6utr, about 40 hr, about 48 hr, or about 72 hr.

[00258] In one embodiment, Form 6 is obtained from mataraith one solvent or a mixture of one or
more solvents. In one embodiment, Form 6 is obthatebout 5 °C.

[00259] Provided herein is a process of preparing compadifermula (1), wherein the compound is
polymorph Form 7 of a compound of Formula (), aadt, or solvate, or solvate of a salt thereof amixture
thereof; and the process comprises:

(i) exposing a composition comprising at least nor-Form 7 polymorph of a compound of Formula (1),
or a salt, or solvate, or solvate of a salt theren& mixture thereof, to one or more solventdqeriod of time
sufficient to convert at least about 50% of thaltamount of non-Form 7 polymorph(s) into Form ‘&of
compound of Formula (1); and

(i) recovering said polymorph Form 7.

[00260] In one embodiment, the non-Form 7 polymorph of mpound of Formula (1) is exposed to one
solvent. In one embodiment, the non-Form 7 polymarpa compound of Formula (1) is exposed to a orixbof
two solvents. In one embodiment, the non-Form yrpotph of a compound of Formula (1) is exposedrte or
more solvents. In one embodiment, the solveahisrganic solvent. In one embodiment, the solieentethyl
ethyl ketone, 1-propanol, acetonetent-butyl methyl ether. In one embodiment, the nonar@rpolymorph is

amorphous compound of Formula (). In one embodtntbe period of time sufficient to convert at lealout
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50% of the total amount of non-Form 7 polymorplis) Form 7 of a compound of Formula (1) is abotirl
about 2 hr, about 5 hr, about 10 hr, about 12bwut20 hr, about 24 hr, about 30 hr, about 4@lbout 48 hr, or
about 72 hr.

[00261] Provided herein is a process of preparing compadifermula (1), wherein the compound is
polymorph Form 8 of a compound of Formula (), aadt, or solvate, or solvate of a salt thereof amixture
thereof; and the process comprises:

(i) exposing a composition comprising at least noe-Form 8 polymorph of a compound of Formula (1),
or a salt, or solvate, or solvate of a salt thereo& mixture thereof, to heat for a period ofdisufficient to
convert at least about 50% of the total amountoofRorm 8 polymorph(s) into Form 7 of a compound of
Formula (I); and

(i) recovering said polymorph Form 8.

[00262] In one embodiment, the non-Form 8 polymorph is Féroompound of Formula (I). In one
embodiment, the period of time sufficient to comarieast about 50% of the total amount of nomt8r
polymorph(s) into Form 8 of a compound of Formuijag about 1 hr, about 2 hr, about 5 hr, abouhd Gbout
12 hr, about 20 hr, about 24 hr, about 30 hr, ad6uir, about 48 hr, or about 72 hr.

5.2.3. Solid Forms Comprising Compound 1 and a@oér
[00263] In certain embodiments, the solid forms provideceimefurther comprise a coformer. In certain

embodiments, provided herein is a solid form cosipg a compound of Formula (1):

Q/N_N ),

or a salt, or solvatee(g, hydrate), or solvate of a salt thereof, or a orxtthereof, and a coformer.

[00264] In one embodiment, provided herein a solid form posing a free base of Compound 1, or a
solvate €.g, hydrate) thereof, and a coformer. In one embedinprovided herein is an unsolvated solid form
comprising Compound 1 and a coformer. In one ernnfyeck, provided herein is an anhydrous solid form

comprising Compound 1 and a coformer. In one ernnfieak, provided herein is a solvated solid form
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comprising Compound 1 and a coformer. In one ennbvexck, provided herein is a hydrate solid form cadsipg
Compound 1 and a coformer.

[00265] It is contemplated that Compound 1, or a saltpbrage €.g, hydrate), or solvate of a salt
thereof, or a mixture thereof, and a coformer castén a variety of solid forms. Such solid forinslude
crystalline solids or mixtures of crystalline anmda@phous solids. In one embodiment, the solid farm
substantially crystalline. In one embodiment,ghéd form is crystalline. In one embodiment, godid form is a
cocrystal.

[00266] In some embodiments, the molar ratio of Compoutaithe solvent/water in the solid form
ranges from about 10:1 to about 1:10. In some einf@nts, the molar ratio of Compound 1 to the suiveater
in the solid form ranges from about 5:1 to abo6t In some embodiments, the molar ratio of Compalito the
solvent/water in the solid form ranges from abattd about 1:3. In some embodiments, the mot#r od
Compound 1 to the solvent/water in the solid foamges from about 2:1 to about 1:2. In one embadlintiee
molar ratio is about 1:2.€., bis-solvate/hydrate). In another embodimentntiodar ratio is about 1:1.€.,
mono-solvate/hydrate). In yet another embodint@etmolar ratio is about 2:1€., hemi-solvate/hydrate).
[00267] The ratio of Compound 1 to coformer may be stoigt@tric or non-stoichiometric. In one
embodiment, the ratio of Compound 1 to coformegesnfrom about 5:1 to about 1:5. In one embodinthat
ratio of Compound 1 to coformer is about 5:1, &:1, 2.5:1, 2:1, 1.5:1, 1:1, 1:1.5, 1:2, 1:2.5, 1:&, or 1:5. In
one embodiment, the ratio of Compound 1 to coforismabout 1:1. In one embodiment, the co-crystabprises
more than one coformers. In one embodiment, thergsial comprises two coformers.

[00268] In one embodiment, the coformer is one or morata€@cid, L-malic acid, L-tartaric acid,
fumaric acid, succinic acid, maleic acid, sorbiaketoglutaric acid, salicylic acid, benzoic ac3d
hydroxybenzoic acid, 2,4-dihydroxybenzoic acid,if@gobenzoic acid, orotic acid, urea, nicotinic acid
isonicotinic acid, nicotinamide, isonicotinamidacsharin, L-lactic acid, L-serine, L-proline, glgei maltol,
succinimide, sulfacetamide, and p-toluenesulfonid enonohydrate.

[00269] In one embodiment, the coformer is L-tartaric adidlanother embodiment, the coformer is

salicylic acid.

5.2.3.1 Form P1C3 of a Solid Form Comprising Comq 1 and L-tartaric Acid
[00270] In some embodiments, provided herein is Form PXGBsolid form comprising Compound 1
and L-tartaric acid. In one embodiment, Form PiC8crystalline hydrate solid form comprising Carmapd 1
and L-tartaric acid. In some embodiments, Form3isGubstantially free of amorphous Compoundnlsoime
embodiments, Form P1C3 of Compound 1 is substinfiak of other crystalline forms.¢€., polymorphs) of
Compound 1. In some embodiments, Form P1C3 isgedwas substantially pure Form P1C3.
[00271] In one embodiment, the molar ratio of Compound U-tartaric acid in Form P1C3 ranges from
about 1:2 to 2:1. In one embodiment, the molao et Compound 1 to L-tartaric acid in Form P1Calmout 1:1.
In one embodiment, Form P1C3 further comprisesmnvdteone embodiment, the molar ratio of Compolind
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water in Form P1C3 ranges from about 1:2 to 2rlorne embodiment, the molar ratio of Compound Water in
Form P1C3is about 1:1. In one embodiment, theanmaktio of Compound 1: L-tartaric acid: water ioria
P1C3is about 1:1:1.

[00272] A representative XRPD pattern of Form P1C3 is mtediin FIG. 22.

[00273] In one embodiment, Form P1C3 has an XRPD pattanpdsing peaks at 11.2, 17.4, and 17.7
degrees @, plus or minus 0.2. In one embodiment, Form Phi&3an XRPD pattern further comprising at least
one peak selected from 21.2 and 22.5 degrégsl@s or minus 0.2. In one embodiment, Form Pa&3an

XRPD pattern comprising peaks at 11.2, 17.4, 127172, and 22.5 degree8, 2n combination with at least one
peak selected from 10.7, 11.6, 17.0, 20.6, 20.8,,2R.2, 23.2, 23.6, and 24.2 degregsplus or minus 0.2.
[00274] In one embodiment, Form P1C3 is characterized blXReaks located at 1, 2, 3, 4, 5,6, 7,8, 9,
10, 11, 12, 13, 14, or all of the following posit&® 10.7, 11.2, 11.6, 17.0, 17.4, 17.7, 20.6, 218, 21.4, 22.2,
22.5, 23.2, 23.6, and 24.2 degreé@sftus or minus 0.2. In one embodiment, the solich is characterized by 3
of the peaks. In one embodiment, the solid forech@racterized by 5 of the peaks. In one embodintes solid
form is characterized by 7 of the peaks. In onbaiiment, the solid form is characterized by 9hef peaks. In
one embodiment, the solid form is characterizedbgf the peaks. In one embodiment, the solid figrm
characterized by 13 of the peaks. In one embodintem solid form is characterized by all of thelks

[00275] In some embodiments, the XRPD peaks above (deg@bgesaks) are observed when analyzed
using copper K radiation.

[00276] In one embodiment, Form P1C3 has an XRPD pattdrstantially as shown in FIG. 22.

[00277] A representative overlay of thermal gravimetriclgsia (TGA) and differential scanning
calorimetry (DSC) thermograms for Form P1C3 of Cooml 1 is provided in FIG. 23.

[00278] In one embodiment, Form P1C3 exhibits an endotleevént, as characterized by DSC, with an

onset temperature at about 129 °C and/or a pegheterture at about 149 °C. In one embodiment, RIS is
characterized by a DSC thermogram substantialghas/n in the DSC thermogram presented in FIG. 23.
[00279] In one embodiment, Form P1C3 exhibits a weight tdsgout 0.5 % upon heating from about
30 °C to about 100 °C, a weight loss of about 1.9g%n heating from about 100 °C to about 160 °@,an
weight loss of about 15.9 % upon heating from aldigi@t °C to about 260 °C. In one embodiment, Fol@3is
characterized by a TGA thermogram substantiallstesvn in the TGA thermogram presented in FIG. 23.
[00280] A representative gravimetric vapor sorption (GV&dtherm of Form P1C3 is presented in FIG.
28. In one embodiment, Form P1C3 exhibits a wdigtrease of about 3.7 % when subjected to andsere
relative humidity from about 0 to about 90 % relathumidity. In one embodiment, Form P1C3 is ctigrized
by a GVS thermogram substantially as shown in tW& &ermogram presented in FIG. 28.

[00281] In one embodiment, preparation of Form P1C3 corapriginding a mixture of Compound 1 and
L-tartaric acid in the presence of a solvent. ie embodiment, the solvent is nitromethane. Ineanbodiment,

the nitromethane is not anhydrois,, contains certain amourg.(), about 5%) of water. In one embodiment,

-46-



preparation of Form P1C3 comprises grinding a lixture of Compound 1 and L-tartaric acid in thegamce of
nitromethane.

[00282] In one embodiment, preparation of Form P1C3 corapridow cooling a solution of Compound 1
and L-tartaric acid in a solvent. In one emboditndre solvent is nitromethane. In one embodimitet,
nitromethane is not anhydrous., contains certain amourd.{, about 5%) of water. In one embodiment,
preparation of Form P1C3 comprises slow coolinglat®n of 1:1 Compound 1 and L-tartaric acid in
nitromethane with about 5% water. In one embodintbe solution is cooled from about 50 °C to al®A€ at

a rate of from about 0.1 to about 0.25 °C/min.

[00283] All of the combinations of the above embodimenesemmcompassed by this application.

5.2.3.2 Form P1C9 of a Solid Form Comprising Cooma 1 and Salicylic Acid
[00284] In some embodiments, provided herein is Form PfGOsolid form comprising Compound 1
and salicylic acid. In one embodiment, Form P1€8 ¢rystalline hydrate solid form comprising Cormnnpa 1
and salicylic acid. In some embodiments, Form PisGaibstantially free of amorphous Compound 1soime
embodiments, Form P1C9 of Compound 1 is substinfiak of other crystalline forms.¢€., polymorphs) of
Compound 1. In some embodiments, Form P1C9 isgedwas substantially pure Form P1C9.
[00285] In one embodiment, the molar ratio of Compound daiecylic acid in Form P1C9 ranges from
about 1:1 to 3:1. In one embodiment, the molao rat Compound 1 to salicylic acid in Form P1C&imut 2:1.
In one embodiment, Form P1C9 further comprisesmnvdteone embodiment, the molar ratio of Compolind
water in Form P1C9 ranges from about 1:3 to 1rborle embodiment, the molar ratio of Compound Water in
Form P1C9 is about 1:4. In one embodiment, theamaltio of Compound 1: salicylic acid: water innfdP1C9
is about 1:0.5:4.
[00286] A representative XRPD pattern of Form P1C9 is mtediin FIG. 24.
[00287] In one embodiment, Form P1C9 has an XRPD pattenpdsing peaks at 6.9, 10.1, and 12.0
degrees &, plus or minus 0.2. In one embodiment, Form Ph&9an XRPD pattern further comprising at least
one peak selected from 17.8 and 20.0 degrégsl@s or minus 0.2. In one embodiment, Form Pa&9an
XRPD pattern comprising peaks at 6.9, 10.1, 12ZZ(8,Jand 20.0 degree8,2n combination with at least one
peak selected from 4.7, 6.0, 12.7, 13.7, 15.0,, 1812, 24.6, 26.1, and 28.3 degreésus or minus 0.2.
[00288] In one embodiment, Form P1C9 is characterized blpXReaks located at 1, 2, 3, 4,5, 6, 7, 8, 9,
10, 11, 12, 13, 14, or all of the following posit® 4.7, 6.0, 6.9, 10.1, 12.0, 12.7, 13.7, 15.(®,167.8, 20.0,
24.2, 24.6, 26.1, and 28.3 degre@spus or minus 0.2. In one embodiment, the dolich is characterized by 3
of the peaks. In one embodiment, the solid foreheracterized by 5 of the peaks. In one embodinties solid
form is characterized by 7 of the peaks. In onbadiment, the solid form is characterized by %hef peaks. In
one embodiment, the solid form is characterized bgf the peaks. In one embodiment, the solid figrm

characterized by 13 of the peaks. In one embodinttensolid form is characterized by all of thelks
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[00289] In some embodiments, the XRPD peaks above (deg@fgesaks) are observed when analyzed

using copper K radiation.

[00290] In one embodiment, Form P1C9 has an XRPD pattdrstantially as shown in FIG. 24.

[00291] A representative overlay of thermal gravimetriclgsia (TGA) and differential scanning
calorimetry (DSC) thermograms for Form P1C9 of Comd 1 is provided in FIG. 25.

[00292] In one embodiment, Form P1C9 exhibits, as chailiaetéby DSC, an endothermic event with an

onset temperature at about 43 °C and/or a peaketatype at about 75 °C, or an endothermic evemt avitonset
temperature at about 120 °C and/or a peak temperatabout 127 °C. In one embodiment, Form PX@tbis,
as characterized by DSC, an endothermic eventamitbnset temperature at about 43 °C and/or a peak
temperature at about 75 °C, and an endothermid &itman onset temperature at about 120 °C aradfrak
temperature at about 127 °C. In one embodimemmPRiLC9 is characterized by a DSC thermogram
substantially as shown in the DSC thermogram pteden FIG. 25.

[00293] In one embodiment, Form P1C9 exhibits a weight tdsgbout 10.15 % upon heating from about
30 °C to about 100 °C. In one embodiment, Form®it&haracterized by a TGA thermogram substanti|
shown in the TGA thermogram presented in FIG. 25.

[00294] In one embodiment, preparation of Form P1C9 corapri®nicating a mixture of Compound 1
and salicylic acid in the presence of a solventorie embodiment, the solvent is a mixture of agete and
water. In one embodiment, the solvent is a 1:ltuméxof acetonitrile and water. In one embodimpreparation
of Form P1C9 comprises sonicating a 1:1 mixtur€afmpound 1 and salicylic acid in the presencebfla
mixture of acetonitrile and water. In one embodiméhe preparation further comprises settlingrttagerial from
sonicating step for a period of time. In one enitmaht, the settling period is less than about 20ln one
embodiment, the settling period is about 30 minutes

[00295] All of the combinations of the above embodimenesemmcompassed by this application.

5.2.3.3 Form P2C9 of a Solid Form Comprising Cooma 1 and Salicylic Acid
[00296] In some embodiments, provided herein is Form PZGBsolid form comprising Compound 1
and salicylic acid. In one embodiment, Form P28 ¢rystalline solvate solid form comprising Connpa 1
and salicylic acid. In one embodiment, Form P28 crystalline acetonitrile solvate solid form goising
Compound 1 and salicylic acid. In some embodimé¥fism P2C9 is substantially free of amorphous Cmmg
1. In some embodiments, Form P2C9 of Compoundsibstantially free of other crystalline forne (
polymorphs) of Compound 1. In some embodimentenA®2C9 is provided as substantially pure Form P2C9
[00297] In one embodiment, the molar ratio of Compound daiecylic acid in Form P2C9 ranges from
about 1:2 to 2:1. In one embodiment, the molao rat Compound 1 to salicylic acid in Form P2C&imout 1:1.
In one embodiment, Form P2C9 further comprisesoadeie. In one embodiment, the molar ratio offgmund

1 to acetonitrile in Form P2C9 ranges from abolitté:3:1. In one embodiment, the molar ratio ofmpound 1
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to acetonitrle in Form P2C9 is about 1:0.5. In endodiment, the molar ratio of Compound 1: sailicgtid:
acetonitrile in Form P2C9 is about 1:1:0.5.

[00298] A representative XRPD pattern of Form P2C9 is mtediin FIG. 26.

[00299] In one embodiment, Form P2C9 has an XRPD pattanpdsing peaks at 11.4, 13.4, and 24.0
degrees &, plus or minus 0.2. In one embodiment, Form PR&9an XRPD pattern further comprising at least
one peak selected from 25.1 and 26.9 degrégsl@s or minus 0.2. In one embodiment, Form PE&9an
XRPD pattern comprising peaks at 11.4, 13.4, 260, and 26.9 degree8,2n combination with at least one
peak selected from 8.5, 12.7, 16.0, 16.8, 18.8,14..7, 23.6, 28.3, and 28.7 degre@spus or minus 0.2.
[00300] In one embodiment, Form P2C9 is characterized blXReaks located at 1, 2, 3, 4, 5,6, 7,8, 9,
10, 11, 12, 13, 14, or all of the following posit® 8.5, 11.4, 12.7, 13.4, 16.0, 16.8, 18.7, 12197, 23.6, 24.0,
25.1, 26.9, 28.3, and 28.7 degreésgus or minus 0.2. In one embodiment, the dolich is characterized by 3
of the peaks. In one embodiment, the solid foreh@racterized by 5 of the peaks. In one embodintes solid
form is characterized by 7 of the peaks. In onbaiment, the solid form is characterized by 9hef peaks. In
one embodiment, the solid form is characterized bgf the peaks. In one embodiment, the solid figrm

characterized by 13 of the peaks. In one embodintemsolid form is characterized by all of thelks

[00301] In some embodiments, the XRPD peaks above (degégmsaks) are observed when analyzed
using copper K radiation.

[00302] In one embodiment, Form P2C9 has an XRPD pattdrstantially as shown in FIG. 26.

[00303] A representative overlay of thermal gravimetriclgsia (TGA) and differential scanning
calorimetry (DSC) thermograms for Form P2C9 of Cooml 1 is provided in FIG. 27.

[00304] In one embodiment, Form P2C9 exhibits an endotleeevént, as characterized by DSC, with an

onset temperature at about 78 °C and/or a peaketatype at about 96 °C. In one embodiment, For@oHR
characterized by a DSC thermogram substantialshas/n in the DSC thermogram presented in FIG. 27.
[00305] In one embodiment, Form P2C9 exhibits a weight tdsghout 5.6 % upon heating from about
30 °C to about 130 °C. In one embodiment, Form®i8&haracterized by a TGA thermogram substanti|
shown in the TGA thermogram presented in FIG. 27.

[00306] In one embodiment, preparation of Form P2C9 corapri®nicating a mixture of Compound 1
and salicylic acid in the presence of a solventorie embodiment, the solvent is a mixture of agete and
water. In one embodiment, the solvent is a 1:ltuméxof acetonitrile and water. In one embodimpreparation
of Form P2C9 comprises sonicating a 1:1 mixtur€@impound 1 and salicylic acid in the presencelfla
mixture of acetonitrile and water. In one embodiméhe preparation further comprises settlingrttagerial from
sonicating step for a period of time. In one enitmaaht, the settling period is at least about 2 kour

[00307] All of the combinations of the above embodimenesemmcompassed by this application.
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[00308] In one embodiment, the diameter of the particlthefsolid forms provided hereia.j, Form
P1C9, Form P1C9, or Form P2C9), wherein the dianodténe particle of the compound is from about iri to
about 15Qum, from about 0.1um to about 12fum, from about 0.um to about 10@um, from about 0.um to
about 75um, from about 0.um to about 5(um, from about Jum to about 5um, from about 1um to about 50
um, from about 0.um to about 1Qum, from about 0.um to about fum, or from about 0.5m to about fum.

In one embodiment, the diameter is from abouu®5o about 5um. In one embodiment, the diameter is from
about 0.6um to about 4.&um.

[00309] In one embodiment, provided herein is a compositmmprising a solid form of a compound of
formula (1), or a salt, or solvate, or solvate cfadt thereof, or a mixture thereof, wherein thmpound has a
purity greater than about 98.0% as determined byG1An one embodiment, the compound of formuleh@l¥ a
purity of about 98.5%, about 99.0%, about 99.5%u889.6%, about 99.9%, or about 99.91%.

5.2.4 Methods for Analyzing Material
[00310] In some embodiments, provided herein are also rdstfur analyzing a material for the
presence or amount of a solid form provided hem@mprising providing a material comprising a comnnuad of
formula (1), or a salt, solvate (g, hydrate), or solvate of a salt thereof, or a mixtthereof; and using a
characterization method to determine whether aasigy characteristic associated with the solid f@present
in the material by comparing the characteristi@aoted from the material with a reference signatory
characteristic; wherein the existence of a charstiesubstantially identical to the referencensitpry
characteristic indicates the presence of the $otid in the material.
[00311] In one embodiment, the method further comprisesrtialy a batch as a result of the
determination based upon comparison to the referstamdard. In one embodiment, the method further
comprises making a determination regarding theityuaf the material. In one embodiment, the methather
comprises making a determination whether to usentiterial in the manufacturing of a pharmaceutical
composition. In one embodiment, the method furtioenprises making a determination whether to use th
material for treating a PI3K mediated disorder.
[00312] In one embodiment, the characterization methodiésay more of XRPD, TGA, DSC, GVS, FT-
IR, or NMR.

5.2.5. Process for Preparation of Amorphous Fdr@ompound 1
[00313] Provided herein is a process of preparing amorpfaus of a compound of Formula (I), wherein
the amorphous form is made via a crystalline fotrmone embodiment, provided herein is a procegsegaring
amorphous form of compound of Formula (1), whetbim amorphous form is made via polymorph Form & of

compound of Formula (1), or a salt, or solvatesalivate of a salt thereof, or a mixture thereof.
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[00314] In one embodiment, the process comprises:

(i) dissolving a solid form comprising a polymoiplfiorm of the compound of formula (1), or a sait,
solvate, or solvate of a salt thereof, or a mixthereof, in one or more solvents to form a sohjtend

(i) removing the solvent of the solution to prdeithe amorphous form of the compound of formyla (|

[00315] In one embodiment, the polymorphic form is polynmoform 1.

[00316] In one embodiment, the solid form further compgsamorphous form of the compound of
formula ().

[00317] In one embodiment, the process comprises:

(i) dissolving a solid form comprising polymorpbri 1 of the compound of formula (l), or a salt, or
solvate, or solvate of a salt thereof, or a mixthexeof, in one or more solvents to form a sohjtend

(i) removing the solvent of the solution to prdeithe amorphous form of the compound of formyla (|
[00318] In one embodiment, the process comprises:

(i) exposing a composition comprising at least noe-Form 1 polymorph or amorphous form of a
compound of Formula (1), or a salt, or solvatesalvate of a salt thereof, or a mixture thereofrte or more
solvent for a period of time sufficient to convattieast about 50% of the total amount of non-Fbrm
polymorph(s) into Form 1 of a compound of Formuija (

(ii) recovering said polymorph Form 1;

(iii) dissolving said polymorph Form 1 in one oora solvents to form a solution; and

(iv) removing the solvent of the solution to pmeithe amorphous form of the compound of formyla (I
[00319] In one embodiment, the solvent of the solutioremmeved by lyophilization. In another
embodiment, the solvent of the solution is remadyedpray drying.

[00320] In one embodiment, the non-Form 1 polymorph of mpound of Formula (1) is exposed to one
solvent. In one embodiment, the non-Form 1 polyrharpa compound of Formula (1) is exposed to a urixiof
two solvents. In one embodiment, the non-Form $motph of a compound of Formula (1) is exposed tma
or more solvents. In one embodiment, the soligeah organic solvent. In one embodiment, theestlis an
alcohol. In one embodiment, the solvent is etha®ohethoxyethanol, methanol, ethyleneglycol, opispyl
alcohol. In one embodiment, the solvent is etlogtate, methyl isobutyl ketone, toluene, 1,2-dirogjlethane,
N,N-dimethylformamide, acetonitrile, ethyleneglycatjsole, or water. In one embodiment, the solvent is
ethanol. In one embodiment, the mixture of two eptg is a mixture of anisole and isopropyl alcohahixture
of anisole and ethanol, a mixture of anisole ahabtwe, a mixture of acetonitrile and water, a nigtaf toluene
and ethanol, a mixture of acetone and water, oixtuna of isopropyl alcohol and water. In one emibmeht, the
mixture of two solvents is a mixture of isopropidahol and water. In one embodiment, the volumie @it
isopropyl alcohol to water is 1:1 or 3:2. In onebaiment, the volume ratio of isopropyl alcoholnater is 1:2.
In one embodiment, the mixture of two solvents isigture of acetone and water. In one embodiméaetnbn-

Form 1 polymorph is amorphous compound of Formijldr{ one embodiment, the period of time suffidiem
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convert at least about 50% of the total amountoofRorm 1 polymorph(s) into Form 1 of a compound of
Formula (1) is about 1 hr, about 2 hr, about Salwgut 10 hr, about 12 hr, about 20 hr, about 24lbwut 30 hr,
about 40 hr, about 48 hr, or about 72 hr.

[00321] In one embodiment, the non-form 1 polymorph of mpound of Formula (l) is exposed to
isopropyl alcohol and watee,g, at a 1:1 volume ratio. Another volume of waseadded at about 6C, such
that the final volume ratio of isopropyl alcohoMater is 1:2. The mixture is aged at about®dor about 30
mins, 1 hr, about 2 hr, about 5 hr, about 10 hopatt2 hr, about 20 hr, about 24 hr, about 30bwpa40 hr,
about 48 hr, or about 72 hr.

[00322] In one embodiment, the non-form 1 polymorph of mpound of Formula (1) is exposed to
acetone and wateg,g, at a 4:1 volume ratio, at about Dto about 60C. The solvent is exchanged from
acetone/water to isopropyl alcohol to a final votuaf about 30 volumes. The mixture is aged at aboe€ for
about 30 mins, 1 hr, about 2 hr, about 5 hr, att®utr, about 12 hr, about 14 hours, about 20 loyg®4 hr,
about 30 hr, about 40 hr, about 48 hr, or aboutr72

[00323] In one embodiment, the solvent in which compounBarmula (1) is dissolved in is DCM, an
alcohol, or a mixture thereof. In one embodim#érg,alcohol is MeOH. In one embodiment, the alt@ha-
propanol. In another embodiment, a polymer is dqu@r to spray drying. In another embodimeng, plolymer
is PVP/VA 64. In another embodiment, the polynsePMC-AS.

5.3 PROCESS FOR PREPARATION

[00324] In certain embodiments, provided herein is a poépreparing a compound of Formula (1):

(-
N—-N
= o,

or a salt, or solvate, or solvate of a salt thereo& mixture thereof,
comprising coupling compound C of formula:
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with a carboxylic acid of Formula G:

CO,H
N
QV&NH
4 2
NN
G

to provide the compound of Formula (1).
[00325] In one embodiment, the coupling occurs in the presef a coupling reagent. In one

embodiment, the coupling reagent is a carbodiimadeiazine, a phosphonium, an uronium, or a mixed
anhydride, or a mixture thereof. In one embodimem coupling reagent is N,N’-dicyclohexylcarbodim
(DCC), N,N'-diisopropylcarbodiimide (DIC), 1-eth§H3-dimethylaminopropyl)carbodiimide (EDCI),
hydroxybenzotriazole (HOBt), 1-hydroxy-7-azabenzaiwle (HOAL), 2-propanephosphonic acid anhydride
(T3P), 1-[(dimethylamino)(morpholino)methylene]-IH-2,3]triazolo[4,5-b]pyridine-1-ium 3-oxide
hexafluorophosphate (HDMAN,N,N,N'-tetramethyl-O-(1H-benzotriazol-1-yl)uronium hexeftophosphate
(HBTU), (1-cyano-2-ethoxy-2-oxoethylidenaminooxyjdithylamino-morpholino-carbenium
hexafluorophosphate (COMU), benzotriazol-1-yl-okg{tdimethylamino) phosphonium hexafluorophosphate
(BOP), (benzotriazol-1-yloxy)tripyrrolidinophospham hexafluorophosphate (PyBOP), 1-
[bis(dimethylamino)methylene]-1H-1,2,3-triazolo[4¥pyridinium 3-oxid hexafluorophosphate (HATU)gthyl
phosphorocyanidate (DECP), diethyl phosphorochddeidDEPC), diphenyl phosphorazidate (DPPA) phospho
acid bis(2-oxazolidide) chloride (BOPCI), chlorodithoxytriazine or its N-methylmopholinium adduct, 3
(diethoxyphosphoryloxy)-1,2,3-benzotriazin-4(3H)eaEPBT), bromo tris(dimethylamino) phosphonium
hexafluorophosphate) (BroP), (E#BJO)-ClI, (EtO)P(0O)-Oxyma, pivaloyl chloride, iso-butyl chlorofoate, 2-
chloro-4,6-dimethoxy-1,3,5-triazine (CDMT), or 4:§4dimethoxy-1,3,5-triazin-2-yl)-4-methylmorpholimh
chloride (DMTMM) or its BR analog, or a mixture thereof. In one embodimiet,coupling reagent is EDCI.

In one embodiment, the coupling reagent is DMTMM.

[00326] In one embodiment, the coupling occurs in the presef an activator. In one embodiment, the
activator is HOBt, HBTriazinone, ethyl 2-cyano-3Adnoxyimino)acetate (Oxyma), NHS, or ethyl

(hydroxyimino)cyanoacetate potassium salt (K-Oxyma)one embodiment, the activator is HOBt.
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[00327] In one embodiment, the coupling occurs in the presef a base. In one embodiment, the base
is E&N, DIPEA, pyridine, NMM, DBU, NaOH, or DMAP. In @nembodiment, the base is/t In one
embodiment, the base is DIPEA.

[00328] In one embodiment, the coupling occurs in the presef a solvent. In one embodiment, the
solvent is DMF, NMP, acetonitrile, EtOH, aceton&Nd, MeOH, or water, or a mixture thereof.

[00329] In one embodiment, the coupling occurs in the presef a carbodiimide coupling reagent. In
one embodiment, the carbodiimide is 1-ethyl-3-(@ethylaminopropyl)carbodiimide. In one embodiméiné,
coupling occurs in the presence of hydroxybenzottea(HOBt). In one embodiment, the coupling osdarthe
presence of a base. In one embodiment, the b&I@EA. In one embodiment, the DIPEA is in DM dne
embodiment, the coupling occurs under an inert sfinere.

[00330] In one embodiment, the coupling occurs in the presef a triazine coupling reagent. In one
embodiment, the triazine is DMTMM. In one embodityehe coupling occurs in the presence of a basene
embodiment, the base is;BHt DIPEA, pyridine, NMM, DBU, NaOH, or DMAP. In emembodiment, the base is
EtN. In one embodiment, the coupling occurs in &estl of acetonitrile, EtOH, acetone, DCM, MeOH, or
water, or a mixture thereof. In one embodimerdg,gblvent is a mixture of acetonitrile and wateg(4:1 v/v), a
mixture of EtOH and water(g, 3:1 v/v), a mixture of EtOH, water, and DCkld, 14.4:4.8:1 v/v/v), a mixture
of acetone and watee.Q, 4:1 v/v), a mixture of DCM and MeOH.@, 4:1 v/v), a mixture of DCM and EtOH
(e.g, 4:1 viv), or DCM. In one embodiment, , the saolvis a mixture of acetonitrile and water. In one
embodiment, the volume ratio of acetonitrile toavas about 4:1.

[00331] In one embodiment, the coupling occurs in the presef T3P and DIPEA in DMF.

[00332] In certain embodiments, provided herein is a poépreparing a compound of Formula (1):

N\ZQ/NHz
-

N—N
— M,

or a salt, or solvate, or solvate of a salt thereo& mixture thereof,

comprising coupling compound C of formula:
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with an ester of Formula D:

N

C/ NH
/) 2

SNy

D

to provide the compound of Formula (1).

[00333] In one embodiment, the coupling occurs in the pres@f one or more solvents. In another
embodiment, the coupling occurs in the preseneelafse and one or more solvents. In one embodithent
base is an amine. In one embodiment, the amiNeNgliisopropylethylamine (DIPEA). In one embodimethe
solvent is an organic solvent. In one embodimtiietorganic solvent is selected from acetonitrile,
dimethylformamide, tetrahydrofuran, 2-methyltetrdtofuran, and dichloromethane, or a mixture theréofone
embodiment, the organic solvent is acetonitrile.ohe embodiment, the organic solvent is a mixtfileCM and
ethanol. In one embodiment, the volume ratio oM@ ethanol is from about 8:1 to about 2:1. Iron
embodiment, the volume ratio of DCM to ethanolbsat 4.1. In one embodiment, the coupling occurthé
presence of a mixture of two solvents. In anotingb@diment, the mixture of solvents is water andautile. In
one embodiment, the volume ratio of water to ad#ttmis about 1:4. In one embodiment, the couploccurs
at a temperature from about 3D to about 80C, from about 40C to about 70C, or from about 58C to about
65°C. In one embodiment, the temperature is abod€60

[00334] In certain embodiments, provided herein is a poépreparing compound C of formula:
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comprising coupling compound A of formula:

with an alkyne of Formula E:

[00335] In one embodiment, the coupling occurs in the presef a catalyst, a ligand, or a catalyst/ligand
complex; a base; and a solvent.

[00336] In one embodiment, the catalyst is a palladium (Rdhlyst, a nickel (Ni) catalyst, a copper (Cu)
catalyst, or a mixture thereof. In one embodimtg,catalyst is a Pd catalyst. In one embodintkatPd

catalyst is Pd-G3, B@lbay, PACL(MeCN),, Pd(OAc), Pd(PPH)4, or PAC}PPh).. In one embodiment, the
palladium catalyst is PdgMeCN). In one embodiment, the palladium catalyst is{dzh).

[00337] In one embodiment, the catalyst is a Ni catalystone embodiment, the Ni catalyst is
(PreP:NiCl>.

[00338] In one embodiment, the catalyst is a Cu catalysbne embodiment, the Cu catalyst is Cul.
[00339] In one embodiment, the ligand is a phosphine ligaroisphosphine ligand. In one embodiment,

the ligand is XPhos, PGyPCyPh, PPr;, PCy'Bu, CataCXium A, P(MeOgH1)s, PPR(CsH4COH),
PPh(CeHsSO:H), SPhos, JohnPhos, DavePhos, MePhos, cBRIDPBRYBP, Cy-cBRIDP!Bu Triplecage,
PBuW.Cy, PBus, CataCXium PICy, Bu(PhNMe), PPh, dppp, dppe, dppb, BINAP, DPEPhos, dppf, dbpf,
XantPhos, NBu:P azetine, dppm, dmpe, dippe, DIPAMP, Chiraphog&Ng#os, SEGPHOS, Me-DuPhos, or
Josiphos. In one embodiment, the ligand is XPGasaCXium A, JohnPhos, DavePhos, MePhos, cBRIDP,
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CataCXium PICy, or dbpf. In one embodiment, whetbe ligand is XPhos (2-dicyclohexylphosphino-264
triisopropylbiphenyl). In one embodiment, the higas cBRIDP.

[00340] In one embodiment, the molar ratio of the liganthi® catalyst is from about 5:1 to about 1:5. In
one embodiment, the molar ratio of the ligand dhtalyst is from about 2:1 to about 1:2. In ermdodiment,
the molar ratio of the ligand to the catalyst @nfrabout 2:1 to about 1:1. In one embodiment|igfaad is a
monodentate ligand and the molar ratio of the ligemthe catalyst is about 2:1. In one embodinthetjigand is
a monodentate ligand and the molar ratio of thenlibto the catalyst is about 1:1. In one embodintka ligand

is a bidentate ligand and the molar ratio of tgarid to the catalyst is about 1:1. In one embodiptke ligand is
a bidentate ligand and the molar ratio of the lgygonthe catalyst is about 1:2.

[00341] In one embodiment, the loading of the catalystasfabout 0.5% to about 10%, from about 1%
to about 10%, or from about 1% to about 5%. Inembdodiment, the loading of the catalyst is ab&at 3n one
embodiment, the loading of the catalyst is about 4&0ne embodiment, the loading of the catalysthiout 3%.
In one embodiment, the loading of the catalysbisuh 2%. In one embodiment, the loading of thalgat is
about 1%.

[00342] In one embodiment, the loading of the ligand isrfrabout 0.5% to about 20%, from about 0.5%
to about 15%, from about 0.5% to about 10%, frowu&li% to about 10%, from about 1% to about 5%an
about 1% to about 3%. In one embodiment, the tapdf the catalyst is about 10%. In one embodimntlet
loading of the catalyst is about 5%. In one emimadit, the loading of the catalyst is about 4%ore
embodiment, the loading of the catalyst is about 3fone embodiment, the loading of the catalysthout 2%.
In one embodiment, the loading of the catalysbisuh 1%.

[00343] In one embodiment, the base is an inorganic bbesene embodiment, the base is an alkali metal
salt. In one embodiment, the base is an alkatnthenetal salt. In one embodiment, the base i€Qs K.CO;,

or KsPQs. In one embodiment, the base is@3. In one embodiment, the base i£5Ks. In one embodiment,
the base is PO

[00344] In one embodiment, the base is an organic base.

[00345] In one embodiment, the Pd catalyst is(Rlda}, the ligand is Xphos, and the base i€RKxs. In

one embodiment, the Pd catalyst is(Blda}, the ligand is Xphos, and the base i®&. In one embodiment, the
Pd catalyst is PdeIMeCN), the ligand is Xphos, and the base i£Rs. In one embodiment, the Pd catalyst is
Pd(OACc), the ligand is Xphos, and the base i€Rx.

[00346] In one embodiment, the solvent is MeCRKOAc, n-propyl acetate, 2-MeTHF, EtCN, MEK, or
toluene. In one embodiment, the solvent is MeCN.

[00347] In one embodiment, the coupling occurs in the presef PACGA\MeCN),.. In one embodiment,
the coupling occurs further in the presence of XPha one embodiment, the coupling occurs furihdne
presence of a base. In one embodiment, the b&e0d&x. In one embodiment, the coupling occurs in the
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presence of a solvent. In one embodiment, theeablg an organic solvent. In one embodimentptiganic
solvent is acetonitrile.

[00348] In one embodiment, the coupling occurs in the pres@f Pd(dba). In one embodiment, the
coupling occurs further in the presence of XPHosone embodiment, the coupling occurs furthehapresence
of a base. In one embodiment, the base®X In one embodiment, the coupling occurs in thresence of a

solvent. In one embodiment, the solvent is anmiogsolvent. In one embodiment, the organic sdlisen

acetonitrile.
[00349] In certain embodiments, provided herein is a poépreparing an alkyne of Formula E:
\
N—-N
N \
E 1
comprising deprotecting a compound of Formula F:
\
N—-N
\
N
SiMe3
F
[00350] In one embodiment, the deprotection occurs in tkegnce of a base and a solvent.
[00351] In one embodiment, the base is an inorganic bisene embodiment, the base is an alkali metal

salt. In one embodiment, the base is KOH, NaOHHBI&;, KzPOy, or K:xCOs. In one embodiment, the base is
an organic base. In one embodiment, the baseriins.

[00352] In one embodiment, the deprotection occurs in thegnce of an acid. In one embodiment, the
acid is HCI, AcOH, p-TsOH, or camphorsulfonic acid.

[00353] In one embodiment, the deprotection occurs in teegnce of a fluoride source. In one
embodiment, the fluoride source is tetra-n-butylammm fluoride (TBAF). In one embodiment, the flige
source is pyridine-HF.

[00354] In one embodiment, the deprotection occurs in teegnce of a phase-transfer catalyst. In one
embodiment, the phase-transfer catalyst is tetygdoumonium hydroxide.

[00355] In one embodiment, the solvent is an organic salvenone embodiment, the organic solvent is
MeOH. In one embodiment, the solvent is a mixofrezater and a water immiscible solvent. In one
embodiment, the water immiscible solvent is MTBED@M. In one embodiment, the deprotection occuithe
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presence of a mixture of about 10 wt% KOH aqueolgisn and MTBE. In one embodiment, the solvent i

acetonitrile.
[00356] In certain embodiments, provided herein is a poépreparing a compound of Formula F:
\
N—-N
\
N

SiMe;
F

comprising coupling 4-iodo-1-methyl-1H-pyrazole lwitimethylsilylacetylene.

[00357] In one embodiment, the coupling occurs in the pres@f a Cu catalyst, a Pd catalyst, and a
base.

[00358] In one embodiment, the Cu catalyst is Cul.

[00359] In one embodiment, the Pd catalyst is Pd-G3(dbd), PAC(MeCN),, Pd(OAc), Pd(PPk)4, or
PdCL(PPh).. In one embodiment, the Pd catalyst is B@Rh)..

[00360] In one embodiment, the molar ratio of the Pd cataty the Cu catalyst is from about 1:20 to

about 10:1, from about 1: 10 to about 5:1, fromutldo7.5 to about 1:1, from about 1:6 to about 1rRone
embodiment, the molar ratio of the Pd catalyshe&o@u catalyst is about 1:10, about 1:9, aboutab8ut 1:7,
about 1:6, about 1:5, about 1:4, about 1:3, abijtabout 1:1, or about 2:1. In one embodimerst,ntiolar ratio
of the Pd catalyst to the Cu catalyst is about In6one embodiment, the molar ratio of the Pdlgstado the Cu
catalyst is about 1:2.

[00361] In one embodiment, the loading of the Pd catafyftom about 0.0005 equivalent to about 0.1
equivalent, from about 0.001 equivalent to abo0b@quivalent, from about 0.002 equivalent to alfo02
equivalent, or from about 0.003 equivalent to alib0i equivalent. In one embodiment, the loadinye Pd
catalyst is about 0.003 equivalent. In one embedinthe loading of the Pd catalyst is about Odfliivalent.
[00362] In one embodiment, the loading of the Cu cataly$tam about 0.001 equivalent to about 0.2
equivalent, from about 0.005 equivalent to abolite@juivalent, from about 0.01 equivalent to abodb0
equivalent, or from about 0.0175 equivalent to alfod2 equivalent. In one embodiment, the loadihtdne Cu
catalyst is about 0.0175 equivalent. In one emhbedt, the loading of the Cu catalyst is about @@2ivalent.
[00363] In one embodiment, the loading of the Pd catal/abiout 0.01 equivalent and the loading of the
Cu catalyst if about 0.02 equivalent. In one eninedt, the loading of the Pd catalyst is about 8.6quivalent
and the loading of the Cu catalyst if about 0.0&@6ivalent.

[00364] In one embodiment, the base is DIPA, DIPEA, or Nhyikenorpholine (NMM). In one
embodiment, the base is DIPA. In one embodiméstpase is DIPEA. In one embodiment, the basé/isN

In one embodiment, the based, DIPA) is also used as the solvent.
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[00365] In one embodiment, the coupling occurs in a soleémCM, toluene, 2-methyl-tetrahydrofuran,
or DIPA, or a mixture thereof. In one embodiméing coupling occurs in a solvent of DCM. In one
embodiment, the coupling occurs in a solvent aféok. In one embodiment, the coupling occurssioleent of
2-methyl-tetrahydrofuran.

[00366] In one embodiment, the compound of Formula F il irs¢he preparation of the alkyne
compound of Formula E without purification. In oembodiment, the compound of Formula F is purifietbre
being used in the preparation of the alkyne comgaifr-ormula E.

[00367] In one embodiment, the coupling produces less a@bamit 5%, less than about 4%, less than
about 3%, less than about 2%, less than aboute%than about 0.5%, less than about 0.3%, lesatiaut

yd
N . /N
N/ — ZN

[00368] In certain embodiments, the carboxylic acid of Falar(s is prepared according to the process as
described in PCT publication Nos. WO 2011/00306% A0 2015/073267. An exemplary synthetic scheme is

shown below. The overall average yield is fromwldd% to about 25%.

0.2%, or less than about 0.1% of a side-produtheformula~

1.2 eq. NH,NHyH,O  Et0,C NH,

o ol 3 vol. EtOH (0] N 3 vol. DMF
0.09 eq TEA Z vol. \
)J\///N + =N > EtO ~ _— H.N / N
EtO c1/ . | 2 N
Cl 88% RT - 100 °C H
H,N~ ~CCl; .
1.5€q. 84% OMe OMe
MeO QM
Acid, DMF
, 36%
LiOH, H,0
CO,H EtOH CO,Et
N N
M A M A
S N‘N/ 2 95% S N‘N/ 2
[00369] In certain embodiments, provided herein is an adtitve approach for the preparation of the

carboxylic acid of Formula G. An exemplary synibstheme is shown below. This alternative apgroasults

an overall yield of about 40-45% and the productitined in an off white color.
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[00370] In certain embodiments, the carboxylic acid of Falar(G is prepared by a process comprising
hydrolyzing a compound of Formula H:
CO,Et
~ T >—NH
. N‘N/ 2
H
[00371] In one embodiment, the hydrolysis occurs in thag@nee of a base. In one embodiment, the base
is LIOH, NaOH, or KOH. In one embodiment, the biskiOH.
[00372] In certain embodiments, the compound of Formula prépared by a process comprising
reacting a compound of Formula J:
EtO,C  NH,
I\
HN— SN
H
J
with 1,1,3,3-tetramethoxypropane.
[00373] In one embodiment, the reaction between the conmpotiformula J and 1,1,3,3-

tetramethoxypropane occurs in a solvent of AcOtlorle embodiment, the compound of Formula H is used
the preparation of the compound of Formula G witHotther purification after the removal of the waht of
AcOH.
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[00374] In one embodiment, the reaction between the compotiformula J and 1,1,3,3-

tetramethoxypropane occurs in the presence of HCI.

[00375] In certain embodiment, provided herein is a prooégseparing a compound of Formula J:
EtO,C  NH,

T
H,N N

« =2

comprising cyclizing a compound of Formula K:

H,N H
| NH,
\/OWJ/\\\N
o]
K
[00376] In one embodiment, the cyclization occurs by rafigin a solvent of 1-propanol for from about
2 days to about 4 days. In one embodiment, thiizegyion occurs by refluxing in a solvent of 1-peswl for
about days.
[00377] In one embodiment, the cyclization occurs by refigin a solvent of 1-butanol for from about
24 hours to about 48 hours. In one embodimentthkzation occurs by refluxing in a solvent obfitanol for
about 36 hours.

[00378] In one embodiment, the compound of Formula K ipared by a process comprising reacting a

compound of Formula L:

H,N
2 | o\/\OH
(0]
NG \\N
o
L
with hydrazine or hydrazine hydrate.
[00379] In one embodiment, the reaction between the compofifrormula L and hydrazine or hydrazine

hydrate occurs by refluxing in a solvent of 1-pnogla

[00380] In one embodiment, the reaction between the compotiformula L and hydrazine or hydrazine
hydrate occurs by heating at from about 60 °C tmiaB0 °C in a solvent of 1-butanol.

[00381] In one embodiment, the compound of Formula L ipared by a process comprising reacting a
compound of Formula M:
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with NH3 or NHs,OH.

[00382] In one embodiment, the reaction between the compobiformula M and Nklor NH:OH

occurs at room temperature.

[00383] In one embodiment, the preparations of the compadfirrmula L, the compound of Formula
K, and the compound of Formula J occur in one-pot.

[00384] In one embodiment, the compound of Formula M ipared by a process comprising reacting
ethyl 2-cyanoacetate with 2-chloroethyl chlorofotena

[00385] In one embodiment, the reaction between 2-cyanasecand 2-chloroethyl chloroformate occurs
in the presence of a base. In one embodimenhabe is an inorganic base. In one embodimenbake is an
alkali metal salt. In one embodiment, the basmisalkaline earth metal salt. In one embodiméuetbase is
LiOH, NaOH, or KOH. In one embodiment, the basKaOH.

[00386] In one embodiment, the reaction between 2-cyanatecand 2-chloroethyl chloroformate occurs
in a solvent of MeCN.

[00387] In one embodiment, the compound of Formula M isfiaar by recrystalllization from MeOH. In
one embodiment, the compound of Formula M is pedifsy re-slurrying in 1-propanol. In one emboditméme

compound of Formula M is purified by crystallizatiom 1-butanol.

5.4. PHARMACEUTICAL COMPOSITIONS

[00388] In some embodiments, provided herein are pharmiaekabmpositions comprising a solid form
comprising a compound of Formula (1), or a saltsalvate, or solvate of a salt thereof, or a mixtilnereof, and a
bulking agent (filler or carrier), and optionallydasintegrant and a lubricant. In some embodiments/ided
herein are pharmaceutical compositions comprisisglid form provided herein, or a salt, or solvatesolvate

of a salt thereof, or a mixture thereof, and a ptaareutically acceptable excipient, diluent, oriearincluding
inert solid diluents and fillers, sterile aqueoakigon and various organic solvents, permeatidmeners,
solubilizers and adjuvants. In one embodimentyiges herein is a pharmaceutical composition cosimgia
solid form provided herein and a pharmaceuticatptable excipient thereof. In one embodiment, ioiexy
herein is a pharmaceutical composition consistssgatially of a solid form provided herein. In @mabodiment,
the solid form is present in said composition iraamount of at least about 80% by weight. In onbaiiment,
the solid form is present in said composition iraamunt of at least about 90% by weight.
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[00389] In one embodiment, the solid form in the pharmdcalitomposition is a polymorphic or
cocrystal form provided herein. In one embodim#,solid form is Form 1, Form 2, Form 3, Fornirdfm 5,
Form 6, Form 7, Form 8, Form P1C3, Form P1C9, omHA82C9 of Compound 1. In one embodiment, thelsoli
form is Form 1.

[00390] In one embodiment, the solid form in the pharmacalitomposition is an amorphous form of
Compound 1. In one embodiment, the amorphous &dr@ompound 1 is prepared by a process providegiter
In one embodiment, the amorphous form of Compouisdbiepared by dissolving Form 1 of Compound 1@ne
more solvents to form a solution; and removingsbieent of the solution to provide the amorphousifof
Compound 1. In one embodiment, the solvent is wethdy spray drying.

[00391] In one embodiment, the pharmaceutical compositiongrises one or more excipients selected
from bulking agents (or fillers), disintegrantshticants, and capsule shell. In one embodimeatbthking agent
is mannitol or pre-gelatinized starch. In anothebediment, the disintegrant is croscarmellose sodin

another embodiment, the lubricant is magnesiunratean one embodiment, the capsule shell is HREIGSule
shell. In one embodiment, the pharmaceutical compost@mnprises one or more excipients selected from
mannitol, pre-gelatinized starch, croscarmellosi#sn, magnesium stearate, and HPMC capsule shell.
[00392] In one embodiment, the amount of Compound 1 irptteemaceutical composition is about 1 mg
to about 100 mg, about 1 mg to about 75 mg, aboug 1o about 50 mg, about 1 mg to about 40 mg, oy
to about 50 mg, about 5 mg to about 30 mg, abaog 50 about 10 mg, about 5 mg, or about 30 mgnin
embodiment, the amount is about 5 mg, 10 mg, 152@gng, 30 mg, 40 mg, 50 mg, 75 mg, or 100 mgna o
embodiment, the amount is about 5 mg or 30 mgnambodiment, the amount of Compound 1 in the
pharmaceutical composition is about 1.5% to ab&&b #v/w, about 1.5% to about 15% w/w, about 1.5%lktout
10% wiw, about 1% to about 25% w/w, about 1% toudti®% wiw, or about 1% to about 10% w/w. In one
embodiment, the amount of Compound 1 in the phaentéal composition is about 1% to about 10% wiiv.
one embodiment, the amount of Compound 1 in thenpdigeutical composition is about 1, 1.5, 2, 2.8.8, 4,
45,5,55,6,6.5,7,7.5,8,8.5,9, 9.5 oPd@/w. In one embodiment, the amount of Compouirdthe
pharmaceutical composition is about 1.9%, or aBot. In one embodiment, the amount of Compouisd 1
about 1.92% or about 9.38%.

[00393] In one embodiment, the bulking agent (or fillex)y, starch and mannitol) in a pharmaceutical
composition is about 80% to about 95% w/w, abodb 85 about 95% w/w, or about 90% to about 95% wiw.
one embodiment, the bulking agent (or fillex)q, starch and mannitol) in a pharmaceutical comjursis about
80%, about 85%, about 90%, or about 95% w/w. k|@&mbodiment, the bulking agent (or filleg)d, starch

and mannitol) in a pharmaceutical composition eLal®3% w/w, about 86% w/w, about 92.3% w/w, orubo
85.1% w/w. In one embodiment, the bulking agemtisut 93% w/w. In one embodiment, the bulkingradge
about 85% w/w. In one embodiment, the bulking &ggestarch, mannitol, or a mixture thereof. Ireon

embodiment, the bulking agent is a mixture of $tamed mannitol. In one embodiment, the weighobrafistarch
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to mannitol is from about 1:3 to about 3:1. In @mebodiment, the bulking agent is an about 1:1 uméxbf
starch and mannitol. In one embodiment, the stiarphe-gelatinized starch.

[00394] In one embodiment, the disintegraetq, croscarmellose sodium) in a pharmaceutical
composition is about 1% to about 20% w/w, aboutt@%bout 15% w/w, about 1% to about 10% w/w, about
2.5% to about 7.5% wi/w, about 1% to about 5% wiwghmut 5% w/w. In one embodiment, the disintegign
about 1%, about 2%, about 3%, about 4%, about B#ts6%, about 7%, about 8%, about 9%, or about 10%
w/w. In one embodiment, the disintegrant is atiatw/w.

[00395] In one embodiment, the lubricam §, magnesium stearate) in a pharmaceutical composgi
about 0.1% to about 10% wi/w, about 0.1% to abouinB or about 0.1% to about 1% w/w. In one
embodiment, the lubricant is about 0.1%, about 0. &86ut 0.3%, about 0.4%, about 0.5%, about 0.8&yta
0.7%, about 0.8%, about 0.9%, or about 1% w/wonl@ embodiment, the lubricant is about 0.5% w/w.
[00396] In one embodiment, provided herein is a procegsagaring a pharmaceutical composition
provided herein comprising mixing a solid form comjmg a compound of Formula (l) with a pharmacealty
acceptable excipient or carrier; wherein the sfich is Form 1, Form 2, Form 3, Form 4, Form 5,rR@, Form
7, Form 8, Form P1C3, Form P1C9, or Form P2C%nkmembodiment, provided herein is a pharmaceutical
composition prepared by the process above.

[00397] In one embodiment, provided herein is a pharmacaiutomposition comprising an amorphous
form of a compound of Formula (I), or a salt, olvate, or solvate of a salt thereof, or a mixtinereof, and a
bulking agent (filler or carrier), and optionallydasintegrant and a lubricant. In one embodimerdyided herein
is a pharmaceutical composition comprising aboutd%bout 10% w/w of an amorphous form of a complonin
Formula (1), or a salt, or solvate, or solvate shé# thereof, or a mixture thereof, about 80%ltow 95% wi/w of
a bulking agent, about 2.5% to about 7.5% w/w disintegrant, and about 0.1% to about 1% w/w aftaitant.
[00398] In one embodiment, provided herein is a pharmacaiutomposition comprising about 5 to 30
mg Compound 1€(.g.,amorphous), pre-gelatinized starch, and mannltobne embodiment, the pharmaceutical
composition further comprises croscarmellose sodincthmagnesium stearate.

[00399] In one embodiment, the pharmaceutical composisdormulated as follows: about 5 mg of
Compound 1€.g.,amorphous), about 120 mg of pre-gelatinized staxobut 120 mg of mannitol, about 13 mg
of croscarmellose sodium, and about 1.3 mg of mgignestearate. In embodiment, the pharmaceutical
composition is formulated as a capsule. In onecelimbent, the pharmaceutical composition is formadads
follows: about 5 mg of Compound &.¢.,amorphous), about 120.35 mg of pre-gelatinizextstabout 120.35
mg of mannitol, about 13.00 mg of croscarmellos#iign, and about 1.3 mg of magnesium stearate. In
embodiment, the pharmaceutical composition is féated as a capsule.

[00400] In one embodiment, the pharmaceutical composisdormulated as follows: about 30 mg of
Compound 1€.g.,amorphous), about 136 mg of pre-gelatinized staaobut 136 mg of mannitol, about 16 mg

of croscarmellose sodium, and about 1.6 mg of nsignestearate.ln one embodiment, the pharmaceutical
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composition is formulated as follows: about 30 m@ompound 1€.g.,amorphous), about 136.20 mg of pre-
gelatinized starch, about 136.20 mg of mannitabuali6.00 mg of croscarmellose sodium, and ab@ thg of
magnesium stearate. In embodiment, the pharmaaéatmposition formulated as a capsule.

[00401] In some embodiments, a pharmaceutical compositisoribed herein includes a second active
agent such as an additional therapeutic agen, & chemotherapeutic agent).

[00402] In some embodiments, provided herein is a pharnti@eteomposition for oral administration
(e.g, capsule) comprising: (a) about 5 mg of amorpt@ompound 1; (b) about 120.35 mg of pre-gelatinized
starch; (c) about 120.35 mg of maanitol; (d) aldduitng of croscarmellose sodium; and (e) about B ®Mm
magnesium stearate.

[00403] In some embodiments, provided herein is a pharnti@e¢gomposition for oral administration
(e.g, capsule) comprising: (a) about 30 mg of amorgh@ampound 1; (b) about 136.2 mg of pre-gelatinized
starch; (c) about 136.2 mg of maanitol; (d) abdutriy of croscarmellose sodium; and (e) about 1.®&ing
magnesium stearate.

[00404] In one embodiment, the pharmaceutical compositi@anioral dosage form. In one embodiment,
the oral dosage form is a capsule. In another diment, the oral dosage form is a tablet. In anbadiment,
the capsule shell is Swedish orange or white.

5.4.1. Formulations
[00405] Pharmaceutical compositions can be specially faaadl for administration in solid or liquid
form, including those adapted for the followingalbadministration, for example, drenches (aqueoumn-
agueous solutions or suspensions), tabéets (hose targeted for buccal, sublingual, and syistalvsorption),
capsules, boluses, powders, granules, pastesgbcaion to the tongue, and intraduodenal roupasenteral
administration, including intravenous, intraartersabcutaneous, intramuscular, intravascularap#ritoneal or
infusion as, for example, a sterile solution omp&ussion, or sustained-release formulation; to@palication, for
example, as a cream, ointment, or a controllechsel@atch or spray applied to the skin; intravalyimma
intrarectally, for example, as a pessary, creaemtir foam; sublingually; ocularly; pulmonarilgdal delivery
by catheter or stent; intrathecally, or nasally.
[00406] Examples of suitable aqueous and nonaqueous sanieéch can be employed in pharmaceutical
compositions include water, ethanol, polyols (sashylycerol, propylene glycol, polyethylene glyaod the
like), and suitable mixtures thereof, vegetable,@lich as olive oil, and injectable organic estrsh as ethyl
oleate. Proper fluidity can be maintained, forrege, by the use of coating materials, such athieciby the
maintenance of the required particle size in ttse ad dispersions, and by the use of surfactants.
[00407] In one embodiment, suitable carriers which canrbpleyed in pharmaceutical compositions

include mannitol, pre-gelatinized starch, croscédlose sodium, magnesium stearate, and HPMC caphelé
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[00408] These compositions can also contain adjuvants asigheservatives, wetting agents, emulsifying
agents, dispersing agents, lubricants, and/orxddtats. Prevention of the action of microorgarssmpon the
compounds described herein can be ensured bydhssion of various antibacterial and antifungalragefor
example, paraben, chlorobutanol, phenol sorbic acid the like. It can also be desirable to inelisbtonic
agents, such as sugars, sodium chloride, andkaénltio the compositions. In addition, prolongégdaption of
the injectable pharmaceutical form can be brougbtiaby the inclusion of agents which delay absompsuch

as aluminum monostearate and gelatin.

[00409] Methods of preparing these formulations or compmsitinclude the step of bringing into
association a compound described herein and/arttbimotherapeutic with the carrier and, optionaihg or

more accessory ingredients. In general, the faatimuls are prepared by uniformly and intimatelybing into
association a compound as provided herein withdiqarriers, or finely divided solid carriers, asth, and then,

if necessary, shaping the product.

[00410] Preparations for such pharmaceutical compositiomsvall-known in the artSeeg.qg,

Anderson, Philip O.; Knoben, James E.; Troutmandlid G, eds.Handbook of Clinical Drug Datarenth
Edition, McGraw-Hill, 2002; Pratt and Taylor, edBrinciples of Drug ActionThird Edition, Churchill
Livingston, New York, 1990; Katzung, edasic and Clinical Pharmacologywelfth Edition, McGraw Hill,
2011; Goodman and Gilman, edehe Pharmacological Basis of Therapeuti€enth Edition, McGraw Hill,
2001;Remingtons Pharmaceutical Scienc&dth Ed., Lippincott Williams & Wilkins., 2000; atindale,The
Extra Pharmacopoeidr hirty-Second Edition (The Pharmaceutical Pressdon, 1999); all of which are
incorporated by reference herein in their entirdExcept insofar as any conventional excipient mmedis
incompatible with the compounds provided hereichsas by producing any undesirable biological effec
otherwise interacting in a deleterious manner &itlt other component(s) of the pharmaceutically ptedxe
composition, the excipient’s use is contemplateldetavithin the scope of this disclosure.

[00411] In some embodiments, the concentration of one aerabthe compounds provided in the
disclosed pharmaceutical compositions is equal tess than about 100%, about 90%, about 80%, atfi¥at
about 60%, about 50%, about 40%, about 30%, alii%t 2bout 19%, about 18%, about 17%, about 16%utabo
15%, about 14%, about 13%, about 12%, about 118utdl®%, about 9%, about 8%, about 7%, about 6% tab
5%, about 4%, about 3%, about 2%, about 1%, ah&&t,0about 0.4%, about 0.3%, about 0.2%, about 0.1%
about 0.09%, about 0.08%, about 0.07%, about 0.@8%)t 0.05%, about 0.04%, about 0.03%, about 0.02%
about 0.01%, about 0.009%, about 0.008%, abou7@0@bout 0.006%, about 0.005%, about 0.004%, about
0.003%, about 0.002%, about 0.001%, about 0.00@®%,t 0.0008%, about 0.0007%, about 0.0006%, about
0.0005%, about 0.0004%, about 0.0003%, about 09002 about 0.0001% w/w, w/v or v/v

[00412] In some embodiments, the concentration of one aermbthe compounds as provided herein is
greater than about 90%, about 80%, about 70%, &@8at about 50%, about 40%, about 30%, about 20%ta
19.75%, about 19.50%, about 19.25%, about 19%,td®id5%, about 18.50%, about 18.25%, about 18%tab
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17.75%, about 17.50%, about 17.25%, about 17%,tdl#id5%, about 16.50%, about 16.25%, about 16%ytab
15.75%, about 15.50%, about 15.25%, about 15%,tdlbid5%, about 14.50%, about 14.25%, about 14%tab
13.75%, about 13.50%, about 13.25%, about 13%,tdibid5%, about 12.50%, about 12.25%, about 12%tab
11.75%, about 11.50%, about 11.25%, about 11%,taibid5%, about 10.50%, about 10.25%, about 10%tab
9.75%, about 9.50%, about 9.25%, about 9%, ab@&®8,. about 8.50%, about 8.25%, about 8%, abou®4,.75
about 7.50%, about 7.25%, about 7%, about 6.75%yt&50%, about 6.25%, about 6%, about 5.75%,tabou
5.50%, about 5.25%, about 5%, about 4.75%, ab&8084. about 4.25%, about 4%, about 3.75%, abou®®a.50
about 3.25%, about 3%, about 2.75%, about 2.50%t&h25%, about 2%, about 1.75%, about 1.50%,tabou
1.25%, about 1%, about 0.5%, about 0.4%, about OaB%ut 0.2%, about 0.1%, about 0.09%, about 0.08%,
about 0.07%, about 0.06%, about 0.05%, about 0.@&%)t 0.03%, about 0.02%, about 0.01%, about @009
about 0.008%, about 0.007%, about 0.006%, abo06&0) about 0.004%, about 0.003%, about 0.002%,tabou
0.001%, about 0.0009%, about 0.0008%, about 0.008B%wut 0.0006%, about 0.0005%, about 0.0004%,tabou
0.0003%, about 0.0002%, or about 0.0001% w/w, @rw/v.

[00413] In some embodiments, the concentration of one aermbthe compounds as provided herein is
in the range from approximately 0.0001% to appr@tity 50%, approximately 0.001% to approximatel$e40
approximately 0.01% to approximately 30%, approxatya0.02% to approximately 29%, approximately 0403
to approximately 28%, approximately 0.04% to appmaely 27%, approximately 0.05% to approximated9a
approximately 0.06% to approximately 25%, approxatya0.07% to approximately 24%, approximately 0408
to approximately 23%, approximately 0.09% to appmaely 22%, approximately 0.1% to approximatelya21
approximately 0.2% to approximately 20%, approxeha0.3% to approximately 19%, approximately 0.4% t
approximately 18%, approximately 0.5% to approxghal 7%, approximately 0.6% to approximately 16%,
approximately 0.7% to approximately 15%, approxigha0.8% to approximately 14%, approximately 0.9 t
approximately 12%, or approximately 1% to approxehal0% w/w, w/v, or v/v.

[00414] In some embodiments, the concentration of one aermbthe compounds as provided herein is
in the range from approximately 0.001% to approxatyal 0%, approximately 0.01% to approximately 5%,
approximately 0.02% to approximately 4.5%, appratigly 0.03% to approximately 4%, approximately 8604
to approximately 3.5%, approximately 0.05% to agjmately 3%, approximately 0.06% to approximatel9a,
approximately 0.07% to approximately 2%, approxigha0.08% to approximately 1.5%, approximately @609
to approximately 1%, or approximately 0.1% to apprately 0.9% w/w, w/v, or v/v.

[00415] In some embodiments, the amount of one or moreeo€dbmpounds as provided herein is equal
to or less than about 10 g, about 9.5 g, aboug Sabout 8.5 g, about 8.0 g, about 7.5 g, aboug,7about 6.5 g,
about 6.0 g, about 5.5 g, about 5.0 g, about 4dbgut 4.0 g, about 3.5 g, about 3.0 g, about 2abgut 2.0 g,
about 1.5 g, about 1.0 g, about 0.95 g, about Oa®gut 0.85 g, about 0.8 g, about 0.75 g, abdugOabout 0.65
g, about 0.6 g, about 0.55 g, about 0.5 g, abdd §, about 0.4 g, about 0.35 g, about 0.3 g, ab@% g, about
0.2 g, about 0.15 g, about 0.1 g, about 0.09 gte®68 g, about 0.07 g, about 0.06 g, about 0,@hgut 0.04 g,
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about 0.03 g, about 0.02 g, about 0.01 g, abo®@30y) about 0.008 g, about 0.007 g, about 0.0@®ait 0.005
g, about 0.004 g, about 0.003 g, about 0.002 g)teh601 g, about 0.0009 g, about 0.0008 g, ab&®OT g,
about 0.0006 g, about 0.0005 g, about 0.0004 gyte&bh6003 g, about 0.0002 g, or about 0.0001 gone
embodiments, the amount of one or more of the comg® provided herein in the pharmaceutical comiposit
provided herein is about 1 mg, about 1.5 mg, aBouy, about 2.5 mg, about 3 mg, about 3.1 mg, ab@uing,
about 3.3 mg, about 3.4 mg, about 3.5 mg, abougatmout 5 mg, about 6 mg, about 7 mg, about Satngpit 9
mg, or about 10 mg.

[00416] In some embodiments, the amount of one or morBeo€dbmpounds as provided herein is more
than about 0.0001 g, about 0.0002 g, about 0.00@Baut 0.0004 g, about 0.0005 g, about 0.0006ata
0.0007 g, about 0.0008 g, about 0.0009 g, abo0tlQyPabout 0.0015 g, about 0.002 g, about 0.0025qut
0.003 g, about 0.0035 g, about 0.004 g, about 8.g04bout 0.005 g, about 0.0055 g, about 0.0@® gt
0.0065 g, about 0.007 g, about 0.0075 g, abouB0gp@bout 0.0085 g, about 0.009 g, about 0.009bg,t 0.01
g, about 0.015 g, about 0.02 g, about 0.025 g,ta®6@ g, about 0.035 g, about 0.04 g, about Og)4tbout 0.05
g, about 0.055 g, about 0.06 g, about 0.065 g,tel6id g, about 0.075 g, about 0.08 g, about 0g)&tbout 0.09
g, about 0.095 g, about 0.1 g, about 0.15 g, ab@ug, about 0.25 g, about 0.3 g, about 0.35 g,hd g, about
0.45 g, about 0.5 g, about 0.55 g, about 0.6 gte®65 g, about 0.7 g, about 0.75 g, about Oabgut 0.85 g,
about 0.9 g, about 0.95 g, about 1 g, about 1labgut 2 g, about 2.5 g, about 3 g, about 3.5 gitabg, about
4.5 g, about 5 g, about 5.5 g, about 6 g, aboug6about 7 g, about 7.5 g, about 8 g, about 8abgut 9 g, about
9.5 g, or about 10 g.

[00417] In some embodiments, the amount of one or moreeo€dbmpounds as provided herein is in the
range of about 0.0001 to about 10 g, about 0.06@®out 9 g, about 0.001 to about 8 g, about Gc@@bHout 7 g,
about 0.01 to about 6 g, about 0.05 to about Haue0.1 to about 4 g, about 0.5 to about 4 ghoutl to about
34g.

5.4.1.1 Formulations for oral administration
[00418] In some embodiments, provided herein are pharmiaatabmpositions for oral administration
containing a compound as provided herein, and enpdeutical excipient suitable for oral administat In
some embodiments, provided herein are pharmackatogositions for oral administration containirig:an
effective amount of a disclosed compound; optign@i) an effective amount of one or more seconeras; and
(iii) one or more pharmaceutical excipients suiédiok oral administration. In some embodiments, th
pharmaceutical composition further contains: (iv)effective amount of a third agent.
[00419] In some embodiments, the pharmaceutical compositorbe a liquid pharmaceutical
composition suitable for oral consumption. Phamuodical compositions suitable for oral administratcan be
presented as discrete dosage forms, such as capsadbets, or tablets, or liquids or aerosol speagch
containing a predetermined amount of an activeedigint as a powder or in granules, a solution,sarspension
in an aqueous or non-aqueous liquid, an oil-in-wateulsion, or a water-in-oil liquid emulsion. Subbsage
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forms can be prepared by any of the methods ofnphiay, but all methods include the step of brindheyactive
ingredient into association with the carrier, whatinstitutes one or more ingredients. In genehnal, t
pharmaceutical compositions are prepared by unljoamd intimately admixing the active ingredientiwiiquid
carriers or finely divided solid carriers or bo#md then, if necessary, shaping the product ireal#sired
presentation. For example, a tablet can be prdgmreompression or molding, optionally with onentore
accessory ingredients. Compressed tablets careparnpd by compressing in a suitable machine ttiaeac
ingredient in a free-flowing form such as powdegmanules, optionally mixed with an excipient sash but not
limited to, a binder, a lubricant, an inert diluesmhd/or a surface active or dispersing agent. détbkablets can
be made by molding in a suitable machine a mixtditbe powdered compound moistened with an inquidi
diluent.

[00420] The present disclosure further encompasses antg/gtarmaceutical compositions and dosage
forms comprising an active ingredient, since water facilitate the degradation of some compourkds.
example, water can be addedy(,about 5%) in the pharmaceutical arts as a measisnoflating long-term
storage in order to determine characteristics sgcthelf-life or the stability of formulations ouéme.
Anhydrous pharmaceutical compositions and dosagesfaan be prepared using anhydrous or low moisture
containing ingredients and low moisture or low hdityi conditions. For example, pharmaceutical cosifmms
and dosage forms which contain lactose can be mrdudrous if substantial contact with moisture and/
humidity during manufacturing, packaging, and/orage is expected. An anhydrous pharmaceutical
composition can be prepared and stored such thanitydrous nature is maintained. Accordingly ydnbus
pharmaceutical compositions can be packaged usatgrials known to prevent exposure to water suahtttey
can be included in suitable formulary kits. Exaespbf suitable packaging include, but are not &ahiio,
hermetically sealed foils, plastic or the like, tudbse containers, blister packs, and strip packs.

[00421] An active ingredient can be combined in an intinatmixture with a pharmaceutical carrier
according to conventional pharmaceutical compowuntiichniques. The carrier can take a wide vadéfgrms
depending on the form of preparation desired foniatstration. In preparing the pharmaceutical cogifons
for an oral dosage form, any of the usual pharmézunedia can be employed as carriers, sucloasxample,
water, glycols, oils, alcohols, flavoring agentegervatives, coloring agents, and the like incime of oral
liquid preparations (such as suspensions, solytan elixirs) or aerosols; or carriers such ashkes, sugars,
micro-crystalline cellulose, diluents, granulatemgents, lubricants, binders, and disintegratingnsgean be used
in the case of oral solid preparations, in somedaatimhents without employing the use of lactose. é@mple,
suitable carriers include powders, capsules, dndts with the solid oral preparations. In sonmediments,
tablets can be coated by standard aqueous or neoas|techniques.

[00422] Binders suitable for use in pharmaceutical commwstand dosage forms include, but are not
limited to, corn starch, potato starch, or othardtes, gelatin, natural and synthetic gums suetasa, sodium

alginate, alginic acid, other alginates, powderagddcanth, guar gum, cellulose and its derivaijges,ethyl
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cellulose, cellulose acetate, carboxymethyl cefleloalcium, sodium carboxymethyl cellulose), paiyvi
pyrrolidone, methyl cellulose, pre-gelatinized sharhydroxypropyl methyl cellulose, microcrystadlinellulose,
and mixtures thereof.

[00423] Examples of suitable fillers for use in the pharedizal compositions and dosage forms
provided herein include, but are not limited tdg,taalcium carbonatee(g.,granules or powder), microcrystalline
cellulose, powdered cellulose, dextrates, kaolianmitol, silicic acid, sorbitol, starch, pre-getatied starch, and
mixtures thereof.

[00424] Disintegrants can be used in the pharmaceuticapositions as provided herein to provide
tablets that disintegrate when exposed to an aguemtironment. Too much of a disintegrant can peed
tablets which can disintegrate in the bottle. Title can be insufficient for disintegration tocur and can thus
alter the rate and extent of release of the aatigeedient(s) from the dosage form. Thus, a sigfficamount of
disintegrant that is neither too little nor too rhdo detrimentally alter the release of the aciiegedient(s) can
be used to form the dosage forms of the compourasded herein. The amount of disintegrant usedveay
based upon the type of formulation and mode of athtnation, and can be readily discernible to thafse
ordinary skill in the art. About 0.5 to about 18&ight percent of disintegrant, or about 1 to atoweight
percent of disintegrant, can be used in the phagntaal composition. Disintegrants that can belusdorm
pharmaceutical compositions and dosage forms ieclioigt are not limited to, agar-agar, alginic acal¢ium
carbonate, microcrystalline cellulose, croscarnsellsodium, crospovidone, polacrilin potassium, wodstarch
glycolate, potato or tapioca starch, other starghesgelatinized starch, other starches, claygrailgins, other
celluloses, gums or mixtures thereof.

[00425] Lubricants which can be used to form pharmaceuticaipositions and dosage forms include,
but are not limited to, calcium stearate, magnestearate, mineral oil, light mineral oil, glycersorbitol,
mannitol, polyethylene glycol, other glycols, stearcid, sodium lauryl sulfate, talc, hydrogenatedetable oil
(e.g.,peanut oil, cottonseed oil, sunflower oil, sesanheolive oil, corn oil, and soybean oil), zinearate, ethyl
oleate, ethylaureate, agar, or mixtures thereafditfonal lubricants include, for example, a sylsilica gel, a
coagulated aerosol of synthetic silica, or mixtureseof. A lubricant can optionally be addedamamount of
less than about 1 weight percent of the pharmazwtomposition.

[00426] When aqueous suspensions and/or elixirs are ddsiredal administration, the active ingredient
therein can be combined with various sweetenifftagoring agents, coloring matter or dyes and gcample,
emulsifying and/or suspending agents, together sitth diluents as water, ethanol, propylene ghglgterin
and various combinations thereof.

[00427] The tablets can be uncoated or coated by knowmigabs to delay disintegration and absorption
in the gastrointestinal tract and thereby provideistained action over a longer period. For exanmgtime delay
material such as glyceryl monostearate or glyodistearate can be employed. Formulations forusalcan also

be presented as hard gelatin capsules whereirctive sngredient is mixed with an inert solid dihtefor
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example, calcium carbonate, calcium phosphateairkar as soft gelatin capsules wherein the adtigredient
is mixed with water or an oil medium, for examgdeanut oil, liquid paraffin or olive oil.

[00428] Surfactant which can be used to form pharmaceutmalpositions and dosage forms include, but
are not limited to, hydrophilic surfactants, lipdmhsurfactants, and mixtures thereof. That imiature of
hydrophilic surfactants can be employed, a mixafrigophilic surfactants can be employed, or atonie of at
least one hydrophilic surfactant and at least graphilic surfactant can be employed.

[00429] A suitable hydrophilic surfactant can generallyénan HLB value of at least about 10, while
suitable lipophilic surfactants can generally hameHLB value of or less than about 10. An empinzaameter
used to characterize the relative hydrophilicitgd éydrophobicity of non-ionic amphiphilic compouridghe
hydrophilic-lipophilic balance (“HLB” value). Swuattants with lower HLB values are more lipophilic o
hydrophobic, and have greater solubility in oil$iile surfactants with higher HLB values are mordroyphilic,
and have greater solubility in aqueous solutiddgdrophilic surfactants are generally consideredddhose
compounds having an HLB value greater than abouad @ell as anionic, cationic, or zwitterionic qumands
for which the HLB scale is not generally applicab&milarly, lipophilic {.e., hydrophobic) surfactants are
compounds having an HLB value equal to or less #imut 10. However, HLB value of a surfactant exely a
rough guide generally used to enable formulatiomadistrial, pharmaceutical and cosmetic emulsions.
[00430] Hydrophilic surfactants can be either ionic or nonic. Suitable ionic surfactants include, but
are not limited to, alkylammonium salts; fusidiédasalts; fatty acid derivatives of amino acidsgopeptides,
and polypeptides; glyceride derivatives of aminilgooligopeptides, and polypeptides; lecithins and
hydrogenated lecithins; lysolecithins and hydrogetdysolecithins; phospholipids and derivativesr gof;
lysophospholipids and derivatives thereof; carnifiatty acid ester salts; salts of alkylsulfatastyfacid salts;
sodium docusate; acylactylates; mono- and di-aatelgltartaric acid esters of mono- and di-glyceside
succinylated mono- and di-glycerides; citric acitees of mono- and di-glycerides; and mixturesegr
[00431] Within the aforementioned group, ionic surfactantsude, by way of example: lecithins,
lysolecithin, phospholipids, lysophospholipids aletivatives thereof; carnitine fatty acid estetssalalts of
alkylsulfates; fatty acid salts; sodium docusatgjactylates; mono- and di-acetylated tartaric astérs of
mono- and di-glycerides; succinylated mono- andlgierides; citric acid esters of mono- and di-glydes; and
mixtures thereof.

[00432] lonic surfactants can be the ionized forms of kegitlysolecithin, phosphatidylcholine,
phosphatidylethanolamine, phosphatidylglycerol,gutnatidic acid, phosphatidylserine, lysophosphétityfine,
lysophosphatidylethanolamine, lysophosphatidylgigk,dysophosphatidic acid, lysophosphatidylserirEG-
phosphatidylethanolamine, PVP-phosphatidylethanilentactylic esters of fatty acids, stearoyl-2t{date,
stearoyl lactylate, succinylated monoglyceridesnaidiacetylated tartaric acid esters of mono/digiiges, citric
acid esters of mono/diglycerides, cholylsarcosiagroate, caprylate, caprate, laurate, myristafenitate,
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oleate, ricinoleate, linoleate, linolenate, stemrketuryl sulfate, teracecyl sulfate, docusatedgicarnitines,
palmitoyl carnitines, myristoyl carnitines, andtsalnd mixtures thereof.

[00433] Hydrophilic non-ionic surfactants can include, g not limited to, alkylglucosides;
alkylmaltosides; alkylthioglucosides; lauryl macotgycerides; polyoxyalkylene alkyl ethers such as
polyethylene glycol alkyl ethers; polyoxyalkylen&yphenols such as polyethylene glycol alkyl phisno
polyoxyalkylene alkyl phenol fatty acid esters sastpolyethylene glycol fatty acids monoesters and
polyethylene glycol fatty acids diesters; polyetmng glycol glycerol fatty acid esters; polyglycefiatty acid
esters; polyoxyalkylene sorbitan fatty acid essersh as polyethylene glycol sorbitan fatty acieest
hydrophilic transesterification products of a polydth at least one member of glycerides, vegetaie
hydrogenated vegetable oils, fatty acids, and kstgpolyoxyethylene sterols, derivatives, and agaés thereof;
polyoxyethylated vitamins and derivatives therguaftyoxyethylene-polyoxypropylene block copolymeasd
mixtures thereof; polyethylene glycol sorbitanyaitid esters and hydrophilic transesterificatioodpcts of a
polyol with at least one member of triglyceridesgetable oils, and hydrogenated vegetable oils pbhel can
be glycerol, ethylene glycol, polyethylene glycdrbitol, propylene glycol, pentaerythritol, oracesharide.
[00434] Other hydrophilic-non-ionic surfactants includethaiut limitation, PEG-10 laurate, PEG-12
laurate, PEG-20 laurate, PEG-32 laurate, PEG-22idite, PEG-12 oleate, PEG-15 oleate, PEG-20 oleB(B-
20 dioleate, PEG-32 oleate, PEG-200 oleate, PEGeade, PEG-15 stearate, PEG-32 distearate, PEG-40
stearate, PEG-100 stearate, PEG-20 dilaurate, PEgbyReryl trioleate, PEG-32 dioleate, PEG-20 gtyte
laurate, PEG-30 glyceryl laurate, PEG-20 glycetgagte, PEG-20 glyceryl oleate, PEG-30 glycerghtd,
PEG-30 glyceryl laurate, PEG-40 glyceryl laurate340 palm kernel oil, PEG-50 hydrogenated castpr o
PEG-40 castor oil, PEG-35 castor oil, PEG-60 castpPEG-40 hydrogenated castor oil, PEG-60 hydnaged
castor oil, PEG-60 corn oil, PEG-6 caprate/capeytycerides, PEG-8 caprate/caprylate glycerides,
polyglyceryl-10 laurate, PEG-30 cholesterol, PEGBto sterol, PEG-30 soya sterol, PEG-20 trioleREG-40
sorbitan oleate, PEG-80 sorbitan laurate, polyserB@, polysorbate 80, POE-9 lauryl ether, POEa2By ether,
POE-10 oleyl ether, POE-20 oleyl ether, POE-20rgtedher, tocopheryl PEG-100 succinate, PEG-24
cholesterol, polyglyceryl-10 oleate, Tween 40, Twé6, sucrose monostearate, sucrose monolauratessu
monopalmitate, PEG 10-100 nonyl phenol series, BEGO0 octyl phenol series, and poloxamers.

[00435] Suitable lipophilic surfactants include, by wayesfample only: fatty alcohols; glycerol fatty acid
esters; acetylated glycerol fatty acid esters; faaeohol fatty acids esters; propylene glycolyfattid esters;
sorbitan fatty acid esters; polyethylene glycob#an fatty acid esters; sterols and sterol derieat
polyoxyethylated sterols and sterol derivativedygitylene glycol alkyl ethers; sugar esters; suaghers; lactic
acid derivatives of mono- and di-glycerides; hydhaipic transesterification products of a polyol watieast one
member of glycerides, vegetable oils, hydrogenaeggktable oils, fatty acids and sterols; oil-saubl
vitamins/vitamin derivatives; and mixtures there@¥ithin this group, non-limiting examples of lipaipc

surfactants include glycerol fatty acid esterspgtene glycol fatty acid esters, and mixtures tb&rer are
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hydrophobic transesterification products of a pblyibh at least one member of vegetable oils, hgdrated
vegetable oils, and triglycerides.

[00436] In one embodiment, the pharmaceutical compositémicclude a solubilizer to ensure good
solubilization and/or dissolution of a compouncesvided herein and to minimize precipitation of th
compound. This can be especially important forplaeeutical compositions for non-oral uedy.,
pharmaceutical compositions for injection. A sdliabr can also be added to increase the solulfithe
hydrophilic drug and/or other components, suchugistants, or to maintain the pharmaceutical casitjpm as a
stable or homogeneous solution or dispersion.

[00437] Examples of suitable solubilizers include, butmelimited to, the following: alcohols and
polyols, such as ethanol, isopropyl alcohol, butapenzyl alcohol, ethylene glycol, propylene gliyco
butanediols and isomers thereof, glycerol, penthgtgl, sorbitol, mannitol, transcutol, dimethglisorbide,
polyethylene glycol, polypropylene glycol, polyviaicohol, hydroxypropyl methylcellulose and othelalose
derivatives, cyclodextrins and cyclodextrin derivas; ethers of polyethylene glycols having an ager
molecular weight of about 200 to about 6000, siscterahydrofurfuryl alcohol PEG ether (glycofurot)
methoxy PEG; amides and other nitrogen-containorgpounds such as 2-pyrrolidone, 2-piperidane,
caprolactam, N-alkylpyrrolidone, N-hydroxyalkylpgtidone, N-alkylpiperidone, N-alkylcaprolactam,
dimethylacetamide and polyvinylpyrrolidone; estaush as ethyl propionate, tributylcitrate, acefigthylcitrate,
acetyl tributyl citrate, triethylcitrate, ethyl @, ethyl caprylate, ethyl butyrate, triacetimpmyiene glycol
monoacetate, propylene glycol diacetateaprolactone and isomers therdofjalerolactone and isomers thereof,
B-butyrolactone and isomers thereof; and other databs known in the art, such as dimethyl acetamid
dimethyl isosorbide, N-methyl pyrrolidones, monawaiin, diethylene glycol monoethyl ether, and water
[00438] Mixtures of solubilizers can also be used. Examirielide, but not limited to, triacetin,
triethylcitrate, ethyl oleate, ethyl caprylate, @tfmylacetamide, N-methylpyrrolidone, N-
hydroxyethylpyrrolidone, polyvinylpyrrolidone, hyakypropyl methylcellulose, hydroxypropyl cycloders,
ethanol, polyethylene glycol 200-100, glycofurodrtscutol, propylene glycol, and dimethyl isosogbidn some
embodiments, solubilizers include sorbitol, glydetdacetin, ethyl alcohol, PEG-400, glycofuroldapropylene
glycol.

[00439] The amount of solubilizer that can be includedasparticularly limited. The amount of a given
solubilizer can be limited to a bioacceptable antowhich can be readily determined by one of skithe art. In
some circumstances, it can be advantageous talmeonounts of solubilizers far in excess of bioptaigle
amounts, for example to maximize the concentratfdhe drug, with excess solubilizer removed ptor
providing the pharmaceutical composition to a stthjsing conventional techniques, such as disthabr
evaporation. Thus, if present, the solubilizer lbarin a weight ratio of about 10%, 25%, 50%, 1006#4)p to
about 200% by weight, based on the combined weifitite drug, and other excipients. If desiredyvamall
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amounts of solubilizer can also be used, such ast&so, 2%, 1% or even less. Typically, the sdizdi can be
present in an amount of about 1% to about 100%e ypically about 5% to about 25% by weight.

[00440] The pharmaceutical composition can further inclade or more pharmaceutically acceptable
additives and excipients. Such additives and éxaip include, without limitation, detackifiers,tafoaming
agents, buffering agents, polymers, antioxidanmssgrvatives, chelating agents, viscomodulatorsgifcers,
flavorants, colorants, oils, odorants, opacifistsspending agents, binders, fillers, plasticidetsjcants, and
mixtures thereof.

[00441] Exemplary preservatives can include antioxidariis|ating agents, antimicrobial preservatives,
antifungal preservatives, alcohol preservativesgli@apreservatives, and other preservatives. Examyp
antioxidants include, but are not limited to, alpbeopherol, ascorbic acid, acorbyl palmitate, laied
hydroxyanisole, butylated hydroxytoluene, monothjogrol, potassium metabisulfite, propionic acidygy!
gallate, sodium ascorbate, sodium bisulfite, sodimatabisulfite, and sodium sulfite. Exemplary eliely agents
include ethylenediaminetetraacetic acid (EDTAY)jciacid monohydrate, disodium edetate, dipotassidetate,
edetic acid, fumaric acid, malic acid, phosphodid asodium edetate, tartaric acid, and trisodiulstate.
Exemplary antimicrobial preservatives include, éng not limited to, benzalkonium chloride, benzatbm
chloride, benzyl alcohol, bronopol, cetrimide, ¢gyyidinium chloride, chlorhexidine, chlorobutanol,
chlorocresol, chloroxylenol, cresol, ethyl alcotgiycerin, hexetidine, imidurea, phenol, phenoxgetti,
phenylethyl alcohol, phenylmercuric nitrate, pramé glycol, and thimerosal. Exemplary antifungal
preservatives include, but are not limited to, bpraben, methyl paraben, ethyl paraben, propyhemn,
benzoic acid, hydroxybenzoic acid, potassium beez@atassium sorbate, sodium benzoate, sodiunionate,
and sorbic acid. Exemplary alcohol preservatineide, but are not limited to, ethanol, polyethgeylycol,
phenol, phenolic compounds, bisphenol, chlorobutdmalroxybenzoate, and phenylethyl alcohol. Exkmyp
acidic preservatives include, but are not limitedvitamin A, vitamin C, vitamin E, beta—caroteni¥ic acid,
acetic acid, dehydroacetic acid, ascorbic acidyis@rcid, and phytic acid. Other preservativetuie, but are
not limited to, tocopherol, tocopherol acetateed®time mesylate, cetrimide, butylated hydroxyaniBHiA),
butylated hydroxytoluened (BHT), ethylenediamiraliam lauryl sulfate (SLS), sodium lauryl etherfatd
(SLES), sodium bisulfite, sodium metabisulfite, ggstium sulfite, potassium metabisulfite, GlydanisPI
Phenonip, methylparaben, Germall 115, Germabeyelblone, Kathon, and Euxyl. In certain embodimettis
preservative is an anti—oxidant. In other embodisighe preservative is a chelating agent.

[00442] Exemplary oils include, but are not limited to, almd, apricot kernel, avocado, babassu,
bergamot, black current seed, borage, cade, camoraihola, caraway, carnauba, castor, cinnamobadudtter,
coconut, cod liver, coffee, corn, cotton seed, esngalyptus, evening primrose, fish, flaxseed, mjetagourd,
grape seed, hazel nut, hyssop, isopropyl myrigigteha, kukui nut, lavandin, lavender, lemon,dascubeba,
macademia nut, mallow, mango seed, meadowfoam s®eki, nutmeg, olive, orange, orange roughy, palm,

palm kernel, peach kernel, peanut, poppy seed, kinnsped, rapeseed, rice bran, rosemary, safflower,
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sandalwood, sasquana, savory, sea buckthorn, seslaeaebutter, silicone, soybean, sunflower, & thistle,
tsubaki, vetiver, walnut, and wheat germ oils. fagkary oils also include, but are not limited tafyd stearate,
caprylic triglyceride, capric triglyceride, cycloth@&one, diethyl sebacate, dimethicone 360, isognayyristate,
mineral oil, octyldodecanol, oleyl alcohol, silimpil, and combinations thereof.

[00443] In addition, an acid or a base can be incorporatedhe pharmaceutical composition to facilitate
processing, to enhance stability, or for otherorasExamples of pharmaceutically acceptable liaskale
amino acids, amino acid esters, ammonium hydroxidessium hydroxide, sodium hydroxide, sodium bgen
carbonate, aluminum hydroxide, calcium carbonatgmasium hydroxide, magnesium aluminum silicate,
synthetic aluminum silicate, synthetic hydrocalcitegnesium aluminum hydroxide, diisopropylethylaeni
ethanolamine, ethylenediamine, triethanolaminethyilamine, triisopropyl alcoholamine, trimethylaraj
tris(hydroxymethyl)-aminomethane (TRIS) and thelikAlso suitable are bases that are salts of a
pharmaceutically acceptable acid, such as aceatic acrylic acid, adipic acid, alginic acid, alkan#onic acid,
amino acids, ascorbic acid, benzoic acid, borid,dmityric acid, carbonic acid, citric acid, fatgids, formic
acid, fumaric acid, gluconic acid, hydroquinosulfoacid, isoascorbic acid, lactic acid, maleic aoixhlic acid,
para-bromophenylsulfonic acid, propionic acid, lr¢mesulfonic acid, salicylic acid, stearic acig;anic acid,
tannic acid, tartaric acid, thioglycolic acid, tehesulfonic acid, uric acid, and the like. Saftpalyprotic acids,
such as sodium phosphate, disodium hydrogen phtes@rad sodium dihydrogen phosphate can also lik use
When the base is a salt, the cation can be anyeooewt and pharmaceutically acceptable cation, asch
ammonium, alkali metals, alkaline earth metals, thedike. Examples can include, but not limitedsodium,
potassium, lithium, magnesium, calcium and ammonium

[00444] Suitable acids are pharmaceutically acceptablenarga inorganic acids. Examples of suitable
inorganic acids include hydrochloric acid, hydrabio acid, hydriodic acid, sulfuric acid, nitric dciboric acid,
phosphoric acid, and the like. Examples of suitab¢mnic acids include acetic acid, acrylic acitlpe acid,
alginic acid, alkanesulfonic acids, amino acidspasic acid, benzoic acid, boric acid, butyric acdrbonic acid,
citric acid, fatty acids, formic acid, fumaric acgluconic acid, hydroquinosulfonic acid, isoasiodxid, lactic
acid, maleic acid, methanesulfonic acid, oxalidapara-bromophenylsulfonic acid, propionic acid, p
toluenesulfonic acid, salicylic acid, stearic agdgcinic acid, tannic acid, tartaric acid, thiagiljc acid,
toluenesulfonic acid, uric acid and the like.

5.4.1.2 Formulations for Parenteral Administration
[00445] In some embodiments, provided herein are pharmiaatabmpositions for parenteral
administration containing a compound as provideeiheand a pharmaceutical excipient suitable &oepteral
administration. In some embodiments, providediheaee pharmaceutical compositions for parenteral
administration containing: (i) an effective amooht disclosed compound; optionally (ii) an effgetamount of
one or more second agents; and (iii) one or moaerpaceutical excipients suitable for parenteraliagnation.
In some embodiments, the pharmaceutical compoditidher contains: (iv) an effective amount of adtagent.
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[00446] The forms in which the disclosed pharmaceuticalpositions can be incorporated for
administration by injection include aqueous orspispensions, or emulsions, with sesame oil, cdroattonseed
oil, or peanut oil, as well as elixirs, mannitoéxtrose, or a sterile aqueous solution, and simpl@armaceutical
vehicles.

[00447] Aqueous solutions in saline are also conventionabd for injection. Ethanol, glycerol,
propylene glycol, liquid polyethylene glycol, artktlike (and suitable mixtures thereof), cyclodiextr
derivatives, and vegetable oils can also be emdloye

[00448] Aqueous solutions in saline are also conventionabd for injection. Ethanol, glycerol,
propylene glycol, liquid polyethylene glycol, artktlike (and suitable mixtures thereof), cyclodiextr
derivatives, and vegetable oils can also be emgloyide proper fluidity can be maintained, for epéanby the
use of a coating, such as lecithin, for the maguee of the required particle size in the casagpfedsion and by
the use of surfactants. The prevention of theoaaif microorganisms can be brought about by variou
antibacterial and antifungal agents, for exampdeapens, chlorobutanol, phenol, sorbic acid, thiser and the
like.

[00449] Sterile injectable solutions are prepared by inoapng a compound as provided herein in the
required amount in the appropriate solvent withows other ingredients as enumerated above, asajgte,
followed by filtered sterilization. Generally, gsrsions are prepared by incorporating the vasbersized
active ingredients into a sterile vehicle whichtedms the basic dispersion medium and the appitepother
ingredients from those enumerated above. In the obsterile powders for the preparation of stdrijectable
solutions, certain methods of preparation are vaedrying and freeze-drying techniques which yielgbavder
of the active ingredient plus any additional ingeedtl from a previously sterile-filtered solutioretieof.

[00450] The injectable formulations can be sterilized,drample, by filtration through a bacterial—
retaining filter, or by incorporating sterilizingg@ants in the form of sterile solid compositions ethcan be
dissolved or dispersed in sterile water or otherilstinjectable medium prior to use. Injectaldenpositions can

contain from about 0.1 to about 5% w/w of a compbas disclosed herein.

5.4.1.3 Formulations for Topical Administration
[00451] In some embodiments, provided herein are pharmiaatabmpositions for topicak(g.,
transdermal) administration containing a compoungravided herein, and a pharmaceutical excipigitdlse
for topical administration. In some embodimentsyjed herein are pharmaceutical compositionsdpical
administration containing: (i) an effective amooht disclosed compound; optionally (ii) an effgeetamount of
one or more second agents; and (iii) one or moaernpaceutical excipients suitable for topical adstiaition. In
some embodiments, the pharmaceutical compositidheiucontains: (iv) an effective amount of a thagent.
[00452] Pharmaceutical compositions provided herein caioimeulated into preparations in solid, semi-
solid, or liquid forms suitable for local or topi@ministration, such as gels, water solublegsllicreams,

lotions, suspensions, foams, powders, slurriestants, solutions, oils, pastes, suppositoriegyspremulsions,
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saline solutions, dimethylsulfoxide (DMSO)-basellisons. In general, carriers with higher densitee
capable of providing an area with a prolonged expo$o the active ingredients. In contrast, atsariu
formulation can provide more immediate exposurthefactive ingredient to the chosen area.

[00453] The pharmaceutical compositions also can compuisatde solid or gel phase carriers or
excipients, which are compounds that allow incrégsmetration of, or assist in the delivery of répeutic
molecules across the stratum corneum permeabdityes of the skin. There are many of these patietr-
enhancing molecules known to those trained in thefdopical formulation. Examples of such carsiand
excipients include, but are not limited to, humatdae.g.,urea), glycols€.g.,propylene glycol), alcohol®(g.,
ethanol), fatty acidse(g.,oleic acid), surfactante(g.,isopropyl myristate and sodium lauryl sulfate),
pyrrolidones, glycerol monolaurate, sulfoxidesp&res €.g.,menthol), amines, amides, alkanes, alkanols, water
calcium carbonate, calcium phosphate, various sugtarches, cellulose derivatives, gelatin, arghpers such
as polyethylene glycols.

[00454] Another exemplary formulation for use in the diseld methods employs transdermal delivery
devices (“patches”). Such transdermal patchedbearsed to provide continuous or discontinuoussiofuof a
compound as provided herein in controlled amouaitiser with or without another agent.

[00455] The construction and use of transdermal patchehéodelivery of pharmaceutical agents is well
known in the artSee, e.gl).S. Pat. Nos. 5,023,252, 4,992,445 and 5,001, 88@h patches can be constructed
for continuous, pulsatile, or on demand deliverpbérmaceutical agents.

[00456] Suitable devices for use in delivering intraderpteirmaceutically acceptable compositions
described herein include short needle devices asithose described in U.S. Patents 4,886,499; 5490
5,328,483; 5,527,288; 4,270,537; 5,015,235; 5,86t,4nd 5,417,662. Intradermal compositions can be
administered by devices which limit the effectivenptration length of a needle into the skin, sicthase
described in PCT publication WO 99/34850 and funmal equivalents thereof. Jet injection devicegtvh
deliver liquid vaccines to the dermis via a ligjetiinjector and/or via a needle which piercesdinatum
corneum and produces a jet which reaches the dammisuitable. Jet injection devices are descyitoed
example, in U.S. Patents 5,480,381; 5,599,302:45133; 5,993,412; 5,649,912; 5,569,189; 5,704,911,
5,383,851, 5,893,397; 5,466,220; 5,339,163; 5,88,3,503,627; 5,064,413; 5,520,639; 4,596,55601324;
4,941,880; 4,940,460; and PCT publications WO 97@537and WO 97/13537. Ballistic powder/particleidly
devices which use compressed gas to acceleratmgdngowder form through the outer layers ofskim to the
dermis are suitable. Alternatively or additionallpnventional syringes can be used in the cldssiaatoux
method of intradermal administration.

[00457] Topically-administrable formulations can, for exdeymomprise from about 1% to about 10%
(w/w) of a compound provided herein relative to thial weight of the formulation, although the centration of
the compound provided herein in the formulation baras high as the solubility limit of the compoumdhe

solvent. In some embodiments, topically-admindgdormulations can, for example, comprise frorawthl %
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to about 9% (w/w) of a compound provided hereighsas from about 1% to about 8% (w/w), further sash
from about 1% to about 7% (w/w), further such asfrabout 1% to about 6% (w/w), further such as fedmout
1% to about 5% (w/w), further such as from aboutt@%bout 4% (w/w), further such as from about dlakout
3% (w/w), and further such as from about 1% to &6t (w/w) of a compound provided hereiRormulations
for topical administration can further comprise a@nenore of the additional pharmaceutically accelgta

excipients described herein.

5.4.1.4 Formulations for Inhalation Administration
[00458] In some embodiments, provided herein are pharmiaeéabmpositions for inhalation
administration containing a compound as providadiheand a pharmaceutical excipient suitabledprdal
administration. In some embodiments, providediheaee pharmaceutical compositions for inhalation
administration containing: (i) an effective amooht disclosed compound; optionally (ii) an effgetamount of
one or more second agents; and (iii) one or moaerpaceutical excipients suitable for inhalation amstration.
In some embodiments, the pharmaceutical compoditidher contains: (iv) an effective amount of adragent.
[00459] Pharmaceutical compositions for inhalation or iflatibn include solutions and suspensions in
pharmaceutically acceptable, aqueous or orgamiestd, or mixtures thereof, and powders. The liguidolid
pharmaceutical compositions can contain suitabégrphceutically acceptable excipients as descrilegir In
some embodiments, the pharmaceutical compositienadministered by the oral or nasal respiratouyerdor
local or systemic effect. Pharmaceutical compas#iin pharmaceutically acceptable solvents camebelized
by use of inert gases. Nebulized solutions caimliieded directly from the nebulizing device or tiebulizing
device can be attached to a face mask tent, omittent positive pressure breathing machine. Boiy
suspension, or powder pharmaceutical compositiande administereeé,g.,orally or nasally, from devices that

deliver the formulation in an appropriate manner.

5.4.1.5 Formulations for Ocular Administration
[00460] In some embodiments, the disclosure provides anpdoaeutical composition for treating
ophthalmic disorders. The pharmaceutical compmsitan contain an effective amount of a compound as
provided herein and a pharmaceutical excipienablétfor ocular administration. Pharmaceutical positions
suitable for ocular administration can be preseatediscrete dosage forms, such as drops or spaais
containing a predetermined amount of an activeeidigint a solution, or a suspension in an aqueonsror
agueous liguid, an oil-in-water emulsion, or a wateoil liquid emulsion. Other administration fos include
intraocular injection, intravitreal injection, tayailly, or through the use of a drug eluting devin&rocapsule,
implant, or microfluidic device. In some caseg tompounds as provided herein are administerédanéarrier
or excipient that increases the intraocular penegaf the compound such as an oil and water eomagith
colloid particles having an oily core surroundedalnyinterfacial film. It is contemplated that laital routes to

the eye can be used including topical, subconjualgtperiocular, retrobulbar, subtenon, intracarpera
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intravitreal, intraocular, subretinal, juxtascleaald suprachoroidal administration. Systemic oepizral
administration can be feasible including, but imited to intravenous, subcutaneous, and oral eelivAn
exemplary method of administration will be intragdl or subtenon injection of solutions or suspamsior
intravitreal or subtenon placement of bioeroditi@an-bioerodible devices, or by topical ocular adstration
of solutions or suspensions, or posterior juxtaatiedministration of a gel or cream formulation.

[00461] Eye drops can be prepared by dissolving the atiiyedient in a sterile aqueous solution such as
physiological saline, buffering solution, etc.,ligr combining powder compositions to be dissolveibigeuse.
Other vehicles can be chosen, as is known in thénatuding, but not limited to: balance salt s@un, saline
solution, water soluble polyethers such as polyatkyglycol, polyvinyls, such as polyvinyl alcohalda
povidone, cellulose derivatives such as methyltskeiand hydroxypropyl methylcellulose, petroleum
derivatives such as mineral oil and white petratgtanimal fats such as lanolin, polymers of acrgtied such as
carboxypolymethylene gel, vegetable fats such asyeoil and polysaccharides such as dextrans, and
glycosaminoglycans such as sodium hyaluronatesotme embodiments, additives ordinarily used ireye
drops can be added. Such additives include isntanagentse.g.,sodium chloride, etc.), buffer ageetd.,
boric acid, sodium monohydrogen phosphate, sodibgddogen phosphate, etc.), preservativeeg.(
benzalkonium chloride, benzethonium chloride, abtboitanol, etc.), thickeners.{.,saccharide such as lactose,
mannitol, maltose, etce.g.,hyaluronic acid or its salt such as sodium hyalate, potassium hyaluronate, etc.;
e.g.,mucopolysaccharide such as chondroitin sulfate; &@g.,sodium polyacrylate, carboxyvinyl polymer,
crosslinked polyacrylate, polyvinyl alcohol, polgyi pyrrolidone, methyl cellulose, hydroxy propyl
methylcellulose, hydroxyethyl cellulose, carboxyhytcellulose, hydroxy propyl cellulose or otheeats
known to those skilled in the art).

[00462] In some cases, the colloid particles include attleae cationic agent and at least one non-ionic
surfactant such as a poloxamer, tyloxapol, a pobgte, a polyoxyethylene castor oil derivativepebgan ester,
or a polyoxyl stearate. In some cases, the cat@geént is an alkylamine, a tertiary alkyl aminguaternary
ammonium compound, a cationic lipid, an amino ab¢oh biguanidine salt, a cationic compound or &tuone
thereof. In some cases, the cationic agent igw@ahidine salt such as chlorhexidine, polyaminogrop
biguanidine, phenformin, alkylbiguanidine, or a tabe thereof. In some cases, the quaternary anumoni
compound is a benzalkonium halide, lauralkoniunidiealcetrimide, hexadecyltrimethylammonium halide,
tetradecyltrimethylammonium halide, dodecyltrimdédmymonium halide, cetrimonium halide, benzethonium
halide, benzalkonium halide, cetalkonium halideéettg/ldimonium halide, cetylpyridinium halide,
benzododecinium halide, chlorallyl methenamined®limyristalkonium halide, stearalkonium halideor
mixture of two or more thereof. In some casespnit agent is a benzalkonium chloride, lauralkomichloride,
benzododecinium bromide, benzethenium chlorideatiegyltrimethylammonium bromide,
tetradecyltrimethylammonium bromide, dodecyltrimygdimmonium bromide or a mixture of two or more

thereof. In some cases, the oil phase is mindrahd light mineral oil, medium chain triglycerigéMCT),
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coconut oil; hydrogenated oils comprising hydrogedaottonseed oil, hydrogenated palm oil, hydraggen
castor oil or hydrogenated soybean oil; polyoxykthg hydrogenated castor oil derivatives comprigolgioxyl-

40 hydrogenated castor oil, polyoxyl-60 hydrogedatastor oil or polyoxyl-100 hydrogenated castar oi

5.4.1.6 Formulations for Controlled Release Adntiaison
[00463] In some embodiments, provided herein are pharmiaatabmpositions for controlled release
administration containing a compound as provideediheand a pharmaceutical excipient suitable éotiolled
release administration. In some embodiments, geavherein are pharmaceutical compositions forrobet!
release administration containing: (i) an effectiweount of a disclosed compound; optionally (ii)edffective
amount of one or more second agents; and (iii)osmaore pharmaceutical excipients suitable for et
release administration. In some embodiments, liagnpaceutical composition further contains: (iv)edfective
amount of a third agent.
[00464] Active agents such as the compounds provided heegirbe administered by controlled release
means or by delivery devices that are well knowthtse of ordinary skill in the art. Examples ird#, but are
not limited to, those described in U.S. Patent N8s845,770; 3,916,899; 3,536,809; 3,598,123;4008,719;
5,674,533; 5,059,595; 5,591,767; 5,120,548; 5,018,5,639,476; 5,354,556, 5,639,480; 5,733,566 % 108;
5,891,474, 5,922,356; 5,972,891, 5,980,945; 5,%53,8,045,830; 6,087,324, 6,113,943; 6,197,350 & 363;
6,264,970; 6,267,981; 6,376,461, 6,419,961; 6,%89,6,613,358; 6,699,500 each of which is incorjeata
herein by reference. Such dosage forms can betag#dvide slow or controlled release of one oreractive
agents using, for example, hydropropylmethyl ceiel other polymer matrices, gels, permeable memabra
osmotic systems, multilayer coatings, microparsiclpposomes, microspheres, or a combination tliéoeo
provide the desired release profile in varying prtipns. Suitable controlled release formulatiknewn to
those of ordinary skill in the art, including thadescribed herein, can be readily selected fomilkethe active
agents provided herein. Thus, the pharmaceut@apositions provided encompass single unit dosagesf
suitable for oral administration such as, but imotted to, tablets, capsules, gelcaps, and catflatsaare adapted
for controlled release.
[00465] All controlled release pharmaceutical products rmeemmon goal of improving drug therapy
over that achieved by their non controlled courgeg In some embodiments, the use of a controfiedise
preparation in medical treatment is characterized minimum of drug substance being employed te our
control the disease, disorder, or condition in aimum amount of time. Advantages of controlle¢aske
formulations include extended activity of the dregguced dosage frequency, and increased subjetiemce.
In addition, controlled release formulations carubed to affect the time of onset of action or pthe
characteristics, such as blood levels of the daing,can thus affect the occurrence of s&lg,(adverse) effects.
[00466] In some embodiments, controlled release formulatame designed to initially release an amount
of a compound as provided herein that promptly pced the desired therapeutic effect, and gradaallly
continually release other amounts of the compoandadintain this level of therapeutic or prophylaaffect over
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an extended period of time. In order to mainthia tonstant level of the compound in the body,ctmapound
should be released from the dosage form at ahatenill replace the amount of drug being metalgaliand
excreted from the body. Controlled release ofcivaagent can be stimulated by various conditinnkiding,
but not limited to, pH, temperature, enzymes, waieother physiological conditions or compounds.
[00467] In certain embodiments, the pharmaceutical comiposiian be administered using intravenous
infusion, an implantable osmotic pump, a transdépatch, liposomes, or other modes of administratim one
embodiment, a pump can be usselg(Sefton,CRC Crit. Ref. Biomed. En$4:201 (1987); Buchwalet al.,
Surgery88:507 (1980); Saudek al., N. Engl. J. Med321:574 (1989)). In another embodiment, polymeri
materials can be used. In yet another embodiraerintrolled release system can be placed in acudlj an
appropriate site determined by a practitioner @f, ske., thus requiring only a fraction of the systemicel@ee
e.g, GoodsonMedical Applications of Controlled Releadd 5-138 (vol. 2, 1984). Other controlled rekeas
systems are discussed in the review by Lar§ggnce249:1527-1533 (1990). The one or more active isgen
can be dispersed in a solid inner mateixy, polymethylmethacrylate, polybutylmethacrylateagticized or
unplasticized polyvinylchloride, plasticized nylgrasticized polyethyleneterephthalate, naturabenp
polyisoprene, polyisobutylene, polybutadiene, pthlykene, ethylene-vinylacetate copolymers, silicamabers,
polydimethylsiloxanes, silicone carbonate copolysnéydrophilic polymers such as hydrogels of estérs
acrylic and methacrylic acid, collagen, cross-lishmlyvinylalcohol and cross-linked partially hytirped
polyvinyl acetate, that is surrounded by an outdymeric membranee.g, polyethylene, polypropylene,
ethylene/propylene copolymers, ethylene/ethyl ateytopolymers, ethylene/vinylacetate copolymélispae
rubbers, polydimethyl siloxanes, neoprene rubbddgrmated polyethylene, polyvinylchloride, vinylohide
copolymers with vinyl acetate, vinylidene chlorig¢hylene and propylene, ionomer polyethylene tdtepate,
butyl rubber epichlorohydrin rubbers, ethylene/Vialgohol copolymer, ethylene/vinyl acetate/vinidahol
terpolymer, and ethylene/vinyloxyethanol copolymibat is insoluble in body fluids. The one or maotive
agents then diffuse through the outer polymeric brame in a release rate controlling step. Thegmeage of
active agent in such parenteral compositions iklhidependent on the specific nature thereof, dsaseghe

needs of the subject.

5.4.2 Dosages
[00468] A compound described herein can be delivered iridire of pharmaceutically acceptable
compositions which comprise a therapeutically éffecamount of one or more compounds describedrhere
and/or one or more additional therapeutic agerdh ag a chemotherapeutic, formulated together avighor
more pharmaceutically acceptable excipients. mesimstances, the compound described herein and the
additional therapeutic agent are administered paisde pharmaceutical compositions and eam, pecause of

different physical and/or chemical characteristtms)administered by different routesd, one therapeutic is
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administered orally, while the other is administeirgravenously). In other instances, the compalestribed
herein and the additional therapeutic agent caadb@nistered separately, but via the same rautg poth orally
or both intravenously). In still other instancd® compound described herein and the additioeahgeutic
agent can be administered in the same pharmadectitgosition.

[00469] The selected dosage level will depend upon a yaoiefactors including, for example, the
activity of the particular compound employed, thate of administration, the time of administratitre rate of
excretion or metabolism of the particular compohaihg employed, the rate and extent of absorptimn,
duration of the treatment, other drugs, compoumdiécat materials used in combination with the patéc
compound employed, the age, sex, weight, condigengeral health and prior medical history of thiégué being
treated, and like factors well known in the medends.

[00470] In general, a suitable daily dose of a compoundrieed herein and/or a chemotherapeutic will
be that amount of the compound which, in some einfients, can be the lowest dose effective to produce
therapeutic effect. Such an effective dose wiliggally depend upon the factors described abownefally,
doses of the compounds described herein for anpatilaen used for the indicated effects, will rafrgen about
0.0001 mg to about 100 mg per day, or about 0.09tonabout 100 mg per day, or about 0.01 mg to abodi
mg per day, or about 0.1 mg to about 100 mg peralagbout 0.0001 mg to about 500 mg per day, outab
0.001 mg to about 500 mg per day, or about 0.01o0nd®00 mg, or about 0.01 mg to about 500 mg pgrala
about 0.1 mg to about 500 mg per day, or about 1on3%§ mg per day, or about 5 mg to 40 mg. An elary
dosage is about 10 to 30 mg per day. In some emsods, for a 70 kg human, a suitable dose woulkabloert
0.05 to about 7 g/day, such as about 0.05 to ahéug/day. Actual dosage levels of the activeed@nts in the
pharmaceutical compositions described herein carabed so as to obtain an amount of the activecidignt
which is effective to achieve the desired therapaesponse for a particular patient, compositéorg mode of
administration, without being toxic to the patieih. some instances, dosage levels below the lomérof the
aforesaid range can be more than adequate, whilthén cases still larger doses can be employdtbuiit
causing any harmful side effeetg.,by dividing such larger doses into several smadles for administration
throughout the day.

[00471] In some embodiment, the daily dose of a compousdrieed herein can range from about
0.0001 mg/kg to about 1000 mg/kg, about 0.001 mtgkapout 1000 mg/kg, about 0.01 mg/kg to aboud100
mg/kg, about 0.1 mg/kg to about 1000 mg/kg, abdd@@. mg/kg to about 500 mg/kg, about 0.001 mgskg t
about 500 mg/kg, about 0.01 mg/kg to 100 mg/kguabd1 mg/kg to about 100 mg/kg, about 0.1 mgdkg t
about 100 mg/kg, about 0.01 mg/kg to 50 mg/kg, &Bddb mg/kg to 20 mg/kg, or about 0.05 mg/kg to 10
mg/kg. For example, the daily dose can be abomdfg, 5 mg/kg, 1.5 mg/kg, 0.5 mg/kg, 0.15 mg/kgabout
0.05 mg/kg For example, the daily dose can betabauwg/kg, about 1.5 mg/kg, about 2 mg/kg, abobitn@g/kg,
about 3 mg/kg, about 3.1 mg/kg, about 3.2 mg/kguaB.3 mg/kg, about 3.4 mg/kg, about 3.5 mg/kguald
mg/kg, about 5 mg/kg, about 6 mg/kg, about 7 mgékgut 8 mg/kg, about 9 mg/kg, or about 10 mg/kg.
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[00472] In some embodiments, the compounds can be admedstaily, every other day, three times a
week, twice a week, weekly, or bi-weekly. The dgsichedule can include a “drug holidag.§, the drug can
be administered for two weeks on, one week ofthore weeks on, one week off, or four weeks on,voeek off,
etc., or continuously, without a drug holiday. Tdwnpounds can be administered orally, intravenypusl
intraperitoneally, topically, transdermally, intrastularly, subcutaneously, intranasally, subliniguak by any
other route.

[00473] In some embodiments, a compound as provided hisraiiministered in multiple doses. Dosing
can be about once, twice, three times, four tirfires times, six times, or more than six times pay.dDosing

can be about once a month, about once every twksyabout once a week, or about once every other ltha
another embodiment, a compound as provided heneimaother agent are administered together froratabo
once per day to about 6 times per day. In an@hdgrodiment, the administration of a compound asigea
herein and an agent continues for less than abdayg. In yet another embodiment, the administnadontinues
for more than about 6 days, about 10 days, abodagd, about 28 days, about two months, about sixtins, or
about one year. In some cases, continuous dasichieved and maintained as long as necessary.

[00474] Administration of the pharmaceutical compositioageovided herein can continue as long as
necessary. In some embodiments, an agent as ptbli&tein is administered for more than about augB,
about 3, about 4, about 5, about 6, about 7, abfudbout 21, or about 28 days. In some embodsnantagent
as provided herein is administered for less thanug®8, about 21, about 14, about 7, about 6, abaaibout 4,
about 3, about 2, or about 1 day. In some embautsnan agent as provided herein is administenedtfout 1,
about 2, about 3, about 4, about 5, about 6, ahaatbout 14, about 21, or about 28 days. In sanmimdiments,
an agent as provided herein is administered chatiyion an ongoing basis,g.,for the treatment of chronic
effects.

[00475] Since the compounds described herein can be adengdsin combination with other treatments
(such as additional chemotherapeutics, radiatisuaery), the doses of each agent or therapy edomer than
the corresponding dose for single-agent theraphe dose for single-agent therapy can range fromgXample,
about 0.0001 to about 200 mg, or about 0.001 toitah@0 mg, or about 0.01 to about 100 mg, or abBduto
about 100 mg, or about 1 to about 50 mg per kilwgoabody weight per day.

[00476] When a compound provided herein, is administeredpgharmaceutical composition that
comprises one or more agents, and the agent testarshalf-life than the compound provided hergiit dose
forms of the agent and the compound provided heainbe adjusted accordingly.

5.4.3 Kits
[00477] In some embodiments, provided herein are kits. Kitsecan include a compound or

pharmaceutical composition as described hereisiitable packaging, and written material that cefuide

-84-



instructions for use, discussion of clinical stisgligsting of side effects, and the like. Sucls kian also include
information, such as scientific literature referesngackage insert materials, clinical trial reswdnd/or
summaries of these and the like, which indicatestablish the activities and/or advantages of Hamaceutical
composition, and/or which describe dosing, adniaiiin, side effects, drug interactions, or otiddoimation
useful to the health care provider. Such infororatian be based on the results of various studiesxample,
studies using experimental animals involvingivo models and studies based on human clinical trials.
[00478] In some embodiments, a memory aid is provided thighkit, e.g.,in the form of numbers next to
the tablets or capsules whereby the numbers camespith the days of the regimen which the tabdetsapsules
so specified should be ingested. Another examipdech a memory aid is a calendar printed on the, eeg.,as
follows “First Week, Monday, Tuesday, . . . etc. Second Week, Monday, Tuesday, . . . etc.” Othdations
of memory aids will be readily apparent. A “dailgse” can be a single tablet or capsule or setadbdts or
capsules to be taken on a given day.

[00479] The kit can further contain another agent. In sembodiments, the compound as provided
herein and the agent are provided as separate pbentical compositions in separate containers mvithé kit.

In some embodiments, the compound as providedrharel the agent are provided as a single pharnieakeut
composition within a container in the kit. Suilplackaging and additional articles for usg(measuring cup
for liquid preparations, foil wrapping to minimiexposure to air, and the like) are known in theaad can be
included in the kit. In other embodiments, kits farther comprise devices that are used to adtaintse active
agents. Examples of such devices include, butatrémited to, syringes, drip bags, patches, amdlers. Kits
described herein can be provided, marketed anddongied to health providers, including physiciamgses,
pharmacists, formulary officials, and the like.t¥¢an also, in some embodiments, be marketedlgiteche
consumer.

[00480] An example of such a kit is a so-called blisteripaBlister packs are well known in the
packaging industry and are being widely used fergackaging of pharmaceutical unit dosage fornsets,
capsules, and the like). Blister packs generalhsist of a sheet of relatively stiff material coeet with a foil of
a preferably transparent plastic material. Duthgpackaging process, recesses are formed ifasigcfoil.

The recesses have the size and shape of the tabltpsules to be packed. Next, the tabletspsutes are
placed in the recesses and the sheet of relattiélynaterial is sealed against the plastic foilhee face of the
foil which is opposite from the direction in whitiie recesses were formed. As a result, the tafdetapsules
are sealed in the recesses between the plastanidithe sheet. The strength of the sheet isthathhe tablets or
capsules can be removed from the blister pack byally applying pressure on the recesses wherelopaning
is formed in the sheet at the place of the rec&bg tablet or capsule can then be removed viaggading.
[00481] Kits can further comprise pharmaceutically accdptabhicles that can be used to administer one
or more active agents. For example, if an actijgnéis provided in a solid form that must be restibumted for

parenteral administration, the kit can compriseaesi container of a suitable vehicle in whichabtve agent
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can be dissolved to form a particulate-free stesdl@tion that is suitable for parenteral admimaistm. Examples
of pharmaceutically acceptable vehicles includedoe not limited to: Water for Injection USP; agus
vehicles such as, but not limited to, Sodium Cledinjection, Ringer’s Injection, Dextrose Injectjd®extrose
and Sodium Chloride Injection, and Lactated Rirgérjection; water-miscible vehicles such as, haitlimited
to, ethyl alcohol, polyethylene glycol, and polypytene glycol; and non-aqueous vehicles such ds)diu
limited to, corn oil, cottonseed oil, peanut odsame oil, ethyl oleate, isopropyl myristate, aedzyl benzoate.
[00482] The present disclosure further encompasses antg/glmrmaceutical compositions and dosage
forms comprising an active ingredient, since watar facilitate the degradation of some compounds. F
example, water can be addedy,about 5%) in the pharmaceutical arts as a measisnoilating long-term
storage in order to determine characteristics agcshelf-life or the stability of formulations ovane.
Anhydrous pharmaceutical compositions and dosagesfaan be prepared using anhydrous or low moisture
containing ingredients and low moisture or low hdityi conditions. For example, pharmaceutical cortjurs
and dosage forms which contain lactose can be mrdudrous if substantial contact with moisture and/
humidity during manufacturing, packaging, and/orage is expected. An anhydrous pharmaceutical ositign
can be prepared and stored such that its anhydeduge is maintained. Accordingly, anhydrous phaeutcal
compositions can be packaged using materials kriioywnevent exposure to water such that they candbeded
in suitable formulary kits. Examples of suitableleging include, but are not limited to, hermeticakaled

foils, plastic or the like, unit dose containensster packs, and strip packs.

5.5. THERAPEUTIC METHODS

[00483] Provided herein is a method for treating a PI3K iatted disorder in a subject, comprising
administering a therapeutically effective amounaablid form provided herein, or a pharmaceutcahposition
provided herein to said subject. In one embodinteetPI3K mediated disorder is cancer, an inflanomnyat
disease or an auto-immune disease. In one embotlithertancer is solid tumor.

[00484] Phosphoinositide 3-kinases (PI3Ks) are members obreserved family of lipid kinases that
regulate numerous cell functions, including prolifeon, differentiation, cell survival and metalsofi. Several
classes of PI3Ks exist in mammalian cells, inclgdiass IA subgroupe(g, PI3K-u, B, 8), which are generally
activated by receptor tyrosine kinases (RTKs); €I&s(e.g, PI3K+y), which is activated by G-protein coupled
receptors (GPCRs), among others. PI3Ks exert thieilogical activities via a “PI3K-mediated sigmai
pathway” that includes several components thattyrend/or indirectly transduce a signal triggebgda PI3K,
including the generation of second messenger phioptioositol, 3,4,5-triphosphate (PIP3) at the gt
membrane, activation of heterotrimeric G protegmaling, and generation of further second messergyarh as
cAMP, DAG, and IP3, all of which leads to an exieascascade of protein kinase activation (reviewed
Vanhaesebroeck, Bt al (2001)Annu Rev Biochenv0:535-602). For example, PI3Kis activated by cellular
receptors through interaction between the PI3K legty subunit (p85) SH2 domains, or through direct
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interaction with RAS. PIP3 produced by PI3K adiseffector pathways downstream through interaactiith
plextrin homology (PH) domain containing enzymegy( PDK-1 and AKT [PKB]). (Fung-Leung WP. (2011)
Cell Signal 23(4):603-8). Unlike PI3K; PI3K+y is not associated with a regulatory subunit ofgiB& family,
but rather with a regulatory subunit in the p101p8d families. PI3Ky is associated with GPCRs, and is
responsible for the very rapid induction of PIF33K-y can be also activated by RAS.

[00485] In some embodiments, provided herein are methodsarfulating a PI3 kinase activite.g,
selectively modulating) by contacting the kinaséhvein effective amount of a compound as providedihgor a
pharmaceutically acceptable form.d., pharmaceutically acceptable salts, hydrates, tdydsomers, prodrugs,
and isotopically labeled derivatives) thereof, @harmaceutical composition as provided herein.diyition can
be inhibition €.g, reduction) or activatione(g, enhancement) of kinase activity. In some embedis
provided herein are methods of inhibiting kinastivddg by contacting the kinase with an effectivem@unt of a
compound as provided herein in solution. In soméadiments, provided herein are methods of inmithe
kinase activity by contacting a cell, tissue, orglaat express the kinase of interest, with a comgqurovided
herein. In some embodiments, provided herein aethods of inhibiting kinase activity in a subjegy b
administering into the subject an effective amooihta compound as provided herein, or a pharmacgiytic
acceptable form thereof. In some embodimentskitigse activity is inhibitede(g, reduced) by more than about
25%, 30%, 40%, 50%, 60%, 70%, 80%, or 90%, whenaoted with a compound provided herein as compared
to the kinase activity without such contact. Imgoembodiments, provided herein are methods obitirig P13
kinase activity in a subject (including mammalstsas humans) by contacting said subject with anuainof a
compound as provided herein sufficient to inhibitexuce the activity of the PI3 kinase in saidjsci

[00486] In some embodiments, the kinase is a lipid kinase grotein kinase. In some embodiments, the
kinase is selected from a PI3 kinase includingedéffit isoforms, such as PI3 kinasdP13 kinased, P13 kinasey,
P13 kinased; DNA-PK; mTOR; Abl, VEGFR, Ephrin receptor B4 (Hpf); TEK receptor tyrosine kinase (TIE2);
FMS-related tyrosine kinase 3 (FLT-3); Plateletidt growth factor receptor (PDGFR); RET; ATM; ATR;
hSmg-1; Hck; Src; Epidermal growth factor recegleGFR); KIT; Insulin Receptor (IR); and IGFR.

[00487] As used herein, a “PI3K-mediated disorder” referatdisease or condition involving aberrant
PI3K-mediated signaling pathway. In one embodimprdvided herein is a method of treating a PI3Kdiaed
disorder in a subject, the method comprising adstening a therapeutically effective amount of a poond as
provided herein, or a pharmaceutically acceptabtenfthereof, or a pharmaceutical composition avigeol
herein. In some embodiments, provided hereinngethod of treating a PI3B-or PI3K«y mediated disorder in a
subject, the method comprising administering aapeutically effective amount of a compound as pledi
herein, or a pharmaceutically acceptable form thferer a pharmaceutical composition as provideckiner In
some embodiments, provided herein is a methodniobiting at least one of PI3K-and PI3Ky, the method
comprising contacting a cell expressing PIBKvitro or in vivo with an effective amount of a compound or

composition provided herein. PI3Ks have been aatmt with a wide range of conditions, includingniomity,
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cancer and thrombosis (reviewed in VanhaesebroBclet al (2010) Current Topics in Microbiology and
Immunology DOI 10.1007/82_2010_65). For example, Class3KB] particularly PI3Ky and PI3K$ isoforms,
are highly expressed in leukocytes and have besat@sed with adaptive and innate immunity; thbese PI3Ks
are believed to be important mediators in inflanonatdisorders and hematologic malignancies (revikive
Harris, SJ et al. (2009Qurr Opin InvestigDrugs 10(11):1151-62); Rommel C. et al. (2008t Rev Immunol
7(3):191-201; Durand CAt al (2009)J Immunol 183(9):5673-84; Dil N, Marshall AJ. (200®)ol Immunol
46(10):1970-8; Al-Alwan MMet al (2007)J Immunol 178(4):2328-35; Zhang TE&t al. (2008)J Allergy Clin
Immunol 2008;122(4):811-819.e2; Srinivasaret al (2009)Cell 139(3):573-86).

PI3K-y activities

[00488] PI3K+y is a Class 1B PI3K that associates with the pXall 84 (p87PIKAP) adaptor proteins,
and canonically signals through GPCRs. Non-cambractivation through tyrosine kinase receptors RA®
can occur. Activated PI3Kdeads to production of PIP3, which serves as &idgcsite for downstream effector
proteins including AKT and BTK, bringing these emm®s to the cell membrane where they may be activate
scaffolding role for PI3Ky has been proposed and may contribute to the #otivaf the RAS/MEK/ERK
pathway. The interaction with the RAS pathway ek activities attributed to kinase dead Pigk-cells or in
animals. PI3Ky is essential for function of a variety of immunelle and pathways. Chemokine responses
(including IL-8, fMLP, and C5a), leading to neuthilp basophil or monocyte cell migration, is dependon
PI3K-y (HIRSCH et al., “Central Role for G Protein-CouplBhosphoinositide 3-Kinagein Inflammation,”
Science287:1049-1053 (2000); SASAKI et al.,, “Function BI3Ky in Thymocyte Development, T Cell
Activation, and Neutrophil Migration,Science287:1040-1046 (2000); LI et al., “Roles of PIp2-and $3 and
PI3Ky in Chemoattractant-Mediated Signal Transducti@tience287:1046-1049 (2000)). The requirement for
PI13K-y-dependent neutrophil migration is demonstratedailyre of arthritis development in the K/BXN serum
transfer arthritis model in PI3K-knockout mice (Randigt al, Eur. J. Immunal 2008, 38(5), 1215-24).
Similarly, the mice fail to develop cellular inflanation and airway hyper-responsiveness in the owvailio
induced asthma model (Takeeial, J. Allergy Clin. Immuno).2009; 123, 805-12). PI3Kdeficient mice also
have defects in T- helper cell function. T-celtakine production and proliferation in responsettivation is
reduced, and T helper dependent viral clearandefective (Sasalkét al, Science2000, 287, 1040—-46). T cell
dependent inflammatory disease models including BAB do not develop in PI3K-deficient mice, and both
the T—cell activation defect and cellular migratidefects may contribute to efficacy in this modebinerfold,
PLOS One2012, 7, e45095). The imiquimod psoriasis médal also been used to demonstrate the importance
of PI3K- y in the inflammatory response. Using PI3Kleficient mice in this model, the accumulationydfT
cells in the skin is blocked, as well as dendritidl maturation and migration (ROLLER et al., “Bkacle of
Phosphatidylinositol 3-Kinase (PI3&)or PI3Ky Reduces IL-17 and Ameliorates Imiquimod-Inducedrisis-
like Dermatitis,” J. Immunol 189:4612-4620 (2012)). The role of PI3Kin cellular trafficking can also be
demonstrated in oncology models where tumor inflation is important for growth and metastasis ofceas.
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In the Lewis Lung Carcinoma model, monocyte actbratmigration, and differentiation in tumors arfattive.
This defect results in a reduction in tumor groatid extended survival in PI3Kdeficient mice (Schmiét al,
Cancer Cell 2011, 19, 715-27) or upon treatment with inhilsitinat target PI3K= In pancreatic cancer, PI3K-
can be inappropriately expressed, and in this gohdabr cancer or others where PI3Kslays a functional role,
inhibition of PI3K+« can be beneficial.

[00489] For instance, while not wishing to be bound by the®I3K-y is expressed in Gr1+CD11b+
myeloid cells, and directly promotes myeloid ceNasion and consequently, immunosuppression ofrpatic
ductal carcinomas. Hardamon et. al., Proceedifg€R 103rd Annual Meeting 2012, Cancer ResearchilAp
15, 2012; Volume 72, Issue 8, Supplement 1. Itibiviof PI3Ky also shows promise for the treatment of
hematologic malignancies. In a T-ALL model emjigya T cell directed knockout of pten, PI3kand PI3Ky
are both essential for the appropriate developmérdisease, as shown with genetic deletion of lyghes
(Subramaniam et aCancer Cell21, 459-472, 2012). In addition, in this T-ALL d®, treatment with a small
molecule inhibitor of both kinases leads to extehslgrvival of these mice. In CLL, chemokine netkgosupport

a pseudo-follicular microenvironment that includdisrse like cells, stromal cells and T-helper cellsThe roles
of PI3K+y in the normal chemokine signaling and T cell biglauggest the value of inhibiting this target ioL.C
(BURGER, “Inhibiting B-Cell Receptor Signaling Pattys in Chronic Lymphocytic LeukemiaCurr. Mematol.
Malig. Rep.7:26-33 (2012)). Accordingly, PI3IK-inhibitors are therapeutically interesting foredises of the
immune system where cell trafficking and T celhoyeloid cell function is important. In oncologylisl tumors
that are dependent on tumor inflammation, or tunagtis high levels of PI3Ky expression, can be targeted. For
hematological cancers, a special role for P{3&Ad PI3K8 isoforms in TALL and potentially in CLL suggests
targeting these PI3Ks in these diseases.

[00490] Without being limited by a particular theory, PI3Khas been shown to play roles in
inflammation, arthritis, asthma, allergy, multigelerosis (MS), and cancer, among otherg,(Ruckleet al,
Nature Rev., Drug Discoverg006, 5, 903-18; Schmt al, “Myeloid cells in tumor inflammation,¥ascular
Cell, 2012, do0i:10.1186/2045-824X-4-14). For exampd3K-y functions in multiple signaling pathways
involved in leukocyte activation and migration. 3R}y has been shown to drive priming and survival of
autoreactive CD4T cells during experimental autoimmune encephatditiy (EAE), a model for MS. When
administered from onset of EAE, a PI3Knhibitor has been shown to cause inhibition agxkrsal of clinical
disease, and reduction of demyelination and celpd#hology in the CNS (Comerfodd al, PLOS Ong2012, 7,
e45095). PI3Ky also regulates thymocyte development, T cell atiw, neutrophil migration, and the oxidative
burst (Sasakiet al, Science 2000, 287, 1040-46). In addition, it is shownttlallergic airway hyper-
responsiveness, inflammation, and remodeling dalaeelop in PI3Ky deficient mice (Takedat al, J. Allergy
Clin. Immunol, 2009; 123, 805-12). PI3Kis shown to be required for chemoattractant-indym@duction of
phosphatidylinositol 3,4,5-trisphosphate and hasiraportant role in chemoattractant-induced supe®xi

production and chemotaxis in mouse neutrophils amgroduction of T cell-independent antigen-specifi
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antibodies composed of the immunoglobulifight chain (Liet al, Science 2000, 287, 1046-49). PI3Kis
reported to be a crucial signaling molecule requfie macrophage accumulation in inflammation (Elirst al,
Science 2000, 287, 1049-53). In cancers, pharmacolog@algenetic blockade of pliOsuppresses
inflammation, growth, and metastasis of implanted apontaneous tumors, suggesting that Ri3i&n be an
important therapeutic target in oncology (Schetiél, Cancer Cell 2011, 19, 715-27). For example, it is shown
that PI3Ky has a tumor-specific high accumulation in pandcedtictal adenocarcinoma (PDAC) in human,
signifying a role of PI3Ky in pancreatic cancer (Edlirg al, Human Cancer Biology2010, 16(2), 4928-37).
[00491] In certain embodiments, provided herein are methlwdseating or preventing a PI3K-gamma
mediated disorder in a subject, comprising adreniisg) to the subject a therapeutically effectiveoant of a
compound provided hereirge.g, a selective PI3K- inhibitor, e.g, Compound 1), or a pharmaceutically
acceptable form thereof.

[00492] In one embodiment, the subject has or is at riskiafing a PI3K-gamma mediated disorder
selected from cancer, an inflammatory diseasenaaudoimmune disease. In one embodiment, the camee
solid tumor. In one embodiment, the cancer isctetefrom one or more of: a cancer of the pulmosgsgem, a
brain cancer, a cancer of the gastrointestinat,teaskin cancer, a genitourinary cancer, a paticreancer, a
lung cancer, a medulloblastoma, a basal cell cantiy a glioma, a breast cancer, a prostate caadesticular
cancer, an esophageal cancer, a hepatocellulagrgangastric cancer, a gastrointestinal strommabtuGIST), a
colon cancer, a colorectal cancer, an ovarian carcanelanoma, a neuroectodermal tumor, head aokl ne
cancer, a sarcoma, a soft-tissue sarcoma, fibmmsar,c myxosarcoma, liposarcoma, a chondrosarcoma, an
osteogenic sarcoma, a chordoma, an angiosarcoma,eraotheliosarcoma, a lymphangiosarcoma, a
lymphangioendotheliosarcoma, a synovioma, a mekoth® a leiomyosarcoma, a cervical cancer, a ngeri
cancer, an endometrial cancer, a carcinoma, a é&ladarcinoma, an epithelial carcinoma, a squamealis c
carcinoma, an adenocarcinoma, a bronchogenic caneina renal cell carcinoma, a hepatoma, a bild duc

carcinoma, a neuroendocrine cancer, a carcinoidrudiffuse type giant cell tumor, and glioblastoma

[00493] In one embodiment, the cancer is a hematologicadara
[00494] In one embodiment, the inflammatory disease igitigh
[00495] In one embodiment, the subject is a human. In embodiment, the subject is identified as

having or being at risk of having a PI3K-gamma rateli disorder via the use of a biomarker.

[00496] In one embodiment, the therapeutically effectiveedis about 2 mg, about 1-3 mg, about 1-5 mg,
about 1-10 mg, about 0.5-20 mg, about 0.1-50 mgdpgr about 0.1-75 mg per day, about 0.1-100 mglpgr
about 0.1-250 mg per day, about 0.1-500 mg peratayit 0.1-1000 mg per day, about 1-50 mg per alayut 1-

75 mg per day, about 1-100 mg per day, about 1R@%®er day, about 1-500 mg per day, about 1-100@ang
day, about 10-50 mg per day, about 10-75 mg peratagut 10-100 mg per day, about 10-250 mg per alayt
10-500 mg per day, about 10-1000 mg per day, ab@@#500 mg per day, or about 100-1000 mg per dlayne
embodiment, the therapeutically effective dosebisua 0.029 mg/kg, about 0.014-0.14 mg/kg, abou?-0.04
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mg/kg, about 0.01-0.05 mg/kg, about 0.01-0.1, aual®.01-0.5 mg/kg. In one embodiment, the comdasn
administered once every two days. In one embodimeérerein the compound is administered once pgr dia
one embodiment, the compound is administered tpécalay.

[00497] In one embodiment, the compound is administereddudse such that the level of the compound
in the subject is higher than the compound’s ICE®IBK-gamma inhibition during at least 70%, 80%9%8
95%, 97%, 98%, or 99% of a selected time periogl, €. hours, 12 hours, 24 hours, or 48 hours imatelji
following the administration. In one embodimeihie tompound is administered at a dose such thdévke of

the compound in the subject is higher than the amg@’s IC90 of PI3K-gamma inhibition during at 1e&8%,
60%, 70%, 80%, 90%, 95%, 97%, 98%, or 99% of actedetime period, e.g., 6 hours, 12 hours, 24 haurd8
hours, immediately following the administrationn dne embodiment, the compound is administereddatsa
such that the level of the compound in the subjiees not rise higher than the compound’'s IC20 &OIGf
PI3K-delta inhibition within a selected time perjalg., 6 hours, 12 hours, 24 hours, or 48 hoommddiately
following the administration. In one embodimerte tlevel of the compound is measured from the stibje
plasma. In one embodiment, the level of the comdois measured from the subject's tissue. In one
embodiment, the compound is administered at a siode that it provides at least 50% inhibition dBRigamma

in the subject but less than 10% or 20% inhibitd®PI3K-delta in the subject.

[00498] In one embodiment, the subject is a human anddimpound has a half-life of about 10-13 hours
in the subject. In one embodiment, the methodh&érrtcomprises administering to the subject a second

therapeutic agent that is a P-gp substrate. Ireortsodiment, the second therapeutic agent is N@itanavir).

PI3K-5 and/or PI3Ky activities

[00499] PI3K-3 has roles in impairments of B-cell signaling aegelopment, antibody production, T-cell
function, Thl and Th2 differentiation, and mast dadophil degranulation. Without being limitedéparticular
theory, PI3Ky has roles in T-cell function, neutrophil and madrage recruitment, macrophage activation,
neutrophil oxidative burst, and dendritic cell naitjon. Inhibition of PI3K8§ and/or PI3Ky isoforms can result in
efficacy against inflammation and cancery, in arthritis, asthma, multiple sclerosis (MS)danmor models.
For example, deficiency in PI3&-and/or PI3Ky can result in efficacy in K/BxN arthritis model yKurz et al,
Springer Semin. Immunopatholo@003, 25, 79-90) or K/BxN serum transfer modeauhritis (Randist al,
Eur. J. Immuno| 2008, 38(5), 1215-24), where it is shown thabgaition of the immune complexes depends on
both PI3Ké and PI3Ky, whereas cell migration is dependent on P{3KPeficiency in PI3Ké or PI3Ky can
also result in efficacy in murine ovalbumin (OVAuced allergic asthma model (Leteal, FASEB J. 2006, 20,
455-65; Takedat al, J. Allergy Clin. Immuno).2009; 123, 805-12), where it is shown that irtfohi of either
PI3K-8 or PI3K« inhibits ovalbumin induced lung infiltration anchproves airway responsiveness. Deficiency
in PI3K-6 or PI3K+« can also result in efficacy in murine experimeiataioimmune encephalomyelitis (model for

MS), where it is shown that PI3K-deletion may provide better efficacy as comparedt3K5 deletion
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(Haylock-Jacobet al, J. Autoimmunity 2011, 36, 278-87; Comerforet al, PLOS One 2012, 7, e45095),
including reduction in T-cell receptor induced CD# cell activation, leukocyte infiltration and TAH17
responses, and dendritic cell migration (Comerf®ldDS One 2012, 7, e45095). Furthermore, inhibition of
PI3K-y can also result in decreased tumor inflammatiah gnowth €.g, Lewis lung carcinoma model, Schmid
et al, Cancer Cell 2011, 19(6), 715-27). PI3Kdeletion combined with PI3&-deletion results in increased
survival in T-cell acute lymphoblastic leukemia ALL) (Subramanianet al, Cancer Cell 2012, 21, 459-72).
Inhibitors of both PI3K8 and PI3Ky are also shown to be efficacious in PTEN-delete&lT cell line (MOLT-
4). In the absence of PTEN phosphatase tumor ssppr function, PI3K-or PI3Ky alone can support the
development of leukemia, whereas inactivation dhbsoforms suppresses tumor formation. Thus bitdris of
PI3K-6 and/or PI3Ky can be useful in treating inflammation, such dkrais, allergic asthma, and MS; and in
treating cancer, for example, due to effects sushreductions in solid tumor associated inflammation
angiogenesis and tumor progression.

[00500] The importance of PI3I§-in the development and function of B-cells is suppgd from inhibitor
studies and genetic models. PI8Ks an important mediator of B-cell receptor (B&G#naling, and is upstream
of AKT, calcium flux, PLG, MAP kinase, P70S6k, and FOXO3a activation. P#3ik-also important in IL4R,
S1P, and CXCRS5 signaling, and has been shown talatedresponses to toll-like receptors 4 and ibitors
of PI3K-5 have shown the importance of PI3Kin B-cell development (Marginal zone and B1 celBjcell
activation, chemotaxis, migration and homing to pymid tissue, and in the control of immunoglobutiass
switching leading to the production of IgE. ClaytBet al. (2002)J Exp Med 196(6):753-63; Bilancio Aet al.
(2006)Blood 107(2):642-50; Okkenhaug k¢t al. (2002)Science297(5583):1031-4; Al-Alwan MMet al (2007)

J Immunol 178(4):2328-35; Zhang TEt al (2008)J AllergyClin Immunol 2008;122(4):811-819.e2; Srinivasan
L, et al (2009)Cell 139(3):573-86).

[00501] In T-cells, PI3Ké has been demonstrated to have a role in T-cadptec and cytokine signaling,
and is upstream of AKT, PyC and GSK3b. In PI3K-deletion or kinase-dead knock-in mice, or in ititaib
studies, T-cell defects including proliferation,tiaation, and differentiation have been observezhding to
reduced T helper cell 2 (TH2) response, memory ITspecific defects (DTH reduction), defects inigah
dependent cellular trafficking, and defects in ch&ris/migration to chemokineg.§, S1P, CCR7, CD62L).
(Garcon F.et al (2008)Blood 111(3):1464-71; Okkenhaug &t al. (2006).J Immunol 177(8):5122-8; Soond
DR, et al. (2010Blood 115(11):2203-13; Reif K, (2004). J Immunol. 20048#):2236-40; Ji Het al (2007)
Blood 110(8):2940-7; Webb LM, et al. (2009) Immunal 175(5):2783-7; Liu Det al (2010)J Immunol
184(6):3098-105; Haylock-Jacobs S, et al. (2QLButoimmun2011;36(3-4):278-87; Jarmin Sat, al. (2008)J
Clin Invest 118(3):1154-64).

[00502] Numerous publications support roles of PI8kand PI3Ky in the differentiation, maintenance,
and activation of immune and malignant cells, ascdbed in more detail herein.
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[00503] PI3K-8 and PI3Ky isoforms are preferentially expressed in leukoeytbere they have distinct
and non-overlapping roles in immune cell developmeerd function. See, e.g.PURI and GOLD, “Selective
inhibitors of phosphoinositide 3-kinase delta: matlhws of B-cell function with potential for treay
autoimmune inflammatory disease and B-cell maligies)” Front. Immunol 3:256 (2012); BUITENHUIt al,
“The role of the PI3K-PKB signaling module in regtibn of hematopoiesisCell Cycle8(4):560-566 (2009);
HOELLENRIEGEL and BURGER, “Phosphoinositide 3'-ldeadelta: turning off BCR signaling in Chronic
Lymphocytic Leukemia,Oncotarget2(10):737-738 (2011); HIRSCEt al, “Central Role for G Protein-Coupled
Phosphoinositide 3-Kinagein Inflammation,”Science287:1049-1053 (2000); Ldt al, “Roles of PLCB2 and —
B3 and PI3K in Chemoattractant-Mediated Signal Transducti@tience287:1046-1049 (2000); SASAkK al,
“Function of PI3K in Thymocyte Development, T Cell Activation, andeudrophil Migration,” Science
287:1040-1046 (2000); CUSHIN®@t al., “PI3Ké and PI3K as Targets for Autoimmune and Inflammatory
Diseases,J. Med. Chem55:8559-8581 (2012); MAXWELIet al, “Attenuation of phosphoinositide 3-kinage
signaling restrains autoimmune disease Autoimmun38:381-391 (2012); HAYLOCK-JACOBS&: al, “PI3K&
drives the pathogenesis of experimental autoimnemoephalomyelitis by inhibiting effector T cell ggiosis and
promoting Th17 differentiation,J. Autoimmun36:278-287 (2011); SOONE al, “PI3K p11® regulates T-cell
cytokine production during primary and secondargniime responses in mice and humaBs$gbd 115(11):2203-
2213 (2010); ROLLERet al, “Blockade of Phosphatidylinositol 3-Kinase (PI3kjr PI3Ky Reduces IL-17 and
Ameliorates Imiquimod-Induced Psoriasis-like Deritimt J. Immunal 189:4612-4620 (2012); CAMP& al,
“Blockade of PI3Kg suppresses joint inflammation and damage in mowseels of rheumatoid arthritisNat.
Med 11(9):936-943 (2005). As key enzymes in leukeignaling, PI3Ks and PI3Ky facilitate normal B-cell,
T-cell and myeloid cell functions including diffevigation, activation, and migration. See, e.g.
HOELLENRIEGEL and BURGER, “Phosphoinositide 3'-kgeadelta: turning off BCR signaling in Chronic
Lymphocytic Leukemia,’Oncotarget2(10):737-738 (2011); CUSHINGE@t al., “PI3Ké and PI3lg as Targets for
Autoimmune and Inflammatory Diseased,”Med. Chem55:8559-8581 (2012). PI3&-or PI3K+« activity is
critical for preclinical models of autoimmune amflammatory diseasesSee, e.g. HIRSCHet al, “Central Role
for G Protein-Coupled Phosphoinositide 3-Kingsa Inflammation,”Science287:1049-1053 (2000); Lét al,
“Roles of PLCB2 and $3 and PI3K in Chemoattractant-Mediated Signal Transducti®gience287:1046-
1049 (2000); SASAKEt al., “Function of PI3l§ in Thymocyte Development, T Cell Activation, aneurophil
Migration,” Science287:1040-1046 (2000); CUSHIN& al, “PI3Ké and PI3K as Targets for Autoimmune and
Inflammatory Diseases,”J. Med. Chem.55:8559-8581 (2012); MAXWELLet al., “Attenuation of
phosphoinositide 3-kinasé signaling restrains autoimmune diseasé,” Autoimmun 38:381-391 (2012);
HAYLOCK-JACOBSet al., “PI3K3 drives the pathogenesis of experimental autoimnanmephalomyelitis by
inhibiting effector T cell apoptosis and promotiigpl7 differentiation,”J. Autoimmun 36:278-287 (2011);
SOOND et al., “PI3K pll® regulates T-cell cytokine production during primmaand secondary immune
responses in mice and humansBlood 115(11):2203-2213 (2010); ROLLERet al., “Blockade of
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Phosphatidylinositol 3-Kinase (PI3&)pr PI3Ky Reduces IL-17 and Ameliorates Imiquimod-Inducedrisis-
like Dermatitis,” J. Immunal 189:4612-4620 (2012); CAMPS8t al, “Blockade of PI3K suppresses joint
inflammation and damage in mouse models of rheudharohritis,” Nat. Med 11(9):936-943 (2005). Given the
key role for PI3Ké and PI3Ky in immune function, inhibitors of the PI3Kand/ory have therapeutic potential
in immune-related inflammatory or neoplastic digsas

[00504] PI3K-8 and PI3Ky are central to the growth and survival of B- andell malignancies and
inhibition of these isoforms may effectively linthese diseasesSee, e.g.SUBRAMANIAM et al., “Targeting
Nonclassical Oncogenes for Therapy in T-ALGancer Cell21:459-472 (2012); LANNUTTEt al.,“CAL-101

a pl1@ selective phosphatidylinositol-3-kinase inhibifor the treatment of B-cell malignancies, inhidBK
signaling and cellular viability,Blood 117(2):591-594 (2011). PI3K-and PI3Ky support the growth and
survival of certain B-cell malignancies by medigtimtracellular BCR signaling and interactions bedw the
tumor cells and their microenvironmeree, e.g.PURI and GOLD, “Selective inhibitors of phosphmsitide 3-
kinase delta: modulators of B-cell function withtgntial for treating autoimmune inflammatory diseand B-
cell malignancies,’Front. Immunol.3:256 (2012); HOELLENRIEGElIlet al, “The phosphoinositide 3'-kinase
delta inhibitor, CAL-101, inhibits B-cell receptaignaling and chemokine networks in chronic lympfiac
leukemia,” Blood 118(13):3603-3612 (2011); BURGER, “Inhibiting BlC&eceptor Signaling Pathways in
Chronic Lymphocytic Leukemia,” CurtMematol. Malig. Rep7:26-33 (2012). Increased BCR signaling is a
central pathologic mechanism of B-cell malignancéesl PI3K activation is a direct consequence of BCR
pathway activation. See, e.g. BURGER, “Inhibiting B-Cell Receptor Signaling Ratys in Chronic
Lymphocytic Leukemia,” CurrMematol. Malig. Rep7:26-33 (2012); HERISHANL&t al, “The lymph node
microenvironment promotes B-cell receptor signalibg-«B activation, and tumor proliferation in chronic
lymphocytic leukemia,Blood 117(2):563-574 (2011); DAVI&t al, “Chronic active B-cell-receptor signaling in
diffuse large B-cell lymphomaNature 463:88-92 (2010); PIGHg#t al., “Phospho-proteomic analysis of mantle
cell lymphoma cells suggests a pro-survival rol@afell receptor signaling,Cell Oncol. (Dordr)34(2):141-153
(2011); RIZZATTI et al., “Gene expression profiling of mantle cell lymphog®lls reveals aberrant expression
of genes from the PI3K-AKT, WNT and T@Fsignaling pathways,Brit. J. Haematal 130:516-526 (2005);
MARTINEZ et al.,“The Molecular Signature of Mantle Cell LymphomauRals Multiple Signals Favoring Cell
Survival,” Cancer Res63:8226-8232 (2003). Interactions between maligBacells and supporting cells (e.qg.,
stromal cells, nurse-like cells) in the tumor mamgironment are important for tumor cell surviyaipliferation,
homing, and tissue retentiorSee, e.g.BURGER, “Inhibiting B-Cell Receptor Signaling Ratys in Chronic
Lymphocytic Leukemia,”Curr. Mematol. Malig. Rep7:26-33 (2012); HERISHANLEt al, “The lymph node
microenvironment promotes B-cell receptor signalibg-«B activation, and tumor proliferation in chronic
lymphocytic leukemia,’Blood 117(2):563-574 (2011); KURTOVAt al., “Diverse marrow stromal cells protect
CLL cells from spontaneous and drug-induced apaptagvelopment of a reliable and reproducible esysto
assess stromal cell adhesion-mediated drug resistaBlood 114(20): 4441-4450 (2009); BURGE® al.,
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“High-level expression of the T-cell chemokines @GCand CCL4 by chronic lymphocytic leukemia B cefls
nurselike cell cocultures and after BCR stimulatid®lood 113(13) 3050-3058 (2009); QUIROG al, “B-cell
antigen receptor signaling enhances chronic lymytiméeukemia cell migration and survival: specifargeting
with a novel spleen tyrosine kinase inhibitor, RAMlood 114(5):1029-1037 (2009). Inhibiting P13y with

an inhibitor in certain malignant B-cells can bldtie BCR-mediated intracellular survival signaliag well as
key interactions with their microenvironment theg aritical for their growth.

[00505] PI3K-3 and PI3Ky also play a direct role in the survival and pediiition of certain T-cell
malignancies. See, e.g.SUBRAMANIAM et al, “Targeting Nonclassical Oncogenes for Therapy-HALL,”
Cancer Cell21:459-472 (2012). Aberrant PI3Kand PI3Ky activity provides the signals necessary for the
development and growth of certain T-cell malignaaciWhile BTK is expressed in B-cells, it is ngpeessed in
T-cells, and therefore BTK is not a viable targatthe treatment of T-cell malignancieSee, e.g.NISITANI et

al., “Posttranscriptional regulation of Bruton’s tyimms kinase expression in antigen receptor-stimdlapgenic B
cells,” PNAS 97(6):2737-2742 (2000); DE WEERS al, “The Bruton’s tyrosine kinase gene is expressed
throughout B cell differentiation, from early presar B cell stages preceding immunoglobulin gene
rearrangement up to mature B cell stagési. J. Immunol23:3109-3114 (1993); SMITIdt al, “Expression of
Bruton's Agammaglobulinemia Tyrosine Kinase Gen&KBIs Selectively Down-Regulated in T Lymphocytes
and Plasma CellsJ. Immunal 152:557-565 (1994). PI3K-and/ory inhibitors may have unique therapeutic
potential in T-cell malignancies.

[00506] In neutrophils, PI3K3, along with PI3Ky, contribute to the responses to immune complexes,
FCyRIl signaling, including migration and neutrophiéspiratory burst. Human neutrophils undergo rapid
induction of PIP3 in response to formyl peptideeptor (FMLP) or complement component C5a (C5a) in a
PI3K-y dependent manner, followed by a longer PIP3 prikaluperiod that is PI3K> dependent, and is essential
for respiratory burst. The response to immune deras is contributed by PI3B- PI3K-y, and PI3KB, and is

an important mediator of tissue damage in modelawbimmune disease (Randis Téd al (2008) Eur J
Immunol 38(5):1215-24; Pinho V, (2007) Immunol 179(11):7891-8; Sadhu &t al (2003)J Immunol
170(5):2647-54 ; Condliffe AM et al. (2008lood 106(4):1432-40). It has been reported that irtager
autoimmune diseases, preferential activation oKHI3may be involved (Kulkarnéet al, Immunology(2011)
4(168) ra23: 1-11). It was also reported that Pp3#eficient mice were highly protected in anyRedependent
model of autoantibody-induced skin blistering andrtiplly protected in an FK&-dependent model of
inflammatory arthritis, whereas combined deficienéyPI3K{3 and PI3Ké resulted in near complete protection
in inflammatory arthritis|gl.).

[00507] In macrophages collected from patients with chrasistructive pulmonary disease (COPD),
glucocorticoid responsiveness can be restoredeagntrent of the cells with inhibitors of PI3K- Macrophages
also rely on PI3Ks and PI3Ky for responses to immune complexes through theiardaction (F¢R and C5a
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signaling) (Randis TMet al. (2008)Eur J Immunal 38(5):1215-24 ; Marwick J&t al. (2009)Am J Respir Crit
Care Med 179(7):542-8; Konrad ®t al (2008)J Biol Chem283(48):33296-303).

[00508] Theophylline increases histone deacetylase-2 antit@steroid sensitivityn vitro and in

smoking micen vivo by inhibiting P13 kinase (e.g., PI3K-delta). Pl8Kactivated in COPD lungs and certain
PI3K inhibitors have been shown to mimic the e8eafttheophylline in reversing corticosteroid remsige.

Yasuo, T., et al., Am J Respir Crit Care Med 2082;897-904. While not wishing to be bound by theary
rationale for the use of PI3K inhibitors (e.g., gounds provided herein) to treat COPD is that &mMBibitor

can increase the corticosteroid sensitivity in lajesct .

[00509] In mast cells, stem cell factor- (SCF) and IL3-degent proliferation, differentiation and
function are PI3Ké dependent, as is chemotaxis. The allergen/lgBstinking of FGR1 resulting in cytokine
release and degranulation of the mast cells isregvimhibited by treatment with PI3K-inhibitors, suggesting a
role for PI3K$ in allergic disease (Ali ket al (2004)Nature431(7011):1007-11; Lee K8t al. (2006)FASEB J
20(3):455-65; Kim MSet al. (2008)Trends Immunol29(10):493-501).

[00510] Natural killer (NK) cells are dependent on both I8 and PI3Ky for efficient migration
towards chemokines including CXCL10, CCL3, S1P @xtCL12, or in response to LPS in the peritoneumqGu
H, et al. (2008)J Exp Med 205(10):2419-35; Tassiét al. (2007)Immunity27(2):214-27; Saudemont A, (2009)
Proc Natl Acad Sci U S.A06(14):5795-800; Kim Ngt al (2007)Blood 110(9):3202-8).

[00511] The roles of PI3K& and PI3Ky in the differentiation, maintenance, and activata immune
cells support a role for these enzymes in inflanematdisorders ranging from autoimmune diseaseg, (
rheumatoid arthritis, multiple sclerosis) to aliergnflammatory disorders, such as asthma, ananmfhatory
respiratory disease, such as COPD. Extensive muidis available in experimental animal modelscam be
evaluated using art-recognized animal models. nrembodiment, described herein is a method of itigat
inflammatory disorders ranging from autoimmune dsss €.9, rheumatoid arthritis, multiple sclerosis) to
allergic inflammatory disorders, such as asthmaG@&D using a compound described herein.

[00512] For example, inhibitors of PI3R-and/or y have been shown to have anti-inflammatory activity
in several autoimmune animal models for rheumadoibritis (Williams, O.et al. (2010) Chem Biol, 17(2):123-
34; WO 2009/088986; W02009/088880; WO 2011/008%@&Z:h incorporated herein by reference). P33iK-
expressed in the RA synovial tissue (especiallhensynovial lining which contains fibroblast-likgnoviocytes
(FLS), and selective PI3B-inhibitors have been shown to be effective in hitiig synoviocyte growth and
survival (Bartoket al (2010)Arthritis Rheum62 Suppl 10:362). Several PI3Kand v inhibitors have been
shown to ameliorate arthritic symptoms.(, swelling of joints, reduction of serum-inducedlagen levels,
reduction of joint pathology and/or inflammatiom), art-recognized models for RA, such as collagehiced
arthritis and adjuvant induced arthritis (WO 20@8986; W02009/088880; WO 2011/008302; each
incorporated herein by reference).
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[00513] The role of PI3K§ has also been shown in models of T-cell dependsmonse, including the
DTH model. In the murine experimental autoimmuneephalomyelitis (EAE) model of multiple sclerodise
PI3K-y/6- double mutant mice are resistant. PI8Knhibitors have also been shown to block EAE disea
induction and development of TH-17 cells bath vitro and in vivo (Haylock-Jacobs, Set al. (2011) J.
Autoimmunity36(3-4):278-87).

[00514] Systemic lupus erythematosus (SLE) is a compleradis that at different stages requires
memory T-cells, B-cell polyclonal expansion andfatiéntiation into plasma cells, and the innate imenu
response to endogenous damage associated molguattarn molecules (DAMPS), and the inflammatory
responses to immune complexes through the comptesygstem as well as the: Feceptors. The role of PI3K-
and PI3Ky together in these pathways and cell types sugdigasblockade with an inhibitor would be effectine
these diseases. A role for PI3K in lupus is alsedigted by two genetic models of lupus. The dmbebf
phosphatase and tensin homolog (PTEN) leads tpusilike phenotype, as does a transgenic activafi@iass
1A PI3Ks, which includes PI3l§- The deletion of PI3K-in the transgenically activated class 1A lupus ehdsl
protective, and treatment with a Pl3Kselective inhibitor in the murine ML model of lupus improves
symptoms (Barber, D&t al (2006)J. Immunal 176(1): 589-93).

[00515] In allergic disease, PI3K-has been shown by genetic models and by inhibigatment to be
essential for mast-cell activation in a passiveanabus anaphalaxis assay (Alidf al (2008)J Immunol
180(4):2538-44; Ali K, (2004Nature 431(7011):1007-11). In a pulmonary measure oparse to immune
complexes (Arthus reaction) a PI3Kknockout is resistant, showing a defect in macagehactivation and C5a
production. Knockout studies and studies with bitbrs for both PI3K3 and PI3Ky support a role for both of
these enzymes in the ovalbumin induced allergiwajrinflammation and hyper-responsiveness modet (K8

et al (2006)FASEB J 20(3):455-65). Reductions of infiltration of @ugphils, neutrophils, and lymphocytes as
well as TH2 cytokines (IL4, IL5, and IL13) were sewith both PI3Ké specific and dual PI3K-and PI3Ky
inhibitors in the Ova induced asthma model (Leeek8l. (2006)] Allergy Clin Immunoll18(2):403-9).

[00516] PI3K-8 and PI3Ky inhibition can be used in treating COPD. In theoked mouse model of
COPD, the PI3K3 knockout does not develop smoke induced glucamdiresistance, while wild-type and
PI13K-y knockout mice do. An inhaled formulation of du#iR-6 and PI3Ky inhibitor blocked inflammation in a
LPS or smoke COPD models as measured by neutrapimiti glucocorticoid resistance (Doukastil. (2009 J
Pharmacol Exp Ther328(3):758-65).

PI13K-0 and/or PI3K% isoforms in certain cancers

[00517] Class | PI3Ks, particularly PI3g-and PI3Ky isoforms, are also associated with cancers
(reviewed,e.g, in Vogt, PKet al. (2010) Curr Top Microbiol Immunol. 347:79-104; Bn® Vara, JAet al.
(2004)Cancer Treat Rev30(2):193-204; Zhao, L and Vogt, PK. (20@®)cogene7(41):5486-96). Inhibitors of
PI3K, e.g, PI3K-5 and/or PI3Ky, have been shown to have anti-cancer actietyg,(Courtney, KDet al. (2010)
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J Clin Oncol 28(6):1075-1083); Markman, Bt al. (2010) Ann Oncol.21(4):683-91; Kong, D and Yamori, T
(2009)Curr Med Chem16(22):2839-54; Jimeno, ét al. (2009)J Clin Oncol.27:156s (suppl; abstr 3542); Flinn,
IW et al. (2009)J Clin Oncol 27:156s (suppl; abstr 3543); Shapiroet@l. (2009)J Clin Oncol.27:146s (suppl;
abstr 3500); Wagner, Agt al. (2009)J Clin Oncol 27:146s (suppl; abstr 3501); Vogt, BKal. (2006)Virology
344(1):131-8; Ward, St al. (2003) Chem Biol 10(3):207-13; WO 2011/041399; US 2010/0029693; US
2010/0305096; US 2010/0305084; each incorporatezirhby reference).

[00518] In one embodiment, described herein is a methodrezfting cancer. In one embodiment,
provided herein is a method of treating a hematoldgcancer comprising administering a pharmacallic
effective amount of a compound provided herein tsubject in need thereof. In one embodiment, plexi
herein is a method of treating a solid tumor cosipg administering a pharmaceutically effective amaoof a
compound provided herein to a subject in need tier&ypes of cancer that can be treated with &ibitor of
PI3K (e.g., Compound 1) include,g, leukemia, chronic lymphocytic leukemia, acute hoigeleukemia, chronic
myeloid leukemia€.g, Salmena, Let al. (2008)Cell 133:403-414; Chapuis, Kt al. (2010)Clin Cancer Res
16(22):5424-35; Khwaja, A (201@urr Top Microbiol Immunol347:169-88); lymphomee.g, non-Hodgkin's
lymphoma é€.g.,Salmena, Let al. (2008)Cell 133:403-414); lung canceg,g, non-small cell lung cancer, small
cell lung cancerd.g, Herrera, VAet al. (2011)Anticancer Res31(3):849-54); melanoma.g, Haluska, Fet al.
(2007) Semin Oncol34(6):546-54); prostate cancexd, Sarker, Det al. (2009)Clin Cancer Res15(15):4799-
805); glioblastomad.g, Chen, J%t al. (2008)Mol Cancer Ther7:841-850); endometrial cancex.d, Bansal, N
et al. (2009) Cancer Control. 16(1):8-13); pancreatic cancee.q§, Furukawa, T (20080 Gastroenterol
43(12):905-11); renal cell carcinoma.q, Porta, C and Figlin, RA (2009) Urol. 182(6):2569-77); colorectal
cancer €.g, Saif, MW and Chu, E (201@ancer J.16(3):196-201); breast cancerd, Torbett, NEet al. (2008)
Biochem J415:97-100); thyroid cancee.@, Brzezianska, E and Pastuszak-Lewandoska, D (Zabh} Biosci
16:422-39); and ovarian cancerd, Mazzoletti, M and Broggini, M (201@urr Med Chem17(36):4433-47).
[00519] Numerous publications support a role of PI8kand PI3Ky in treating hematological cancers.
PI3K-3 and PI3Ky are highly expressed in the heme compartmentsahd tumors, including prostate, breast
and glioblastomas (Chen J.8t al (2008) Mol Cancer Ther.7(4):841-50; lkeda Het al (2010) Blood
116(9):1460-8).

[00520] In hematological cancers including acute myeloigkénia (AML), multiple myeloma (MM),
and chronic lymphocytic leukemia (CLL), overexpieasand constitutive activation of PI3&K-supports the
model that PI3K3 inhibition would be therapeutic Billottet @} al. (2006) Oncogene25(50):6648-59; Billottet
C, et al. (2009)Cancer Res69(3):1027-36; Meadows, SA, 32nnual ASH Meeting and Exposition; 2010 Dec
4-7; Orlando, FL; Ikeda Het al. (2010)Blood 116(9):1460-8; Herman S& al (2010)Blood 116(12):2078-88;
Herman SEet al. (2011).Blood117(16):4323-7.
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[00521] In one embodiment, described herein is a methdackafing hematological cancers including, but
not limited to acute myeloid leukemia (AML), muliéomyeloma (MM), and chronic lymphocytic leukemia
(CLL).

[00522] A PI3K-5 inhibitor (CAL-101) has been evaluated in a phdserial in patients with
hematological malignancies, and showed activit€lih in patients with poor prognostic characteristidn CLL,
inhibition of PI3K$ not only affects tumor cells directly, but it alaffects the ability of the tumor cells to
interact with their microenvironment. This micregonment includes contact with and factors fromostal
cells, T-cells, nurse like cells, as well as ottuenor cells. CAL-101 suppresses the expressiairomal and T-
cell derived factors including CCL3, CCL4, and CXI3, as well as the CLL tumor cells’ ability to resg to
these factors. CAL-101 treatment in CLL patiemtduices rapid lymph node reduction and redistriloutd
lymphocytes into the circulation, and affects tomigvival signals through the BCR, leading to reztucell
viability, and an increase in apoptosis. Singlera@CAL-101 treatment was also active in mantlélgeiphoma
and refractory non-Hodgkin’s lymphoma (Furman, RRal. 52" Annual ASH Meeting and Exposition; 2010
Dec 4-7; Orlando, FL; Hoellenriegdl,et al. 52" Annual ASH Meeting and Exposition; 2010 Dec 4-Tta®do,
FL; Webb, HK, et al. 52" Annual ASH Meeting and Exposition; 2010 Dec 4-Tta@do, FL; Meadowset al.
52" Annual ASH Meeting and Exposition; 2010 Dec 4-Tta@do, FL; Kahl, Bet al. 52" Annual ASH Meeting
and Exposition; 2010 Dec 4-7; Orlando, FL; LannBtijet al.(2011)Blood 117(2):591-4).

[00523] PI3K-3 inhibitors have shown activity against PI3Kpositive gliomasn vitro (Kashishian Agt

al. Poster presented at: The American Associatiofaricer Research 182Annual Meeting; 2011 Apr 2-6;
Orlando, FL). In this subset of tumors, treatmeith the PI3K$ inhibitor either alone or in combination with a
cytotoxic agent can be effective.

[00524] Another mechanism for PI3K-inhibitors to have an effect in solid tumors inxed the tumor
cells’ interaction with their micro-environment.I13R-5, PI3K+y, and PI3KB are expressed in the immune cells
that infiltrate tumors, including tumor infiltratinlymphocytes, macrophages, and neutrophils. Bla#ibitors
can modify the function of these tumor-associatechiine cells and how they respond to signals frarsttoma,
the tumor, and each other, and in this way affestdar cells and metastasis (Hoellenriegegt al 52 Annual
ASH Meeting and Exposition; 2010 Dec 4-7; Orlani).

[00525] PI3K-5 is also expressed in endothelial cells. It hantshown that tumors in mice treated with
PI3K-5 selective inhibitors are killed more readily byiation therapy. In this same study, capillarywerk
formation is impaired by the PI3K inhibitor, andstpostulated that this defect contributes togtesater killing
with radiation. PI3K38 inhibitors can affect the way in which tumors natet with their microenvironment,
including stromal cells, immune cells, and endadghelells and be therapeutic either on its ownnotdnjunction
with another therapy (Meadows, Sét, al Paper presented at:"$2Annual ASH Meeting and Exposition; 2010
Dec 4-7; Orlando, FL; Geng L, et al. (20@&ncer Res64(14):4893-9).
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[00526] Accordingly, provided herein is a method of tregtor preventing a cancer or disease (including
but not limited to a hematologic malignancy, opadfic type or sub-type of cancer or disease, sisch specific
type or sub-type of hematologic malignancy), witlPBK-y selective inhibitor, wherein the adverse effects
associated with administration of inhibitors fohet isoform(s) of PI3K €.g, PI3K-a and/or PI3KB) are
reduced. In one embodiment, provided herein issthad of treating or preventing the cancer or diseaith a
PI13K-y selective inhibitor, at a lowee(g, by about 10%, by about 20%, by about 30%, by 840%0, by about
50%, by about 60%, by about 70%, or by about 808spds compared to treatment with a Pj3ken-selective

or less selective PI3Kinhibitor (e.g, a PI3Kpan inhibitors, e.g., inhibiting PI3KB, 5, andy).

[00527] The role of PI3Ky pathway in promoting myeloid cell trafficking torhors and the role of
blockade of p10pin suppression of tumor inflammation and growthbiaast cancer, pancreatic cancer, and lung
cancer are reported, for example, in Schidal. (2011) Cancer Cell19, 715-727, the entirety of which is
incorporated herein by reference. In one embodinyfaovided herein i@ method of treating or preventing
pancreatic cancer with a PI3K inhibitor.

[00528] In another embodiment, provided herein is a metifdceating or preventing breast cancer with a
PI3K inhibitor. In yet another embodiment, prowddeerein is a method of treating or preventing lgagcer
with a PI3K inhibitor. In one embodiment, the Pl&kibitor is a PI3Ky inhibitor, selective or non-selective
over one or more other PI3K isoform(s). In one editment, the PI3K inhibitor is a PI3iKselective inhibitor.
[00529] While not wishing to be bound by theory, it is kekd that tumor growth is influenced by two
classes of immune cells in the tumor microenviromimeffector cells which include cytotoxic cellscaiMl
macrophages, and which have anti-tumor activitg suppressor cells, which include M2 macrophagd3SH
(myeloid derived suppressor cell), Tregs (regujafocell), and regulatory dendritic cells, whichvbegoro-tumor
activity because they inhibit the effector cell&in abundance of suppressor cells can lead to tumomune
tolerance, and enhancement of tumor growth.

[00530] Certain of these cell types are briefly describédl denotes a pro-inflammatory (anti-tumor)
phenotype of a MDSC or TAM. M2 denotes an antiaimfmatory (pro-tumor) phenotype of a MDSC or TAM.
[00531] PI3K-y is not expressed in at least some cancer celstyfsehmid et al., 2011, Cancer Cell 19.
Accordingly, in some embodiments, the PIgKkahibitor reduces cancer cell growth without havian substantial
direct effect on the cancer cell itself. For imgt®, in some embodiments, the PIgihibitor inhibits cancer cell
growth through changes in the tumor microenvirontnery., the immune cells in close proximity to dancer
cells.

[00532] Evidence in the literature supports the idea thBI3K-y inhibitor can reduce tumor associated
myeloid cells. For instance, in PI3Kdeficient mice, tumor-associated myeloid cellsraduced. Schmid et al.,
2011, Cancer Cell 19. Together, these data irglitatt a large class of PI3Kinhibitors should reduce tumor
associated myeloid cells, thereby increasing thaume response against cancer cells, and treatengahcer.
While not wishing to be bound by theory, a PIgKnay operate through the following mechanism. P}3K
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signaling may tilt the balance of immune cells todgapro-tumor M2 cells and away from anti-tumor kHlls,

by inducing expression of immunosuppressive, wohedling genes such as Arginasel, TGFbetal, PDGFBB,
MMP9, and MMP13, and suppressing pro-inflammatagtdrs such as IL12, iNos, and interferon gamma.
Blocking PI3K« signaling with an inhibitor tilts the balance tods anti-tumor M1 cells by stimulating a T cell
activating gene expression program. Kaneda e®ldtkinase gamma controls the macrophage M1-M2chwvit
thereby promoting tumor immunosuppression and gssjon. [abstract]. In: Proceedings of the 105tmuah
Meeting of the American Association for Cancer Resle; 2014 Apr 5-9; San Diego, CA. Philadelphia XPA
AACR; Cancer Res 2014;74(19 Suppl):Abstract nr 3680 10.1158/1538-7445.AM2014-3650.

[00533] In some embodiments, a PI3Kinhibitor provided herein is administered to aigratin order to
block a homeostatic down-regulation of T cell regm While not wishing to be bound by theorys timay
allow the body to raise an effective immune respoagainst the cancer cell. Exemplary agents of tifpe
include immune checkpoint therapeutics, e.g., agdwdt act on CTLA-4, PD-1, or PD-L1, e.g., antilesdthat
bind to CTLA-4, PD-1, or PD-L1. Immune checkpdin¢rapeutics are described in more detail below.

[00534] In some embodiments, a PI3Kinhibitor provided herein is administered to aigratin order to
eliminate immunosuppressive cells in the tumor ggavironment. The immunosuppressive cell may lg, a

T regulatory cell (e.g., a cell that secretes ntedéathat induce CD8+ cytotoxic T cell death); aritu-associated
macrophage (TAM; e.g., anM2 (pro-tumor) TAMS theddks T cell activity and promotes angiogenesis)ao
myeloid-derived suppressor cell (MDSC; e.g., a et secretes mediators that inhibit T cell défgration and
proliferation).

[00535] In some embodiments, a compound provided hereidnsinistered to a patient in order to reduce
the migration or differentiation of a tumor asseethmyeloid cell. In some embodiments, the comdosna
compound that shows single agent activity in a epeic model system. In some embodiments, the contbiz
administered in combination with a second therdpgewts discussed herein. In some embodiments, the
administration results in a reduction in the leg€IMDSCs in the tumor microenvironment; the levélNd2
TAMS in the tumor microenvironment; the level ofrdgulatory cells in the tumor microenvironment,aory
combination thereof. In some embodiments, the aidtnation results in an unchanged or increaseel lefvT-
effector cells in the tumor microenvironment. Im@diments, the administration results in an ineee@ an
immune response to the tumor, e.g., an increat®itevels or tumor-attacking activity of cytotoxiccells, M1
inflammatory TAMSs, or a combination thereof.

[00536] In some embodiments, an MDSC has one or more dfiotlmving properties: suppressing anti-
tumor immune attack; inducing vascularization oé ttumor; inducing ECM breakdown, e.g., which may
contribute to metastasis; and supporting tumor growAccordingly, in some embodiments, administratof a
PI3K-y inhibitor described herein inhibits one or mordtase functions in an MDSC.

[00537] TAMs (tumor-associated macrophages) can also hageoo more of the following properties:

suppressing anti-tumor immune attack; inducing uksization of the tumor; inducing ECM breakdowng.e
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which may contribute to metastasis; and supportimgor growth. Accordingly, in some embodiments,
administration of a PI3K-inhibitor as described herein inhibits one or mafrthese functions in a TAM.

[00538] In embodiments, a PI3K-nhibitor is administered to a patient who hasreed chemotherapy
and/or radiation therapy. While not wishing to li@und by theory, in some embodiments, chemotheoapy
radiation therapy results in a wound healing respadiat leads to repopulation of the cancer sitg, samor,
with TAMs and MDSCs. Administering the PI3Kinhibitor, in some embodiments, reduces the legEBAMS
and MDSCs in the microenvironment, decreasing thgiport for tumor cell growth and/or allowing themune
system to attack the cancer cells. See Claireeiid, “Imaging immune cell infiltrating tumors irelarafish”,
AACR Annual Meeting (April 5, 2014).

[00539] While not wishing to be bound by theory, a ratienfdr the use of a PI3K-gamma inhibitor as
adjunct therapy to radiation is to prevent the aundation of tumor supporting myeloid cells into trediated
tumor, thus impairing tumor regrowth following ration therapy. This is supported by work of Kadi al
(2010) Clin Invest. 120(3):694-705 showing that an inhibitor of myelaédll migration into post-irradiated
tumors €.g, AMD3100) blocked tumor vasculogenesis and turagrowth.

[00540] In certain embodiments, provided herein is a metbiotteating a disorder or disease provided
herein, comprising administering a compound pravidherein,e.g, a PI3Ky selective inhibitor, a PI3IK5
selective inhibitor, or a PI3K/3 dual inhibitor. Without being limited by a pamiar theory, in some
embodiments, selectively inhibiting PI3Kisoform can provide a treatment regimen where @adveffects
associated with administration of a non-selectil@KRnhibitor are minimized or reduced. Withoutitg limited

by a particular theory, in some embodiments, selkegt inhibiting PI3K<S isoform can provide a treatment
regimen where adverse effects associated with astmgtion of a non-selective PI3K inhibitor are imiized or
reduced. Without being limited by a particulardahg in some embodiments, selectively inhibitin@®® andy
isoform can provide a treatment regimen where agveffects associated with administration of a selective
PI3K inhibitor are minimized or reduced. Withowgithg limited by a particular theory, it is believétht the
adverse effects can be reduced by avoiding théitign of other isoformsed.g, a or ) of PI3K.

[00541] In one embodiment, the adverse effect is hyperglyae In another embodiment, the adverse
effect is rash. In another embodiment, the adveffeet is impaired male fertility that may resfutim inhibition
of B isoform of PI3K éee, e.g.Ciraoloet al, Molecular Biology of the Cell21: 704-711 (2010)). In another
embodiment, the adverse effect is testicular toxitiat may result from inhibition of PI3R<(see, e.qg.Wisleret
al., Amgen SOT, Abstract ID # 2334 (2012)). In anotbmbodiment, the adverse effect is embryonic léthal
(see, e.g Bi et al, J Biol Chem 274: 10963-10968 (1999)). In another embodimtr, adverse effect is
defective platelet aggregatiorseg, e.g Kulkarni et al, Science 287: 1049-1053 (2000)). In another
embodiment, the adverse effect is functionally diéfe neutrophilid.).

[00542] In certain embodiments, provided herein is a metifddeating or preventing cancer (e.g., colon

cancer, melanoma, bladder cancer, renal cancerstbteng cancer, glioblastoma, solid tumors, andrecer of
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hematopoietic origin (e.g., DLBCL, CLL, Hodgkinnhphoma, non-Hodgkin lymphomas)) comprising
administering to the subject a PI3K inhibitetd, a PI3Ky inhibitor, e.g, Compound 1).

[00543] Without being bound by a particular theory, a nagile for the use of a PI3K inhibitor to treat or
prevent cancer is that cells derived from tumerg,(from CT26 mouse tumors) can suppress anti-tumarine
cell function, including T-cell proliferation, aB@wn in the examples provide herein, and treatwithta
compound provided herein can release the suppres$ioe tumor microenvironment can inhibit the \zatiion
and proliferation of immune effector cells duelie presence of suppressive myeloid cells (e.g.|aidyderived
suppressor cells or MDSC and M2 macrophages). ©angs provided herein can affect the number ariditgct
M2 macrophages in a tumor microenvironmeng, reduce or inhibit the level of M2, pro-tumor maghages.
The reduction or inhibition of M2 macrophages, whgroduce anti-inflammatory cytokines and othetdes;
would lead to increased anti-tumor immunity, inéhgdT cell proliferation. Therefore, a compoundyded
herein can treat or prevent cancer such as colitecamelanoma, bladder cancer, renal cancer,tbheag
cancer, glioblastoma, solid tumors, and a cancbenfatopoietic origing.g, lymphoma, DLBCL, CLL,
Hodgkin disease, non-Hodgkin lymphomas). Furtitdras also been shown in the examples providegirénat
anti-PDL1 can also release suppression of T cellfpration by blocking the interaction between P@1LT cells
and PDL1 on tumor cells and regulatory cells. Tytetoxic T cells that are induced to proliferate @urvive by
both anti PDL-1 and compound 1 are hypothesizestote tumor growth. Compounds provided herein can
relieve immunosuppression which can lead to T ¢elidiferation and activation. Compounds provideddn
can treat or prevent cancer by inducing T cell midi immunity. In one embodiment, the compound igexl/
herein can decrease tumor volume. In one embodjraammbination of a PI3K inhibitor such as a coomub
provided herein and anti-PDL1 would be effectivéraating or preventing cancer by inducing T cedidiated
tumor immunity. In some embodiments, the effec abmpound provided herein on T-cell function can b
assessed by analyzing the pro-inflammatory cytoldmels in tumor tissues and serum, e.g., a MSP pro
inflammatory panel. In another embodiment, theipflammatory cytokines are selected from IFNL-1p, IL-
10, IL-12 p70, IL-2, IL-4, IL-5, IL-6, KC/GRO, an@iNF-o. In one embodiment, the effect of a compound
provided herein on T cell function can be assebygehalyzing the IFN-level. For example, tumor tissues and
serum treated with a compound provided herein, Egmpound 1, can be assessed by analyzing the |EX!.

Treatment of neuropsychiatric disorders

[00544] In other embodiments, inhibition of PI3K (such d8KR2& and/or PI3Ky) can be used to treat a
neuropsychiatric disordere.g, an autoimmune brain disorder. Infectious and imen factors have been
implicated in the pathogenesis of several neurdpatric disorders, including, but not limited toyd@nham's
chorea (SC) (Garvey, M.Aet al (2005)J. Child Neurol 20:424-429), Tourette’'s syndrome (TS), obsessive
compulsive disorder (OCD) (Asbahr, F.Ret al (1998) Am. J. Psychiatry155:1122-1124), attention
deficit/hyperactivity disorder (AD/HD) (Hirschtrijtt.E. et al. (2008)Child Neuropsycholl:1-16; Peterson, B.S.
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et al (2000) Arch. Gen. Psychiatry67:364-372), anorexia nervosa (Sokol, M.S. (2000)Child Adolesc.
Psychopharmacol10:133-145; Sokol, M.t al (2002)Am. J. Psychiatry159:1430-1432), depression (Leslie,
D.L. et al (2008)J. Am. Acad. Child Adolesc. Psychiaty:1166-1172), and autism spectrum disorders (ASD)
(Hollander, E.et al (1999) Am. J. Psychiatry156:317-320; Margutti, Pet al (2006) Curr. Neurovasc. Res
3:149-157). A subset of childhood obsessive cosipeldisorders and tic disorders has been grouged a
Pediatric Autoimmune Neuropsychiatric Disorders dtsated with Streptococci (PANDAS). PANDAS
disorders provide an example of disorders whereotiget and exacerbation of neuropsychiatric symptam
preceded by a streptococcal infection (Kurlan,Kplan, E.L. (2004Pediatrics113:883-886; Garvey, M.Aet

al. (1998)J. Clin. Neurol 13:413-423). Many of the PANDAS disorders shai@mmon mechanism of action
resulting from antibody responses against streptmdoassociated epitopes, such as GIcNAc, whicklymes
neurological effects (Kirvan. C.Aet al (2006)J. Neuroimmunol179:173-179). Autoantibodies recognizing
central nervous system (CNS) epitopes are alsadfausera of most PANDAS subjects (Yaddanapudietal
(2010)Mol. Psychiatryl5:712-726). Thus, several neuropsychiatric dis@ have been associated with immune
and autoimmune components, making them suitabldéapies that include PI3&and/or PI3Ky inhibition.
[00545] In certain embodiments, a method of treatimgg{ reducing or ameliorating one or more
symptoms of) a neuropsychiatric disorder,g( an autoimmune brain disorder), using a P&8Knd/or PI3Ky
inhibitor is described, alone or in combinationrétmy. For example, one or more PI3Kand/or PI3Ky
inhibitors described herein can be used alone ocoimbination with any suitable therapeutic agerd/@n
modalities,e.g, dietary supplement, for treatment of neuropsydiialisorders. Exemplary neuropsychiatric
disorders that can be treated with the P&#&nd/or PI3Ky inhibitors described herein include, but are irtted

to, PANDAS disorders, Sydenham’s chorea, Touretsysdrome, obsessive compulsive disorder, attention
deficit/hyperactivity disorder, anorexia nervosagprkssion, and autism spectrum disorders. Peprasiv
Developmental Disorder (PDD) is an exemplary clafsautism spectrum disorders that includes Autistic
Disorder, Asperger's Disorder, Childhood Disintaéiy® Disorder (CDD), Rett's Disorder and PDD-Not
Otherwise Specified (PDD-NOS). Animal models faal@ating the activity of the PI3I&-and/or PI3Ky
inhibitor are known in the art. For example, a s®unodel of PANDAS disorders is described ey,
Yaddanapudi, Ket al (2010)suprg and Hoffman, K.I. et al. (2004) Neurosci24:1780-1791.

[00546] In some embodiments, provided herein is a methottdating rheumatoid arthritis or asthma in a
subject, or for reducing a rheumatoid arthritiseagsted symptom or an asthma-associated sympt@subject,
comprising administering an effective amount ofla3kPy inhibitor to a subject in need thereof, whereire an
more of the adverse effects associated with adtratisn of inhibitors for one or more other isofamf PI3K

are reduced. In one embodiment, the one or mtrer idoforms of PI3K is PI3K; PI3KB, and/or PI3KS. In

one embodiment, the one or more other isoformsI8K Fs PI3K-a and/or PI3KB. In one embodiment, the

method is for treating rheumatoid arthritis in &jeat, or for reducing a rheumatoid arthritis-assed symptom
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in a subject. In another embodiment, the methddrigreating asthma in a subject, or for reducimgasthma-
associated symptom in a subject.

[00547] In some embodiments, provided herein are methodssiofy a compound provided herein, or a
pharmaceutically acceptable form.d., pharmaceutically acceptable salts, hydrates, tdydsomers, prodrugs,
and isotopically labeled derivatives) thereof, grh@rmaceutical composition as provided hereitreat disease
conditions, including, but not limited to, diseasesociated with malfunctioning of one or more typé PI3
kinase. In one embodiment, a detailed descripiforonditions and disorders mediated by pi kihase activity

is set forth in Sadet al., WO 01/81346, which is incorporated herein by refeeein its entirety for all purposes.
[00548] In some embodiments, the disclosure relates tothadef treating a hyperproliferative disorder
in a subject that comprises administering to saildject a therapeutically effective amount of a comm
provided herein, or a pharmaceutically acceptalblenf (.g., pharmaceutically acceptable salts, hydrates,
solvates, isomers, prodrugs, and isotopically kdbelerivatives) thereof, or a pharmaceutical coitipasas
provided herein. In some embodiments, said metktates to the treatment of cancer such as acusdoidy
leukemia, thymus, brain, lung, squamous cell, ski®, retinoblastoma, intraocular melanoma, orsitgand
oropharyngeal, bladder, gastric, stomach, panctebkadder, breast, cervical, head, neck, rendhdy, liver,
ovarian, prostate, colorectal, esophageal, testicudynecological, thyroid, CNS, PNS, AIDS-relatézlg.,
Lymphoma and Kaposi’'s Sarcoma) or viral-inducedcean In some embodiments, said method relatebeo t
treatment of a non-cancerous hyperproliferativerdisr such as benign hyperplasia of the s&ig,(psoriasis),

restenosis, or prostate.¢, benign prostatic hypertrophy (BPH)).

Treatment of cancers

[00549] In certain embodiments, provided herein are metlédsodulating tumor microenvironment of
cancer cells in a subject, comprising administetinthe subject a therapeutically effective amanfrat
compound provided hereig.@, a selective PI3K-inhibitor,e.g, Compound 1), or a pharmaceutically
acceptable form thereof.

[00550] As used herein and unless otherwise specified, dtumicroenvironment” refers to the cellular
and extracellular environment where the tumordaated. This location can include surroundingdlgessels,
immune cells, fibroblasts, secreted signaling mdks; and the extracellular matrix. The tumor
microenvironment includes non-neoplastic stromaliammune cells that provide growth and survivalpupto
the neoplastic tumor.

[00551] As used herein and unless otherwise specified, timstherapy” refers to treatments that
stimulate, enhance, or suppress the body's own imareystem to fight a disease. Diseases that mayitable
for immunotherapy treatment include, but are rmoitkd to, cancer, inflammatory diseases, and iidfast
diseases. Immunotherapy includes a variety ofrtreats that work in different ways. For exampteme are
intended to boost the immune system defenses émargl way; others help train the immune systered¢ognize
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and attack cancer cells specifically. Cancer immtliarapies include, but are not limited to, celbdzhtherapies
(also known as cancer vaccines), antibody therapiescytokine therapies.g, interleukin-2 and interferom).
[00552] Many cancers are known to be susceptible to tlagnrent of one or more immunotherapies,
including treatment targeting the effector cellshia tumor microenvironmeng g, immune checkpoint therapy
such as PD-1/PD-L1 inhibitors and CTLA-4 inhibitpriseatment targeting suppressor cells in the tumo
microenvironmentd.g, CSF-1R inhibitors (affecting MDSC and TAM) andO®DI DO inhibitors). Without
being limited by a particular theory, a compoundvimted may affect MDSC, TAM, and other componentthie
tumor microenvironment. The role of TAM in tumoramenvironment is described,g, in Lewis and Pollard,
Cancer Res. 2006; 66: (2). January 15, 2006.

[00553] In one embodiment, the number of one or more pmwtuimmune cells in the tumor
microenvironment is reduced, or the activity of @menore pro-tumor immune cells in the tumor
microenvironment is reduced or inhibited, after adstration of the compound.

[00554] In some embodiments, the pro-tumor immune cellTiscell, an M2 macrophage, a stromal cell,
a dendritic cell, an endothelial cell, or a myeloal. In one embodiment, the myeloid cell is mtw associated
suppressive myeloid cell. In one embodiment, timedr associated suppressive myeloid cell is idewtiby (i)
CD45+, CD11b+, Ly6C+ and Ly6G+, (ii) CD45+, CD11h6C- and Ly6G-, (iii) CD45+, CD11b+, Ly6C- and
Ly6G+, or (iv) CD45+, CD11b+, Ly6C+ and Ly6G-. ¢me embodiment, the tumor associated suppressive
myeloid cell is a tumor associated macrophage (TAdMnyeloid derived suppressor cell (MDSC), a mgtioc
immature myeloid cell (iMc), or a granulocytic iM&utrophil. In one embodiment, the TAM is idemtifiby
CD45+, CD11b+, Ly6C-, and Ly6G-. In one embodiméme myeloid derived suppressor cell (MDSC) is
identified by CD45+, CD11b+, Ly6C- and Ly6G+. dne embodiment, the monocytic immature myeloid cell
(iMc) is identified by CD45+, CD11b+, Ly6C+ and L@6. In one embodiment, the granulocytic iMc/nephib
is identified by CD45+, CD11b+, Ly6C+ and Ly6G$ee e.g.Coussens LMet al, Cancer Discov. 2011
Jun;1(1):54-67.

[00555] In one embodiment, the activation of M2 macrophiagle tumor microenvironment is reduced
or inhibited after administration of the compourd.one embodiment, the p-AKT level in the M2 maatrage is
reduced after administration of the compound. rle embodiment, the number of M2 macrophage celtsan
tumor microenvironment is reduced after adminigirabf the compound. In one embodiment, the mignabf
M2 macrophage cells into the tumor microenvironmeméduced or inhibited after administration of th
compound. In one embodiment, the differentiatibmgeloid cells into M2 macrophage cells in the tum
microenvironment is reduced or inhibited after ausiration of the compound. In one embodiment, the
differentiation into M2 macrophage cells is meadurg Arginase-1 (ARG1) level or VEGF level, and &kirG1
level or VEGF level is reduced by at least 10%, 28886, 40%, 50%, 60%, 70%, 80%, or 90% compared to
reference value.

[00556] In one embodiment, the number of myeloid-derivagpsessor cells in the tumor
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microenvironment is reduced after administratiothefcompound. In one embodiment, the differeiotiabf

bone marrow cells into myeloid-derived suppresstis és reduced or inhibited after administratidrie
compound. In one embodiment, the differentiatitto imyeloid-derived suppressor cells is measured by
Arginase-1 (ARG1) level, VEGF level, or iNOS levahd the ARGL1 level, VEGF level, or iINOS levelésluced
by at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, &3%0% compared to a reference value.

[00557] In one embodiment, the production of proangiogéautor is reduced or inhibited after
administration of the compound. In one embodimiagt,proangiogenic factor is reduced or inhibitgd b
reduction or inhibition of macrophage or MDSC diffetiation. In one embodiment, the proangiogeadatdr is
VEGF.

[00558] In one embodiment, the effect of the compoundsigeavherein€.g, Compound 1) on MDSC
(e.g, human MDSC) function is measured by expressidNOfS and arginase and production of ROS and IL-10,
measured by the suppression function of the MD&G, (n co-culture assays with CD8+), measured by
activation of pAKT in response to a stimulaaty, CXCL12, IL-1b, TNFe, or CSF1), or measured by transwell
chemotaxis assays (T cells and MDSC).

[00559] In one embodiment, the effect of the compoundsigeavherein€.g, Compound 1) on MDSC
(e.g, murine MDSC) function and macrophage M2-polarorats measured by isolating myeloid cells from é&on
marrow, polarizing with IFNg or IL-4 and then tesgifor secretion of TNe; IL-12, ROS production in M1 and
IL-10, IL-1b, or VEGF, or measured by methods pded herein or elsewhere.

[00560] In one embodiment, the effect of the compoundsigeavherein€.g, Compound 1) on myeloid
and CD8+ is measured lryvivomodels €.g, MC38 and 4T1). In one embodiment, the effechéasured by
TGI, MDSC and macrophage infiltrate, CD8+, and I§&tnma production in CD8+.

[00561] In one embodiment, the effect of the compoundsigeavherein€.g, Compound 1) on myeloid
and CD8+ is measured by QT-PCR or intracellular BAE myeloid infiltrate. In one embodiment, théeef is
measured by expression of functional markerg,(iNOS, arginase, or IL-10).

[00562] In one embodiment, the number of one or more antistr immune cells in the tumor
microenvironment is increased, or the activity pé@r more anti-tumor immune cells in the tumor
microenvironment is increased, after administratibthe compound.

[00563] In one embodiment, the cancer susceptible to dartrent of one or more immunotherapies is a
hematological cancer. In one embodiment, the hapgital cancer is chronic lymphocytic leukemia (GL In
one embodiment, the tumor microenvironment is a @tdliferation center. In one embodiment, the
hematological cancer is lymphoma.

[00564] In one embodiment, the cancer susceptible to gagrtrent of one or more immunotherapies is a
solid tumor. In one embodiment, the solid tumduigy cancer, breast cancer, colon cancer, orlgktdma. In
one embodiment, the cancer is selected from ongooe of: a cancer of the pulmonary system, a hraicer, a

cancer of the gastrointestinal tract, a skin caregenitourinary cancer, a pancreatic cancem@dancer, a
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medulloblastoma, a basal cell carcinoma, a gliaraeast cancer, a prostate cancer, a testiculaegan
esophageal cancer, a hepatocellular cancer, aogeaticer, a gastrointestinal stromal tumor (GI1%iTgplon
cancer, a colorectal cancer, an ovarian canceelanmma, a neuroectodermal tumor, head and necleiGan
sarcoma, a soft-tissue sarcoma, fibrosarcoma, nygoma, liposarcoma, a chondrosarcoma, an osteogeni
sarcoma, a chordoma, an angiosarcoma, an endareloona, a lymphangiosarcoma, a
lymphangioendotheliosarcoma, a synovioma, a mekoth@, a leiomyosarcoma, a cervical cancer, angeri
cancer, an endometrial cancer, a carcinoma, a étaddcinoma, an epithelial carcinoma, a squamellis ¢
carcinoma, an adenocarcinoma, a bronchogenic caneina renal cell carcinoma, a hepatoma, a bile duc
carcinoma, a neuroendocrine cancer, a carcinoidrtudiffuse type giant cell tumor, and glioblastoma one
embodiment, the solid tumor is melanoma, bladdecea head and neck cancer, lung caneey, hon-small cell
lung cancer), renal cell carcinoma, ovarian canmerast cancee(g, triple-negative breast cancer), colon cancer,
or glioblastoma.

[00565] In one embodiment, the solid tumor is melanomaonia embodiment, the solid tumor is lung
cancer. In one embodiment, the solid tumor is sroid| cell lung cancer. In one embodiment, thelgaimor is
renal cell carcinoma. Melanoma, lung caneeg,(non-small cell lung cancer), and renal cell caonia are
known to be sensitive to immunotherapies. Datdriga poor prognosis to high TAM cell counts haeen
reported in breast, prostate, endometrial, bladdéney, esophageal, superficial, carcinoma, metaand
follicular lymphoma cancersSee e.g.Lewis and Pollard, Cancer Res. 2006; 66: (2)udanl5, 2006. One anti-
PD-1 antibody drug, nivolumab, (Opdivo - Bristol &g Squibb), produced complete or partial respoinsesn-
small-cell lung cancer, melanoma, and renal-celtes in a clinical trial with a total of 296 patis.

[00566] In one embodiment, the solid tumor is head and raoker. Head and neck tumors tend to be
highly immunogenic and have strong anti-PD-1/PDelfficacy. In one embodiment, the solid tumor &daler
cancer. Bladder cancer also has strong anti-PD-L/Pefficacy. A high humber of TAM cells has been
associated with a poor prognosis and increasedrtangiogenesis in bladder cancer.

[00567] In one embodiment, the solid tumor is breast canbepne embodiment, the breast cancer is
triple-negative breast cancer. A high number oMIgells has been associated with a poor prognddiscast
cancer. See e.g.Lewis and Pollard, Cancer Res. 2006; 66: (2udgnl5, 2006. In one embodiment, the solid
tumor is ovarian cancer. In one embodiment, thid samor is colon cancer. Breast cancer, ovaci@mcer, and
colon cancer are known to be sensitive to immumnatlies €.g, bevacizumab and trastuzumab) and can also
have anti-PD-1/PD-L1 efficacy.

[00568] In one embodiment, the solid tumor is glioblastoriraone embodiment, the solid tumor is
glioblastoma multiforme. It has been reported PI&8K-gamma expression is upregulated in brain ogjda.
Without being limited by a particular theory, PI3Krhibitors provided hereire(g, Compound 1) may have P-
glycoprotein inhibitory activity and thus can crake blood brain barrier.

[00569] In one embodiment, the anti-tumor immune attackffgctor T cells is increased, vascularization
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of the tumor is reduced, extracellular matrix (EQbig@akdown is reduced, or tumor growth is decreased
compared to a reference value, after administratfahe compound.

[00570] In one embodiment, the tumor volume of the careeeduced after administration of the
compound. In one embodiment, the tumor voluméefdancer is reduced by at least 10%, 20%, 30%, 50%
60%, or 60%, compared to a reference value.

[00571] In one embodiment, the level of apoptosis of theceacells is increased after administration of
the compound. In one embodiment, the level of &gmip of the cancer cells is increased by at £3%4, 20%,
30%, 40%, or 50%, compared to a reference value.

[00572] In some embodiments, the subject is naive to imriiarapy treatment. In some embodiments,
the subject is naive to radiation therapy treatmémisome embodiments, the subject is naive tonciieerapy
treatment.

[00573] In some embodiments, the subject has been predreatpreviously treated with one or more
immunotherapy treatments. In one embodiment, ubgest is responsive to the pre-treatment or presio
treatment with the immunotherapy. In one embodimte immunotherapy treatment is a checkpointrineat
such as a PD-1 or PD-L1 inhibitor. In one emboditnthe subject is a smoker. It has been repahntdsmoker
patients may respond better to immunotherapy, (@ PD-L1 inhibitor MPDL3280A) than non-smoker patis in
a phase | clinical study for patients with melanamaancers of the lung, kidney, colon, Gl tracthead and
neck cancers.

[00574] In one embodiment, the cancer is melanoma, ansuhiect has been pre-treated or previously
treated with one or more immunotherapy treatmelmsne embodiment, the subject has been pre-treate
previously treated with two or more immunotheraatments.

[00575] In one embodiment, the cancer is head and neclecdnag cancereg(g, non-small cell lung
cancer), renal cell carcinoma, or bladder cancet the subject has been pre-treated or previotesyed with

one immunotherapy treatment.

[00576] In one embodiment, the cancer is breast camcgr {riple-negative breast cancer), ovarian
cancer, glioblastoma, or colon cancer, and theesstiig naive to immunotherapy treatment.

[00577] In one embodiment, provided herein is a methodeatting, preventing, or managing melanoma
in a subject, comprising administering to the scibgetherapeutically effective amount of a compopravided
herein €.g, Compound 1), or a pharmaceutically acceptabla thereof, wherein the subject has been pre-
treated or previously treated with one or more imatherapy treatments. In one embodiment, the
immunotherapy treatment is ipilimumab (Yervoy)eiéukin-2, vemurafenib, dabrafenib, or trametinib.
[00578] In one embodiment, provided herein is a methodeatting, preventing, or managing lung cancer
(e.g, non-small cell lung cancer) in a subject, compgsdministering to the subject a therapeuticeffgctive
amount of a compound provided heregrg, Compound 1), or a pharmaceutically acceptalbita thereof,

wherein the subject has been pre-treated or prsyjidteated with one or more immunotherapy treatsiem
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one embodiment, the immunotherapy treatment isdizwanab, erlotinib, gefitinib, afatinib, or denosaim

[00579] In one embodiment, provided herein is a methodeatting, preventing, or managing renal cell
carcinoma in a subject, comprising administerinthosubject a therapeutically effective amourd obmpound
provided hereind.g, Compound 1), or a pharmaceutically acceptabia thereof, wherein the subject has been
pre-treated or previously treated with one or mion@unotherapy treatments. In one embodiment, the
immunotherapy treatment is bevacizumab, interle@kiaxitinib, carfilzomib, everolimus, interferan-
lenalidomide, pazopanib, sirolimus (rapamycin)agemib, sunitinib, temsirolimus, thalidomide, ardzanib.
[00580] In one embodiment, provided herein is a methodeatting, preventing, or managing bladder
cancer in a subject, comprising administering sdhbject a therapeutically effective amount obagound
provided hereind.g, Compound 1), or a pharmaceutically acceptabia thereof, wherein the subject has been
pre-treated or previously treated with one or mion@unotherapy treatments. In one embodiment, the
immunotherapy treatment is Bacillus Calmette—Gu@iaG).

[00581] In one embodiment, provided herein is a methodeatting, preventing, or managing head and
neck cancer in a subject, comprising administetinipe subject a therapeutically effective amodrs o
compound provided hereie.¢, Compound 1), or a pharmaceutically acceptabla thereof, wherein the
subject has been pre-treated or previously treaibdone or more immunotherapy treatments. In one
embodiment, the immunotherapy treatment is cetusjmanotuzumab, bevacizumab, or erlotinib.

[00582] In one embodiment, provided herein is a methodeatting, preventing, or managing breast
cancer €.q, triple-negative breast cancer) in a subject, aisimy administering to the subject a therapedical
effective amount of a compound provided hereig{ Compound 1), or a pharmaceutically acceptabia fo
thereof, wherein the subject has been pre-treatpcewiously treated with one or more immunotherapy
treatments. In one embodiment, the immunothenagatrhent is bevacizumab or trastuzumab.

[00583] In one embodiment, provided herein is a methodeatting, preventing, or managing ovarian
cancer in a subject, comprising administering goghbject a therapeutically effective amount oémgound
provided hereind.g, Compound 1), or a pharmaceutically acceptabia thereof, wherein the subject has been
pre-treated or previously treated with one or mon@unotherapy treatments. In one embodiment, the
immunotherapy treatment is bevacizumab.

[00584] In one embodiment, provided herein is a methodeatting, preventing, or managing colon
cancer in a subject, comprising administering todhbject a therapeutically effective amount obigound
provided hereind.g, Compound 1), or a pharmaceutically acceptabia thereof, wherein the subject has been
pre-treated or previously treated with one or mom@unotherapy treatments. In one embodiment, the
immunotherapy treatment is bevacizumab, cetuximapanitumumab.

[00585] In some embodiments, the disclosure relates tothadef treating a cancer of hematopoietic
origin. In certain embodiments, the cancer of hepaetic origin is lymphoma or leukemia. In some

embodiments, the cancer of hematopoietic origselected from acute lymphocytic leukemia (ALL), wlhni

-110-



includes B-lineage ALL and T-lineage ALL, chronjeriphocytic leukemia (CLL), prolymphocytic leukemia
(PLL), hairy cell leukemia (HLL) and Waldenstromscroglobulinemia (WM); peripheral T cell lymphomas
(PTCL), adult T cell leukemia/lymphoma (ATLL), cuaous T-cell lymphoma (CTCL), large granular
lymphocytic leukemia (LGL), acute myelocytic leukienfAML), Hodgkin lymphoma (HL), non—Hodgkin
lymphoma (NHL), follicular lymphoma, diffuse large-cell lymphoma (DLBCL), mantle cell lymphoma
(MCL), mastocytosis (e.g., systemic mastocytosis)itiple myeloma (MM), myelodysplastic syndrome[}),
myeloproliferative disorder (MPD) (e.g., polycythenvera (PV), essential thrombocytosis (ET), agmige
myeloid metaplasia (AMM) a.k.a. myelofibrosis (MEEhronic idiopathic myelofibrosis, chronic myelogeis
leukemia (CML), chronic neutrophilic leukemia (CNland hypereosinophilic syndrome (HES)).

[00586] In some embodiments, the disclosure relates totaadef treating a solid tumor. In some
embodiments, the solid tumor is selected from @vaciancer, colon cancer, fibrosarcoma, pancreaticer, lung
cancer, breast cancer, lymphoma, melanoma, andlagitoma. In some embodiment, the solid tumorGiNg
tumor. In one embodiment, the CNS tumor is glistdena. Compound 1 shows good permeability crassdbl
brain-barrier and can achieving efficacious conegiun in a CNS tumor.

[00587] In one embodiment, Compound 1 can be an inhibit&-gp (P-glycoprotein). P-glycoprotein
impedes the entry of various drugs that are uségeitreatment, for example, of central nervousesygiseases.
Without being bound by a particular theory, thegPsgbstrate may help maintain normal levels of Rgjvity

in a patient being treated with a PI3Krhibitor. In some embodiments, Compound 1 maybeoeffluxed from
a tumor and thus can maintain efficacious concéatraf Compound 1 in a tumor. For example, the
concentration can be maintained for about at l@&sturs, at least 10 hours, at least 12 hoursaat P4 hours, or
at least 48 hours. In one embodiment, Compourahlbe administered once daily.

[00588] In some embodiments, Compound 1 is administera@daatient in combination with a second
therapeutic that is a P-gp substrate. In anotiméioeiment, Compound 1 can inhibit the efflux of seeond
therapeutic such as a cancer drug that is a Piggirate. Therefore, Compound 1 can be efficacious i
maintaining the concentration of the co-administerancer drug in a tumor. For example, the comatoh can
be maintained for about at least 6 hours, at B@&s$tours, at least 12 hours, at least 24 houiat, least 48 hours.
In one embodiment, Compound 1 can be administered daily.

[00589] P-glycoprotein is a component of the blood-brairribaand is present on the surface of the
endothelial cells of the barrier. A PI3Kinhibitor provided herein such as Compound 1 aaa P-glycoprotein
inhibitor and thus can cross the blood brain barliesome embodiments, a PI3Knhibitor provided herein
such as Compound 1 can maintain an efficaciouserdration in CNS tumor or a brain tumor (e.g.,
glioblastoma).

[00590] As used herein “solid tumor” refers to an abnormasks of tissue. Solid tumors may be benign or
malignant. A solid tumor grows in an anatomica sititside the bloodstream (in contrast, for exanipleancers

of hematopoietic origin such as leukemias) andireguhe formation of small blood vessels and tapdls to
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supply nutrients, etc. to the growing tumor masdid3umors are named for the type of cells thatfohem.
Non-limiting examples of solid tumors are sarcontascinomas (epithelial tumors), melanomas, and
glioblastomas.

[00591] In some embodiments, the disclosure relates tothadef inhibiting growth of a tumor.
“Inhibiting growth of a tumor” refers to slowingmor growth and/or reducing tumor size. “Inhibitiggpwth of a
tumor” thus includes killing tumor cells as wellglewing or arresting tumor cell growth.

[00592] Exemplary solid tumors include, but are not limitegdbiliary cancer (e.g., cholangiocarcinoma),
bladder cancer, breast cancer (e.g., adenocarciobtha breast, papillary carcinoma of the bremstmmary
cancer, medullary carcinoma of the breast), braircer (e.g., meningioma; glioma, e.g., astrocytoma,
oligodendroglioma; medulloblastoma), cervical carfeeg., cervical adenocarcinoma), colorectal ca(eg.,
colon cancer, rectal cancer, colorectal adenocamt®), gastric cancer (e.g., stomach adenocarcinoma)
gastrointestinal stromal tumor (GIST), head ankramcer (e.g., head and neck squamous cell caneinaral
cancer (e.g., oral squamous cell carcinoma (OS&{&Mey cancer (e.g., nephroblastoma a.k.a. Wilnmsbr,

renal cell carcinoma), liver cancer (e.g., hepdtolee cancer (HCC), malignant hepatoma), lung eaute.g.,
bronchogenic carcinoma, small cell lung cancer (S lhon-small cell lung cancer (NSCLC), adenocancia

of the lung), neuroblastoma, neurofibroma (e.gurofbromatosis (NF) type 1 or type 2, schwannorsia)o
neuroendocrine cancer (e.g., gastroenteropancreaiioendoctrine tumor (GEP-NET), carcinoid tumor),
osteosarcoma, ovarian cancer (e.g., cystadenooarairovarian embryonal carcinoma, ovarian adenoeana),
pancreatic cancer (e.g., pancreatic andenocarcinatmaductal papillary mucinous neoplasm (IPMNbypstate
cancer (e.g., prostate adenocarcinoma), skin cgaaer squamous cell carcinoma (SCC), keratoaoardh( A),
melanoma, basal cell carcinoma (BCC)) and sofaésmarcoma (e.g., malignant fibrous histiocytom&Hiy)
liposarcoma, malignant peripheral nerve sheath t((ME@NST), chondrosarcoma, fibrosarcoma, myxosaezom
osteosarcoma).

[00593] In some embodiments, the disclosure relates to thadeof treating a cancer of hematopoietic
origin comprising administering to a subject a gamselective compound (e.g., Compound 1). In certai
embodiments, the cancer of hematopoietic origigngphoma or leukemia. In some embodiments, theeaof
hematopoietic origin is selected from acute lymphicdeukemia (ALL), which includes B-lineage ALLnd T-
lineage ALL, chronic lymphocytic leukemia (CLL),glymphocytic leukemia (PLL), hairy cell leukemial(H)
and Waldenstrom's macroglobulinemia (WM); periphefa cell lymphomas (PTCL), adult T cell
leukemia/lymphoma (ATLL), cutaneous T-cell lymphof@ICL), large granular lymphocytic leukemia (LGL),
acute myelocytic leukemia (AML), Hodgkin lymphom&ll(), non—-Hodgkin lymphoma (NHL), follicular
lymphoma, diffuse large B—cell lymphoma (DLBCL), mia cell lymphoma (MCL), mastocytosis (e.g., Syste
mastocytosis), multiple myeloma (MM), myelodyspiastyndrome (MDS), myeloproliferative disorder (MPD
(e.g., polycythemia Vera (PV), essential thrombosig (ET), agnogenic myeloid metaplasia (AMM) a.k.a
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myelofibrosis (MF), chronic idiopathic myelofibrgsi chronic myelogenous leukemia (CML), chronic
neutrophilic leukemia (CNL), and hypereosinophilimdrome (HES)).

[00594] In some embodiments, the disclosure relates tothadef treating a solid tumor comprising
administering to a subject a gamma selective comgde.g., Compound 1). In some embodiments, the so
tumor is selected from ovarian cancer, colon carif@osarcoma, pancreatic cancer, lung cancegdbieancer,
lymphoma, melanoma, and glioblastoma.

[00595] In some embodiments, the disclosure relates tothauef treating an inflammatory disease
comprising administering to a subject a gamma sekecompound (e.g., Compound 1).

[00596] In some embodiment, the gamma selective compousia loielta/gamma selectivity ratio of >1 to
<10, 10 to <50, or 50 to <350 can be combined witbompound that has a gamma/delta selectivity i@Etio
greater than a factor of about 1, greater tharcerfaf about 2, greater than a factor of abougrdater than a
factor of about 5, greater than a factor of ab@utgteater than a factor of about 50, greater ¢héattor of about
100, greater than a factor of about 200, greaten thh factor of about 400, greater than a factaabafut 600,
greater than a factor of about 800, greater thiactar of about 1000, greater than a factor of ai&00, greater
than a factor of about 2000, greater than a famft@bout 5000, greater than a factor of about 1,00 greater
than a factor of about 20,000.

[00597] Patients that can be treated with a compound pedviterein, or a pharmaceutically acceptable
form (e.g., pharmaceutically acceptable salts, hydrates, sdydsomers, prodrugs, and isotopically labeled
derivatives) thereof, or a pharmaceutical compmsis provided herein, according to the methodsr@agded
herein include, for example, but not limited totigats that have been diagnosed as having psqriastenosis;
atherosclerosis; ischemic stroke, BPH; breast casweh as a ductal carcinoma, lobular carcinomajutfary
carcinomas, colloid carcinomas, tubular carcinonaasl inflammatory breast cancer; ovarian cancefuding
epithelial ovarian tumors such as adenocarcinontiagrovary and an adenocarcinoma that has migfededthe
ovary into the abdominal cavity; uterine canceryial cancer such as adenocarcinoma in the cepithelial
including squamous cell carcinoma and adenocaraspprostate cancer, such as a prostate cancetesefeom
the following: an adenocarcinoma or an adenocaneinthat has migrated to the bone; pancreatic caundr as
epitheliod carcinoma in the pancreatic duct tisand an adenocarcinoma in a pancreatic duct; blackierer
such as a transitional cell carcinoma in urinargdder, urothelial carcinomas (transitional cellcoamas),
tumors in the urothelial cells that line the bladdeuamous cell carcinomas, adenocarcinomas, raatl sell
cancers; leukemia such as acute lymphoblastic teigkechronic myelogenous leukemia, hairy cell leuie
myelodysplasia, myeloproliferative disorders, NKIl cieukemia €.g, blastic plasmacytoid dendritic cell
neoplasm), acute myelogenous leukemia (AML), clwranyelogenous leukemia (CML), mastocytosis, chronic
lymphocytic leukemia (CLL), multiple myeloma (MMand myelodysplastic syndrome (MDS); bone cancer;
lung cancer such as non-small cell lung cancer (Cwhich is divided into squamous cell carcinomas

adenocarcinomas, and large cell undifferentiatecimamas, and small cell lung cancer; skin canaeh ss basal
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cell carcinoma, melanoma, squamous cell carcinonmh actinic keratosis, which is a skin conditionttha
sometimes develops into squamous cell carcinom@ratinoblastoma; cutaneous or intraocular (eydamoena;
primary liver cancer; kidney cancer; thyroid canseich as papillary, follicular, medullary and araic;
lymphoma such as diffuse large B-cell lymphoma,eB-onmunoblastic lymphoma, NK cell lymphoma.d,
blastic plasmacytoid dendritic cell neoplasm), &uwtkitt lymphoma; Kaposi’'s Sarcoma,; viral-induceahcers
including hepatitis B virus (HBV), hepatitis C virifHCV), and hepatocellular carcinoma; human lyntgpoc
virus-type 1 (HTLV-1) and adult T-cell leukemia/lyptmoma; and human papilloma virus (HPV) and cervical
cancer; central nervous system cancers (CNS) suphiraary brain tumor, which includes gliomas (@sytoma,
anaplastic astrocytoma, or glioblastoma multiforneéigodendroglioma, ependymoma, meningioma, lynmpao
schwannoma, and medulloblastoma; peripheral nerggatem (PNS) cancers such as acoustic neuromas and
malignant peripheral nerve sheath tumor (MPNST)uiling neurofibromas and schwannomas, malignant
fiborocytoma, malignant fibrous histiocytoma, makgh meningioma, malignant mesothelioma, and matigna
mixed Millerian tumor; oral cavity and oropharynbeancers such as, hypopharyngeal cancer, larymgealker,
nasopharyngeal cancer, and oropharyngeal canoenash cancers such as lymphomas, gastric strommalr,)
and carcinoid tumors; testicular cancers such am geell tumors (GCTs), which include seminomas and
nonseminomas, and gonadal stromal tumors, whidindecLeydig cell tumors and Sertoli cell tumorsyrttus
cancer such as to thymomas, thymic carcinomas, Koedgmphoma, non-Hodgkin lymphomas, carcinoids or
carcinoid tumors; rectal cancer; and colon cancer.

[00598] Patients that can be treated with compounds prdvigeein, or pharmaceutically acceptable salt,
ester, prodrug, solvate, hydrate or derivative aifl compounds, according to the methods providegéite
include, for example, patients that have been disgth as having conditions including, but not lichitm®,
acoustic neuroma, adenocarcinoma, adrenal glantecaanal cancer, angiosarcoma (e.g., lymphangiose,
lymphangioendotheliosarcoma, hemangiosarcoma), ghemhonoclonal gammopathy, biliary cancer (e.g.,
cholangiocarcinoma), bladder cancer, breast caf@cgr, adenocarcinoma of the breast, papillaryicanca of

the breast, mammary cancer, medullary carcinonthetbreast), brain cancer (e.g., meningioma; glioeng.,
astrocytoma, oligodendroglioma; medulloblastoma)onbhus cancer, cervical cancer (e.g., cervical
adenocarcinoma), choriocarcinoma, chordoma, cramigmgioma, colorectal cancer (e.g., colon cancartal
cancer, colorectal adenocarcinoma), epithelial icarca, ependymoma, endotheliosarcoma (e.g., Kaposi'
sarcoma, multiple idiopathic hemorrhagic sarcoraajlometrial cancer, esophageal cancer (e.g., agenmzma
of the esophagus, Barrett's adenocarinoma), Ewargosna, familiar hypereosinophilia, gastric can(eg.,
stomach adenocarcinoma), gastrointestinal stroombt (GIST), head and neck cancer (e.g., headnacoH
squamous cell carcinoma, oral cancer (e.g., onahrsgus cell carcinoma (OSCC)), heavy chain diséasg,
alpha chain disease, gamma chain disease, mu disgase), hemangioblastoma, inflammatory myofitastid
tumors, immunocytic amyloidosis, kidney cancer .(e.gephroblastoma a.k.a. Wilms' tumor, renal cell

carcinoma), liver cancer (e.g., hepatocellular eafld CC), malignant hepatoma), lung cancer (ergnd¢hogenic
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carcinoma, small cell lung cancer (SCLC), non—sroell lung cancer (NSCLC), adenocarcinoma of theg)u
leukemia (e.g., acute lymphoblastic leukemia (ALkhich includes B-lineage ALL and T-lineage ALL,rohic
lymphocytic leukemia (CLL), prolymphocytic leukem{(RLL), hairy cell leukemia (HLL) and Waldenstrom's
macroglobulinemia (WM); peripheral T cell lymphom@TCL), adult T cell leukemia/lymphoma (ATLL),
cutaneous T-cell lymphoma (CTCL), large granulangocytic leukemia (LGL), acute myelocytic leukami
(AML), chronic myelocytic leukemia (CML), chronigrhphocytic leukemia (CLL)), lymphoma (e.g., Hodgkin
lymphoma (HL), non-Hodgkin lymphoma (NHL), folli@ad lymphoma, diffuse large B-cell lymphoma
(DLBCL), mantle cell lymphoma (MCL)), leiomyosarcanfLMS), mastocytosis (e.g., systemic mastocytpsis)
multiple myeloma (MM), myelodysplastic syndrome (®]) mesothelioma, myeloproliferative disorder (MPD)
(e.g., polycythemia Vera (PV), essential thrombosig (ET), agnogenic myeloid metaplasia (AMM) a.k.a
myelofibrosis (MF), chronic idiopathic myelofibrgsi chronic myelogenous leukemia (CML), chronic
neutrophilic leukemia (CNL), hypereosinophilic syoche (HES)), neuroblastoma, neurofiboroma (e.g.,
neurofibromatosis (NF) type 1 or type 2, schwanrtosig), neuroendocrine cancer (e.g., gastroenteoogatic
neuroendoctrine tumor (GEP-NET), carcinoid tumosgteosarcoma, ovarian cancer (e.g., cystadenooarain
ovarian embryonal carcinoma, ovarian adenocarcifonRaget's disease of the vulva, Paget's dise&sheo
penis, papillary adenocarcinoma, pancreatic carfegy., pancreatic andenocarcinoma, intraductal llpapi
mucinous neoplasm (IPMN)), pinealoma, primitive mectodermal tumor (PNT), prostate cancer (e.@stpte
adenocarcinoma), rhabdomyosarcoma, retinoblastsalaary gland cancer, skin cancer (e.g., squanoels
carcinoma (SCC), keratoacanthoma (KA), melanomaalbeell carcinoma (BCC)), small bowel cancer (e.g.
appendix cancer), soft tissue sarcoma (e.g., nmaigfibrous histiocytoma (MFH), liposarcoma, makigh
peripheral nerve sheath tumor (MPNST), chondrosasgofibrosarcoma, myxosarcoma), sebaceous gland
carcinoma, sweat gland carcinoma, synovioma, tdaticcancer (e.g., seminoma, testicular embryonal
carcinoma), thyroid cancer (e.g., papillary caromao of the thyroid, papillary thyroid carcinoma (BTC
medullary thyroid cancer), and Waldenstrom's mglotmulinemia.

[00599] Without being limited by a particular theory, ineoeambodiment, the cancer or disease being
treated or prevented, such as a blood disordegmiatologic malignancy, has a high expression lefrehe or

more PI3K isoform(s)d.g, PI3K-u, PI3K, PI3K-3, or PI3K«, or a combination thereof). In one embodiment,
the cancer or disease that can be treated or pisgl/byp methods, compositions, or kits provided imerecludes a
blood disorder or a hematologic malignancy, inahggibut not limited to, myeloid disorder, lymphai$order,
leukemia, lymphoma, myelodysplastic syndrome (MD8)eloproliferative disease (MPD), mast cell dissrd

and myelomasd.g, multiple myeloma), among others. In one embodinthe blood disorder or the hematologic
malignancy includes, but is not limited to, acytephoblastic leukemia (ALL), T-cell ALL (T-ALL), Bzell

ALL (B-ALL), acute myeloid leukemia (AML), chronitymphocytic leukemia (CLL), chronic myelogenous
leukemia (CML), blast phase CML, small lymphocytimphoma (SLL), CLL/SLL transformed CLL, Richter
syndrome Hodgkin lymphoma (HL), non-Hodgkin lymphoma (NHIB-cell NHL, T-cell NHL, indolent NHL
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(iNHL), diffuse large B-cell ymphoma (DLBCL), mdatcell lymphoma (MCL), aggressive B-cell NHL, Blice
lymphoma (BCL), Richter's syndrome (RS), T-cell lyphoma (TCL), peripheral T-cell lymphoma (PTCL),
cutaneous T-cell lymphoma (CTCL), transformed mig@sngoides, Sézary syndrome, anaplastic large-cel
lymphoma (ALCL), follicular lymphoma (FL), Waldemétn's macroglobulinemia (WM), lymphoplasmacytic
lymphoma, Burkitt lymphoma, multiple myeloma (MMmyloidosis, MPD, essential thrombocytosis (ET),
myelofibrosis (MF), polycythemia vera (PV), chromiyelomonocytic leukemia (CMML), myelodysplastic
syndrome (MDS), angioimmunoblastic lymphoma, hig-MDS, and low-risk MDS. In one embodiment, the
hematologic malignancy is relapsed. In one embedinthe hematologic malignancy is refractory.ome
embodiment, the cancer or disease is in a pedjadtient (including an infantile patient). In cambodiment,
the cancer or disease is in an adult patient. thafdil embodiments of a cancer or disease beiragetteor
prevented by methods, compositions, or kits praviderein are described herein elsewhere.

[00600] In exemplary embodiments, the cancer or hematolmgiignancy is CLL. In exemplary
embodiments, the cancer or hematologic malignamGLL/SLL. In exemplary embodiments, the cancer or
hematologic malignancy is transformed CLL or Riclgndrome. In exemplary embodiments, the cancer o
hematologic malignancy is SLL. In one embodimeiithout being limited by a particular theory, a quound
provided hereind.g, a PI3Ky selective compound provided herein) inhibits thgration and/or activation of T-
cells and myeloid cells(g, macrophages or polarized M2 macrophages), regwseirvival and/or proliferative
support provided by those cells to malignant CLIsogithin the tumor microenvironment (TME). In®n
embodiment, without being limited by a particulagdry, the migration of CD3+ T cells to the CLL-asisted
chemokine CXCL12 is blocked by a compound provideckin €.g, a PI3Ky selective compound provided
herein). In another embodiment, without beingt@diby a particular theory, a compound provideineg.g, a
PI3K-y selective compound provided herein) block the wigetell mediated re-growth of a cancer following
chemotherapy through its effects on inhibiting plost-chemotherapy migration of myeloid cells inti@or.
[00601] In exemplary embodiments, the cancer or hematolmgiignancy is iNHL. In exemplary
embodiments, the cancer or hematologic malignam®LBCL. In exemplary embodiments, the cancer or
hematologic malignancy is B-cell NHEe.g, aggressive B-cell NHL). In exemplary embodimetite cancer or
hematologic malignancy is MCL. In exemplary eminogints, the cancer or hematologic malignancy is RS.
exemplary embodiments, the cancer or hematologiignaacy is AML. In exemplary embodiments, the @an
or hematologic malignancy is MM. In exemplary emlineents, the cancer or hematologic malignancy i&.AL
In exemplary embodiments, the cancer or hematologilignancy is T-ALL. In exemplary embodiments th
cancer or hematologic malignancy is B-ALL. In exdany embodiments, the cancer or hematologic matigy
is TCL. In exemplary embodiments, the cancer ondtelogic malignancy is ALCL. In exemplary
embodiments, the cancer or hematologic malignasmtgukemia. In exemplary embodiments, the cancer o
hematologic malignancy is lymphoma. In exemplanpediments, the cancer or hematologic malignandy is

cell lymphoma. In exemplary embodiments, the cancéematologic malignancy is MD8.§, low grade
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MDS). In exemplary embodiments, the cancer or helmgic malignancy is MPD. In exemplary embodinggnt
the cancer or hematologic malignancy is a mastdisdirder. In exemplary embodiments, the cancer or
hematologic malignancy is Hodgkin lymphoma (HL). eikemplary embodiments, the cancer or hematologic
malignancy is non-Hodgkin lymphoma. In exemplambediments, the cancer or hematologic malignancy is
PTCL. In exemplary embodiments, the cancer or helogic malignancy is CTCL (e.g., mycosis fungoides
Sézary syndrome). In exemplary embodiments, theezeor hematologic malignancy is WM. In exemplary
embodiments, the cancer or hematologic malignamGML. In exemplary embodiments, the cancer or
hematologic malignancy is FL. In exemplary embagtits, the cancer or hematologic malignancy is foamed
mycosis fungoides. In exemplary embodiments, #meer or hematologic malignancy is Sézary syndroime.
exemplary embodiments, the cancer or hematologiignaacy is acute T-cell leukemia. In exemplary
embodiments, the cancer or hematologic malignamegute B-cell leukemia. In exemplary embodimethts,
cancer or hematologic malignancy is Burkitt lympleonin exemplary embodiments, the cancer or hewgitol
malignancy is myeloproliferative neoplasms. Inraptary embodiments, the cancer or hematologic matigy
is splenic marginal zone. In exemplary embodimehtscancer or hematologic malignancy is nodagmat
zone. In exemplary embodiments, the cancer or t@oggc malignancy is extranodal marginal zone.
[00602] In one embodiment, the cancer or hematologic matigy is a B cell lymphoma. In a specific
embodiment, provided herein is a method of treatingianaging a B cell lymphoma comprising admimisteto
a patient a therapeutically effective amount obmpound provided herein, or a pharmaceutically piatse
derivative (e.g., salt or solvate) thereof. Alsoyided herein is a method of treating or lesseimg or more of
the symptoms associated with a B cell lymphoma ctwimg administering to a patient a therapeuticaffective
amount of a compound provided herein, or a pharataedly acceptable derivative (e.g., salt or stédyahereof.
In one embodiment, the B cell lymphoma is iNHLn another embodiment, the B cell lymphoma is falke
lymphoma. In another embodiment, the B cell lymphds Waldenstrom’s macroglobulinemia
(lymphoplasmacytic lymphoma). In another embodimtre B cell lymphoma is marginal zone lymphoma
(MZL). In another embodiment, the B cell lymphomaMCL. In another embodiment, the B cell lymphoisia
HL. In another embodiment, the B cell lymphom#ékIL. In another embodiment, the B cell lymphorea i
DLBCL. In another embodiment, the B cell lymphoisdrichter’s lymphoma.

[00603] In one embodiment, the cancer or hematologic maligg is a T cell lymphoma. In a specific
embodiment, provided herein is a method of treadinganaging a T cell lymphoma comprising admimistgto
a patient a therapeutically effective amount obmpound provided herein, or a pharmaceutically piatse
derivative (e.g., salt or solvate) thereof. Alsoyaded herein is a method of treating or lesseimg or more of
the symptoms associated with a T cell lymphoma ciwimg administering to a patient a therapeuticaffective
amount of a compound provided herein, or a pharuataedly acceptable derivative (e.g., salt or stédyahereof.
In one embodiment, the T cell lymphoma is periph&reell lymphoma (PTCL). In another embodimehe T

cell lymphoma is cutaneous T cell lymphoma (CTCL).
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[00604] In one embodiment, the cancer or hematologic malfigy is Sézary syndrome. In a specific
embodiment, provided herein is a method of treadingianaging Sézary syndrome comprising adminigieo a
patient a therapeutically effective amount of a poomd provided herein, or a pharmaceutically acdget
derivative (e.g., salt or solvate) thereof. Alsoyided herein is a method of treating or lessenimg or more of
the symptoms associated with Sézary syndrome cemg@radministering to a patient a therapeuticafigotive
amount of a compound provided herein, or a pharotaxzdly acceptable derivative (e.g., salt or stédyahereof.
The symptoms associated with Sézary syndrome iacluat are not limited to, epidermotropism by nasfit
CD4+ lymphocytes, Pautrier's microabscesses, asgidtrma, lymphadenopathy, atypical T cells in thépberal
blood, and hepatosplenomegalyln one embodimenthérapeutically effective amount for treating aimaging
Sézary syndrome is from about 25 mg to 75 mg, adteired twice daily. In other embodiments, the
therapeutically effective amount is from about 5§ tm about 75 mg, from about 30 mg to about 65frogy
about 45 mg to about 60 mg, from about 30 mg taeb0 mg, or from about 55 mg to about 65 mg, exdch
which is administered twice daily. In one embodit¢he effective amount is about 60 mg, admingstewice
daily.

[00605] In one embodiment, the cancer or hematologic maligy is relapsed. In one embodiment, the
cancer or hematologic malignancy is refractorycdrtain embodiments, the cancer being treatedevepted is
a specific sub-type of cancer described hereircettain embodiments, the hematologic malignanaygeated
or prevented is a specific sub-type of hematologadignancy described herein. Certain classificetiof type or
sub-type of a cancer or hematologic malignancy ipiemherein is known in the art. Without beingitad by a
particular theory, it is believed that many of tancers that become relapsed or refractory devekigtance to
the particular prior therapy administered to tteéatcancers. Thus, without being limited by aipalar theory, a
compound provided herein can provide a secondtieeapy by providing an alternative mechanismeattr
cancers different from those mechanisms utilizeddyain prior therapies. Accordingly, in one eulibzent,
provided herein is a method of treating or managantcer or hematologic malignancy comprising adstening
to a patient a therapeutically effective amourd cbmpound provided herein, or a pharmaceuticaltgptable
derivative (e.g., salt or solvate) thereof, whetbimcancer or hematologic malignancy is relap$ed, ar
refractory to, a prior therapy.

[00606] In exemplary embodiments, the cancer or hematologilignancy is refractory iNHL. In
exemplary embodiments, the cancer or hematologiignaacy is refractory CLL. In exemplary embodirtgen
the cancer or hematologic malignancy is refrac&irl. In exemplary embodiments, the cancer or helogic
malignancy is refractory to rituximab therapy. elkemplary embodiments, the cancer or hematologiignaacy
is refractory to chemotherapy. In exemplary emimagiits, the cancer or hematologic malignancy iscdry to
radioimmunotherapy (RIT). In exemplary embodimetits cancer or hematologic malignancy is iNHL, FL,
splenic marginal zone, nodal marginal zone, extlahmarginal zone, or SLL, the cancer or hematalogi

malignancy is refractory to rituximab therapy, clwtherapy, and/or RIT.
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[00607] In another exemplary embodiment, the cancer or t@otac malignancy is lymphoma, and the
cancer is relapsed after, or refractory to, thatinent by a BTK inhibitor such as, but not limitedibrutinib or
ONO-4059. In another exemplary embodiment, the@aar hematologic malignancy is CLL, and the came
relapsed after, or refractory to, the treatmerdiBTK inhibitor such as, but not limited to, ibnith and AVL-
292.

[00608] In certain embodiments, provided herein are metlbéd®ating or preventing a solid tumor in a
subject, comprising administering to the subjeittesiapeutically effective amount of a compound wed

herein €.g, a selective PI3K-inhibitor, e.g, Compound 1), or a pharmaceutically acceptalria thereof.
[00609] In one embodiment, the solid tumor is selected fooa or more of: a cancer of the pulmonary
system, a brain cancer, a cancer of the gastrtimaétract, a skin cancer, a genitourinary canagrancreatic
cancer, a lung cancer, a medulloblastoma, a baaarcinoma, a glioma, a breast cancer, a pmsttcer, a
testicular cancer, an esophageal cancer, a heplataceancer, a gastric cancer, a gastrointestitralmal tumor
(GIST), a colon cancer, a colorectal cancer, ami@avaancer, a melanoma, a neuroectodermal turead And
neck cancer, a sarcoma, a soft-tissue sarcomaséiltoma, myxosarcoma, liposarcoma, a chondrosar@m
osteogenic sarcoma, a chordoma, an angiosarcomneadatheliosarcoma, a lymphangiosarcoma, a
lymphangioendotheliosarcoma, a synovioma, a mekoth@, a leiomyosarcoma, a cervical cancer, angeri
cancer, an endometrial cancer, a carcinoma, a étaddcinoma, an epithelial carcinoma, a squamellis ¢
carcinoma, an adenocarcinoma, a bronchogenic caneina renal cell carcinoma, a hepatoma, a bile duc
carcinoma, a neuroendocrine cancer, a carcinoidrtudiffuse type giant cell tumor, and glioblastoma
[00610] In one embodiment, the compound, or a pharmacdlytazceptable form thereof, is
administered at a dose sufficient to cause a dselieadumor growth of at least 10%, 20%, 30%, 40050%
compared to a reference value, after administratfdhe compound.

[00611] In one embodiment, the method further comprisesi@idtaring an immunomodulator to the

subject. In one embodiment, the immunomodulatar®DL-1 inhibitor or an anti-PDL-1 antibody.

[00612] In one embodiment, the method further comprisesridtaring a PI3K-delta inhibitor to the
subject.
[00613] In one embodiment, the compound, or a pharmacdytaeceptable form thereof, is

administered at a dose such that the level of déhgpound in the subject is higher than the compateh0 of
PI3K-gamma inhibition during at least 70%, 80%, 9@4%, 97%, 98%, or 99% of a selected time peeagl, 6
hours, 12 hours, 24 hours, or 48 hours, immediditdlgwing the administration. In one embodimehg
compound, or a pharmaceutically acceptable formetifeis administered at a dose such that the lefible
compound in the subject is lower than the compaui@50 of PI3K-delta inhibition during at least 7080%,
90%, 95%, 97%, 98%, or 99% of a selected time deda., 6 hours, 12 hours, 24 hours, or 48 hours,
immediately following the administration. In onelgodiment, the level of the compound is measurath he

subject’s plasma. In one embodiment, the levéhefcompound is measured from the subject’s tissue.
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[00614] In one embodiment, the subject has been previdresyed with cyclophosphamide, docetaxel,
paclitaxel, 5-FU, or temozolomide.

[00615] In one embodiment, the anti-tumor effect of the poond is maintained for a period of time after
the discontinuation of treatment with the compouhtdone embodiment, the period of time is at |dagday, 2

days, 3 days, 4 days, 5 days, or 6 days.

Treatment of an inflammatory disorder

[00616] In one embodiment, provided herein is a methodezting an inflammation disorder, including
autoimmune diseases in a subject. The method ¢eesprdministering to said subject a therapeuiedfective
amount of a compound provided herein, or a pharotaedly acceptable forme(g., pharmaceutically acceptable
salts, hydrates, solvates, isomers, prodrugs, smigically labeled derivatives) thereof, or a phaceutical
composition as provided herein. Examples of autwime diseases include but are not limited to acute
disseminated encephalomyelitis (ADEM), Addison'sseadise, antiphospholipid antibody syndrome (APS),
aplastic anemia, autoimmune hepatitis, autoimmuie disease, coeliac disease, Crohn’s disease,eliab
mellitus (type 1), Goodpasture’s syndrome, Grawtisease, Guillain-Barré syndrome (GBS), Hashimoto’s
disease, lupus erythematosus, multiple sclerosymsthenia gravis, opsoclonus myoclonus syndrome SOM
optic neuritis, Ord’s thyroiditis, oemphigus, patyaitis, primary biliary cirrhosis, psoriasis, tmatoid arthritis,
Reiter's syndrome, Takayasu’'s arteritis, tempordkerdis (also known as “giant cell arteritis”), mwa
autoimmune hemolytic anemia, Wegener's granulonmt@dopecia universalise(g, inflammatory alopecia),
Chagas disease, chronic fatigue syndrome, dysamianendometriosis, hidradenitis suppurativa, stttal
cystitis, neuromyotonia, sarcoidosis, sclerodermeerative colitis, vitiligo, and vulvodynia. Othelisorders
include bone-resorption disorders and thrombosis.

[00617] Inflammation takes on many forms and includes,ibutot limited to, acute, adhesive, atrophic,
catarrhal, chronic, cirrhotic, diffuse, dissemimhteexudative, fibrinous, fibrosing, focal, granulatous,
hyperplastic, hypertrophic, interstitial, metastathecrotic, obliterative, parenchymatous, plastimductive,
proliferous, pseudomembranous, purulent, sclerpsapplastic, serous, simple, specific, subaautppurative,
toxic, traumatic, and/or ulcerative inflammation.

[00618] Exemplary inflammatory conditions include, but am limited to, inflammation associated with
acne, anemiae(g, aplastic anemia, haemolytic autoimmune anaenaisdhma, arteritis (g, polyarteritis,
temporal arteritis, periarteritis nodosa, Takayasrteritis), arthritis €.g, crystalline arthritis, osteoarthritis,
psoriatic arthritis, gout flare, gouty arthritiseactive arthritis, rheumatoid arthritis and Redtearthritis),
ankylosing spondylitis, amylosis, amyotrophic latesclerosis, autoimmune diseases, allergies @rgidl
reactions, atherosclerosis, bronchitis, bursitieronic prostatitis, conjunctivitis, Chagas diseas@ronic
obstructive pulmonary disease, cermatomyositisertinulitis, diabetese(g, type | diabetes mellitus, type 2

diabetes mellitus), a skin conditioe.q, psoriasis, eczema, burns, dermatitis, prurittch)), endometriosis,
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Guillain-Barre syndrome, infection, ischaemic hedigease, Kawasaki disease, glomerulonephritiggitrs,
hypersensitivity, headaches.g, migraine headaches, tension headaches), #kegsfostoperative ileus and ileus
during sepsis), idiopathic thrombocytopenic purpuiaterstitial cystitis (painful bladder syndrome),
gastrointestinal disordere(g, selected from peptic ulcers, regional enteritigerticulitis, gastrointestinal
bleeding, eosinophilic gastrointestinal disordexg( eosinophilic esophagitis, eosinophilic gastridesinophilic
gastroenteritis, eosinophilic colitis), gastrittharrhea, gastroesophageal reflux disease (GORIs @ynonym
GERD), inflammatory bowel disease (IBDg.g, Crohn's disease, ulcerative colitis, collagenauofitis,
lymphocytic colitis, ischaemic colitis, diversionolitis, Behcet's syndrome, indeterminate colitishda
inflammatory bowel syndrome (IBS)), lupus, multipgelerosis, morphea, myeasthenia gravis, myocardial
ischemia, nephrotic syndrome, pemphigus vulgamsnipious aneaemia, peptic ulcers, polymyositismary
biliary cirrhosis, neuroinflammation associated hwitrain disorderse(g, Parkinson's disease, Huntington's
disease, and Alzheimer's disease), prostatitisnahiinflammation associated with cranial radiatiojury, pelvic
inflammatory disease, polymyalgia rheumatic, reggdn injury, regional enteritis, rheumatic feveystemic
lupus erythematosus, scleroderma, scierodoma, idasi®, spondyloarthopathies, Sjogren's syndrome,
thyroiditis, transplantation rejection, tendonitisauma or injury €.g, frostbite, chemical irritants, toxins,
scarring, burns, physical injury), vasculitis, Mg and Wegener's granulomatosis. In certain etinhedlts, the
inflammatory disorder is selected from arthritis.g, rheumatoid arthritis), inflammatory bowel disease
inflammatory bowel syndrome, asthma, psoriasis,oeratriosis, interstitial cystitis and prostatistis. certain
embodiments, the inflammatory condition is an adnflammatory conditiond.g, for example, inflammation
resulting from infection). In certain embodimerits inflammatory condition is a chronic inflammataondition
(e.g, conditions resulting from asthma, arthritis anflammatory bowel disease). The compounds can lzdso
useful in treating inflammation associated withutrea and non-inflammatory myalgia.

[00619] Immune disorders, such as auto-immune disordeddydea, but are not limited to, arthritis
(including rheumatoid arthritis, spondyloarthopathi gouty arthritis, degenerative joint diseasesh sas
osteoarthritis, systemic lupus erythematosus, 8jogr syndrome, ankylosing spondylitis, undifferatetil
spondylitis, Behcet's disease, haemolytic autoimeraumaemias, multiple sclerosis, amyotrophic latsckdrosis,
amylosis, acute painful shoulder, psoriatic, andefile arthritis), asthma, atherosclerosis, ostemgs,
bronchitis, tendonitis, bursitis, skin conditiomd, psoriasis, eczema, burns, dermatitis, pruritich)j, enuresis,
eosinophilic disease, gastrointestinal disoraeg,(selected from peptic ulcers, regional enterdigerticulitis,
gastrointestinal bleeding, eosinophilic gastroitites disorders €.g, eosinophilic esophagitis, eosinophilic
gastritis, eosinophilic gastroenteritis, eosindphiolitis), gastritis, diarrhea, gastroesophagedlux disease
(GORD, or its synonym GERD), inflammatory bowel adise (IBD) €.g, Crohn's disease, ulcerative colitis,
collagenous colitis, lymphocytic colitis, ischaendolitis, diversion colitis, Behcet's syndrome, eétetrminate
colitis) and inflammatory bowel syndrome (IBS))Jamsing polychondritis (e.g., atrophic polychonidriand

systemic polychondromalacia), and disorders anmabor by a gastroprokinetic ageetd, ileus, postoperative
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ileus and ileus during sepsis; gastroesophagehlxrefisease (GORD, or its synonym GERD); eosindphil
esophagitis, gastroparesis such as diabetic gasesip; food intolerances and food allergies ahdrdunctional
bowel disorders, such as non-ulcerative dyspep$i#D) and non-cardiac chest pain (NCCP, includingtao
chondritis)). In certain embodiments, a methodreéting inflammatory or autoimmune diseases &viped
comprising administering to a subjea.d., amammal) a therapeutically effective amount of anpound
provided herein, or a pharmaceutically acceptalblenf (.g., pharmaceutically acceptable salts, hydrates,
solvates, isomers, prodrugs, and isotopically kdbederivatives) thereof, or a pharmaceutical coitipasas
provided herein, that selectively inhibit PI3Kand/or PI3Ky as compared to all other type | PI3 kinases. Such
selective inhibition of PI3Ks and/or PI3Ky can be advantageous for treating any of the déseas conditions
described herein. For example, selective inhibith PI3K-6 and/or PI3Ky can inhibit inflammatory responses
associated with inflammatory diseases, autoimmuiseade, or diseases related to an undesirable i;xmun
response including, but not limited to asthma, eyapma, allergy, dermatitis, rheumatoid arthritispimasis,
lupus erythematosus, anaphylaxsis, or graft vamsasdisease. Selective inhibition of PI8kaend/or PI3Ky can
further provide for a reduction in the inflammatooy undesirable immune response without a concaoinita
reduction in the ability to reduce a bacterialakimnd/or fungal infection. Selective inhibitioh both PI3K#é

and PI3Ky can be advantageous for inhibiting the inflammataisponse in the subject to a greater degree than
that would be provided for by inhibitors that sé¢ileely inhibit PI3K 6 or PI3K« alone. In one aspect, one or
more of the subject methods are effective in redpeintigen specific antibody productionvivo by about 2-
fold, 3-fold, 4-fold, 5-fold, 7.5-fold, 10-fold, 2fold, 50-fold, 100-fold, 250-fold, 500-fold, 75@ifl, or about
1000-fold or more. In another aspect, one or nuiréhe subject methods are effective in reducintigan
specific IgG3 and/or IgGM productian vivo byabout 2-fold, 3-fold, 4-fold, 5-fold, 7.5-fold, if@ld, 25-fold,
50-fold, 100-fold, 250-fold, 500-fold, 750-fold, about 1000-fold or more.

[00620] In one aspect, one or more of the subject methodseHfective in ameliorating symptoms
associated with rheumatoid arthritis including, bat limited to a reduction in the swelling of jna reduction

in serum anti-collagen levels, and/or a reductiorjoint pathology such as bone resorption, carildgmage,
pannus, and/or inflammation. In another aspeetstibject methods are effective in reducing aniflarnmation

by at least about 2%, 5%, 10%, 15%, 20%, 25%, 34, or 60%, or about 75% to 90%. In another dsplee
subject methods are effective in reducing kneeinfhation by at least about 2%, 5%, 10%, 15%, 2(8%,2
30%, 50%, or 60%, or about 75% to 90% or morestilh another aspect, the subject methods are téfeen
reducing serum anti-type Il collagen levels byeatst about 10%, 12%, 15%, 20%, 24%, 25%, 30%, 35%,
60%, 75%, 80%, 86%, or 87%, or about 90% or mdreanother aspect, the subject methods are eféeativ
reducing ankle histopathology scores by about 59%%,115%, 20%, 25%, 30%, 40%, 50%, 60%, 75%, 80%, or
90%, or more. In still another aspect, the subjeethods are effective in reducing knee histopathokcores by
about 5%, 10%, 15%, 20%, 25%, 30%, 40%, 50%, 6@, B0%, or 90%, or more.
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[00621] In certain embodiments, provided herein are methafdgeating or preventing arthritis in a
subject, comprising administering to the subjedherapeutically effective amount of a compound ed
herein €.g, a selective PI3K~inhibitor, e.g, Compound 1), or a pharmaceutically acceptahim fihereof. In
one embodiment, the treatment results in reductibrperiosteal bone formation in the subject. Ineon
embodiment, the treatment results in at least 1%, 40%, 47%, 50%, 52%, 60%, 80%, or 82% reduation
periosteal bone formation in the subject, compéaoeal reference value. In one embodiment, the giedb bone
formation is measured by histopathology score aiopteal bone width. In one embodiment, the tresmim
results in at least 10%, 20%, 27%, 30%, 36%, 40B%,450%, or 57% reduction of inflammation, at [eEK3%,
20%, 28%, 30%, 40%, 44%, 50%, or 60%, 70%, or 7&8uction of pannus, at least 10%, 20%, 28%, 30%,
40%, 45%, 50%, or 59% reduction of cartilage damageat least 10%, 20%, 25%, 30%, 40%, 44%, 50%5,60
or 65% reduction of bone resorption in the subjecimpared to a reference value. In one embodimérgrein
the treatment results in reduction of joint swejlor anti-collagen level in the subject.

[00622] In some embodiments, provided herein are methadsdating disorders or conditions in which
the 6 isoform of PI3K is implicated to a greater extdrdn other PI3K isoforms such as Plakand/or PI3KB.

In some embodiments, provided herein are methadseating disorders or conditions in which thisoform of
PI3K is implicated to a greater extent than othi8KPisoforms such as PI3ik-and/or PI3KB. Selective
inhibition of PI3K$ and/or PI3Ky can provide advantages over using less selectimgpounds which inhibit
PI13K-a. and/or PI3KB, such as an improved side effects profile or lesdeaeduction in the ability to reduce a
bacterial, viral, and/or fungal infection.

[00623] In other embodiments, provided herein are methddssimg a compound provided herein, or a
pharmaceutically acceptable form.d., pharmaceutically acceptable salts, hydrates, wdyasomers, prodrugs,
and isotopically labeled derivatives) thereof, omplarmaceutical composition as provided hereintréat
respiratory diseases including, but not limited diseases affecting the lobes of lung, pleuraltgatronchial
tubes, trachea, upper respiratory tract, or theeseand muscle for breathing. For example, methoglprovided
to treat obstructive pulmonary disease. Chronatrabtive pulmonary disease (COPD) is an umbrelimtfor a
group of respiratory tract diseases that are cleniaed by airflow obstruction or limitation. Cdtidns included

in this umbrella term include, but are not limited chronic bronchitis, emphysema, and bronchiéxtas

[00624] In another embodiment, a compound provided heming pharmaceutically acceptable form
(e.g., pharmaceutically acceptable salts, hydrates, tadyaisomers, prodrugs, and isotopically labeled
derivatives) thereof, or a pharmaceutical compmsitis provided herein is used for the treatmerdstfima.
Also, a compound provided herein, or a pharmacallificacceptable form thereof, or a pharmaceutical
composition described herein, can be used forrgament of endotoxemia and sepsis. In one emtardjrthe
compounds or pharmaceutical compositions desclileegin are used to for the treatment of rheumaddiatitis
(RA). In yet another embodiment, the compoundgl@armaceutical compositions described herein id fse

the treatment of contact or atopic dermatitis. t@cihdermatitis includes irritant dermatitis, photdc dermatitis,
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allergic dermatitis, photoallergic dermatitis, caett urticaria, systemic contact-type dermatitis dhe like.
Irritant dermatitis can occur when too much of astance is used on the skin of when the skin isites to
certain substance. Atopic dermatitis, sometiméedaczema, is a kind of dermatitis, an atopia sksease.
[00625] In certain embodiments, provided herein are methodseducing neutrophil migration or
infiltration in a subject suffering from an inflanatory disease, comprising administering to the extbp
therapeutically effective amount of a compound juest herein €.g, a selective PI3K- inhibitor, e.g,
Compound 1), or a pharmaceutically acceptable fitreneof. In one embodiment, the neutrophil migrator
infiltration is reduced by at least about 10%, 2@%f%6, 60%, 80%, or 90% compared to a referenceeyaliter
administration of the compound. In one embodimém, inflammatory disease is selected from the grou
consisting of COPD, arthritis, asthma, psoriasiderederma, myositis, sarcoidosis, dermatomyos@REST
syndrome, systemic lupus erythematosus, Sjorgnedreyne, encephalomyelitis, and inflammatory bowsédse
(IBD). In one embodiment, the inflammatory diseas€OPD or arthritis. In one embodiment, the sabjs

unresponsive or refractory to a PI3K-delta inhibtteatment.

Treatment of other disorders or conditions

[00626] In some embodiments, the disclosure provides a odetbf treating diseases related to
vasculogenesis or angiogenesis in a subject tmapigees administering to said subject a therapallitieffective
amount of a compound provided herein, or a pharotaedly acceptable forme(g., pharmaceutically acceptable
salts, hydrates, solvates, isomers, prodrugs, somgically labeled derivatives) thereof, or a phmaceutical
composition as provided herein. In some embodimesatid method is for treating a disease selected fumor
angiogenesis, chronic inflammatory disease suchesmatoid arthritis and chronic inflammatory defimating
polyneuropathy, atherosclerosis, inflammatory bowidease, skin diseases such as psoriasis, eczarda,
scleroderma, diabetes, diabetic retinopathy, rptittty of prematurity, age-related macular degeiugrat
hemangioma, glioma, melanoma, Kaposi's sarcomaaadian, breast, lung, pancreatic, prostate, calod
epidermoid cancer.

[00627] In addition, the compounds described herein camidsal for the treatment of arteriosclerosis,
including atherosclerosis. Arteriosclerosis issagral term describing any hardening of mediunaagyd arteries.
Atherosclerosis is a hardening of an artery speadifi due to an atheromatous plaque.

[00628] In some embodiments, provided herein is a methotteglting a cardiovascular disease in a
subject that comprises administering to said stifeiherapeutically effective amount of a compopnovided
herein, or a pharmaceutically acceptable foery.(pharmaceutically acceptable salts, hydrates, wdy&somers,
prodrugs, and isotopically labeled derivatives)reéb& or a pharmaceutical composition as providecein.
Examples of cardiovascular conditions include, b not limited to, atherosclerosis, restenosiscwiar

occlusion and carotid obstructive disease.
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[00629] In some embodiments, the disclosure relates to thadeof treating diabetes in a subject that
comprises administering to said subject a theragadiyt effective amount of a compound provided lerer a
pharmaceutically acceptable form.d., pharmaceutically acceptable salts, hydrates, ssdyasomers, prodrugs,
and isotopically labeled derivatives) thereof, gharmaceutical composition as provided herein.

[00630] In addition, a compound provided herein, or a plzentically acceptable forme.g.,
pharmaceutically acceptable salts, hydrates, ssdyasomers, prodrugs, and isotopically labeledvdtves)
thereof, or a pharmaceutical composition as praliterein, can be used to treat acne. In certalbodiments,
the inflammatory condition and/or immune disordeaiskin condition. In some embodiments, the s&imdition

is pruritus (itch), psoriasis, eczema, burns orragitis. In certain embodiments, the skin conditi® psoriasis.
In certain embodiments, the skin condition is fistri

[00631] In certain embodiments, the inflammatory disordard/ar the immune disorder is a
gastrointestinal disorder. In some embodiments, gastrointestinal disorder is selected from gadgstinal
disorder €.g, selected from peptic ulcers, regional enterdiserticulitis, gastrointestinal bleeding, eosiniich
gastrointestinal disorderse.(), eosinophilic esophagitis, eosinophilic gastritepsinophilic gastroenteritis,
eosinophilic colitis), gastritis, diarrhea, gassophageal reflux disease (GORD, or its synonym DER
inflammatory bowel disease (IBDe.g, Crohn's disease, ulcerative colitis, collagenoaktis, lymphocytic
colitis, ischaemic colitis, diversion colitis, Beadts syndrome, indeterminate colitis) and inflanmonatbowel
syndrome (IBS)). In certain embodiments, the gastiestinal disorder is inflammatory bowel dised&D).
[00632] Further, a compound provided herein, or a pharnmaetly acceptable form e(g.,
pharmaceutically acceptable salts, hydrates, ssdyasomers, prodrugs, and isotopically labeledvdtves)
thereof, or a pharmaceutical composition as pralitkerein, can be used for the treatment of glornarphritis.
Glomerulonephritis is a primary or secondary autoime renal disease characterized by inflammatiothef
glomeruli. It can be asymptomatic, or present widmaturia and/or proteinuria. There are many neiceg
types, divided in acute, subacute or chronic glahogephritis. Causes are infectious (bacteriagl\ar parasitic
pathogens), autoimmune or paraneoplastic.

[00633] In some embodiments, provided herein are compoumdgharmaceutically acceptable forms
(e.g., pharmaceutically acceptable salts, hydrates, tdyaisomers, prodrugs, and isotopically labeled
derivatives) thereof, or pharmaceutical compos#tias provided herein, for the treatment of multordailure.
Also provided herein are compounds, or pharmacaii@acceptable formse(g., pharmaceutically acceptable
salts, hydrates, solvates, isomers, prodrugs, aotbgically labeled derivatives) thereof, or phacewdical
compositions as provided herein, for the treatm#nliver diseases (including diabetes), gall bladdsease
(including gallstones), pancreatitis or kidney die (including proliferative glomerulonephritis adidbetes-
induced renal disease) or pain in a subject.

[00634] In some embodiments, provided herein are compoumdgharmaceutically acceptable forms

(e.g., pharmacedutically acceptable salts, hydrates, tasyaisomers, prodrugs, and isotopically labeled

-125-



derivatives) thereof, or pharmaceutical compositias provided herein, for the prevention of blagec
implantation in a subject.

[00635] In some embodiments, provided herein are compoumdgharmaceutically acceptable forms
(e.g., pharmaceutically acceptable salts, hydrates, tadyaisomers, prodrugs, and isotopically labeled
derivatives) thereof, or pharmaceutical compos#tias provided herein, for the treatment of disardevolving
platelet aggregation or platelet adhesion, inclgdiout not limited to, Idiopathic thrombocytoperparpura,
Bernard-Soulier syndrome, Glanzmann's thrombasdh&uott's syndrome, von Willebrand disease, Heskyan
Pudlak Syndrome, and Gray platelet syndrome.

[00636] In some embodiments, provided herein are compoumdgharmaceutically acceptable forms
(e.g., pharmaceutically acceptable salts, hydrates, tadyaisomers, prodrugs, and isotopically labeled
derivatives) thereof, or pharmaceutical composgtian provided herein, for the treatment of a desedsich is
skeletal muscle atrophy, skeletal or muscle hypphy. In some embodiments, provided herein arepoomds,

or pharmaceutically acceptable forme.g(, pharmaceutically acceptable salts, hydrates, tdyasomers,
prodrugs, and isotopically labeled derivativesy¢lo& or pharmaceutical compositions as providedihefor the
treatment of disorders that include, but are nwitéid to, cancers as discussed herein, transplamtaiated
disorders €.g., lowering rejection rates, graft-versus-host disgastc.), muscular sclerosis (MS), allergic
disorders €.g., arthritis, allergic encephalomyelitis) and othemmunosuppressive-related disorders, metabolic
disorders €.g., diabetes), reducing intimal thickening followingseular injury, and misfolded protein disorders
(e.g.,Alzheimer's Disease, Gaucher's Disease, Parkmfiséase, Huntington's Disease, cystic fibrosegutar
degeneration, retinitis pigmentosa, and prion die®) (as mTOR inhibition can alleviate the effaftaisfolded
protein aggregates). The disorders also includeah@ma syndromes, such as tuberous sclerosis awded
Disease (also termed Cowden syndrome and multgpightoma syndrome).

[00637] Additionally, a compound provided herein, or a phaceutically acceptable forra.g.,
pharmaceutically acceptable salts, hydrates, sdy&omers, prodrugs, and isotopically labeled/deves)

thereof, or a pharmaceutical composition as praliterein, can be used for the treatment of bursifmis, acute
disseminated encephalomyelitis (ADEM), Addison’segdise, antiphospholipid antibody syndrome (APS),
amyloidosis (including systemic and localized ariddsis; and primary and secondary amyloidosisastju
anemia, autoimmune hepatitis, coeliac diseasentsalisease, diabetes mellitus (type 1), eosinaphil
gastroenterides, goodpasture’s syndrome, gravesase, guillain-barré syndrome (GBS), hashimotssase,
inflammatory bowel disease, lupus erythematosudu@ing cutaneous lupus erythematosus and systepus
erythematosus), myasthenia gravis, opsoclonus ogaslsyndrome (OMS), optic neuritis, ord’s thyrogi
ostheoarthritis, uveoretinitis, pemphigus, polyatit primary biliary cirrhosis, reiter's syndromkayasu's
arteritis, temporal arteritis, warm autoimmune hbmimanemia, wegener’'s granulomatosis, alopecigearsalis,
chagas’ disease, chronic fatigue syndrome, dysauati@) endometriosis, hidradenitis suppurativa,rsitial

cystitis, neuromyotonia, sarcoidosis, sclerodem@erative colitis, vitiligo, vulvodynia, appendisi, arteritis,
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arthritis, blepharitis, bronchiolitis, bronchitiservicitis, cholangitis, cholecystitis, chorioammiiis, colitis,
conjunctivitis, cystitis, dacryoadenitis, dermatamsijis, endocarditis, endometritis, enteritis, emtelitis,
epicondylitis, epididymitis, fasciitis, fibrositigiastritis, gastroenteritis, gingivitis, hepatitigdradenitis, ileitis,
iritis, laryngitis, mastitis, meningitis, myelitispyocarditis, myositis, nephritis, omphalitis, ooplis, orchitis,
osteitis, otitis, pancreatitis, parotitis, peridtisg peritonitis, pharyngitis, pleuritis, phlelsfipneumonitis,
proctitis, prostatitis, pyelonephritis, rhinitiglpingitis, sinusitis, stomatitis, synovitis, pignted villonodular
synovitis (also known as tenosynovial giant caihtu), tendonitis, tonsillitis, uveitie(g, ocular uveitis),
vaginitis, vasculitis, or vulvitis.

[00638] Further, the compounds provided herein may be fmsatie treatment of Perennial allergic
rhinitis, Mesenteritis, Peritonitis, Acrodermatjtsngiodermatitis, Atopic dermatitis, Contact detitisy, Eczema,
Erythema multiforme, Intertrigo, Stevens Johnsardsyme, Toxic epidermal necrolysis, Skin allerggy&e
allergic reaction/anaphylaxis, Allergic granulonssy Wegener granulomatosis, Allergic conjunctviti
Chorioretinitis, Conjunctivitis, Infectious keramgjunctivitis, Keratoconjunctivitis, Ophthalmia rmedorum,
Trachoma, Uveitis, Ocular inflammation, ocular ymaona, MALT lymphoma, Blepharoconjunctivitis, Maistjt
Gingivitis, Pericoronitis, Pharyngitis, Rhinophiagjtis, Sialadenitis, Musculoskeletal system inflaation,
Adult onset Stills disease, Behcets disease, Bsjr§ihondrocalcinosis, Dactylitis, Felty syndror@aut,
Infectious arthritis, Lyme disease, Inflammatoryeosirthritis, Periarthritis, Reiter syndrome, RB®ger virus
infection, Acute Respiratory, Distress Syndromeyt&édironchitis, Acute sinusitis, Allergic rhinitissthma,
Severe refractory asthma, Pharyngitis, Pleurisynéftharyngitis, Seasonal allergic rhinitis, SitigsiStatus
asthmaticus, Tracheobronchitis, Rhinitis, Serqdifisningitis, Neuromyelitis optica, Poliovirus if&on, Alport
syndrome, Balanitis, Epididymitis, Epididymo ord$jtFocal segmental, Glomerulosclerosis, Glomemephnitis,
IgA Nephropathy (Berger's Disease), Orchitis, Pataitis, Pelvic inflammatory disease, Prostatiigelitis,
Pyelocystitis, Pyelonephritis, Wegener granulomiafdsyperuricemia, Aortitis, Arteritis, Chyloperiitis,
Dressler syndrome, Endarteritis, Endocarditis, &oxanial temporal arteritis, HIV associated aritgrihtracranial
temporal arteritis, Kawasaki disease, Lymphangielpitis, Mondor disease, Periarteritis, or Peridazdi
[00639] In other aspects, the compounds provided hereinsae for the treatment of Autoimmune
hepatitis, Jejunitis, Mesenteritis, Mucositis, Nizoaolic steatohepatitis, Non-viral hepatitis, Antonune
pancreatitis, Perihepatitis, Peritonitis, PouchRimoctitis, Pseudomembranous colitis, Rectosigitigjd
Salpingoperitonitis, Sigmoiditis, Steatohepatitif;erative colitis, Churg Strauss syndrome, Uldgeaproctitis,
Irritable bowel syndrome, Gastrointestinal inflantima, Acute enterocolitis, Anusitis, Balser necspsi
Cholecystitis, Colitis, Crohn'’s disease, Divertitig| Enteritis, Enterocolitis, Enterohepatitis,dfwophilic
esophagitis, Esophagitis, Gastritis, Hemorrhagterérs, Hepatitis, Hepatitis virus infection, Hépaholanagitis,
Hypertrophic gastritis, lleitis, lleocecitis, Saidosis, Inflammatory bowel disease, Ankylosing sphyditis,
Rheumatoid arthritis, Juvenile rheumatoid arthriisoriasis, Psoriatic arthritis, Lupus (cutanesysiémic/
nephritis), AIDS, Agammaglobulinemia, AIDS relateaimplex, Bruton’s disease , Chediak Higashi syndrom
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Common variable immunodeficiency, DiGeorge syndroBysgammaglobulinemia, Immunoglobulindeficiency,
Job syndrome, Nezelof syndrome, Phagocyte baatatidisorder, Wiskott Aldrich syndrome, Asplenia,
Elephantiasis, Hypersplenism, Kawasaki disease phadenopathy, Lymphedema, Lymphocele, Nonne Milroy
Meige syndrome, Spleen disease, Splenomegaly, Timan®hymus disease, Perivasculitis, Phlebitis,
Pleuropericarditis, Polyarteritis nodosa, Vascsiliiakayasus arteritis, Temporal arteritis, Throamugiitis,
Thromboangiitis obliterans, Thromboendocarditisiohibophlebitis, or COPD.

[00640] In another aspect, provided herein are methodsissfigting the function of a leukocyte or
disrupting a function of an osteoclast. The methmiudes contacting the leukocyte or the ostetcldth a
function disrupting amount of a compound providedein.

[00641] In another aspect, provided herein are methodghrtreatment of an ophthalmic disease by
administering one or more of compounds provideceineror pharmaceutically acceptable forms thereof,
pharmaceutical compositions as provided hereithaaye of a subject.

[00642] Methods are further provided for administering tteenpounds provided herein via eye drop,
intraocular injection, intravitreal injection, tagailly, or through the use of a drug eluting devitiggrocapsule,
implant, or microfluidic device. In some caseg tompounds provided herein are administered witérger or
excipient that increases the intraocular penetrahtlee compound such as an oil and water emulsitmcolloid
particles having an oily core surrounded by anrfatgal film.

[00643] In certain embodiments, provided herein are metlwbdeeating, preventing, and/or managing a
disease or a disorder using a compound, or a plcautieally acceptable forne (g., pharmaceutically acceptable
salts, hydrates, solvates, isomers, prodrugs, aotbgically labeled derivatives) thereof, or pharendical
compositions as provided herein, wherein the deseaglisorder is: Crohn’'s disease; cutaneous |upudtiple
sclerosis; rheumatoid arthritis; and systemic lugnyshematosus.

[00644] In other embodiments, provided herein are methddseating, preventing and/or managing a
disease or a disorder using a compound, or a pleautieally acceptable forne (g., pharmaceutically acceptable
salts, hydrates, solvates, isomers, prodrugs, aatbgically labeled derivatives) thereof, or pharendical
compositions as provided herein, wherein the deseaslisorder is: ankylosing spondylitis; chronlustructive
pulmonary disease; myasthenia gravis; ocular @wygioriasis; and psoriatic arthritis.

[00645] In other embodiments, provided herein are methddseating, preventing and/or managing a
disease or a disorder using a compound, or a pleautieally acceptable forne (., pharmaceutically acceptable
salts, hydrates, solvates, isomers, prodrugs, aotbgically labeled derivatives) thereof, or phacewdical
compositions as provided herein, wherein the desemsdisorder is: adult-onset Still's diseaselaimimatory
alopecia; amyloidosis; antiphospholipid syndrometoanmune hepatitis; autoimmune skin disease, B&hce
disease; chronic inflammatory demyelinating polye@athy; eosinophilic gastroenteritis; inflammatory
myopathies, pemphigus, polymyalgia rheumatica; pgétay polychondritis; Sjogren’s syndrome; temporal

arthritis; ulcerative colitis; vasculis; vitiligand Wegner's granulomatosis.
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[00646] In other embodiments, provided herein are methddseating, preventing and/or managing a
disease or a disorder using a compound, or a plcautieally acceptable forne(g., pharmaceutically acceptable
salts, hydrates, solvates, isomers, prodrugs, aotbpically labeled derivatives) thereof, or phacedical
compositions as provided herein, wherein the desearsdisorder is: gout flare; sarcoidosis; andtesysc
sclerosis.

[00647] In certain embodiments, provided herein are mettloddseating, preventing and/or managing a
disease or a disorder using a compound, or a plcautieally acceptable forne(g., pharmaceutically acceptable
salts, hydrates, solvates, isomers, prodrugs, aotbgically labeled derivatives) thereof, or phacewdical
compositions as provided herein, wherein the deseasdisorder is: asthma; arthritis (e.g., rhewidasrthritis
and psoriatic arthritis); psoriasis; sclerodermaositis €.g, dermatomyositis); lupuse(g, cutaneous lupus
erythematosus (“CLE") or systemic lupus erythemagq8SLE")); or Sjégren’s syndrome.

[00648] Efficacy of a compound provided herein in treatipggventing and/or managing the disease or
disorder can be tested using various animal mokietsvn in the art. For example: efficacy in tragti
preventing and/or managing asthma can be assessggava induced asthma model described, for exgnipl
Leeet al (2006)J Allergy Clin ImmunolL18(2):403-9; efficacy in treating, preventing &mdnanaging arthritis
(e.g, rheumatoid or psoriatic arthritis) can be assgessing autoimmune animal models described, fomgke,

in Williams et al (2010)Chem Biol 17(2):123-34, WO 2009/088986, W(02009/088880, \Aftal 2011/008302;
efficacy in treating, preventing and/or managingr@sis can be assessed using transgenic or knbookouse
model with targeted mutations in epidermis, vadouéa or immune cells, mouse model resulting from
spontaneous mutations, and immuno-deficient mousgehwith xenotransplantation of human skin or inmeu
cells, all of which are described, for exampleBimehnckeet al (2007)Clinics in Dermatology 25: 596-605;
efficacy in treating, preventing and/or managirydsis or fibrotic condition can be assessed ugiegunilateral
ureteral obstruction model of renal fibroste¢Chevalieret al, Kidney International2009) 75:1145-1152), the
bleomycin induced model of pulmonary fibrosgeé Moore and Hogaboamim. J. Physiol. Lung. Cell. Mol.
Physiol. (2008) 294:L152-L.160), a variety of liver/biliafjpbrosis models gee Chuanget al, Clin Liver Dis
(2008) 12:333-347 and Omenetti, At al (2007) Laboratory Investigatior87:499-514 (biliary duct-ligated
model)), or a number of myelofibrosis mouse modseke Varicchio, L. et al (2009) Expert Rev. Hematol.
2(3):315-334); efficacy in treating, preventing Aavdnanaging scleroderma can be assessed usinge mmdel
induced by repeated local injections of bleomy¢BLM”) described, for example, in Yamamotd al (1999)J
Invest Dermatoll12: 456-462; efficacy in treating, preventing /andnanaging dermatomyositis can be assessed
using myositis mouse model induced by immunizatidth rabbit myosin described, for example, in Plagiret

al. (2009)Arthritis & Rheumatism60(10): 3118-3127; efficacy in treating, prevagtiand/or managing lupus
(e.g, CLE or SLE) can be assessed using various aninoalels described, for example, in Ghoreighial
(2009)Lupus 19: 1029-1035, Ohdt al (2011)Journal of Biomedicine and Biotechnolodyrticle ID 432595 (14
pages), Xiaet al (2011) Rheumatology50:2187-2196, Paat al (2012)PLoS ONE 7(5):e36761 (15 pages),
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Mustafaet al (2011)Toxicology 290:156-168, Ichikawat al (2012)Arthritis and Rheumatisp62(2): 493-503,
Ouyanget al (2012)J Mol Med DOI 10.1007/s00109-012-0866-3 (10 pages), Raakial (2012)Journal of
Immunology 188:1656-1667; and efficacy in treating, prevamtand/or managing Sjogren’s syndrome can be
assessed using various mouse models describegixdorple, in Chiorinet al (2009)Journal of Autoimmunity
33:190-196.

[00649] In one embodiment, provided herein is a methodedting, preventing and/or managing asthma.
As used herein, “asthma” encompasses airway cotigtriregardless of the cause. Common triggemstifma
include, but are not limited to, exposure to aniremmental stimulantse(g, allergens), cold air, warm air,
perfume, moist air, exercise or exertion, and eomati stress. Also provided herein is a methodredting,
preventing and/or managing one or more symptonceged with asthma. Examples of the symptomaude|
but are not limited to, severe coughing, airwaystoction and mucus production.

[00650] In one embodiment, provided herein is a methodeziting, preventing and/or managing arthritis.
As used herein, “arthritis” encompasses all typas manifestations of arthritis. Examples incluldet are not
limited to, crystalline arthritis, osteoarthritipsoriatic arthritis, gouty arthritis, reactive aitis, rheumatoid
arthritis and Reiter's arthritis. In one emboditméehe disease or disorder is rheumatoid arthritis.another
embodiment, the disease or disorder is psoriatiwids. Also provided herein is a method of tregtipreventing
and/or managing one or more symptoms associatédanttiritis. Examples of the symptoms include, dnet not
limited to, joint pain, which progresses into joitéformation, or damages in body organs such dsdod
vessels, heart, lungs, skin, and muscles.

[00651] In one embodiment, provided herein is a method reéting, preventing and/or managing
psoriasis. As used herein, “psoriasis” encompaakbdgpes and manifestations of psoriasis. Exasphclude,
but are not limited to, plaque psoriassy, chronic plaque psoriasis, moderate plaque pssrasl severe plaque
psoriasis), guttate psoriasis, inverse psoriasistytar psoriasis, pemphigus vulgaris, erythroderpsoriasis,
psoriasis associated with inflammatory bowel dise@BD), and psoriasis associated with rheumataoilritis
(RA). Also provided herein is a method of treatipgeventing and/or managing one or more symptoms
associated with psoriasis. Examples of the symgtimiciude, but are not limited to: red patcheskif sovered
with silvery scales; small scaling spots; dry, &t skin that may bleed; itching; burning; sorendésiskened,
pitted or ridged nails; and swollen and stiff jaint

[00652] In one embodiment, provided herein is a methodeatting, preventing and/or managing fibrosis
and fibrotic condition. As used herein, “fibrosi@’ “fibrotic condition encompasses all types araghifestations
of fibrosis or fibrotic condition. Examples incleidbut are not limited to, formation or depositiohtissue
fibrosis; reducing the size, cellularitg.g, fibroblast or immune cell numbers), compositioncellular content,
of a fibrotic lesion; reducing the collagen or hyxdyproline content, of a fibrotic lesion; reduciagpression or
activity of a fibrogenic protein; reducing fibroséssociated with an inflammatory response; deargaseight

loss associated with fibrosis; or increasing suaviv
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[00653] In certain embodiments, the fibrotic condition isnmary fibrosis. In one embodiment, the
fibrotic condition is idiopathic. In other embodimts, the fibrotic condition is associated wighy(, is secondary
to) a diseasee(g, an infectious disease, an inflammatory diseasea@oimmune disease, a malignant or
cancerous disease, and/or a connective diseat®ina an insult €.g, an environmental hazard.¢, asbestos,
coal dust, polycyclic aromatic hydrocarbons), oy smoking, a wound); a medical treatmeng,( surgical
incision, chemotherapy or radiation), or a combarathereof.

[00654] In some embodiments, the fibrotic condition is agsed with an autoimmune disease selected
from scleroderma or lupus.g, systemic lupus erythematosus. In some embodsnéme fibrotic condition is
systemic. In some embodiments, the fibrotic cdodiis systemic sclerosie.g, limited systemic sclerosis,
diffuse systemic sclerosis, or systemic sclerdsis scleroderma), nephrogenic systemic fibrosisticyibrosis,
chronic graft vs. host disease, or atherosclerosis.

[00655] In certain embodiments, the fibrotic condition isfilrotic condition of the lung, a fibrotic
condition of the liver, a fibrotic condition of tHeart or vasculature, a fibrotic condition of #iéney, a fibrotic
condition of the skin, a fibrotic condition of tigastrointestinal tract, a fibrotic condition of thene marrow or a
hematopoietic tissue, a fibrotic condition of therwous system, a fibrotic condition of the eyea@ombination
thereof.

[00656] In other embodiment, the fibrotic condition affeatsissue chosen from one or more of muscle,
tendon, cartilage, skine(g, skin epidermis or endodermis), cardiac tissuscwar tissueg.g, artery, vein),
pancreatic tissue, lung tissue, liver tissue, kydtissue, uterine tissue, ovarian tissue, neussug, testicular
tissue, peritoneal tissue, colon, small intesthikary tract, gut, bone marrow, hematopoieticuissor eye €.g,
retinal) tissue.

[00657] In some embodiments, the fibrotic condition is brdtic condition of the eye. In some
embodiments, the fibrotic condition is glaucomagcuoiar degeneration (e.g., age-related macular degton),
macular edema (e.g., diabetic macular edema) ppethy (e.g., diabetic retinopathy), or dry eyedse.

[00658] In certain embodiments, the fibrotic condition idilarotic condition of the lung. In certain
embodiments, the fibrotic condition of the lungctsosen from one or more of. pulmonary fibrosisppdthic
pulmonary fibrosis (IPF), usual interstitial pneumis (UIP), interstitial lung disease, cryptogetibrosing
alveolitis (CFA), bronchiectasis, and sclerodermmagl disease. In one embodiment, the fibrosis eflting is
secondary to a disease, a toxin, an insult, a raktteatment, or a combination thereof. For examile fibrosis

of the lung can be associated withg, secondary to) one or more of. a disease pragds as asbestosis and
silicosis; an occupational hazard; an environmemblitant; cigarette smoking; an autoimmune cotined¢issue
disorders €.g, rheumatoid arthritis, scleroderma and systempusuerythematosus (SLE)); a connective tissue
disorder such as sarcoidosis; an infectious diseage infection, particularly chronic infection; a medl
treatment, including but not limited to, radiatiterapy, and drug therapy, e.g., chemotherapy, (treatment

with as bleomycin, methotrexate, amiodarone, basuland/or nitrofurantoin). In one embodiment, fibeotic
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condition of the lung treated with the methods ted herein is associated with.q, secondary to) a cancer
treatment, e.g., treatment of a canae=g/ squamous cell carcinoma, testicular cancer, Hodgklisease with
bleomycin). In one embodiment, the fibrotic commlitof the lung is associated with an autoimmurneneative
tissue disordere(g, scleroderma or lupus,g, SLE).

[00659] In certain embodiments, the fibrotic condition idilarotic condition of the liver. In certain
embodiments, the fibrotic condition of the livercisosen from one or more of: fatty liver diseateatosis€.g,
nonalcoholic steatohepatitis (NASH), cholestati@lidisease (e.g., primary biliary cirrhosis (PB@)jrhosis,
alcohol induced liver fibrosis, biliary duct injuriiliary fibrosis, or cholangiopathies. In othembodiments,
hepatic or liver fibrosis includes, but is not lted to, hepatic fibrosis associated with alcohaligiral infection,
e.g., hepatitis€.g, hepatitis C, B or D), autoimmune hepatitis, ntooholic fatty liver disease (NAFLD),
progressive massive fibrosis, exposure to toxins irdtants .g, alcohol, pharmaceutical drugs and
environmental toxins).

[00660] In certain embodiments, the fibrotic condition idilarotic condition of the heart. In certain
embodiments, the fibrotic condition of the heartrigocardial fibrosis€.g, myocardial fibrosis associated with
radiation myocarditis, a surgical procedure congpian €.g, myocardial post-operative fibrosis), infectious
diseasesd.g, Chagas disease, bacterial, trichinosis or fumggbcarditis)); granulomatous, metabolic storage
disorders é€.g, cardiomyopathy, hemochromatosis); developmentdrders €.g, endocardial fibroelastosis);
arteriosclerotic, or exposure to toxins or irritaf.g, drug induced cardiomyopathy, drug induced caodiotty,
alcoholic cardiomyopathy, cobalt poisoning or expe$ In certain embodiments, the myocardial figas
associated with an inflammatory disorder of cardissue €.g, myocardial sarcoidosis). In some embodiments,
the fibrotic condition is a fibrotic condition assated with a myocardial infarction. In some embwehts, the
fibrotic condition is a fibrotic condition assocaatwith congestive heart failure.

[00661] In certain embodiments, the fibrotic condition iditarotic condition of the kidney. In certain
embodiments, the fibrotic condition of the kidneydhosen from one or more of: renal fibrogsy( chronic
kidney fibrosis), nephropathies associated withuriyifibrosis (e.g., chronic nephropathies assodiatéth
diabetes (e.g., diabetic nephropathy)), lupus,rederma of the kidney, glomerular nephritis, fosagmental
glomerular sclerosis, IgA nephropathyrenal fibroassociated with human chronic kidney disease (CKD)
chronic progressive nephropathy (CPN), tubuloititisk fibrosis, ureteral obstruction, chronic ur@mnchronic
interstitial nephritis, radiation nephropathy, gknlosclerosis, progressive glomerulonephrosis (RGN
endothelial/thrombotic microangiopathy injury, HAssociated nephropathy, or fibrosis associated exipiosure
to a toxin, an irritant, or a chemotherapeutic 4gdn one embodiment, the fibrotic condition o&tkidney is
scleroderma of the kidney. In some embodimengsfitirotic condition of the kidney is transplantpheopathy,
diabetic nephropathy, lupus nephritis, or focahsegtal glomerulosclerosis (FSGS).

[00662] In certain embodiments, the fibrotic condition idilarotic condition of the skin. In certain

embodiments, the fibrotic condition of the skincloosen from one or more of: skin fibrosésd, hypertrophic
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scarring, keloid), scleroderma, nephrogenic systdiniosis €.g, resulting after exposure to gadolinium (which
is frequently used as a contrast substance for MRIsatients with severe kidney failure), and kelo

[00663] In certain embodiments, the fibrotic condition ifilaotic condition of the gastrointestinal tract.
In certain embodiments, the fibrotic condition ikosen from one or more of: fibrosis associated with
scleroderma; radiation induced gut fibrosis; filisoassociated with a foregut inflammatory disordach as
Barrett's esophagus and chronic gastritis, andboogis associated with a hindgut inflammatory dileo, such as
inflammatory bowel disease (IBD), ulcerative csliind Crohn’s disease. In some embodiments, Ithetifi
condition of the gastrointestinal tract is fibroassociated with scleroderma.

[00664] In certain embodiments, the fibrotic condition idilarotic condition of the bone marrow or a
hematopoietic tissue. In certain embodiments, ittvetic condition of the bone marrow is an intringeature of a
chronic myeloproliferative neoplasm of the bone nmay such as primary myelofibrosis (also referredhérein

as agnogenic myeloid metaplasia or chronic ididpathyelofibrosis). In other embodiments, the bomarow
fibrosis is associated withe(g, is secondary to) a malignant condition or a ctoi caused by a clonal
proliferative disease. In other embodiments, theebmarrow fibrosis is associated with a hematoldigorder
(e.g, a hematologic disorder chosen from one or morealfcythemia vera, essential thrombocythemia,
myelodysplasia, hairy cell leukemia, lymphoneag( Hodgkin or non-Hodgkin lymphoma), multiple myelarar
chronic myelogeneous leukemia (CML)). In yet otbmbodiments, the bone marrow fibrosis is assatiafth
(e.g, secondary to) a non-hematologic disorderg( a non-hematologic disorder chosen from solid tumo
metastasis to bone marrow, an autoimmune disorlgr §ystemic lupus erythematosus, scleroderma, mixed
connective tissue disorder, or polymyositis), aiedtion €.g, tuberculosis), or secondary hyperparathyroidism
associated with vitamin D deficiency. In some edibents, the fibrotic condition is idiopathic omgdrinduced
myelofibrosis. In some embodiments, the fibrotandition of the bone marrow or hematopoietic tisssie
associated with systemic lupus erythematosus erctgrma.

[00665] In one embodiment, provided herein is a method reéting, preventing and/or managing
scleroderma. Scleroderma is a group of diseasgdrntolve hardening and tightening of the skin/andther
connective tissues. Scleroderma may be localiegy &ffecting only the skin) or systemie.§, affecting other
systems such a%.g, blood vessels and/or internal organs). Commampsyms of scleroderma include
Raynaud’s phenomenon, gastroesophageal refluxsdisead skin changes.g, swollen fingers and hands, or
thickened patches of skin). In some embodimerits, dcleroderma is localize@.g, morphea or linear
scleroderma. In some embodiments, the conditi@nsigstemic sclerosis,g, limited systemic sclerosis, diffuse
systemic sclerosis, or systemic sclerosis sinectiema.

[00666] Localized scleroderma (localized cutaneous fibjosisludes morphea and linear scleroderma.
Morphea is typically characterized by oval-shag@dkened patches of skin that are white in the ieiddith a
purple border. Linear scleroderma is more comnmophildren. Symptoms of linear scleroderma mayeapp

mostly on one side of the body. In linear scleroge bands or streaks of hardened skin may dewwlogne or
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both arms or legs or on the forehead. En coumbeeqfrontal linear scleroderma or morphea en awripabre)
is a type of localized scleroderma typically chégdzed by linear lesions of the scalp or face.

[00667] Systemic scleroderma (systemic sclerosis) includeg, limited systemic sclerosis (also known
as limited cutaneous systemic sclerosis, or CRB&dreme), diffuse systemic sclerosis (also knowmliffuse
cutaneous systemic sclerosis), and systemic sidewise scleroderma. CREST stands for the following
complications that may accompany limited scleroderoalcinosis €.g, of the digits), Raynaud’'s phenomenon,
esophageal dysfunction, sclerodactyly, and telamaséas. Typically, limited scleroderma involvaganeous
manifestations that mainly affect the hands, aangd,face. Limited and diffuse subtypes are disiistged based
on the extent of skin involvement, with sparingtioé proximal limbs and trunk in limited diseaseee.g,
Denton, C.P. et al. (2006lNature Clinical Practice Rheumatolog®(3):134-143. The limited subtype also
typically involves a long previous history of Rawas phenomenon, whereas in the diffuse subtypsetoof
Raynaud’s phenomenon can be simultaneous with otlagifestations or might occur later. Both limitaald
diffuse subtypes may involve internal organs. Tgpivisceral manifestations of limited systemicesosis
include isolated pulmonary hypertension, severedbamvolvement, and pulmonary fibrosis. Typicabsaéral
manifestations of diffuse systemic sclerosis ineluénal crisis, lung fibrosis, and cardiac disea$giffuse
systemic sclerosis typically progresses rapidly affielcts a large area of the skin and one or nmaegrial organs
(e.g, kidneys, esophagus, heart, or lungs). Systethicasis sine scleroderma is a rare disorder irchvpatients
develop vascular and fibrotic damage to internghaos in the absence of cutaneous sclerosis.

[00668] In one embodiment, provided herein is a method reéting, preventing and/or managing
inflammatory myopathies. As used herein, “inflantong myopathies” encompass all types and manifiestabf
inflammatory myopathies. Examples include, but moe limited to, muscle weakness.q, proximal muscle
weakness), skin rash, fatigue after walking or ditagy tripping or falling, dysphagia, dysphoniaffidulty
breathing, muscle pain, tender muscles, weight, losg-grade fever, inflamed lungs, light sensitjyitalcium
deposits (calcinosis) under the skin or in the rajsas well as biological concomitants of inflamorgt
myopathies as disclosed herein or as known inrtheBaological concomitants of inflammatory myopégs €.g,
dermatomyositis) includes.g, altered €.g, increased) levels of cytokines.g, Type | interferonsd.g, IFN-a
and/or IFN$g), interleukins €.g, IL-6, IL-10, IL-15, IL-17 and IL-18), and TNk), TGF{, B-cell activating
factor (BAFF), overexpression of IFN inducible gene.g, Type | IFN inducible genes). Other biological
concomitants of inflammatory myopathies can incluglg, an increased erythrocyte sedimentation rate (ESR)
and/or elevated level of creatine kinase. Furti@ogical concomitants of inflammatory myopathés include
autoantibodiesg.g, anti-synthetase autoantibodies.g, anti-Jol antibodies), anti-signal recognition ticker
antibodies (anti-SRP), anti-Mi-2 antibodies, artbp antibodies, anti-PM/Sci antibodies, and antPRN
antibodies.

[00669] The inflammatory myopathy can be an acute inflanonyatyopathy or a chronic inflammatory

myopathy. In some embodiments, the inflammatornyopayhy is a chronic inflammatory myopathg.d.,
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dermatomyositis, polymyositis, or inclusion bodyasifis). In some embodiments, the inflammatory pathy

is caused by an allergic reaction, another dis@age cancer or a connective tissue disease), exptsureoxic
substance, a medicine, or an infectious agegt @ virus). In some embodiments, the inflammatoyppathy is
associated with lupus, rheumatoid arthritis, orteysc sclerosis. In some embodiments, the inflatorga
myopathy is idiopathic. In some embodiments, thiiammatory myopathy is selected from polymyositis,
dermatomyositis, inclusion body myositis, and imewmnediated necrotizing myopathy. In some embodisien
the inflammatory myopathy is dermatomyositis.

[00670] In another embodiment, provided herein is a mettfotiteating, preventing and/or managing a
skin condition €.g, a dermatitis). In some embodiments, the mettprdsided herein can reduce symptoms
associated with a skin conditioa.g, itchiness and/or inflammation). In some such edifnents, the compound
provided herein is administered topicale.d, as a topical cream, eye-drop, nose drop or rggsal). In some
such embodiments, the compound is a PI3K-deltabittni (€.g, a PI3K inhibitor that demonstrates greater
inhibition of PI3K-delta than of other PI3K isofosin In some embodiments, the PI3K-delta inhibit@vents
mast cell degranulation.

[00671] As used herein, “skin condition” includes any infl@atory condition of the skire(g, eczema or
dermatitis,e.g, contact dermatitis, atopic dermatitis, dermatitespetiformis, seborrheic dermatitis, nummular
dermatitis, stasis dermatitis, perioral dermatite well as accompanying symptonasg( skin rash, itchiness
(pruritis), swelling (edema), hay fever, anaphapxiFrequently, such skin conditions are causedrbgllergen.
As used herein, a “skin condition” also includegy, skin rashesg(g, allergic rashes.g, rashes resulting from
exposure to allergens such as poison ivy, poisdn @apoison sumac, or rashes caused by other sdisear
conditions), insect bites, minor burns, sunburmanicuts, and scrapes. In some embodiments, tin@temn
associated with inflammatory myopathy, or the sidndition or symptom associated with the skin ctowj is a
skin rash or itchiness (pruritis) caused by a s&gh.

[00672] The skin condition €.g, the skin rash) may be spontaneous, or it mayndeced,e.g, by
exposure to an allergere.§, poison ivy, poison oak, or poison sumac), drifged, insect bite, inhalants,
emotional stress, exposure to heat, exposure th oolexercise. In some embodiments, the skinitonds a
skin rash €.g, a pruritic rash, e.g., utricaria). In some embmwhts, the skin condition is an insect bite. dms
embodiments, the skin condition is associated witlother diseasee(g, an inflammatory myopathye.g,
dermatomyositis).

[00673] In some embodiments, the subjeetg( the subject in need of treatment for an inflamonat
myopathy and/or a skin condition) exhibits an elegidevel or elevated activity of IFM-TNF-o, IL-6, IL-8, IL-

1, or a combination thereof. In certain embodiragtite subject exhibits an elevated level of kENin some
embodiments, treatinge(y, decreasing or inhibiting) the inflammatory mydpat or the skin condition,
comprises inhibiting €.g, decreasing a level of, or decreasing a biologicaivity of) one or more of IFN;

TNF-a, IL-6, IL-8, or IL-1 in the subject or in a samplierived from the subject. In some embodiments, th
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method decreases a level of IBINTNF-u, IL-6, IL-8, or IL-1 in the subject or in a sampdierived from the
subject. In some embodiments, the method decrealse®! of IFNe in the subject or in a sample derived from
the subject. In some embodiments, the level ofdi-NINF-a, IL-6, IL-8, or IL-1 is the level assessed in anpde

of whole blood or PBMCs. In some embodiments, l[éwel of IFN-a, TNF-, IL-6, IL-8, or IL-1 is the level
assessed in a sample obtained by a skin biopsymusale biopsy. In some embodiments, the sampulbtaned
by a skin biopsy.

[00674] In one embodiment, provided herein is a method refting, preventing and/or managing
myositis. As used herein, “myositis” encompasdetypes and manifestations of myositis. Exampiesgude,
but are not limited to, myositis ossificans, fibigwsitis, idiopathic inflammatory myopathies, deromayositis,
juvenile dermatomyositis, polymyositis, inclusiomdy myositis and pyomyositis. In one embodimehg t
disease or disorder is dermatomyositis. Also mhediherein is a method of treating, preventing @naanaging
one or more symptoms associated with myositis. nifte@s of the symptoms include, but are not limited
muscle weakness; trouble lifting arms; trouble &wehg or breathing; muscle pain; muscle tendernfeggue;
fever; lung problems; gastrointestinal ulcers; stiteal perforations; calcinosis under the skingsess; arthritis;
weight loss; and rashes.

[00675] In one embodiment, provided herein is a methodexting, preventing and/or managing lupus.
As used herein, “lupus” refers to all types and ifiesitations of lupus. Examples include, but artlimaited to,
systemic lupus erythematosus; lupus nephritis;nadas manifestations (e.g., manifestations seewtsmneous
lupus erythematosus, g, a skin lesion or rash); CNS lupus; cardiovas¢ylaimonary, hepatic, hematological,
gastrointestinal and musculoskeletal manifestatioreonatal lupus erythematosus; childhood systdopas
erythematosus; drug-induced lupus erythematosut;phospholipid syndrome; and complement deficiency
syndromes resulting in lupus manifestations. |e embodiment, the lupus is systemic lupus erythesuat
(SLE), cutaneous lupus erythematosus (CLE), drdgédad lupus, or neonatal lupus. In another embewtinthe
lupus is a CLEge.g, acute cutaneous lupus erythematosus (ACLE), stbamitaneous lupus erythematosus
(SCLE), intermittent cutaneous lupus erythematgslso known as lupus erythematosus tumidus (LEGD),
chronic cutaneous lupus. In some embodimentsjntieemittent CLE is chronic discloid lupus erythdogus
(CDLE) or lupus erythematosus profundus (LEP) (dtsown as lupus erythematosus panniculitis). Types
symptoms, and pathogenesis of CLE are describedx@omple, in Wenzedt al (2010),Lupus 19, 1020-1028.
[00676] In one embodiment, provided herein is a method reéting, preventing and/or managing
Sjogren’s syndrome. As used herein, “Sjogren’sdeyme” refers to all types and manifestations a@fg8jn’s
syndrome. Examples include, but are not limitedotamary and secondary Sjogren’s syndrome. Alswiged
herein is a method of treating, preventing and/anaging one or more symptoms associated with Sj&gre
syndrome. Examples of the symptoms include, baithat limited to: dry eyes; dry mouth; joint pagwelling;
stiffness; swollen salivary glands; skin rashey, skin; vaginal dryness; persistent dry cough; pnolonged

fatigue.
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[00677] In some embodiments, provided herein is a methateating a bone disorder in a subject that
comprises administering to said subject a theragadlyt effective amount of a compound provided refe.g, a
PI3K-y selective compound provided herein), or a pharotizaly acceptable forme(g., pharmaceutically
acceptable salts, hydrates, solvates, isomers,ryged and isotopically labeled derivatives) thereof a
pharmaceutical composition as provided herein. ussd herein, “bone disorder” encompasses all tgmes
manifestations of bone disorders. Exemplary baeerders include, but are not limited to, bone eanbone
metastases, osteoporosis, fracture repair, avasawdgrosis (osteonecrosis), bone spur (osteophytes)
craniosynostosis, Coffin-Lowry syndrome, fibrodyasgil ossificans progressive, fibrous dysplasiagHoisease

( Nail-patella syndrome), Giant cell tumor of bon@reenstick Fracture, hypophosphatasia, Klippel-Fei
syndrome, metabolic bone disease, osteoarthrigigitis deformans (Paget's disease of bone), issféitosa
cystica (osteitis fibrosa or Von Recklinghauserisease of bone), osteitis pubis, condensing cstéitteitis
condensas), osteochondritis dissecans, osteochmadfbone tumor), osteogenesis imperfect, osteoialac
osteomyelitis, osteopenia, osteopetrosis, porgfietostosis, primary hyperparathyroidism, renatadystrophy,
Salter-Harris fractures, and water on the knee.orle embodiment, the bone disorder is a systenhicak
disorder. In another embodiment, the bone disoigler topical bone disorder. In one embodimerd, ibne
disorder is associated with excess bone formationanother embodiment, the bone disorder is aatstiwith
excess bone resorption. In one embodiment, witheirtg limited by a particular theory, a compoumadvjded
herein inhibits differentiation of osteoclasts fréewsne marrow macrophages.

[00678] In some embodiments, a symptom associated withdibease or disorder provided herein is
reduced by at least 10%, at least 20%, at least a0%ast 40%, at least 50%, at least 60%, at %, at least
80%, at least 90%, or at least 95% relative tordroblevel. The control level includes any appiate control as
known in the art. For example, the control leeah e the pre-treatment level in the sample orestiltjeated, or

it can be the level in a control populatieng, the level in subjects who do not have the diseasisorder or the
level in samples derived from subjects who do retehthe disease or disorder). In some embodimérgs,
decrease is statistically significant, for example,assessed using an appropriate parametric eparametric

statistical comparison.

Methods of Treatment, Prevention and/or Managerfw®®ulmonary or Respiratory Disorders

[00679] Without being limited by a particular theory, it svdound that administering a compound
provided hereing.g, Compound 1) by inhalation can accord variousapeutic benefits as described herein in
treating, preventing and/or managing pulmonaryespiratory diseases. Accordingly, in certain enibedts,
provided herein is a method of treating, preventiagd/or managing a pulmonary or respiratory diseasa
subject, comprising administering to a subjectéedithereof by inhalation a therapeutically or pgdgctically
effective amount of a compound provided hereirgroenantiomer, a mixture of enantiomers, or a maxtf two

or more diastereomers thereof, or a pharmaceutiaatieptable form thereof.
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[00680] In addition, without being limited by a particul#ineory, it was found that administering a
compound provided herein by inhalation results ipr@longed retainment of the compound in patiehtrsy.
Thus, in some embodiments, provided herein is daodebf eliciting prolonged anti-inflammatory effeatlung

in a subject suffering from a pulmonary or respiratdisease, comprising administering to the subgc
inhalation a therapeutically or prophylacticallyfeetive amount of a compound provided herein, or an
enantiomer, a mixture of enantiomers, or a mixafrevo or more diastereomers thereof, or a pharotazzly
acceptable form thereof, wherein the compoundtamed in lung for a prolonged period.§, a period longer
than what is provided by oral administration).

[00681] In some embodiments, the compound is retainedrig far about hour, about 3 hours, about 6
hours, about 12 hours, about 24 hours, about 48hou about 72 hours longer than what is provibgdral
administration.

[00682] In some embodiments, more than 80%, more than H8te than 60%, more than 50%, more
than 40%, more than 30%, or more than 20% of theuamof the compound as initially administered #mignt
remains in lung at 24 hours after administrationriialation.

[00683] In some embodiments, the concentration of the camgon lung following administration by
inhalation is about 100, about 200, about 500, aib600, about 2000, about 3000, about 4000, ak@@@,5bout
6000, about 7000, about 8000, about 9000, or ab@0@0 times higher than the plasma concentratiothef
compound at about 5 hours after the administratiorsome embodiments, the concentration of thepoamd in
lung following administration by inhalation is alial00, about 200, about 500, about 1000, about ,2806ut
3000, about 4000, about 5000, about 6000, aboull, Zbut 8000, about 9000, or about 10000 timdsehnithan
the plasma concentration of the compound at abdutolirs after the administration. In some embodimehe
concentration of the compound in lung following axiistration by inhalation is about 100, about 288out 500,
about 1000, about 2000, about 3000, about 400t &BHO, about 6000, about 7000, about 8000, &&@R@, or
about 10000 times higher than the plasma concenriraif the compound at about 24 hours after the
administration.

[00684] In some embodiments, the compound is administereddase of less than 0.01 pg/kg/day, less
than 0.02 pg/kg/day, less than 0.05 pg/kg/day, tleas 0.1 upg/kg/day, less than 0.2 pg/kg/day, tkeas 0.5
pa/kg/day, less than 1 pg/kg/day, less than 2 [dd@lg less than 5 pg/kg/day, less than 10 pg/kghdag than
20 pg/kg/day, less than 50 pg/kg/day, or less ttzh pg/kg/day. In some embodiments, the composnd i
administered at a dose of about 0.01 pg/kg/daytah02 pg/kg/day, about 0.05 pg/kg/day, aboup@/kg/day,
about 0.2 pg/kg/day, about 0.5 pg/kg/day, abougfkgiday, about 2 pg/kg/day, about 5 pg/kg/day,uali®
pg/kg/day, about 20 upg/kg/day, about 50 pg/kg/dayabout 100 pg/kg/day. In some embodiments, the
compound is administered at a dose of from abddt Qug/kg/day to about 100 pg/kg/day, from aboutl 0.0
pa/kg/day to about 50 pg/kg/day, from about 0.0kg/day to about 20 pg/kg/day, from about 0.01 ghglay to
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about 10 pg/kg/day, from about 0.01 pg/kg/day touald pg/kg/day, from about 0.01 pg/kg/day to abbut
pg/kg/day, from about 0.05 pg/kg/day to about kgiglay, or from about 0.1 pg/kg/day to about 1 ghlay.
[00685] In one embodiment, the compound is administere@ dady (QD). In another embodiment, the
compound is administered twice daily (BID). In #rer embodiment, the compound is administered ttinee
daily (TID). In another embodiment, the compousiddministered four times daily (QID).

[00686] In one embodiment, the subject is a mammal. Ithem@mbodiment, the subject is a human.
[00687] In one embodiment, provided herein is a methodredting, preventing, and/or managing a
pulmonary or respiratory disease in a subject, ctmimg administering to a subject in need thergofrtalation

a therapeutically or prophylactically effective amb of a PI3K inhibitor, or an enantiomer, a mixture of
enantiomers, or a mixture of two or more diaster@@nthereof, or a pharmaceutically acceptable fihveneof.

In some embodiments, the PRknhibitor has a delta/gamma selectivity ratio oéager than about 1 to <10,
greater than about 10 to <50, or greater than &®td <350. In some embodiments, the Ri3khibitor has a
delta/gamma selectivity ratio of greater than abbugreater than about 5, greater than about Hategr than
about 15, greater than about 20, greater than @iqujreater than about 50, greater than abougréater than
about 100, greater than about 150, greater thant &89, greater than about 250, greater than &@tgreater
than about 350, greater than about 500, or grézerabout 1000.

[00688] In one embodiment, provided herein is a methodredting, preventing, and/or managing a
pulmonary or respiratory disease in a subject, etaimg administering to a subject in need thergofrtalation

a therapeutically or prophylactically effective amt of Compound 1, or an enantiomer, a mixture of
enantiomers, or a mixture of two or more diasterm@nthereof, or a pharmaceutically acceptable fihveneof.

In one embodiment, Compound 1 is a P{3khibitor. In one embodiment, the compound, éCgmpound 1 has
a delta/gamma selectivity ratio of greater thanudlioto <10, greater than about 10 to <50, or grelian about
50 to <350. In one embodiment, the compound, €Egmpound 1 has a delta/gamma selectivity ratigreéter
than about 50 to <350. In one embodiment, the camg, e.g., Compound 1 has a delta/gamma selgctatip

of greater than about 50 to <150. In one embodimtre compound, e.g., Compound 1 has a delta/gamma
selectivity ratio of greater than about 75 to <1Bb.one embodiment, the compound has a delta/gamma
selectivity ratio of greater than about 100. Imsoembodiments, the compound has a delta/gammetigitje
ratio of greater than about 1, greater than abpgteater than about 10, greater than about 1&teréhan about
20, greater than about 25, greater than aboutrg@fey than about 75, greater than about 100,egrd@n about
150, greater than about 200, greater than aboytdzB@ter than about 300, greater than about 38@tay than
about 500, or greater than about 1000.

Administration by Inhalation
[00689] Many diseases of the respiratory tract are knowre$pond to treatment by the direct application

of therapeutic agents by inhalation. Such adnatisin can result in the better utilization of timedicament in
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that the drug is deposited directly at the desgitel and where its action may be required. Theeefaithout
being limited by a particular theory, administratiby inhalation can significantly reduce the dosgquired to
achieve therapeutic efficacy, which, in turn casutein marked reduction of undesired side effeatd cost of
medicament. It is typically accepted in the indupshat the bioavailability of the drug is optimusinen the drug
particles delivered to the respiratory tract amsvieen 1 to 5 microns in size.

[00690] Various methods and devices can be used to delie@mpound provided herein by inhalation.
The inhalable formulation can be administered ki@ mouth or nose ultimately for pulmonary delivérgreof.
For example, dry powder inhalers (DPIs), which Uguaave a means for introducing the drug (activegdplus
carrier) into a high velocity air stream, can beduto practice the methods provided herein. Tgh felocity air
stream is used as the primary mechanism for brgalirthe cluster of micronized particles or sepagahe drug
particles from the carrier. Inhalation devicesfulséor dispensing powder forms of medicament sashthose
described in U.S. Pat. Nos. 3,507,277; 3,518,9%8353219; 3,795,244; and 3,807,400, are encompdistte
current disclosure. In certain embodiments, sumhocgs also include propeller means, which upoalatfon aid
in dispensing the powder out of the capsule, sbitliga not necessary to rely solely on the inhadé@do suction
powder from the capsuleSéee.g, U.S. Pat. Nos. 2,517,482; 3,831 ,606; 3,948,264;5,458, 135, all of which
are incorporated herein by reference). In cesaintbodiments, utilization of vibration to facilisasuspension of
power into an inhaled gas stream and which utileggthetic jetting to aerosolize drug powder fromliater
pack is also provided herein.Sde e.g, U.S. Patent Nos. 7,318,434 and 7,334,577, incatpd herein by
reference). In some embodiments, controlled atsjoo doses of a medication or pre-packaged drugklilister
pack, which includes a frangible crowned top elemehich can be conical, conical with a rounded poin
rounded, such as those described in U.S. Paterit,Di80,644, are also encompassed.

[00691] In certain embodiments, a compound provided hasefiministered using metered dose inhalers
(MDIs). MDils typically have a pressurized caniditled with a liquid propellant. The drug is ethsuspended
or dissolved in the propellant. The MDIs have atarieg valve for metering out a known quantity bgt
propellant and hence the drug. When the canistdepressed against the MDI housing a known qyauitithe
propellant is discharged. The propellant evapordéesing behind a fine aerosol of the drug suitatue
inhalation by the patient. In certain embodimeMB)ls that contain a breath actuation mechanismpazer are
also encompassed herein.

[00692] In some embodiments, a compound provided hereadnsinistered using nebulizers, such as the
jet nebulizers. Nebulizers produce a fine aerosist/droplets which carry the drug either as a sosn or
dissolved in the aqueous medium. The jet nebdiase compressed air to atomize the aqueous solutiarug
can be administered to a patient with repetitive-favced inhalation over a prolonged period of time

[00693] Examples of devices suitable for such pulmonaryvee} include, but are not limited to, air-jet,
ultrasonic, or vibrating-mesh devices such as B@riStar, Aeroeclipse Il, Prodose (HaloLite), AcdrnT Up-
draft I, Sidestream, AeroTech I, Mini heart, Migleb, Sonix 2000, MABISMist Il and other suitaklerosol
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systems. In some embodiments, the nebulizer ibrating-mesh nebulizer that could include an AEREERN
PRO, AERONEB SOLO, AERONEB GO, AERONEB LAB, OMRON IGROAIR, PARI EFLOW,
RESPIRONICS I-NEB, or other suitable devices.

Pulmonary or Respiratory Diseases

[00694] Provided herein is a method of treating, preventangd/or managing pulmonary or respiratory
disease using a compound provided herein. Exanglesimonary or respiratory disease include, byet raot
limited to, lung inflammation, chronic obstructiygulmonary disease, asthma, pneumonia, hyperseétysitiv
pneumonitis, pulmonary infiltrate with eosinophjlianvironmental lung disease, pneumonia, brondmsest
cystic fibrosis, interstitial lung disease, podtammatory pulmonary fibrosis, primary pulmonarypleytension,
pulmonary thromboembolism, disorders of the pledisprders of the mediastinum, disorders of theldiagm,
disorders of the larynx, disorders of the tractaeaite lung injury, hypoventilation, hyperventilatjsleep apnea,
acute respiratory distress syndrome, mesothelisaesoma, graft rejection, graft versus host disehs®
cancer, allergic rhinitis, allergy, allergic bromglulmonary aspergillosis, asbestosis, aspergillampergillosis,
bronchiectasis, chronic bronchitis, emphysema nepsiilic pneumonia, idiopathic pulmonary fibrosdippathic
interstitial pneumonia, non-specific interstitiahgqumonia(NSIP), bronchiolitis obliterans with origamgy
pneumonia (BOOP, also called cryptogenic organizingumonia or COP), lymphocytic interstitial pneuniao
(LIP), acute interstitial pneumonitis invasive pmmcoccal disease, pneumococcal pneumonia, inflyenza
nontuberculous mycobacteria, pleural effusion, eugal cavity disease, empyema, pleurisy, pneumosisji
pneumocytosis, respiratory viral infection, acuteorithitis, aspiration pneumonia, ventilator-asdecia
pneumonia, pneumocystic jiroveci pneumonia, pneuaopulmonary actinomycosis, pulmonary alveolar
proteinosis, pulmonary anthrax, pulmonary edemdmenary embolus, pulmonary embolism, acute chest
syndrome, idiopathic pulmonary hemosiderosis, pualang hemorrhage, pulmonary hyperplasia, pulmonary
inflammation, pulmonary histiocytosis X, eosinofhigranuloma, pulmonary Langerhan’s cell histiosys,
occupational lung disease, pneumopathy due todtibal of dust, respiratory conditions due to cheinfames
and vapors, lipoid pneumonia, pulmonary hypertengimimonary arterial hypertension, pulmonary ndiceis,
pulmonary tuberculosis, pulmonary veno-occlusiveedse, pulmonary vascular disease, rheumatoiddisegse,
connective tissue disease-associated interstiia$) Idisease (e.g., systemic sclerosis (SSc orosidena)-
associated interstitial lung disease, polymyositiseciated interstitial lung disease, dermatomigeaitsociated
interstitial lung disease, rheumatoid arthritiss@gated interstitial lung disease, systemic lupyghematosus-
associated interstitial lung disease, interstitiay disease associated with Sjogren's syndromesdhionnective
tissue disease-associated interstitial lung diseambankylosing spondylitis-associated intergtiting disease), a
restrictive lung disease, a respiratory tract itiéec (upper and lower), sarcoidosis, Wegener's omnatosis
(also known as granulomatosis with polyangiitis &&Br necrotizing granulomatous vasculitis (NGMPhurg-
Strauss Syndrome, microscopic polyangiitis (MPA)mall cell lung carcinoma, non-small cell lung daoma,

lymphangioleiomyomatosis (LAM), radiation-inducedny disease (also known as radiation pneumonitis),
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pulmonary vasculitis, viral pneumonia, pneumococgatumonia, bacterial pneumonia, bronchopneumonia,
epithelial tumors, papillomas, adenomas, squamslisarcinoma, small cell carcinoma, adenocarcindar@e

cell carcinoma, adenosquamous carcinoma, carctogidr, carcinoma of salivary-gland type, soft tessumors,
localized fibrous tumor, epithelioid hemangioenddittma, pleuropulmonary blastoma, chondroma, cataif
fibrous pseudotumor of the pleura, congenital peribhial myofibroblastic tumor, diffuse pulmonary
lymphangiomatosis, desmoplastic small round cetidy mesothelial tumors, adenomatoid tumor, epitil
mesothelioma, sarcomatoid mesothelioma, biphasgothelioma, hamartoma, sclerosing hemangioma, ctdhar
tumor, germ cell neoplasms, thymona, melanomasandndary tumor. In certain embodiments, proviteein

is a method of treating, preventing, and/or margginymphoproliferative disease using a compouraiged
herein. Examples of lymphoproliferative diseasdude, but are not limited to, lymphoid interstiti@heumonia,
nodular lymphoid hyperplasia, and lymphomatoid gfamatosis.

[00695] In certain embodiments, the pulmonary or respiyattisease to be treated, prevented and/or
managed using a compound provided herein is amumtise lung disease or disorder. In some emboxlisy¢he
obstructive lung disease is acute respiratoryelistsyndrome (ARDS), asthma, bronchiectasis, bioleckasis,

bronchiolitis, bronchitis, chronic obstructive punary disease (COPD), or emphysema.

Chronic Obstructive Pulmonary Disease

[00696] In one embodiment, said obstructive lung diseasdismrder is chronic obstructive pulmonary
disease (COPDE.g, as diagnosed by a forced expiratory air volumé second (FEY to forced vital capacity
(FVC) ratio of less than 0.7. In another emboditnadministration of a compound provided hereirultssn a
detectable rise in the FENEC ratio above 0.7 after administratieng, a rise of 0.02, 0.03, 0.04, 0.05, 0.06,
0.07, 0.08, 0.09, 0.10, or more or more.

[00697] In one embodiment, provided herein is a methodedficing a COPD associated symptom in a
subject, comprising administering a compound preditierein €.g, Compound 1), or an enantiomer, a mixture
of enantiomers, or a mixture of two or more diasbaners thereof, or a pharmaceutically acceptabia fhereof,

by inhalation in an amount sufficient to reduce @@PD associated symptom. In one embodiment,ubjed is

a mammalian subject.g, an animal model or as part of therapeutic prdtotoone embodiment, the compound
is used as a single agent or in combination withtlaer agent or therapeutic modality.

[00698] In one embodiment, provided herein is a methodeadting, preventing, and/or managing COPD
in a subject, comprising administering an effeciweount of a compound provided heragrg( Compound 1), or
an enantiomer, a mixture of enantiomers, or a mixtof two or more diastereomers thereof, or a
pharmaceutically acceptable form thereof, to aexthin need thereof by inhalation. In one embodimthe
compound is administered as a single agent. Irthancembodiment, the compound is administered in
combination with another agent or therapeutic mbdal
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[00699] As used herein, and unless otherwise specified,PQCor a “symptom” associated with COPD
encompasses all types of manifestation of COPDszdoded herein or as known in the art. ExampfeS@PD
include, but are not limited to, emphysema, chrdimonchitis, and bronchiectasis. Examples of spmpbf
COPD include, but are not limited to, wheezing, gidng, chest tightness, shortness of breath, difficin
breathing, coughing up mucus/phlegm, and use &fssory muscle. Symptoms are often worse at nigint the
early morning, or in response to exercise or cald lm one embodiment, the symptom of asthma @tsless of
breath or difficulty in breathing.

[00700] As used herein, and unless otherwise specifietfjdorease,” “ameliorate,” “reduce,” “inhibit,”
“treat” (or the like) COPD or a symptom associatéth COPD includes reducing the severity and/ogfiency

of one or more symptoms of COPD, as well as prévgr@OPD and/or one or more symptoms of COBL,(

by reducing the severity and/or frequency of flasesymptoms).

[00701] In some embodiments, the symptom is reduced bgaat labout 2%, at least about 5%, at least
about 10%, at least about 15%, at least about 20%ast about 25%, at least about 30%, at leasita®%, at
least about 50%, at least about 60%, at least atfi%t at least about 80%, at least about 90%, l@aat about
95% relative to a control level. The control lewetludes any appropriate control as known in the dor
example, the control level can be the pre-treatrieem in the sample or subject treated, or itlbarthe level in a
control population€.g, the level in subjects who do not have COPD olldkel in samples derived from subjects
who do not have COPD). In some embodiments, theedse is statistically significant, for example aasessed
using an appropriate parametric or non-paramefaiéstical comparison.

[00702] In certain embodiments, the subject is an animalghof COPD, a human with COPD, or a
subject €.g, a human) at risk for developing COPD. In soméeadiments, the subject is a human who has a
family history of COPD, who carries a gene assedatith COPD, who is positive for a biomarker assiecl
with COPD, or a combination thereof. In some enitpeats, the subject has been diagnosed with CORD.
some embodiments, the subject has one or more signsymptoms associated with COPD. In some
embodiments, the subject is at risk for develof@PD €.g, the subject carries a gene that, individuallyinor
combination with other genes or environmental fes;tis associated with development of COPD).

[00703] In one embodiment, the subject has been previodiglgnosed of COPD or has episodic
symptoms of airflow obstructiore(g, shortness of breath, wheezing and/or chest tglsinfor at least 1 week, 2
weeks, 1 month, 2 months, 3 months, 6 months, mspiA2 months before a compound provided heem (
Compound 1), or an enantiomer, a mixture of enargis, or a mixture of two or more diastereomersetbfe or

a pharmaceutically acceptable form thereof, is adit@red. In one embodiment, the subject has pemnously
diagnosed of COPD or has episodic symptoms obairfibstruction €.g, wheezing and/or chest tightness) for at
least 6 months before a compound provided hereig, (Compound 1), or an enantiomer or a mixture of
enantiomers thereof, or a pharmaceutically accéptsdit, solvate, hydrate, co-crystal, clathratepa@ymorph

thereof, is administered.

-143-



[00704] In some embodiments, the subject has been preyitnesited for COPD. In some embodiments,
the subject has been previously treated for COPD doa non-responsive to standard therapies. In one
embodiment, the standard therapy is steroid, egrticosteroids. In some embodiments, the subjed h
developed steroid resistance, e.g., from previcestrment with steroids. In some embodiments, thgestican
have inherent steroid resistance that is not dtrekprevious treatments. Steroid resistance @aovercome by a
PI3K inhibitor, e.g., a compound provided hereing(e Compound 1). Thus, combination therapy with a
compound provided herein and a steroid can be logdefin one embodiment, provided herein is a rodtbf
treating, preventing, and/or managing COPD in gesibcomprising administering an effective amoahta
compound provided hereie., Compound 1), or an enantiomer, a mixture of éoardrs, or a mixture of two
or more diastereomers thereof, or a pharmacewtiealteptable form thereof, to a subject in needetife
wherein the subject has been previously adminidterderapy for COPD.

[00705] In some embodiments, the subject has not beenougyitreated for COPD.

[00706] In one embodiment, without being limited by anytjgatar theory, administering an effective
amount of a compound provided hereing( Compound 1), or an enantiomer, a mixture of goardrs, or a
mixture of two or more diastereomers thereof, pharmaceutically acceptable form thereof, doesewmtlt in, or
results in reduced, one or more common side eff@icSOPD treatment. The common side effects of BOP
treatment include, but are not limited to: allerggactions such as rashes, hives, swelling ofaibe mouth and
tongue, and breathing problems; sudden breathioglgms; effects on heart such as increased bloesspre,
fast and irregular heartbeat, and chest pain; tsffec nervous system such as tremor and nervoyseessed
adrenal function; changes in blood contents; weatdmmune system and higher chance of infectionset
bone mineral density; eye problems such as glaucamdacataracts; slowed growth in children; pneumoni
thrush in the mouth and throat; throat irritatidrgarseness and voice changes; viral respiratogctiohs;
headache; and muscle and bone pain.

[00707] In some embodiments, the side effect is reducedt byast about 2%, at least about 5%, at least
about 10%, at least about 15%, at least about 20%ast about 25%, at least about 30%, at lea@sita®%, at
least about 50%, at least about 60%, at least atii¥t at least about 80%, at least about 90%, leaat about
95% relative to a control level. The control lewetludes any appropriate control as known in the dor
example, the control level can be the side effegell in the subject treated with other COPD thasg.g,
albuterol, levalbuterol, ipratropium, tiotropiumerbutaline, theophylline, formoterol, salmeterdlchtisone,
methylprednisone, and prednisone). In some embmusnthe decrease is statistically significant,efsample,

as assessed using an appropriate parametric qrarametric statistical comparison.
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Asthma

[00708] In another specific embodiment, said obstructivegldisease or disorder is asthma. In some
embodiments, administration of a compound provideckin results in a detectable improvement in aneare
symptoms of asthma, g, airway obstruction, as determined by spirometrg peak flow meter.

[00709] In one embodiment, provided herein is a methodediicing an asthma associated symptom in a
subject, comprising administering a compound preditierein €.g, Compound 1), or an enantiomer, a mixture
of enantiomers, or a mixture of two or more dissbaners thereof, or a pharmaceutically acceptabia fhereof,

by inhalation in an amount sufficient to reduce &isthma associated symptom. In one embodimenguthject

is a mammalian subject.g, an animal model or as part of therapeutic prdtocim one embodiment, the
compound is used as a single agent or in combmatith another agent or therapeutic modality.

[00710] In one embodiment, provided herein is a methodezfting, preventing, and/or managing asthma
in a subject, comprising administering an effecéiweount of a compound provided heregrg( Compound 1), or
an enantiomer, a mixture of enantiomers, or a mixtof two or more diastereomers thereof, or a
pharmaceutically acceptable form thereof to a subije need thereof by inhalation. In one embodithéme
compound is administered as a single agent. Irthancembodiment, the compound is administered in
combination with another agent or therapeutic mbdal

[00711] As used herein, and unless otherwise specifiedhrfas’ or a “symptom” associated with asthma
encompasses all types of manifestation of asthnaisaksed herein or as known in the art. Exampfessthma
include, but are not limited to, severe and/oraefory asthma, atopic (extrinsic) asthma, non-atdipitrinsic)
asthma, type 1 brittle asthma, type 2 brittle asthasthma attack, status asthmaticus, exerciseeéddasthma, or
occupational asthma. In one embodiment, the asthreavere or refractory asthma. Examples of sgmpf
asthma include, but are not limited to, wheezimgghing, chest tightness, ,shortness of breath, usedof
accessory muscle. Symptoms are often worse at aigh the early morning, or in response to exsaa@r cold
air. Asthma is clinically classified accordingth® frequency of symptoms, forced expiratory volumé second
(FEV1), and peak expiratory flow rate. In one emboditneéne symptom of asthma is wheezing or chest
tightness.

[00712] As used herein, and unless otherwise specifiedhrizs’ or a “symptom” associated with asthma
also encompasses biological concomitants of asthsndisclosed herein or as known in the art. Exaspl
include, but are not limited to, immune complexglgvated levels of cytokine®., interferons €.g, Type |
interferonse.g, IFN-a and/or IFNB); interleukins €.g, IL-6, IL-8, IL-1, and IL-18) and TNFe), elevated levels
of anti-dsDNA autoantibodies, overexpression of 4ldnd/or IFNB inducible genes, elevated levels of IP-10,
elevated levels of sCD40L, reduced levels of C3veer C3b, reduced peripheral INKT cell frequencies,
defective B cell-mediated stimulation of iINKT celisitered CD1d expression on B cells, reduced nusnbge
natural regulatory T cells (Treg), altered level @freactive protein, overexpression of mRNA for 4lL-

overexpression of mMRNA for IL-21, and elevatedg@ranti-collagen level. In some embodiments, tmeom
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is overexpression of IFN; TNF-, IL-6, IL-8, or IL-1. In one embodiment, the sytom is overexpression of
IFN-a. In one embodiment, the symptom is overexpresefoli-6. In some embodiments, the symptom is
overexpression of MRNA for IL-4 or overexpressiémmrRNA for IL-21. In some embodiments, the symptism
elevated serium anti-collagen level.

[00713] As used herein, and unless otherwise specifietfjdorease,” “ameliorate,” “reduce,” “inhibit,”
“treat” (or the like) asthma or a symptom assodiatéth asthma includes reducing the severity anfitémuency

of one or more symptoms of asthma, as well as pteagcasthma and/or one or more symptoms of as{erga

by reducing the severity and/or frequency of flasesymptoms).

[00714] In some embodiments, the symptom is reduced bgaat labout 2%, at least about 5%, at least
about 10%, at least about 15%, at least about 20%ast about 25%, at least about 30%, at leasitat®%, at
least about 50%, at least about 60%, at least atii¥t at least about 80%, at least about 90%, leraat about
95% relative to a control level. The control lewetludes any appropriate control as known in the dor
example, the control level can be the pre-treatriex in the sample or subject treated, or it lbarthe level in a
control population €.g, the level in subjects who do not have asthmaherlével in samples derived from
subjects who do not have asthma). In some embodémine decrease is statistically significant,dgample, as
assessed using an appropriate parametric or namrgétic statistical comparison.

[00715] In certain embodiments, the subject is an animallehof asthma, a human with asthma, or a
subject €.g, a human) at risk for developing asthma. In sembodiments, the subject is a human who has a
family history of asthma, who carries a gene asgediwith asthma, who is positive for a biomarkssogiated
with asthma, or a combination thereof. In some @dithents, the subject has been diagnosed with astim
some embodiments, the subject has one or more signsymptoms associated with asthma. In some
embodiments, the subject is at risk for develo@sthma €.g, the subject carries a gene that, individuallyinor
combination with other genes or environmental fes;tis associated with development of asthma).

[00716] In one embodiment, the subject has been previodiglgnosed of asthma or has episodic
symptoms of airflow obstructiore(g, wheezing and/or chest tightness) for at leaseé&kw?2 weeks, 1 month, 2
months, 3 months, 6 months, 9 months, 12 montred®def compound provided hereand, Compound 1), or an
enantiomer, a mixture of enantiomers, or a mixufrevo or more diastereomers thereof, or a pharotazly
acceptable form thereof, is administered. In omdaiment, the subject has been previously diaghade
asthma or has episodic symptoms of airflow obswuac(e.g, wheezing and/or chest tightness) for at least 6
months before a compound provided hereig,(Compound 1), or an enantiomer, a mixture of énardrs, or a
mixture of two or more diastereomers thereof, pharmaceutically acceptable form thereof, is adsténed.

[00717] In one embodiment, the subject has a forced expyratolume in one second (FEMWalue of at
least 95%, 90%, 85%, 80%, 75%, 70%, 65%, 60%, 5&960% of a control value. In one embodiment, the

subject has a forced expiratory volume in one sedéitVi) value of at least 70% of a control value. In one
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embodiment, the control value may be calculatededbasn American Thoracic Society (ATS)/European
Respiratory Society (ERS) standards.

[00718] In one embodiment, the subject has a positive respto a skin prick test to an allergen. In one
embodiment, the positive response means that thadtion of skin test wheal is larger in diametpg( at least

2 mm larger) than the diameter of the control whéltie allergen can be any allergen provided heyeiknown

in the art that can be used in the diagnosis @raehing status of asthma.

[00719] In one embodiment, the subject has an early-phsthenatic response (EAR) of at least 5%, 10%,
15%, 20%, 25%, 30%, 35%, 40%, 45%, or 50% to aal@thallergen challenge. In one embodiment, thgest
has an early-phase asthmatic response of at 18%st@ an inhaled allergen challenge. In one embedt, the
EAR response is a decrease from pre-challenge Yy BE 2 consecutive occasions within 0 to <3 hourkasif
allergen challenge.

[00720] In one embodiment, the subject has a late-phakenast response (LAR) of at least 5%, 10%,
15%, 20%, 25%, 30%, 35%, 40%, 45%, or 50% to aal@thallergen challenge. In one embodiment, thgesti
has a late-phase asthmatic response of at leasttd %% inhaled allergen challenge. In one embodinthe
LAR response is a decrease from pre-challenge W FB 2 consecutive occasions within 3 to 10 hourkasitf
allergen challenge.

[00721] In one embodiment, the subject has an early-phsthenatic response of at least 20% and a late-
phase asthmatic response of at least 15% to amethl@iergen challenge. The inhaled allergen caraty
inhaled allergen provided herein or known in thethat can be used in the diagnosis or determistagus of
asthma.

[00722] In one embodiment, the subject exhibits an elevdés@l of C-reactive protein. In one
embodiment, the subject exhibits an elevated lef/€l-reactive protein of at least 1.0 mg/L. In @mebodiment,
the subject exhibits an elevated level of C-reactirotein of at least 7 mg/L.

[00723] In some embodiments, the subject exhibits elevigeels of antinuclear antibodies.g, anti-
Smith antibodies, anti-double stranded DNA (dsDMAJibodies, anti-U1 RNP, SS-a (or anti-Ro), SS+hafti-
La)), antiphospholipid antibodies, anti-ss DNA batlies, anti-histone antibodies, or anticardiolipitibodies.

In some embodiments, the subject exhibits elevigesls of anti-dsDNA antibodies. In some emboditegthe
subject exhibits elevated levels of anti-Sm antiesd

[00724] In some embodiments, the subject exhibits autoadiis against one or more antigens that are
known to be associated with asthma or with asthotgtypes. In some embodiments, the subject exhibits
autoantibodies against Sm/anti-RNP or Ro/La auigans.

[00725] The levels of antibodies associated with asthmabeaassessed using any suitable method, e.g.,
methods known in the aré.g, indirect immunofluorescence. In some embodimethts methods disclosed
herein reduce or prevent an increase in the lefase or more of the foregoing antibodies.
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[00726] In some embodiments, the subject exhibits eleviaesls of IFNe, TNF-u, IL-6, IL-8, or IL-1.

In one embodiment, the subject exhibits an elevieesl of IFNw. In another embodiment, the subject exhibits
an elevated level of IL-6. In another embodimém, subject exhibits an elevated level of mMRNAIfe#d or IL-

21.

[00727] In some embodiments, the subject has a mutatigy &n SNP) in a gene associated with asthma.
In one embodiment, the gene is selected from STARES, BANK1, ITGAM, PD1, FAM167A-BLK, IRF5-
TNPO3, KIAA1542, TNFAIP3, XKR6, 1g25.1, PXK, ATGECAL, XKR6, LYN and SCUB2 or a combination
thereof. In some embodiments, the subject cathiedDR3 and DQ2 variants, or the DR2 and DQ6 vésiah
HLA class Il genes. In some embodiments, the stihjgs a deficiency in one or more complement prste.g.

a deficiency of a complement protein coded by thé& Gr C2 genes on chromosome 6, or the C1lr andg€iss

on chromosome 12.

[00728] In some embodiments, the subject exhibits excedBI8K activity or abnormal activitye(g,
excessive or reduced activity) of one or more camepts of the PI3K signaling pathwag.q, Akt (PKB),
MTOR, a Tec kinase(g, Btk, Itk, Tec), phospholipase C, PDK1, PKCsxBFRac GEF¢€.g, Vav-1), or Rac).
[00729] In some embodiments, the subject is an animal mnafde$thma provided herein or known in the
art. Examples include, but are not limited to, tmeirine lipopolysaccharide (LPS) induced pulmonary
inflammation model, and the murine ovalbumin-induiediergic airway inflammation model.

[00730] In some embodiments, the subject has been preyitresited for asthma. In some embodiments,
the subject has been previously treated for astbmtas non-responsive to standard therapies. Timusne
embodiment, provided herein is a method of treatipgeventing, and/or managing asthma in a subject,
comprising administering an effective amount of @mpound provided hereireg, Compound 1), or an
enantiomer, a mixture of enantiomers, or a mixafrevo or more diastereomers thereof, or a pharotazly
acceptable form thereof, to a subject in need tfiemeherein the subject has been previously adteiréd a
therapy for asthma.

[00731] In some embodiments, the subject has not beengugyitreated for asthma.

[00732] In one embodiment, without being limited by anytatar theory, administering an effective
amount of a compound provided here@ng( Compound 1), or an enantiomer, a mixture of éoardrs, or a
mixture of two or more diastereomers thereof, pharmaceutically acceptable form thereof, doegemilt in, or
results in reduced, one or more common side effefcesthma treatment. The common side effectssthinga
treatment include, but are not limited to, oral didiasis, thrush, dysphonia (hoarseness), reflexgleo
bronchospasm, poor growth, decreased bone dedssgminated varicella infection (chickenpox thaesds to
organs), easy bruising, cataracts, glaucoma, aldgiaad suppression, stomach upset, headache, tastr
abnormalities, skin rashes, Churg Strauss syndrdae,taste in month, cough, itching, sore throa¢eging,
stuffy nose, shortness of breath, wheezing, vilss, upper respiratory tract infections, sinsisieeling dizzy

or faint, hives, changes in voice, swelling of thegue, or difficulty in swallowing.
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[00733] In some embodiments, the side effect is reducedt byast about 2%, at least about 5%, at least
about 10%, at least about 15%, at least about 20%ast about 25%, at least about 30%, at lea@sita®%, at
least about 50%, at least about 60%, at least atii¥t at least about 80%, at least about 90%, leraat about
95% relative to a control level. The control lewetludes any appropriate control as known in the dor
example, the control level can be the side effecell in the subject treated with other asthma fiesag.qg,
Xolair, Cromolyn Sodium, Nedocromil, Montelukastdaprednisone). In some embodiments, the deciiease
statistically significant, for example, as assessgsithg an appropriate parametric or non-paramstadstical
comparison.

[00734] In one embodiment, the regression of asthma isceedse €.g, at least 5%, 10%, 15%, 20%,
25%, 30%, 35%, 40%, 45%, 50% decrease) in the tEHvwelaximal decrease from pre-allergen challengebN;
following allergen challenge. The level of maxinddcrease from pre-allergen challenge in FEMlowing

allergen challenge can be measured in EAR or LAR.

[00735] In one embodiment, the regression of asthma isceedse €.g, at least 5%, 10%, 15%, 20%,
25%, 30%, 35%, 40%, 45%, 50% decrease) in area tineleurve (AUC) of FEVfollowing allergen challenge.
[00736] In one embodiment, the regression of asthma isamased.g, at least 5%, 10%, 15%, 20%,

25%, 30%, 35%, 40%, 45%, 50% increase) in the atnmiumethacholine that is required to induce a Z8#in
FEV1 (PGy) following allergen challenge.

[00737] In one embodiment, the regression of asthma isceedse €.g, at least 5%, 10%, 15%, 20%,
25%, 30%, 35%, 40%, 45%, 50% decrease) in exhalied oxide level of the subject.

[00738] In one embodiment, the regression of asthma isceedse €.g, at least 5%, 10%, 15%, 20%,
25%, 30%, 35%, 40%, 45%, 50% decrease) in the Givegorotein (CRP) level of the subject.

[00739] In one embodiment, the regression of asthma isceedse €.g, at least 5%, 10%, 15%, 20%,
25%, 30%, 35%, 40%, 45%, 50% decrease) in whitedolkell count and/or differential cell count in uwed

sputum of the subject after allergen challenge.

5.6. COMBINATION THERAPY

[00740] In some embodiments, the compound provided hesedininistered in combination with one or
more other therapies. In one embodiment, provigedin are methods for combination therapies ircivian
agent known to modulate other pathways, or othempmments of the same pathway, or even overlapgitsgos
target enzymes are used in combination with a comg@rovided herein, or a pharmaceutically accégtiziom
(e.g, pharmaceutically acceptable salts, hydratesasedy isomers, prodrugs, and isotopically labeled
derivatives) thereof. In one aspect, such thenaglydes, but is not limited to, the combinatiortloé subject
compound with chemotherapeutic agents, therapantibodies, and/or radiation treatment, to prodde

synergistic or additive therapeutic effect.
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[00741] By “in combination with,” it is not intended to ihypthat the other therapy and the PI3K
modulator must be administered at the same tim@afatmulated for delivery together, although thesethods

of delivery are within the scope of this disclosufidhe compound provided herein can be administered
concurrently with, prior tog.g, 5 minutes, 15 minutes, 30 minutes, 45 minutémut, 2 hours, 4 hours, 6 hours,
12 hours, 24 hours, 48 hours, 72 hours, 96 houngek, 2 weeks, 3 weeks, 4 weeks, 5 weeks, 6 wB8ekseks,

12 weeks, or 16 weeks before), or subsequemt.¢n § minutes, 15 minutes, 30 minutes, 45 minutdmuk, 2
hours, 4 hours, 6 hours, 12 hours, 24 hours, 48h@@ hours, 96 hours, 1 week, 2 weeks, 3 weekseks, 5
weeks, 6 weeks, 8 weeks, 12 weeks, or 16 weeks,aftee or more other therapiesd, one or more other
additional agents). In general, each therapeggnwill be administered at a dose and/or on a Sohedule
determined for that particular agent. The otherdpeutic agent can be administered with the comgbou
provided herein in a single composition or sepdydtea different composition. Triple therapy is@
contemplated herein.

[00742] In general, it is expected that additional thersipeagents employed in combination be utilized at
levels that do not exceed the levels at which #reyutilized individually. In some embodiments tavels

utilized in combination will be lower than thoséliged individually.

[00743] In some embodiments, the compound provided hereia first line treatment for cancer or
hematologic malignancy,e., it is used in a subject who has not been preljoadministered another drug or
therapy intended to treat cancer or hematologiégmahcy or one or more symptoms thereof.

[00744] In other embodiments, the compound provided hereim second line treatment for cancer or
hematologic malignancy.e., it is used in a subject who has been previoudtyinistered another drug or therapy
intended to treat cancer or hematologic malignamayne or more symptoms thereof.

[00745] In other embodiments, the compound provided heseinthird or fourth line treatment for cancer
or hematologic malignancy.e., it is used in a subject who has been previougiyiaistered two or three other
drugs or therapies intended to treat cancer or twdoggc malignancy or one or more symptoms thereof.

[00746] In embodiments where two agents are administehedagents can be administered in any order.
For example, the two agents can be administerecucamntly (.e., essentially at the same time, or within the
same treatment) or sequentially{ one immediately following the other, or altermaty, with a gap in between
administration of the two). In some embodimeris,dompound provided herein is administered setplignt

(i.e. after the first therapeutic).

[00747] In one aspect, a compound provided herein, or anmpeeutically acceptable forme.(.,
pharmaceutically acceptable salts, hydrates, ssdyasomers, prodrugs, and isotopically labeledvdtves)
thereof, or a pharmaceutical composition as praViderein, can present synergistic or additive afficwhen
administered in combination with agents that irthidgpE production or activity. Such combination caduce the
undesired effect of high level of IgE associatethwhe use of one or more PI3Kinhibitors, if such effect

occurs. This can be particularly useful in treathef autoimmune and inflammatory disorders (Aliich as
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rheumatoid arthritis. Additionally, the adminigiom of PI3K9d, PI3K+y, or PI3K3d/y inhibitors as provided
herein in combination with inhibitors of mTOR casaexhibit synergy through enhanced inhibitiortha PI3K
pathway.

[00748] In a separate but related aspect, provided hes@ircombination treatment of a disease associated
with PI3K-0 comprising administering to a subject in needabta PI3K$ inhibitor and an agent that inhibits
IgE production or activity. Other exemplary PI8Kinhibitors are applicable for this combination ghdy are
described inge.g., US Pat. No. 6,800,620, incorporated herein byregfee. Such combination treatment is
particularly useful for treating autoimmune andldanfmatory diseases (AlID) including, but not lintit¢o
rheumatoid arthritis.

[00749] Agents that inhibit IgE production are known in ¢ and they include, but are not limited to,
one or more of TEI-9874, 2-(4-(6-cyclohexyloxy-2ph&yloxy)phenylacetamide)benzoic acid, rapamycin,
rapamycin analogs.€., rapalogs), TORCL1 inhibitors, TORC2 inhibitors, aary other compounds that inhibit
MTORC1 and mTORC2. Agents that inhibit IgE activittglude, for example, anti-IgE antibodies suchfas
example Omalizumab and TNX-901.

[00750] For treatment of autoimmune diseases, a compouadided herein, or a pharmaceutically
acceptable forme(g., pharmaceutically acceptable salts, hydrates, wdyasomers, prodrugs, and isotopically
labeled derivatives) thereof, or a pharmaceutioatfosition as provided herein, can be used in coatioin with
commonly prescribed drugs including, but not limite, Enbre?, Remicad®&, Humire®, AvoneX, and Rebff.
For treatment of respiratory diseases, the sulg@etpounds, or pharmaceutically acceptable formeedfieor
pharmaceutical compositions, can be administerednmbination with commonly prescribed drugs inahggibut
not limited to, Xolaif, Advair®, Singulaif, and Spiriv.

[00751] The compounds as provided herein, or pharmacelytimeteptable formse(g.,pharmaceutically
acceptable salts, hydrates, solvates, isomers,ryged and isotopically labeled derivatives) thereof
pharmaceutical compositions as provided herein, bmafiormulated or administered in conjunction watiher
agents that act to relieve the symptoms of inflatenyaconditions such as encephalomyelitis, asthand, the
other diseases described herein. These agentgléinclon-steroidal anti-inflammatory drugs (NSAIDs).,
acetylsalicylic acid; ibuprofen; naproxen; indonaatim; nabumetone; tolmetin; etc. Corticosteroids wsed to
reduce inflammation and suppress activity of themime system. An exemplary drug of this type i<iRisone.
Chloroquine (Aralen) or hydroxychloroquine (Pladillecan also be used in some individuals with lupd$ey
can be prescribed for skin and joint symptoms ptitu Azathioprine (Imuran) and cyclophosphamidgd&an)
suppress inflammation and tend to suppress the imraystem. Other agenésg.,methotrexate and cyclosporin
are used to control the symptoms of lupus. Antictents are employed to prevent blood from clottiaygidly.
They range from aspirin at very low dose which prds platelets from sticking, to heparin/coumad{Dther

compounds used in the treatment of lupus inclutiembenab (Benlysta®).
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[00752] In another aspect, provided herein is a pharmazdutomposition for inhibiting abnormal cell
growth in a subject which comprises an amount @drapound provided herein, or a pharmaceuticallgpizdble
form (e.g., pharmaceutically acceptable salts, hydrates, sdydsomers, prodrugs, and isotopically labeled
derivatives) thereof, in combination with an amoahtin anti-cancer agerg.§.,a chemotherapeutic agent or a
biotherapeutic agent). Many chemotherapeuticpegsently known in the art and can be used in coatioin
with a compound provided herein.

[00753] In some embodiments, the chemotherapeutic is seléam mitotic inhibitors, alkylating agents,
anti-metabolites, intercalating antibiotics, groviéictor inhibitors, cell cycle inhibitors, enzymespoisomerase
inhibitors, biological response modifiers, antiHmones, angiogenesis inhibitors, and anti-androgeN&n-
limiting examples are chemotherapeutic agents,toyto agents, and non-peptide small molecules sagh
Gleevec® (imatinib mesylate), Velcade® (bortezom®isodeX” (bicalutamide), Iressa® (gefitinib), Tarceva®
(erlotinib), and Adriamycin® (doxorubicin) as welé a host of chemotherapeutic agents. Non-limgkxamples

of chemotherapeutic agents include alkylating agenth as thiotepa and cyclosphosphamide (CYTOXAN
alkyl sulfonates such as busulfan, improsulfan aimbsulfan; aziridines such as benzodopa, carbaguon
meturedopa, and uredopa; ethylenimines and metigjéamines including altretamine, triethylenemelamine
trietylenephosphoramide, triethylenethiophosphodemand trimethylolomelamine; BTK inhibitors such as
ibrutinib (PCI-32765), AVL-292, Dasatinib, LFM-AIZ)NO-WG-307, and GDC-0834; HDAC inhibitors such as
vorinostat, romidepsin, panobinostat, valproic adidlinostat, mocetinostat, abrexinostat, entirips$8939,
resminostat, givinostat, CUDC-101, AR-42, CHR-284%1R-3996, 4SC-202, CG200745, ACY-1215 and
kevetrin; EZH2 inhibitors such as, but not limited EPZ-6438 (N-((4,6-dimethyl-2-ox0-1,2-dihydrojmn-3-
yl)methyl)-5-(ethyl(tetrahydro-2H-pyran-4-yl)amind}methyl-4'-(morpholinomethyl)-[1,1'-biphenyl]-3-
carboxamide), GSK-126 ((S)-1-(sec-butyl)-N-((4,8adthyl-2-0x0-1,2-dihydropyridin-3-yl)methyl)-3-meth6-
(6-(piperazin-1-yl)pyridin-3-yl)-1H-indole-4-carbaride), GSK-343 (1-Isopropyl-N-((6-methyl-2-oxo-depyl-
1,2-dihydropyridin-3-yl)methyl)-6-(2-(4-methylpip&zin-1-yl)pyridine-4-yl)-1H-indazole-4-carboxamide) El1,
3-deazaneplanocin A (DNNep, 5R-(4-amino-1H-imiddzs{c]pyridin-1-yl)-3-(hydroxymethyl)-3-cyclopenten
1S,2R-diol), small interfering RNA (siRNA) duplexd¢argeted against EZH2 (S. M. Elbashir et al., Natu
411:494-498 (2001)), isoliquiritigenin, and thosevyded in, for example, U.S. Publication Nos. 20092031,
2009/0203010, 2010/0222420, 2011/0251216, 20114¥B62012/0014962, 2012/0071418, 2013/0040906, and
2013/0195843, all of which are incorporated hetgynreference; JAK/STAT inhibitors such as lestaniiot
tofacitinib, ruxolitinib, pacritinib, CYT387, baiitinib, GLPG0636, TG101348, INCB16562, CP-690550¢ a
AZD1480; PKC$ inhibitor such as Enzastaurin; SYK inhibitors swady but not limited to, GS-9973, PRT
062607, R406, (S)-2-(2-((3,5-dimethylphenyl)aminagmidin-4-yl)-N-(1-hydroxypropan-2-yl)-4-
methylthiazole-5-carboxamide, R112, GSK143, BAY&DS, PP2, PRT 060318, R348, and those provided in,
for example, U.S. Publication Nos. 2003/011382&320158195, 2003/0229090, 2005/0075306, 2005/028296
2005/0267059, 2006/0205731, 2006/0247262, 2007482,92007/0219195, 2008/0114024, 2009/0171089,
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2009/0306214, 2010/0048567, 2010/0152159, 2010A8%K22010/0316649, 2011/0053897, 2011/0112098,
2011/0245205, 2011/0275655, 2012/0027834, 2012800932012/0101275, 2012/0130073, 2012/0142671,
2012/0184526, 2012/0220582, 2012/0277192, 2012/E5R013/0040984, 2013/0090309, 2013/0116260, and
2013/0165431, all of which are incorporated hetginreference; SYK inhibitor such as R788 (fostamihji
SYK/JAK dual inhibitor such as PRT2070; nitrogen stamds such as bendamustine, chlorambucil,
chlornaphazine, cholophosphamide, estramustinesfaiflide, mechlorethamine, mechlorethamine oxide
hydrochloride, melphalan, novembichin, phenestemprednimustine, trofosfamide, uracil mustard; astireas
such as carmustine, chlorozotocin, fotemustine, uktine, nimustine, ranimustine; antibiotics such as
aclacinomycins, actinomycin, authramycin, azaseribkomycins, cactinomycin, calicheamicin, carahbici
carminomycin, carzinophilin, chromomycins, dactinmmn, daunorubicin, detorubicin, 6-diazo-5-oxo-L-
norleucine, doxorubicin, epirubicin, esorubicinatidbicin, marcellomycin, mitomycin C, mycophenoécid,
nogalamycin, olivomycins, peplomycin, porfiromycimpuromycin, quelamycin, rodorubicin, streptonigrin,
streptozocin, tubercidin, ubenimex, zinostatinubirin; anti-metabolites such as methotrexate afiddsouracil
(5-FU); folic acid analogues such as denopterinthoteexate, pralatrexate, pteropterin, trimetrexqerine
analogs such as fludarabine, 6-mercaptopurinemnthiine, thioguanine; pyrimidine analogs such astahine,
azacitidine, 6-azauridine, carmofur, cytarabineediyuridine, doxifluridine, enocitabine, floxuni, androgens
such as calusterone, dromostanolone propionatépstpnol, mepitiostane, testolactone; anti-adiesaich as
aminoglutethimide, mitotane, trilostane; folic acaplenisher such as folinic acid; aceglatone; @idsphamide
glycoside; aminolevulinic acid; amsacrine; bestaibubisantrene; edatrexate; defofamine; demecelcin
diaziquone; elfomithine; elliptinium acetate; etagt; gallium nitrate; hydroxyurea; lentinan; loardine;
mitoguazone; mitoxantrone; mopidamol; nitracrinenfostatin; phenamet; pirarubicin; podophylliniddac2-
ethylhydrazide; procarbazine; PSK'R razoxane; sizofiran; spirogermanium; tenuazorsi;atriaziquone;
2,2’ 2"-trichlorotriethyla- mine; urethan; vindew; dacarbazine; mannomustine; mitobronitol; mith
pipobroman; gacytosine; arabinoside (Ara-C); cybtmgphamide; thiotepa; taxanes,g., paclitaxel é.g,
TAXOL ™) and docetaxele(g, TAXOTERE™) and ABRAXANE® (paclitaxel protein-bound particles); retinoic
acid; esperamicins; capecitabine; and pharmacéyteeceptable formse(g., pharmaceutically acceptable salts,
hydrates, solvates, isomers, prodrugs, and isatbpilabeled derivatives) of any of the above. QAlscluded as
suitable chemotherapeutic cell conditioners aretarmonal agents that act to regulate or inhibitnhmone action

on tumors such as anti-estrogens including for gkatamoxifen (Nolvadée¥), raloxifene, aromatase inhibiting
4(5)-imidazoles, 4-hydroxytamoxifen, trioxifene,dxéfene, LY 117018, onapristone, and toremifenad€bimn);
and anti-androgens such as flutamide, nilutamidealltamide, leuprolide, and goserelin; chloramhuci
gemcitabine; 6-thioguanine; mercaptopurine; methaite; platinum analogs such as cisplatin and pdatio;
vinblastine; platinum; etoposide (VP-16); ifosfamidmitomycin C; mitoxantrone; vincristine; vinoreib;
navelbine; novantrone; teniposide; daunomycin; aptierin; xeloda; ibandronate; camptothecin-11 (ARY;-
topoisomerase inhibitor RFS 2000; difluoromethyitiine (DMFO). Where desired, the compounds or
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pharmaceutical composition as provided herein eanded in combination with commonly prescribed-aaticer
drugs such as HerceptinAvastir®, Erbitux®, Rituxar?, TaxoP, Arimidex®, Taxoter& ABVD, AVICINE,
abagovomab, acridine carboxamide, adecatumumalN-dlRdamino-17-demethoxygeldanamycin, alpharadin,
alvocidib, 3-aminopyridine-2-carboxaldehyde thiosmarbazone, amonafide, anthracenedione, anti-CD22
immunotoxins, antineoplastic, antitumorigenic herbapaziquone, atiprimod, azathioprine, belotecan,
bendamustine, BIBW 2992, biricodar, brostallicimydstatin, buthionine sulfoximine, CBV (chemotherap
calyculin, crizotinib, cell-cycle nonspecific antioplastic agents, dichloroacetic acid, discodemeoli
elsamitrucin, enocitabine, epothilone, eribulingmlimus, exatecan, exisulind, ferruginol, forodesifosfestrol,
ICE chemotherapy regimen, IT-101, imexon, imiquimaddolocarbazole, irofulven, laniquidar, larotaxel
lenalidomide, lucanthone, lurtotecan, mafosfamicéozolomide, nafoxidine, nedaplatin, olaparib,ateiel,
PAC-1, pawpaw, pixantrone, proteasome inhibitdseogamycin, resiquimod, rubitecan, SN-38, salincapale

A, sapacitabine, Stanford V, swainsonine, talaporfariquidar, tegafur-uracil, temodar, tesetaxaplatin
tetranitrate, tris(2-chloroethyl)amine, troxacitadi uramustine, vadimezan, vinflunine, ZD6126, aosliquidar.
[00754] In some embodiments, the chemotherapeutic is seldmdm hedgehog inhibitors including, but
not limited to IP1-926 $eelU.S. Patent 7,812,164). Other suitable hedgefigipitors include, for example, those
described and disclosed in U.S. Patent 7,230,008, Patent Application Publication No. 2008/02937845.
Patent Application Publication No. 2008/0287420d &hS. Patent Application Publication No. 2008/02%3,
the entire disclosures of which are incorporatedréfigrence herein. Examples of other suitable éleog
inhibitors include those described in U.S. Patemipligation Publication Nos. US 2002/0006931, US
2007/0021493 and US 2007/0060546, and Internatiépgllication Publication Nos. WO 2001/19800, WO
2001/26644, WO 2001/27135, WO 2001/49279, WO 201844, WO 2003/011219, WO 2003/088970, WO
2004/020599, WO 2005/013800, WO 2005/033288, WO52E2343, WO 2005/042700, WO 2006/028958,
WO 2006/050351, WO 2006/078283, WO 2007/054623, \E@07/059157, WO 2007/120827, WO
2007/131201, WO 2008/070357, WO 2008/110611, WCB2a@913, and WO 2008/131354, each incorporated
herein by reference. Additional examples of hedgehhibitors include, but are not limited to, GID@49 (also
known as RG3616 or vismodegib) describeckig,,Von Hoff D. et al, N. Engl. J. Med2009; 361(12):1164-72;
Robarge K.Det al, Bioorg Med Chem Let2009; 19(19):5576-81; Yauch, R. ét al. (2009)Science326: 572-
574; Sciencexpress: 1-3 (10.1126/science.1179886jin, C.et al (2009)New England J of Medicing61-366
(10.1056/nejma0902903); BMS-833923 (also known B$39) described ire.g, in Siu L.et al, J. Clin. Oncol.
2010; 28:15s (suppl; abstr 2501); and Nationalitirtst of Health Clinical Trial Identifier No. NCT®&70189I;
LDE-225 describedg.g, in Pan Set al, ACS Med. Chem. Let010; 1(3): 130-134; LEQ-506 described;,

in National Institute of Health Clinical Trial Idéfier No. NCT01106508; PF-04449913 describedy, in
National Institute of Health Clinical Trial Identf No. NCT00953758; Hedgehog pathway antagonistdased

in U.S. Patent Application Publication No. 2010/6284; SMQi2-17 described.g, U.S. Patent Application
Publication No. 2010/0093625; SANT-1 and SANT-2alié®d, e.g, in Rominger C.M. et al.J. Pharmacol.
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Exp. Ther2009; 329(3):995-1005; 1-piperazinyl-4-arylphtlzat@s or analogues thereof, described in Lucas B.S.
et al.,Bioorg. Med. Chem. Let2010; 20(12):3618-22.

[00755] Other hormonal therapy and chemotherapeutic agestade, but are not limited to, anti-
estrogens (e.g. tamoxifen, raloxifene, and megeatetate), LHRH agonists (e.g. goserelin and lelige), anti-
androgens (e.g. flutamide and bicalutamide), phgtathic therapies (e.g. vertoporfin (BPD-MA),
phthalocyanine, photosensitizer Pc4, and demethgggcrellin A (2BA-2-DMHA)), nitrogen mustards (e.g
cyclophosphamide, ifosfamide, trofosfamide, chldvanil, estramustine, and melphalan), nitrosoureag. (
carmustine (BCNU) and lomustine (CCNU)), alkylsuphtes (e.g. busulfan and treosulfan), triazenas (e
dacarbazine, temozolomide), platinum containing poumds (e.g. cisplatin, carboplatin, oxaliplatin)nca
alkaloids (e.g. vincristine, vinblastine, vindesirend vinorelbine), taxoids or taxanes (e.g. padit or a
paclitaxel equivalent such as nanoparticle albulbginnd paclitaxel (Abraxane), docosahexaenoic aoitht-
paclitaxel (DHA-paclitaxel, Taxoprexin), polyglutate bound-paclitaxel (PG-paclitaxel, paclitaxeigiomex,
CT-2103, XYOTAX), the tumor-activated prodrug (TABRNG1005 (Angiopep-2 bound to three molecules of
paclitaxel), paclitaxel-EC-1 (paclitaxel bound tweterbB2-recognizing peptide EC-1), and glucosgucmated
paclitaxel, e.g., 2-paclitaxel methyl 2-glucopysayl succinate; docetaxel, taxol), epipodophyllifeg.
etoposide, etoposide phosphate, teniposide, togmte®-aminocamptothecin, camptoirinotecan, irinatec
crisnatol, mytomycin C), anti-metabolites, DHFR ibitors (e.g. methotrexate, dichloromethotrexate,
trimetrexate, edatrexate), IMP dehydrogenase itdribi (e.g. mycophenolic acid, tiazofurin, ribavjriand
EICAR), ribonuclotide reductase inhibitors (e.g.dtoxyurea and deferoxamine), uracil analogs (eqg. 5
fluorouracil (5-FU), floxuridine, doxifluridine, tatrexed, tegafur-uracil, capecitabine), cytosiaralogs (e.g.
cytarabine (ara C, cytosine arabinoside), and fligiae), purine analogs (e.g. mercaptopurine aingjglanine),
Vitamin D3 analogs (e.g. EB 1089, CB 1093, and Kebd), isoprenylation inhibitors (e.g. lovastatin),
dopaminergic neurotoxins (e.g. 1-methyl-4-phenyiigium ion), cell cycle inhibitors (e.g. staurosipe),
actinomycin (e.g. actinomycin D, dactinomycin), diigycin (e.g. bleomycin A2, bleomycin B2, peplomygin
anthracyclines (e.g. daunorubicin, doxorubicin, yhetgd liposomal doxorubicin, idarubicin, epirulbici
pirarubicin, zorubicin, mitoxantrone), MDR inhibi® (e.g. verapamil), Ca2+ ATPase inhibitors (e.g.
thapsigargin), thalidomide, lenalidomide (REVLIMID@tyrosine kinase inhibitors (e.g., axitinib (AGY36),
bosutinib (SKI-606), cediranib (RECENTINTM, AZD21)ldasatinib (SPRYCEL®, BMS-354825), erlotinib
(TARCEVA®), gefitinib (IRESSA®), imatinib (Gleevec®CGP57148B, STI-571), lapatinib (TYKERB®,
TYVERB®), lestaurtinib (CEP-701), neratinib (HKI-2), nilotinib (TASIGNA®), semaxanib (semaxinib,
SU5416), sunitinib (SUTENT®, SU11248), toceranibA(PADIA®), vandetanib (ZACTIMA®, ZD6474),
vatalanib (PTK787, PTK/ZK), trastuzumab (HERCEPTIN® bevacizumab (AVASTIN®), rituximab
(RITUXAN®), cetuximab (ERBITUX®), panitumumab (VEGBIX®), ranibizumab (Lucentis®), sorafenib
(NEXAVAR®), everolimus (AFINITOR®), alemtuzumab (QAPATH®), gemtuzumab o0zogamicin
(MYLOTARG®), temsirolimus (TORISEL®), ENMD-2076, RG2765, AC220, dovitinib lactate (TKI258,
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CHIR-258), BIBW 2992 (TOVOKTM), SGX523, PF-04217903-02341066, PF-299804, BMS-777607, ABT-
869, MP470, BIBF 1120 (VARGATEF®), AP24534, JNJ-88327, MGCD265, DCC-2036, BMS-690154,
CEP-11981, tivozanib (AV-951), OSI-930, MM-121, X84, XL-647, and/or XL228), proteasome inhibitors
(e.g., bortezomib (Velcade)), mTOR inhibitors (ergpamycin, temsirolimus (CCI-779), everolimus (R801),
ridaforolimus, AP23573 (Ariad), AZD8055 (AstraZewmgc BEZ235 (Novartis), BGT226 (Norvartis), XL765
(Sanofi Aventis), PF-4691502 (Pfizer), GDC0980 (&ewsh), SF1126 (Semafoe) and OSI-027 (OSl)),
oblimersen, gemcitabine, carminomycin, leucovop@metrexed, cyclophosphamide, dacarbazine, pradaga
prednisolone, dexamethasone, camptothecin, plicengsparaginase, aminopterin, methopterin, porfirn,
melphalan, leurosidine, leurosine, chlorambucigbéctedin, procarbazine, discodermolide, carminamyc
aminopterin, and hexamethyl melamine.

[00756] Exemplary biotherapeutic agents include, but ast limited to, interferons, cytokines (e.g.,
tumor necrosis factor, interferen interferony), vaccines, hematopoietic growth factors, monaaleerotherapy,
immuno-stimulants and/or immuno-modulatory ageets.( IL-1, 2, 4, 6, 7, 12, 15, or 21), immune ggbwth
factors (e.g., GM-CSF) and antibodies (e.g. Heinefrastuzumab), T-DM1, AVASTIN (bevacizumab),
ERBITUX (cetuximab), Vectibix (panitumumab), Rituxa(rituximab), Bexxar (tositumomab), or Perjeta
(pertuzumab)).

[00757] In some embodiments, the biotherapeutic agent isT@munotherapeutic agent, e.g., a cancer
vaccine e.g., a tumor vaccine. Exemplary cancecinas include Aduro (GVAX); Advaxis (ADXS11-001,
ADXS31-001, ADXS31-164, ADXS31-142 (ADXS-PSA)); AIAC-CEA vaccine; Avax Technologies (AC
Vaccine); Amgen (talimogene laherparepvec); Biovagtrnational (BiovaxID in phase Ill); Bavarian idic
(PROSTVAC); Celldex Therapeutics (CDX110, CDX130hdaCDX1401); The Center of Molecular
Immunology (CimaVax-EGF); CureVac develops mRNAdthsancer immunotherapies; CV9104; Dendreon
Corp (Neuvenge); Galena Biopharma (NeuVax); Antigepress (Ae-37); Geron Corporation (GRNVAC1);
Globelmmune (Tarmogens, GI-4000, GI-6207, GIl-630Hgat Biologics (IMPACT Therapy); Immatics
biotechnologies (IMA901); Merck (Stimuvax); Panacdlabs, Inc. (MOBILAN Adenovirus-based treatment);
Prima BioMed (Cvac); Scancell Holdings (SCIB1).

[00758] In embodiments, the biotherapeutic agent is a legllinerapy, e.g., dendritic cell therapy or a
chimeric T cell therapy such as CART. Dendritidl ¢Berapy can comprise loading dendritic cellshaén
antigen obtained from a patient’s tumor, then adsténing the dendritic cells to the patient in ortte sensitize
the patient's own T cells to the tumor antigensin@&ric antigen receptors (CARS) are engineereeptecs that
can be used to confer tumor specificity to a T.calARs have been generated with specificity deblate
receptor, CAIX, CD19, CD20, CD22, CD30, CD33, CDa#8; CEA, EGP-2, EGP-40, erb-B2, erb-B 2,3,4, FBP,
Fetal acethylcholine receptor, FD2, Her2/neu, ILE3R KDR, k-light chain, LeY, L1 cell adhesion maolée,
MAGE-A1, mesothelin, CMV-infected cells, MUC1, NKG2ligands, oncofetal antigen h5T4, PSCA, PSMA,
TAA, TAG-72, and VEGF-R2.
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[00759] In one embodiment, the biotherapeutic agent issinGD37 antibody such as, but not limited to,
IMGN529, K7153A and TRU-016. In another embodimehe biotherapeutic agent is an anti-CD20 antibody
such as, but not limited t& tositumomab?®Y ibritumomab,** ibritumomab, obinutuzumab (GAZYVA), and
ofatumumab. In another embodiment, the biothertipagent is an anti-CD52 antibody such as, butlindted
to, alemtuzumab.

[00760] In some embodiments, the chemotherapeutic is seldcom HSP90 inhibitors. The HSP90
inhibitor can be a geldanamycin derivatieeg, a benzoquinone or hygroquinone ansamycin HSPibiiar
(e.g, IPI-493 and/or IPI-504). Non-limiting examples l#SP90 inhibitors include IPI-493, IPI-504, 17-AAG
(also known as tanespimycin or CNF-1010), BIIB-GZNF-2024), BIIB-028, AUY-922 (also known as VER-
49009), SNX-5422, STA-9090, AT-13387, XL-888, MP@BB, CU-0305, 17-DMAG, CNF-1010, Macbecin
(e.g, Macbecin I, Macbecin Il), CCT-018159, CCT-1293RU-H71, or PF-04928473 (SNX-2112).

[00761] In some embodiments, the chemotherapeutic is seldédm PI3K inhibitors€.g, including

those PI3K inhibitors provided herein and thoseKHtghibitors not provided herein). In some embodit the
PI3K inhibitor is an inhibitor of delta and gamnsaforms of PI3K. In some embodiment, the PI3K liithi is

an inhibitor of delta isoform of PI3K. In some ewmdliment, the PI3K inhibitor is an inhibitor of gararisoform

of PI3K. In some embodiments, the PI3K inhibitoan inhibitor of alpha isoform of PI3K. In other
embodiments, the PI3K inhibitor is an inhibitorarfe or more alpha, beta, delta and gamma isofofiRi3&.
Exemplary PI3K inhibitors that can be used in camabbn are described ir,g, WO 09/088990, WO

09/088086, WO 2011/008302, WO 2010/036380, WO ZiiéN86, WO 09/114870, WO 05/113556; US
2009/0312310, and US 2011/0046165, each incorgbleteein by reference. Additional PI3K inhibitdhgat can
be used in combination with the pharmaceutical asitipns, include but are not limited to, RP-658@, 100-
115, RV1729, AMG-319, GSK 2126458, GDC-0980, GD@DSanofi XL147, XL499, XL756, XL147, PF-
4691502, BKM 120, CAL-101 (GS-1101), CAL 263, SF&,1PX-886, and a dual PI3K inhibitce.(, Novartis
BEZ235). In one embodiment, the PI3K inhibitoarsisoquinolinone. In one embodiment, the PI3Kbitbr is
RP-6530, which has the chemical name: (S)-2-(1-{@kn-6-yl)amino)propyl)-3-(3-fluorophenyl)-4H-
chromen-4-one. In one embodiment, the PI3K inhib@d'G 100-115, which has the chemical name: 6s{3B
hydroxyphenyl)pteridine-2,4-diamine. In one embaelity the PI3K inhibitor is RV1729, which has thewtical
name: 6-(2-((4-amino-3-(3-hydroxyphenyl)-1H-pyraz8l 4-d]pyrimidin-1-yl)methyl)-3-(2-chlorobenzyl)-dxo-
3,4-dihydroquinazolin-5-yl)-N, N-bis(2-methoxyethlyex-5-ynamide.

[00762] Without being bound by any particular theory, ibadieved that the role of each PI3K isoform is
critically dependent on cell type and upstreamidtiitg signals, and therefore pharmacologic infohiof

specific isoforms can lead to different physiologidcomes. PI3K is a lipid kinase existing in riplé isoforms
that have central roles in the regulation of imaottcellular processes, including cell growth amdiisal. Puriet
al., Frontiers in Immunology. 2012, 3: 256. PI3Kand PI3K-y are both expressed in CLL and NHL tumor

cells. Signaling through PI3K is critical for supping the growth and survival of these malignasde they
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mediate intracellular BCR signaling and promoterattions between the tumor cells and their
microenvironment. Pugt al, Frontiers in Immunology. 2012, 3: 256.

[00763] The specific functions of PI3l&-in malignant B cells support the rationale faoibe a
therapeutic target to control these diseases. BIBKibition disrupts malignant cell interaction ithe stromal
microenvironment, thereby short-circuiting chemekimediated stimulation of CLL and other B-cell
malignancies, priming cells for apoptosis by pharohagic or natural stimuli. Pharmacologic inhibitiof PI3K-

d reduces disease activity in various models of B-derived malignancies, including CLL and B-cell
lymphomas. PI3Ks inhibition improves the therapeutic potential dfer antitumor agents in various preclinical
models of B-cell malignancy, including CLL. Lantit al, Blood. 2011, 117, 591-594.

[00764] The role of PI3Ky in cells that maintain the malignant B-cell mianggonment creates potential
for therapeutic inhibition of PI3K-to control these diseases. Pl3kptays a role in T-cell activation and
migration and GPCR-associated chemokine signaiedf.et al. J Immunol. 2004; 173:2236-2240. Plg&lso
mediates adhesion and trafficking of tumor-assediaacrophages (TAMs). Reif et al. J Immunol. 2004
173:2236-2240. Hasat al, Int Immunopharmacology. 2010, 10, 1017-1021fadrgiue et al., Immunity. 2002,
16, 441-451. There is dynamic interplay or “crtak” between PI3Ks and PI3Ky in essential cellular
activities in malignant cells. In certain tumopég, PI3Ky can promote tumorigenesis in the absence of BI3K-
Subramanianet al.,Cancer Cell. 2012, 21, 459-472.

[00765] In certain tumor types, dual isoform inhibition mas/ necessary for optimal tumor growth
inhibition in preclinical models. Subramaniatal., Cancer Cell. 2012, 21, 459-472. As shown in the
examples, in some cell lines.g, NHL (e.qg, follicular lymphoma), DLBCL, mantle cell, multgpmyeloma, T-
cell lymphoma), combined inhibition of PI3&Kand PI3K-y shows greater growth inhibition than inhibition of
either isoform alone.

[00766] In one embodiment, the PI3K-delta selective compdarGSK-2269557 (2-(6-(1H-indol-4-yl)-
1H-indazol-4-yl)-5-((4-isopropylpiperazin-1-yl)meathoxazole), GS9820 (CAL-120, (S)-2-(1-((9H-purin-6
yl)amino)ethyl)-6-fluoro-3-phenylquinazolin-4(3H)e), GS-1101 (5-fluoro-3-phenyl-2-([S)]-1-[9H-puwtia
ylamino]-propyl)-3H-quinazolin-4-one), AMG319, oGR-1202 ((S)-2-(I-(4-amino-3-(3-fluoro-4-
isopropoxyphenyl)-IH-pyrazolo[3,4-d]pyrimidin-l-y8hyl)-6-fluoro-3-(3-fluorophenyl)-4H-chromen-4-gner a
mixture thereof. In one embodiment, the PI3K-de#kective compound is GS1101.

[00767] In one embodiment, the PI3K-delta selective compdara PI3K-delta inhibitor as described in
WO 2005/113556, the entirety of which is incorpedaherein by reference. In one embodiment, thKEta
selective compound is Compound No. 113 or 107 ssriteed in 2005/113556.

[00768] In one embodiment, the PI3K-delta selective compdara PI3K-delta compound as described in
WO02014/006572, the entirety of which is incorpodaterein by reference. In one embodiment, the Ri8ka
selective compound is a PI3K-delta inhibitor hasfaina/delta selectivity ratio of greater than alddi0, greater
than about 250, greater than about 500, greaterahaut 750, or greater than about 1000. In oneodimient,
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the PI3K-delta selective compound is a PI3K-dedtakitor has a beta/delta selectivity ratio of geedhan about
10, greater than about 20, greater than aboutrd8@tey than about 40, or greater than about 5@nén
embodiment, the PI3K-delta selective compoundR$3&-delta inhibitor has a gamma/delta selectivitijo of
greater than about 1, greater than about 10, grérete about 25, greater than about 30, or gréfader about 50.

In one embodiment, the PI3K-delta selective comgdarCompound Nos. Al, A2, B, B1 or B2 as descriiped
W02014/006572. In one embodiment, the PI3K-deltectige compound is Compound No. B1 as described in
W02014/006572.

[00769] In one embodiment, the PI3K-delta selective compdara PI3K-delta compound as described in
WO 2013/032591, the entirety of which is incorpedaherein by reference. In one embodiment, thKEta
selective compound is a compound of Formula (Jescribed in WO 2013/032591. In one embodimest, th
PI3K-delta selective compound is a compound desdrib WO 2013/032591 with a 4&(nM) for the PI3K-delta
isoform of less than 100 nM and as$@nM) for the PI3K-alpha, beta, or gamma of gretttan about 100 nM,
greater than abouuM, or greater than about 104. In one embodiment, the PI3K-delta selective coomul has

an alpha/delta selectivity ratio, a beta/deltactglity ratio, or a gamma/delta selectivity ratibgveater than 1,
greater than about 10, or greater than about H0@nhé embodiment, the PI3K-delta selective compasind
Compound Nos. 13, 30, 41, 55, 57, 124, 167, 183, 187, 191, 196, 226, 230, 232, 234, 235, 328, 328,

333, 334, 336, 337, 338, 356, 359, 378, 439, 448, dr 455, as described in WO 2013/032591. In one
embodiment, the PI3K-delta selective compound isy@mund Nos. 183, 230, 234, 235, 326, 333, 336, 333,

or 359, as described in WO 2013/032591. In oneoglintient, the PI3K-delta selective compound is Caumglo

No. 359 as described in WO 2013/032591.

[00770] In one embodiment, provided herein are pharmaadutampositions comprising a compound of
Formula ('), (A), (I), or (A), or a pharmaceutity acceptable form thereof, and a PI3K-delta ddlec
compound, wherein the PI3K-delta selective compoisidsSK-2269557, GS-9820, GS-1101 (Cal-101 or
idelalisib), AMG319, or TGR-1202, or a mixture thef. In one embodiment, the PI3K-delta selective
compound is GS1101. In one embodiment, the coripnsis synergistic in treating or preventing a IRI3
mediated disorder. In one embodiment, the PI3Kadeklective compound is a compound described in
W02011/146882, the entirety of which is incorpodakerein by reference. In one embodiment, the RI8Ka
selective compound is a compound described in WOD2@6882 with a 16 (nM) for the PI3K-delta isoform of
less than 100 nM and ad§nM) for the PI3K-alpha, beta, or gamma of gre#tan about 100 nM, greater than
about 1M, or greater than about 16M. In one embodiment, the PI3K-delta selective poond has an
alpha/delta selectivity ratio, a beta/delta seldgtiratio, or a gammal/delta selectivity ratio akgter than 1,
greater than about 10, or greater than about 180one embodiment, the PI3K-delta selective compoisn
Compound No. 69 as described in W02011/146882.

[00771] In one embodiment, the PI3K-delta selective compous a compound described in
W02013/012915, the entirety of which is incorpodakerein by reference. In one embodiment, the RI8Ka
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selective compound is a compound described in W@B2A2915 with a 16 (nM) for the PI3K-delta isoform of
less than 100 nM and ad§nM) for the PI3K-alpha, beta, or gamma of gre#ttan about 100 nM, greater than
about LM, or greater than about 10M. In one embodiment, the PI3K-delta selective coommul has an
alpha/delta selectivity ratio, a beta/delta seldgtiratio, or a gammal/delta selectivity ratio aegter than 1,
greater than about 10, or greater than about 180one embodiment, the PI3K-delta selective compoisn
Compound No. I-41 or 1-106 as described in WO2013915.

[00772] In one embodiment, the PI3K-delta selective compous a compound described in
WO02013/012918, the entirety of which is incorpodakerein by reference. In one embodiment, the Ri8Ka
selective compound is a compound described in WGBA2918 with a 16 (nM) for the PI3K-delta isoform of
less than 100 nM and ad§nM) for the PI3K-alpha, beta, or gamma of gre#tan about 100 nM, greater than
about 1M, or greater than about 10M. In one embodiment, the PI3K-delta selective coommul has an
alpha/delta selectivity ratio, a beta/delta seldgtiratio, or a gamma/delta selectivity ratio akegter than 1,
greater than about 10, or greater than about 180one embodiment, the PI3K-delta selective compoisn
Compound No. 19, 28, 37, 38, 51, 59, 60, 89, 93, 106, 107, 108, or 109 as described in WO201®%082In
one embodiment, the PI3K-delta selective compousdCobmpound No. 103 or 106 as described in
W02013/012918.

[00773] In one embodiment, provided herein are methodseazfting or preventing a PI3K mediated
disorder in a subject, comprising administeringht® subject a therapeutically effective amount cbmpound of
Formula (I'), (A), (1), or (A), or a pharmaceutita acceptable form thereof, in combination withPEK-delta
selective compound, wherein the PI3K-delta seleatvmpound is GSK-2269557, GS-9820, GS-1101 (CH);10
AMG319, or TGR-1202, or a mixture thereof. In @mbodiment, provided herein are methods of enhgrein
PI3K-delta selective compound treatment of a PI3&diated disorder in a subject comprising admiriistea
compound of Formula (I'), (A"), (1), or (A), or aharmaceutically acceptable form thereof, in comtamawith
the PI3K selective delta compound, wherein the RigKa selective compound is GSK-2269557, GS9-82%,
1101 (Cal-101), AMG319, or TGR-1202, or a mixtunereof. In one embodiment, the PI3K-delta selectiv
compound is GS1101. In one embodiment, the adtaing a compound of Formula (1), (A"), (), or jAor a
pharmaceutically acceptable form thereof, in comtiom with the PI3K-delta selective compound pregid
synergistic effect.

[00774] Also provided herein are methods of inhibiting gtovef a cell comprising contacting the cell
with a compound of Formula (I'), (A", (I), or (Apr a pharmaceutically acceptable form thereo§ambination
with a PI3K-delta selective compound, wherein thgKRdelta selective compound is GSK-2269557, GSE982
GS-1101 (Cal-101), AMG319, or TGR-1202, or a migttinereof. In one embodiment, the PI3K-delta sislec
compound is GS1101. In one embodiment, the cedl ¢ancer cell. In another embodiment, the ceihia
subject. In one embodiment, the subject is affticlvith a proliferative disease, cancer, autoimmiisease, or

inflammatory disease.
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[00775] In one embodiment, the PI3K-delta selective compdara compound selected from US Patent
Publication Nos. 20140058103, 20140051699, 20148®28520140011819, 20130231356, 20130225557,
20120245144, 20100305084, 20100256167, 201001620390152211, and 20100029693. In one
embodiment, the PI3K-delta selective compounddsrapound selected from US Patent Nos. 8,653,077,
8637,533, 8623,881, 8,586,597, 8,569,296, 8,563%5492,389, 8,440,651, 8,138,195, 7,932,260, and
6,949,535.

[00776] For example, a compound provided herein with aafigdimma selectivity ratio of greater than
150 can be combined with a compound that has a gémelte selectivity ratio of 1000 at various amsugtg, a
ratio of 10:1 or 40:1 of a gamma selective compoand a delta selective compound) to provide sys8cgi
effect in cell lines€.g, diffuse large B-cell ymphoma cell lines suchSi$-DHL-4,TMD-8 and Farage).
[00777] The PI3K-gamma selective compound and PI3K-delectiee compound composition or
combination therapy can provide synergistic effedteating or preventing a PI3K mediated disorderone
embodiment, the disorder is a cancer. In one eimnimd, the cancer is diffuse large B-cell lymphofeay,
TMD-8 and Farage cell lines), B-cell lymphongag, karpas-422 cell line), T-cell ymphoma, non-Hhits
lymphoma, Hodgkin lymphoma, or anaplastic largé lggiphoma €.g, HH cell line).

[00778] In some embodiments, the synergistic effect cachlagacterized by an isobologram. Potency
shifting is usually shown using an isobologram vatsbiows how much less a compound is required in
combination to achieve a desired effect level, wh@mpared to the single agent doses needed to tteaicsffect.
The choice of effect level for the isobologram thgpand combination index calculations can eittentanually
or automatically selected in the Chalice AnalyRatency shifting is scored as the combination if@x Chou
et al, Adv Enzyme Regul 1984; 22: 27-5bhe Cl is a rough estimate of how much a compauas needed in
combination relative to the single agent dosesireduo achieve the chosen effect level, and aevafiD.1
means that only a tenth of equivalent amounts@ftthgle agents were needed for the combinatioseach the
same effect level. Additive effect is Cl = 1.0. 8ygistic effect is Cl < 1. Antagonistic effect i €1.0.

[00779] In some embodiment, the synergistic effect is attarazed by Synergy Score.

[00780] Different stimuli can be used to preferentiallyusé T-cell or CLL-cell migration. For example,
CCL19 and CCL21 stimuli selectively induce migratiaf both CLL and T-cells. CXCL13 is CLL-cell spécj
whereas CXCL12 is T-cell specific. As such, stin€KCL13 and CXCL12 can be used to induce CLL-ced a
T-cell migrations, respectively. The PI3K-gammbkestve compounds provided herein can inhibit cance
promoting cell migratione.g, CXCL 12-induced T-cell migration. In some emimoents, elevated pAKT levels
indicate that the CXCL12-induced migration machyrisractivated. Consequently, in some embodimdinds,
PI3K-gamma selective compound, e.g., Compoundtérfares with AKT signaling and/or reduces pAKTdésy/
in the T-cells. In one embodiment, the PI3K-gansmiective compound is a compound that has a dattarg
selectivity ratio of greater than about 50, suclCampound 1. In another embodiment, the PI3K-dadtactive

compound is a compound that has a gamma/deltais#leratio of greater than about 50. The gammlecive

-161-



compound can be more potent than a delta selemtivgpound at inhibiting cancer-promoting cell migrate.g,
CXCL12-induced T cell migration in CLL PBMCs. Theility to inhibit the migration of cancer-promagitcells
can stop the growth of cancers by blocking the atign of cells that promote cancer growth to thecea cell

niche. In another embodiment, gamma or delta seéecompounds can inhibit the migration of canwells
themselves and limit cancer cell dissemination.siéch, the gamma selective compounds providedrheagi be
used to treat and/or prevent cancer, or slow déwrptogression of cancer or metastasis. Treatwigma
combination of gamma and delta selective compouaadshave an earlier response time compared tda del
selective compound alone, for example in B cell itageld cancers.

[00781] In one embodiment, a compound provided hereig,(Compound 1), or a pharmaceutically
acceptable form thereof, is administered in continawith a chemotherapy (e.g., temozolomide) foe t
treatment of a cancer. In one embodiment, theearaiscglioblastomas(.g, glioblastoma multiforme). In one
embodiment, provided herein is a method of treagjligblastoma in a subject, comprising administgrio the
subject a therapeutically effective amount of Commub 1, or a pharmaceutically acceptable form tHerieo
combination with a chemotherapy. In one embodiméme compound is administered subsequent to the
chemotherapy. In one embodiment, the compoundinsirastered concurrently to the chemotherapy. ne o
embodiment, the compound is administered prionéochemotherapy.

[00782] In some embodiments, provided herein is a methodigtng a compound provided herein, or a
pharmaceutically acceptable form.d., pharmaceutically acceptable salts, hydrates, wsyasomers, prodrugs,
and isotopically labeled derivatives) thereof, ggharmaceutical composition as provided hereimwoimbination
with radiation therapy in inhibiting abnormal cghowth or treating the hyperproliferative disordethe subject.
Techniques for administering radiation therapy lamewn in the art, and these techniques can be unséke
combination therapy described herein. The admnatish of a compound provided herein in this corabon
therapy can be determined as described herein.

[00783] In certain embodiments, provided herein are methafdgeating a solid tumor in a subject,
comprising administering to the subject a therapelly effective amount of a compound provided frefe.g.,
Compound 1), or a pharmaceutically acceptable thireof, in combination with a radiation therapy.

[00784] In one embodiment, the solid tumor is selected foma or more of: a cancer of the pulmonary
system, a brain cancer, a cancer of the gastrtimadésract, a skin cancer, a genitourinary caneepancreatic
cancer, a lung cancer, a medulloblastoma, a baflatarcinoma, a glioma, a breast cancer (e.gletmegative
breast cancer), a prostate cancer, a testiculazecaan esophageal cancer, a hepatocellular caacgastric
cancer, a gastrointestinal stromal tumor (GIST);ofon cancer, a colorectal cancer, an ovarian caree
melanoma, a neuroectodermal tumor, head and newdeicaa sarcoma, a soft-tissue sarcoma, fibrosarcom
myxosarcoma, liposarcoma, a chondrosarcoma, arogesiee sarcoma, a chordoma, an angiosarcoma, an
endotheliosarcoma, a lymphangiosarcoma, a lympbangbtheliosarcoma, a synovioma, a mesothelioma, a

leiomyosarcoma, a cervical cancer, a uterine caareendometrial cancer, a carcinoma, a bladdeinzana, an
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epithelial carcinoma, a squamous cell carcinomaadenocarcinoma, a bronchogenic carcinoma, a bl
carcinoma, a hepatoma, a bile duct carcinoma, eoaadocrine cancer, a carcinoid tumor, diffuse tyjaat cell
tumor, and glioblastoma.

[00785] In one embodiment, the compound, or a pharmacdytiGrceptable form thereof, is
administered after the radiation therapy is adrténésl. In one embodiment, the compound, or a
pharmaceutically acceptable form thereof, is adsténéd at the same time that radiation therapgnsirsistered.

In one embodiment, the compound, or a pharmacdytiaeceptable form thereof, is administered alafter
discontinuing the radiation therapy.

[00786] Radiation therapy can be administered through dnseweral methods, or a combination of
methods, including without limitation, external-beaherapy, internal radiation therapy, implant aioin,
stereotactic radiosurgery, systemic radiation fmeraadiotherapy and permanent or temporary intidst
brachytherapy. The term “brachytherapy,” as usewtih, refers to radiation therapy delivered bypatislly
confined radioactive material inserted into the ypatl or near a tumor or other proliferative tisslisease site.
The term is intended without limitation to includgposure to radioactive isotopesd.,At-211, 1-131, 1-125, Y-
90, Re-186, Re-188, Sm-153, Bi-212, P-32, and eatiiee isotopes of Lu). Suitable radiation sourfoesise as

a cell conditioner as provided herein include bstiids and liquids. By way of non-limiting examplie
radiation source can be a radionuclide, such &b5J-E131, Yb-169, Ir-192 as a solid source, |-H¥ba solid
source, or other radionuclides that emit photoesa Iparticles, gamma radiation, or other therapeatis. The
radioactive material can also be a fluid made fom solution of radionuclide(sg.g.,a solution of I-125 or I-
131, or a radioactive fluid can be produced usirguary of a suitable fluid containing small palkeis of solid
radionuclides, such as Au-198, Y-90. Moreover,raitonuclide(s) can be embodied in a gel or radieaenicro
spheres.

[00787] Without being limited by any theory, a compound vided herein, or a pharmaceutically
acceptable forme(g., pharmaceutically acceptable salts, hydrates, wdyasomers, prodrugs, and isotopically
labeled derivatives) thereof, or a pharmaceutioatgosition as provided herein, can render abnoceld more
sensitive to treatment with radiation for purpos#skilling and/or inhibiting the growth of such t=l
Accordingly, provided herein is a method for sdmisiy abnormal cells in a subject to treatment waHiation
which comprises administering to the subject anwarhof a compound provided herein, or a pharmacailyi
acceptable forme(g., pharmaceutically acceptable salts, hydrates, sdydsomers, prodrugs, and isotopically
labeled derivatives) thereof, which amount is dffecin sensitizing abnormal cells to treatmenthwiadiation.
The amount of the compound used in this methodbeadetermined according to the means for ascantaini
effective amounts of such compounds described herei

[00788] In one embodiment, a compound as provided hereia,pharmaceutically acceptable foreng(,
pharmaceutically acceptable salts, hydrates, ssdydsomers, prodrugs, and isotopically labeledvatves)

thereof, or a pharmaceutical composition as praligerein, can be used in combination with an amoftiohe
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or more substances selected from anti-angiogemggists, signal transduction inhibitors, and anlifemative
agents, glycolysis inhibitors, or autophagy intokst

[00789] Other therapeutic agents, such as MMP-2 (matrixabogiroteinase 2) inhibitors, MMP-9
(matrix-metalloproteinase 9) inhibitors, and COX{t¥clooxygenase 11) inhibitors, can be used irfjuartion
with a compound provided herein, or a pharmacdigicacceptable form thereof, or a pharmaceutical
composition described herein. Such therapeutiotagaclude, for example, rapamycin, temsirolimg€(-779),
everolimus (RADOQO01), sorafenib, sunitinib, and be@xamab. Examples of useful COX-Il inhibitors inde
CELEBREX™ (alecoxib), valdecoxib, and rofecoxib. Examplésigeful matrix metalloproteinase inhibitors are
described in WO 96/33172 (published October 246),99/0O 96/27583 (published March 7, 1996), European
Patent Application No. 97304971.1 (filed July 8918 European Patent Application No. 99308617.2dfi
October 29, 1999), WO 98/07697 (published Febr2#ry1998), WO 98/03516 (published January 29, 1998)
WO 98/34918 (published August 13, 1998), WO 98/B4gpublished August 13, 1998), WO 98/33768
(published August 6, 1998), WO 98/30566 (publisidetly 16, 1998), European Patent Publication 606,046
(published July 13, 1994), European Patent Pulidica®31, 788 (published July 28, 1999), WO 90/05719
(published May 31, 1990), WO 99/52910 (publishedoBer 21, 1999), WO 99/52889 (published October 21,
1999), WO 99/29667 (published June 17, 1999), R@drmational Application No. PCT/IB98/01113 (filddly

21, 1998), European Patent Application No. 99302R8#ed March 25, 1999), Great Britain Patent Aggttion

No. 9912961.1 (filed June 3, 1999), United StatesviBional Application No. 60/148,464 (filed Augu$®,
1999), United States Patent 5,863,949 (issued da@a 1999), United States Patent 5,861,510 (dJa@uary
19, 1999), and European Patent Publication 780(B8Blished June 25, 1997), all of which are incoaped
herein in their entireties by reference. In sombeadiments, MMP-2 and MMP-9 inhibitors are thosat thave
little or no activity inhibiting MMP-1. Other embonents include those that selectively inhibit MMRxnd/or
AMP-9 relative to the other matrix-metalloproteieas.g., MAP-1, MMP-3, MMP-4, MMP-5, MMP-6, MMP-

7, MMP-8, MMP-10, MMP-11, MMP-12, and MMP-13). Semon-limiting examples of MMP inhibitors are
AG-3340, RO 32-3555, and RS 13-0830.

[00790] Autophagy inhibitors include, but are not limited, t chloroquine, 3-methyladenine,
hydroxychloroquine (Plaquenil™), bafilomycin Al, abrino-4-imidazole carboxamide riboside (AICAR),
okadaic acid, autophagy-suppressive algal toxingchvinhibit protein phosphatases of type 2A or tyhe
analogues of cAMP, and drugs which elevate cAMRIEguch as adenosine, LY204002, N6-mercaptopurine
riboside, and vinblastine. In addition, antisens&siRNAs that inhibit expression of proteins irdihg, but not
limited to ATG5 (which are implicated in autophaggan also be used.

[00791] In some embodiments, provided herein is a methoahdfor a pharmaceutical composition for
treating a cardiovascular disease in a subjectiwbinprises an amount of a compound provided heoeia
pharmaceutically acceptable form.d., pharmaceutically acceptable salts, hydrates, wdydsomers, prodrugs,
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and isotopically labeled derivatives) thereof, aamd amount of one or more therapeutic agents usehfor
treatment of cardiovascular diseases.

[00792] Exemplary agents for use in cardiovascular diseggdications are anti-thrombotic agerds.,
prostacyclin and salicylates, thrombolytic agems)., streptokinase, urokinase, tissue plasminogen atotiv
(TPA) and anisoylated plasminogen-streptokinaswator complex (APSAC), anti-platelets agerdsy., acetyl-
salicylic acid (ASA) and clopidrogel, vasodilatimgents,e.g., nitrates, calcium channel blocking drugs, anti-
proliferative agents.g.,colchicine and alkylating agents, intercalatingratg, growth modulating factors such as
interleukins, transformation growth factor-beta aswhgeners of platelet derived growth factor, mémual
antibodies directed against growth factors, artainmatory agents, both steroidal and non-sterpigadl other
agents that can modulate vessel tone, functioetiestlerosis, and the healing response to vessgban injury
post intervention. Antibiotics can also be incldde combinations or coatings. Moreover, a coatiag be used
to effect therapeutic delivery focally within thessel wall. By incorporation of the active agentiiswellable
polymer, the active agent will be released uponlsweof the polymer.

[00793] In one embodiment, a compound provided herein, pharmaceutically acceptable foreod.,
pharmaceutically acceptable salts, hydrates, ssdydsomers, prodrugs, and isotopically labeledvatves)
thereof, or a pharmaceutical composition as praliderein, can be formulated or administered in wactjon
with liquid or solid tissue barriers also known labricants. Examples of tissue barriers includg, &re not
limited to, polysaccharides, polyglycans, seprafilmerceed and hyaluronic acid.

[00794] Medicaments which can be administered in conjuncitiith a compound provided herein, or a
pharmaceutically acceptable form.d., pharmaceutically acceptable salts, hydrates, wdyasomers, prodrugs,
and isotopically labeled derivatives) thereof, umtd any suitable drugs usefully delivered by intiata for
example, analgesics,g.,codeine, dihydromorphine, ergotamine, fentanyhorphine; anginal preparatioresg.,
diltiazem; antiallergics,e.g. cromoglycate, ketotifen or nedocromil; anti-infges, e.g., cephalosporins,
penicillins, streptomycin, sulphonamides, tetraityed or pentamidine; antihistaminesg., methapyrilene; anti-
inflammatories e.g., beclomethasone, flunisolide, budesonide, tipredai@ncinolone acetonide or fluticasone;
antitussives,e.g., noscapine; bronchodilatore,g., ephedrine, adrenaline, fenoterol, formoterol, isopline,
metaproterenol, phenylephrine, phenylpropanolampisyuterol, reproterol, rimiterol, salbutamol, rsaterol,
terbutalin, isoetharine, tulobuterol, orciprenaline or (-)-4-amino-3,5-dichlore-[[[6-[2-(2-
pyridinyl)ethoxy]hexyl]-amino]methyllbenzenemeth&nodiuretics, e.g., amiloride; anticholinergics e.qg.,
ipratropium, atropine or oxitropium; hormonesg., cortisone, hydrocortisone or prednisolone; xamhimg.,
aminophylline, choline theophyllinate, lysine thhgltinate or theophylline; and therapeutic proteiasd
peptides,e.qg., insulin or glucagon. It will be clear to a persskilled in the art that, where appropriate, the
medicaments can be used in the form of saltg. (as alkali metal or amine salts or as acid addisialts) or as
esters€.g.,lower alkyl esters) to optimize the activity andgétability of the medicament.
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[00795] Other exemplary therapeutic agents useful for abieation therapy include, but are not limited
to, agents as described above, radiation theragyndne antagonists, hormones and their releasicgria
thyroid and antithyroid drugs, estrogens and priiggsandrogens, adrenocorticotropic hormone; autrentical
steroids and their synthetic analogs; inhibitorghaf synthesis and actions of adrenocortical hogspimsulin,
oral hypoglycemic agents, and the pharmacologyhefdndocrine pancreas, agents affecting calcificagind
bone turnover: calcium, phosphate, parathyroid looem vitamin D, calcitonin, vitamins such as wateluble
vitamins, vitamin B complex, ascorbic acid, fattdme vitamins, vitamins A, K, and E, growth factargtokines,
chemokines, muscarinic receptor agonists and anistgp anticholinesterase agents; agents actinghet
neuromuscular junction and/or autonomic gangligead®olamines, sympathomimetic drugs, and adrenergic
receptor agonists or antagonists; and 5-hydroxtdrgme (5-HT, serotonin) receptor agonists andgaomists.
[00796] Therapeutic agents can also include agents for gath inflammation such as histamine and
histamine antagonists, bradykinin and bradykinitagonists, 5-hydroxytryptamine (serotonin), lipighstances
that are generated by biotransformation of the ygetsdof the selective hydrolysis of membrane phokpids,
eicosanoids, prostaglandins, thromboxanes, lewhkws, aspirin, nonsteroidal anti-inflammatory agent
analgesic-antipyretic agents, agents that inhifit $ynthesis of prostaglandins and thromboxandectse
inhibitors of the inducible cyclooxygenase, seleetinhibitors of the inducible cyclooxygenase-2faaonids,
paracrine hormones, somatostatin, gastrin, cytskthat mediate interactions involved in humoral aetular
immune responses, lipid-derived autacoids, eicadan@-adrenergic agonists, ipratropium, glucocorticoids,
methylxanthines, sodium channel blockers, opioideptor agonists, calcium channel blockers, membrane
stabilizers and leukotriene inhibitors.

[00797] Additional therapeutic agents contemplated hemitude diuretics, vasopressin, agents affecting
the renal conservation of water, rennin, angioterajents useful in the treatment of myocardidiésaia, anti-
hypertensive agents, angiotensin converting enzpmibitors, B-adrenergic receptor antagonists, agents for the
treatment of hypercholesterolemia, and agentdh®treatment of dyslipidemia.

[00798] Other therapeutic agents contemplated herein iectirdgs used for control of gastric acidity,
agents for the treatment of peptic ulcers, agemtshie treatment of gastroesophageal reflux disgas&inetic
agents, antiemetics, agents used in irritable bosygldrome, agents used for diarrhea, agents used fo
constipation, agents used for inflammatory bowededse, agents used for biliary disease, agents fosed
pancreatic disease. Therapeutic agents includeareunot limited to, those used to treat protoziodections,
drugs used to treat Malaria, Amebiasis, Giardia$ischomoniasis, Trypanosomiasis, and/or Leishnssja
and/or drugs used in the chemotherapy of helmisigiaOther therapeutic agents include, but ardimited to,
antimicrobial agents, sulfonamides, trimethoprinfasuethoxazole quinolones, and agents for urinaagctt
infections, penicillins, cephalosporins, and otliet,actam antibiotics, an agent containing an amiyoagide,
protein synthesis inhibitors, drugs used in thenabtberapy of tuberculosis, mycobacterium avium demp

disease, and leprosy, antifungal agents, antiagehts including nonretroviral agents and antixétabagents.
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[00799] Examples of therapeutic antibodies that can be amenbwith a compound provided herein
include but are not limited to anti-receptor tyrasikinase antibodies (cetuximab, panitumumab,uzashab),
anti CD20 antibodies (rituximab, tositumomab), ander antibodies such as alemtuzumab, bevacizuarab,
gemtuzumab.

[00800] Moreover, therapeutic agents used for immuno-mdidula such as immuno-modulators,
immuno-suppressive agents, tolerogens, and immiomadsnts are contemplated by the methods hereim. |
addition, therapeutic agents acting on the blood #e blood-forming organs, hematopoietic agentsyith
factors, minerals, and vitamins, anticoagulaniptivolytic, and anti-platelet drugs are also contaied by the
methods herein.

[00801] In exemplary embodiments, for treating renal cangia, one can combine a compound provided
herein, or a pharmaceutically acceptable foemy.(pharmaceutically acceptable salts, hydrates, wdy&somers,
prodrugs, and isotopically labeled derivativesyé¢of or a pharmaceutical composition as provideictin, with
sorafenib and/or avastin. For treating an enddatedisorder, one can combine a compound provideeih
with doxorubincin, taxotere (taxol), and/or cispiafcarboplatin). For treating ovarian cancer, oag combine a
compound provided herein with cisplatin, carboplatiocetaxel, doxorubincin, topotecan, and/or tafanx For
treating breast cancer, one can combine a compprowided herein with paclitaxel or docetaxel, gdatzine,
capecitabine, tamoxifen, letrozole, erlotinib, kpid, PD0325901, bevacizumab, trastuzumab, OS|-a0@/or
0SI-930. For treating lung cancer, one can comhieempound as provided herein with paclitaxel eticel,
gemcitabine, cisplatin, pemetrexed, erlotinib, PEEE1, and/or bevacizumab.

[00802] In some embodiments, the disorder to be treatedjepted and/or managed is a hematological
cancer,e.g, lymphoma é.g, T-cell lymphoma; NHL), myelomae(g, multiple myeloma), and leukemia.g,
CLL), and a compound provided herein is used in lhoation with: HDAC inhibitors such as vorinostat,
romidepsin and ACY-1215; mTOR inhibitors such a®relimus; anti-folates such as pralatrexate; nérog
mustard such as bendamustine; gemcitabine, optjoimalfurther combination with oxaliplatin; rituxieb-
cyclophosphamide combination; PI3K inhibitors swsh RP-6530, TG 100-115, RV1729, GS-1101, XL 499,
GDC-0941, and AMG-319; angiogenesis inhibitors sashpomalidomide or BTK inhibitors such as ibrudini
AVL-292, Dasatinib, LFM-AI3, ONO-WG-307, and GDC-B8In some embodiments, the disorder to be treated,
prevented and/or managed is DLBCL, and a compouodded hereing.g, compound 1), or a pharmaceutically
acceptable derivativee(g, salt or solvate) thereof, is used in combinatigih HDAC inhibitors provided herein.

In one particular embodiment, the HDAC inhibitoA€Y-1215.

[00803] In some embodiments, the disorder to be treatexsiiepted and/or managed is DLBCL, and a
compound provided hereie.g, compound 1), or a pharmaceutically acceptablevatére (e.g, salt or solvate)
thereof, is used in combination with BTK inhibitgpsovided herein. In one particular embodimeng BTK
inhibitor is ibrutinib. In one embodiment, the BTihibitor is AVL-292.
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[00804] In some embodiments, the disorder to be treatexjepted and/or managed is DLBCL, and a
compound provided hereie.g, compound 1), or a pharmaceutically acceptablevatare (e.g, salt or solvate)
thereof, is used in combination with IRAK inhibisoprovided herein. In one particular embodimérd, IRAK4
inhibitor is ND-2110 or ND-2158.

[00805] In some embodiments, the disorder to be treateslepted and/or managed is WM, and a
compound provided hereie.g, compound 1), or a pharmaceutically acceptablevatare (.9, salt or solvate)
thereof, is used in combination with BTK inhibitopsovided herein. In one particular embodimeng BTK
inhibitor is ibrutinib. In one embodiment, the BTihibitor is AVL-292.

[00806] In some embodiments, the disorder to be treateslepted and/or managed is WM, and a
compound provided hereie.g, compound 1), or a pharmaceutically acceptablvatére (e.g, salt or solvate)
thereof, is used in combination with IRAK4 inhibisgprovided herein. In one particular embodimtg, IRAK4
inhibitor is ND-2110 or ND-2158.

[00807] In some embodiments, the disorder to be treateglyepted and/or managed is T-ALL, the
subject/patient has a PTEN deficiency, and a comgboprovided herein (g, compound 1), or a
pharmaceutically acceptable derivativeeg( salt or solvate) thereof, is used in combinatigth doxorubicin
and/or vincristine.

[00808] In certain embodiments, wherein inflammatiemg( arthritis, asthma) is treated, prevented and/or
managed, a compound provided herein can be combiitedfor example: PI3K inhibitors such as RP-658G
100-115, RV1729, GS-1101, XL 499, GDC-0941, and ABI®; BTK inhibitors such as ibrutinib and AVL-292;
JAK inhibitors such as tofacitinib and GLPG0636;kKSivihibitors such as fostamatinib.

[00809] In certain embodiments wherein asthma is treateeyegmted and/or managed, a compound
provided herein can be combined with, for examfeta 2-agonists such as, but not limited to, afolte
(Proventil®, or Ventolin®), salmeterol (Serevent®jprmoterol (Foradil®), metaproterenol (Alupent®),
pirbuterol (MaxAir®), and terbutaline sulfate; dodsteroids such as, but not limited to, budesor&lg,
Pulmicort®), flunisolide €.g, AeroBid Oral Aerosol Inhaler® or Nasalide Nasarésol®), fluticasoneg(g,
Flonase® or Flovent®) and triamcinoloreed, Azmacort®); mast cell stabilizers such as cromagdium €.g,
Intal® or Nasalcrom®) and nedocromik.g, Tilade®); xanthine derivatives such as, but rigtited to,
theophylline €.g, Aminophyllin®, Theo-24® or Theolair®); leukotrierreceptor antagonists such as, but are not
limited to, zafirlukast (Accolate®), montelukastif@ulair®), and zileuton (Zyflo®); and adrenergigaaists
such as, but are not limited to, epinephrine (Adlie®, Bronitin®, EpiPen® or Primatene Mist®).

[00810] In certain embodiments wherein arthritis is treatpeevented and/or managed, a compound
provided herein can be combined with, for exampME antagonistd.g, a TNF antibody or fragment, a soluble
TNF receptor or fragment, fusion proteins theremf, a small molecule TNF antagonist); other biologic
antirhheumatics g.g, IL-6 antagonists, IL-1 antagonists, costimulatompdulators); an antirheumatie.g,

methotrexate, auranofin, aurothioglucose, azathepretanercept, gold sodium thiomalate, chrlorogui
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hydroxychloroquine sulfate, leflunomide, sulfasadzipenicillamine); a muscle relaxant; a narc@iopn-steroid
anti-inflammatory drug (NSAID); an analgesic; aresihetic; a sedative; a local anesthetic; a neusouhar
blocker; an antimicrobiale(g, an aminoglycoside, an antifungal, an antipa@s#n antiviral, a carbapenem,
cephalosporin, a fluoroquinolone, a macrolide, migkin, a sulfonamide, a tetracycline, anothetimicrobial);

an antipsoriatic; a corticosteroid; an anabolicate a cytokine or a cytokine antagonist; a cadairin inhibitor
(e.g, cyclosporine, tacrolimus).

[00811] In some embodiments, a compound provided her=ip, compound 1), or an enantiomer or a
mixture of enantiomers thereof, or a pharmaceljiGdceptable salt, solvate, hydrate, co-crystathcate, or
polymorph thereof) is administered in combinatioithwan agent for the treatment of rheumatoid aithri
Examples of agents for the treatment of rheumadoilritis include, but are not limited to, varioNSAIDs,
corticosteroids, sulfasalazine, auranofin, methaties azathioprine, penicillamine, cyclosporine, ava
(leflunomide), TNF inhibitorsd€.g, Enbrel (etanercept), Remicade (infliximab), Huanjadalimumab), Simponi
(golimumab), and Cimzia (certolizumab)), IL-1 intdrs (e.g, Kineret (anakinra)), T-cell costimulatory
modulators €.g, Orencia (abatacept)), Anti-CD26.¢, Rituxan (rituximab)), and IL-6 inhibitore(g, Actemra
(tocilizumab)). In one embodiment, the agent imm&a (certolizumab). In another embodiment, thenads
Actemra (tocilizumab).

[00812] In some embodiments, a compound provided her=i, compound 1), or an enantiomer or a
mixture of enantiomers thereof, or a pharmacelyiGatceptable salt, solvate, hydrate, co-crystathcate, or
polymorph thereof) is administered in combinatioithnan agent for rheumatology. Examples of agénts
rheumatology include, but are not limited to, Raypsednisone), Stendra (avanafil), Actemra (toaitiab),
Duexis (ibuprofen and famotidine), Actemra (tocilzab), Krystexxa (pegloticase), Vimovo (naproxen +
esomeprazole), Cimzia (certolizumab pegol), Col¢cgdchicine), Pennsaid (diclofenac sodium topsmution),
Simponi (golimumab), Uloric (febuxostat), Orenciab&tacept), Elaprase (idursulfase), Orencia (abptac
Vioxx (rofecoxib), Enbrel (etanercept), Humira (kalmab), Remicade (infliximab), Bextra, KineretRicade
(infliximab), Supartz, Mobic (meloxicam), Vivell@gtradiol transdermal system), Lodine XL (etodqléchava,
Salagen, Arthrotec, Etodolac, Ketoprofen, Synvisametin Sodium, Azulfidine EN-tabs Tablets (sulflezine
delayed release tablets, USP), and Naprelan (naprasdium).

[00813] In some embodiments, the second agent is selexted Belimumab, AGS-009, rontalizumab,
vitamin D3, sifalimumab, AMG 811, IRN Kinoid, CEP33457, epratuzumab, LY2127399, Ocrefiab,
Atacicept, A-623, SBI-087, AMG557, laquinimod, rapgin, cyclophosphamide, azathioprine, mycophepolat
leflunomide, methotrexate, CNTO 136, tamibarotemdacetylcysteine, CDP7657, hydroxychloroquine,
rituximab, carfilzomib, bortezomib, ONX 0914, IMQG:@0, DV1179, sulfasalazine, and chloroquine. le on
embodiment, the second agent is methotrexate, saldizine, chloroquine, or hydroxychloroquine. Ineo

embodiment, the second agent is methotrexate.
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[00814] In certain embodiments wherein psoriasis is treapedvented and/or managed, a compound
provided herein can be combined with, for examledesonide, epidermal growth factor, corticosteroid
cyclosporine, sulfasalazine, aminosalicylates, @eaygopurine, azathioprine, metronidazole, lipoxyage
inhibitors, mesalamine, olsalazine, balsalazid¢iogidants, thromboxane inhibitors, IL-1 receptartagonists,
anti-IL-13 monoclonal antibodies, anti-IL-6 monoclonal antltes, growth factors, elastase inhibitors, pyritiny
imidazole compounds, antibodies or agonists of TNF, IL-1, IL-2, IL-6, IL-7, IL-8, IL-15, IL-16, IL-18,
EMAP-II, GM-CSF, FGF, and PDGF, antibodies of C@N3, CD4, CD8, CD25, CD28, CD30, CD40, CD45,
CD69, CD90 or their ligands, methotrexate, cyclosmm FK506, rapamycin, mycophenolate mofetil,
leflunomide, NSAIDs, ibuprofen, corticosteroidsegnisolone, phosphodiesterase inhibitors, adenegjonists,
antithrombotic agents, complement inhibitors, adrgit agents, IRAK, NIK, IKK, p38, MAP kinase inliibrs,
IL-1B converting enzyme inhibitors, TMNF converting enzyme inhibitors, T-cell signaling ilitors,
metalloproteinase inhibitors, sulfasalazine, azngttine, 6-mercaptopurines, angiotensin convertingyme
inhibitors, soluble cytokine receptors, soluble pB%F receptor, soluble p75 TNF receptor, sIL-1RL-5BRII,
slL-6R, anti-inflammatory cytokines, IL-4, IL-10,411, IL-13 and TGB.

[00815] In certain embodiments wherein fibrosis or fibrotiondition of the bone marrow is treated,
prevented and/or managed, a compound providedrheesi be combined with, for example, a Jak2 inbibit
(including, but not limited to, INCB018424, XL019(G101348, or TG101209), an immuno-modulatag, an
IMID® (including, but not limited to thalidomideghalidomide, or panolinomide), hydroxyurea, an agdn,
erythropoietic stimulating agents, prednisone, dahadDAC inhibitors, or other agents or therapeutiodalities
(e.g, stem cell transplants, or radiation).

[00816] In certain embodiments wherein fibrosis or fibratendition of the heart is treated, prevented
and/or managed, a compound provided herein canobwined with, for example, eplerenone, furosemide,
pycnogenol, spironolactone, TcNC100692, torasemide, prolonged release form of torasemide), or
combinations thereof.

[00817] In certain embodiments wherein fibrosis or fibratandition of the kidney is treated, prevented
and/or managed, a compound provided herein caoieined with, for example, cyclosporine, cyclosperA,
daclizumab, everolimus, gadofoveset trisodium (ABIAR®), imatinib mesylate (GLEEVEC®), matinib
mesylate, methotrexate, mycophenolate mofetil, misethe, sirolimus, spironolactone, STX-100, tamexjf
TheraCLEC™, or combinations thereof.

[00818] In certain embodiments wherein fibrosis or fibrationdition of the skin is treated, prevented
and/or managed, a compound provided herein caroimioed with, for example, Bosentan (Tracleer),4)14
pentoxifylline; pirfenidone; pravastatin, STI571itAmin E, or combinations thereof.

[00819] In certain embodiments wherein fibrosis or fibrotiendition of the gastrointestinal system is
treated, prevented and/or managed, a compounddeaVierein can be combined with, for example, ALT33;,
bucelipase alfa (INN), DCI1020, EUR-1008 (ZENPEP™Muprofen, Lym-X-Sorb powder, pancrease MT,
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pancrelipase €.g, pancrelipase delayed release), pentade canoit @A), repaglinide, TheraCLEC™,
trineptadecanoin (THA), ULTRASE MT20, ursodiol,@@mbinations thereof.

[00820] In certain embodiments wherein fibrosis or fibratiendition of the lung is treated, prevented
and/or managed, a compound provided herein canobwined with, for example, 18-FDG, AB0024, ACT-
064992 (macitentan), aerosol interferon-gamma,sadized human plasma-derived alpha-1 antitrypdphad -
proteinase inhibitor, ambrisentan, amikacin, armler amitriptyline, anti-pseudomonas IgY gargle,
ARIKACE™, AUREXIS® (tefibazumab), AZAPRED, azathidpe, azithromycin, azithromycin, AZLI,
aztreonam lysine, BIBF1120, Bio-25 probiotic, bdsan Bramitob®, calfactant aerosol, captopril, CZD9
ceftazidime, ceftazidime, cholecalciferol (VitamD3), ciprofloxacin (CIPRO®, BAYQ3939), CNTO 888,
colistin CF, combined Plasma Exchange (PEX), nhat, and corticosteroids, cyclophosphamide, dapsone
dasatinib, denufosol tetrasodium (INS37217), danadfa (PULMOZYME®), EPI-hNE4, erythromycin,
etanercept, FG-3019, fluticasone, FTI, GC1008, @819 hypertonic saline, ibuprofen, iloprost inhimlat
imatinib mesylate (GLEEVEC®), inhaled sodium bicamhte, inhaled sodium pyruvate, interferon gamma-1b
interferon-alpha lozenges, isotonic saline, IWOXRBO001, losartan, lucinactant, mannitol, meropenem,
meropenem infusion, miglustat, minocycline, Molil9MP-376 (levofloxacin solution for inhalation),ucoid
exopolysaccharide P. aeruginosa immune globulimiycophenolate mofetil, n-acetylcysteine, N-acgisieine
(NAC), NaCl 6%, nitric oxide for inhalation, obragig, octreotide, oligoG CF-5/20, Omalizumab, pitagibne,
piperacillin-tazobactam, pirfenidone, pomalidomifleC-4047), prednisone, prevastatin, PRM-151, QAX576
rhDNAse, SB656933, SB-656933-AAA, sildenafil, tarifer, technetium [Tc-99m] sulfur colloid and Indium
[In-111] DTPA, tetrathiomolybdate, thalidomide, aicillin-clavulanate, tiotropium bromide, tiotropiu
RESPIMAT® inhaler, tobramycin (GERNEBCIN®), treptiod, uridine, valganciclovir (VALCYTE®),
vardenafil, vitamin D3, xylitol, zileuton, or comiations thereof.

[00821] In certain embodiments wherein fibrosis or fibratiendition of the liver is treated, prevented
and/or managed, a compound provided herein can dmebinoed with, for example, adefovir dipivoxil,
candesartan, colchicine, combined ATG, mycopheeolapfetil, and tacrolimus, combined cyclosporine
microemulsion and tacrolimus, elastometry, evero§mFG-3019, Fuzheng Huayu, GI262570, glycyrrhizin
(monoammonium glycyrrhizinate, glycine, L-cysteingonohydrochloride), interferon gamma-1b, irbesartan
losartan, oltipraz, ORAL IMPACT®, peginterferon ala, combined peginterferon alfa-2a and ribavirin,
peginterferon alfa-2b (SCH 54031), combined pegieten alpha-2b and ribavirin, praziquantel, pr&zos
raltegravir, ribavirin (REBETOL®, SCH 18908), ritavir-boosted protease inhibitor, pentoxyphilline,
tacrolimus, tauroursodeoxycholic acid, tocopharodpdiol, warfarin, or combinations thereof.

[00822] In certain embodiments wherein cystic fibrosigéated, prevented and/or managed, a compound
provided herein can be combined with, for exampl2-02, 5-methyltetrahydrofolate and vitamin B12I5ACB-
CFTR, Adeno-associated virus-CFTR vector, albutesdéndronate, alpha tocopherol plus ascorbic acid,
amiloride HCIl, aquADEKTM, ataluren (PTC124), AZDX3AZD9668, azithromycin, bevacizumab, biaxin
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(clarithromycin), BIIL 283 BS (amelubent), buprofetalcium carbonate, ceftazidime, cholecalcifeobipline
supplementation, CPX, cystic fibrosis transmembremeductance regulator, DHA-rich supplement, digitp
cocosahexaenoic acid (DHA), doxycycline, ECGC, daiaant human IGF-1, educed glutathione sodium salt,
ergocalciferol (vitamin D2), fluorometholone, gadtinl (GADOVIST®, BAY86-4875), gentamicin, ghrelin,
glargine, glutamine, growth hormone, GS-9411, HBCBCFTR, human recombinant growth hormone,
hydroxychloroquine, hyperbaric oxygen, hypertoratire, IH636 grape seed proanthocyanidin extrastilin,
interferon gamma-1b, loGen (molecular iodine), itza potassium, isotonic saline, itraconazole, Blligm
nitrate (GANITE®) infusion, ketorolac acetate, lapgazole, L-arginine, linezolid, lubiprostone, maeaem,
miglustat, MP-376 (levofloxacin solution for inh&iéan), normal saline 1V, Nutropin AQ, omega-3 tsigerides,
pGM169/GL67A, pGT-1 gene lipid complex, pioglitaepnPTC124, QAU145, salmeterol, SB656933,
SB656933, simvastatin, sitagliptin, sodium 4-phbatyrate, standardized turmeric root extract, tgA¥ TNF
blocker, TOBI, tobramycin, tocotrienol, unconjughtdsoflavones 100, vitamin: choline bitartrate (2-
hydroxyethyl) trimethylammonium salt 1:1, VX-770Xs809, Zinc acetate, or combinations thereof.

[00823] In some embodiments, a compound provided hereidnsinistered in combination with an agent
that inhibits IgE production or activity. In sormenbodiments, the PI3K inhibitoe.g, PI3Ks inhibitor) is
administered in combination with an inhibitor of @R. Agents that inhibit IgE production are knowarthe art
and they include but are not limited to one or mooé TEI-9874, 2-(4-(6-cyclohexyloxy-2-
naphtyloxy)phenylacetamide)benzoic acid, rapamycapamycin analogsi.€¢. rapalogs), TORC1 inhibitors,
TORC2 inhibitors, and any other compounds thatimmTORC1 and mTORC2. Agents that inhibit IgE waityi
include, for example, anti-IgE antibodies suchaskample Omalizumab and TNX-901.

[00824] In certain embodiments wherein scleroderma iseacbgtrevented and/or managed, a compound
provided herein can be combined with, for example:immunosuppressant.§, methotrexate, azathioprine
(Imuran®), cyclosporine, mycophenolate mofetil (€&bt®), and cyclophosphamide (Cytoxan®)); T-cell-
directed therapye(g, halofuginone, basiliximab, alemtuzumab, abataceggamycin); B-cell directed therapy
(e.g, rituximab); autologous hematopoietic stem cealnsiplantation; a chemokine ligand receptor antagoni
(e.g, an agent that targets the CXCL12/CSCR4 axis,(AgD3100)); a DNA methylation inhibitore(g, 5-
azacytidine); a histone deacetylase inhibiterg( trichostatin A); a statine(g, atorvastatin, simvastatin,
pravastatin); an endothelin receptor antagorésy,(Bosentan®); a phosphodiesterase type V inhiki¢og.,
Sildenafil®); a prostacyclin analog.@, trepostinil); an inhibitor of cytokine synthesasd/or signaling€.g,
Imatinib mesylate, Rosiglitazone, rapamycin, aatisforming growth factorpl (anti-TGHB1) antibody,
mycophenolate mofetil, an anti-IL-6 antibodyd, tocilizumab)); corticosteroids; nonsteroidal anflammatory
drugs; light therapy; and blood pressure medicat{ery, ACE inhibitors).

[00825] In certain embodiments wherein inflammatory myopestiare treated, prevented and/or managed,
a compound provided herein can be combined with,ef@ample: topical creams or ointmenesg( topical

corticosteroids, tacrolimus, pimecrolimus); cyclodpe .g, topical cyclosporine); an anti-interferon therapy
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e.g, AGS-009, Rontalizumab (rhuMAb IFNalpha), Vitam8, Sifalimumab (MEDI-545), AMG 811, IFN
Kinoid, or CEP33457. In some embodiments, theerottiherapy is an IFN- therapy, e.g, AGS-009,
Rontalizumab, Vitamin D3, Sifalimumab (MEDI-545) BtNo. Kinoid; corticosteroids such as prednisoaey(
oral prednisone); immunosuppressive therapies agamethotrexate (Trexall®, Methotrexate®, Rheun&tje
azathioprine (Azasan®, Imuran®), intravenous imnglobulin, tacrolimus (Prograf®), pimecrolimus,
cyclophosphamide (Cytoxan®), and cyclosporine (Gai® Neoral®, Sandimmune®); anti-malarial agents
such as hydroxychloroquine (Plaquenil®) and chlamog (Aralen®); total body irradiation; rituximab
(Rituxan®); TNF inhibitors (e.g., etanercept (En® infliximab (Remicade®)); AGS-009; Rontalizumab
(rhuMAb IFNalpha); Vitamin D3; Sifalimumab (MEDI-54; AMG 811; IFNx Kinoid,; CEP33457; agents that
inhibit IgE production such as TEI-9874, 2-(4-(&lmhexyloxy-2-naphtyloxy)phenylacetamide)benzoiédac
rapamycin, rapamycin analogse( rapalogs), TORCL1 inhibitors, TORC2 inhibitors, atly other compounds
that inhibit MTORC1 and mTORC2; agents that inhilgE activity such as anti-IgE antibodies.d,
Omalizumab and TNX-90); and additional therapieshsais physical therapy, exercise, rest, speechpfesun
avoidance, heat therapy, and surgery.

[00826] In certain embodiments wherein myosits.g, dermatomysitis) is treated, prevented and/or
managed, a compound provided herein can be comhiitedfor example: corticosteroids; corticostersjahring
agents such as, but not limited to, azathioprined amethotrexate; intravenous immunoglobulin;
immunosuppressive agents such as, but not limitedtdcrolimus, cyclophosphamide and cyclosporine;
rituximab; TNFe inhibitors such as, but not limited to, etanercapd infliximab; growth hormone; growth
hormone secretagogues such as, but not limitedvit§;0677, L-162752, L-163022, NN703 ipamorelin,
hexarelin, GPA-748 (KP102, GHRP-2), and LY444711 (Hlly); other growth hormone release stimulators
such as, but not limited to, Geref, GHRH (1-44)matorelin (GRF 1-44), ThGRF genotropin, L-DOPA,
glucagon, and vasopressin; and insulin-like grdatitor.

[00827] In certain embodiments wherein Sjogren’s syndromdreéated, prevented and/or managed, a
compound provided herein can be combined with, eeample: pilocarpine; cevimeline; nonsteroidal -anti
inflammatory drugs; arthritis medications; antifahgagents; cyclosporine; hydroxychloroquine; predng;
azathioprine; and cyclophamide.

[00828] Administration of a compound provided herein, gohermaceutically acceptable form thereof,
can be effected by any method that enables delifettye compound to the site of action. An effeztmount of

a compound provided herein, or a pharmaceuticakhgptable form thereof, can be administered ireeiingle

or multiple doses by any of the accepted modesdofimistration of agents having similar utilitiesciuding
rectal, buccal, intranasal, and transdermal roubgsjntra-arterial injection, intravenously, inteafioneally,
parenterally, intramuscularly, subcutaneously, lprabpically, as an inhalant, or via an impreguate coated
device such as a stent, for example, or an artegried cylindrical polymer.
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[00829] When a compound provided herein, or a pharmacdyticecceptable form thereof, is
administered in a pharmaceutical composition thatgrises one or more agents, and the agent hastershalf-
life than the compound provided herein, unit dasent of the agent and the compound as providedrhese be
adjusted accordingly.

[00830] In some embodiments, the compound provided hergintlze second agent are administered as
separate compositions,g, pharmaceutical compositions. In some embodiméhés PI3K modulator and the
agent are administered separately, but via the saoie €.g, both orally or both intravenously). In other
embodiments, the PI3SK modulator and the agent ém@rastered in the same compositieng, pharmaceutical
composition.

[00831] In some embodiments, a compound provided heeeip, Compound 1), or an enantiomer or a
mixture of enantiomers thereof, or a pharmaceljiGdceptable salt, solvate, hydrate, co-crystathcate, or
polymorph thereof) is administered in combinatioithwan agent for pulmonary or respiratory diseases.
Examples of agents for pulmonary or respiratoreaées include, but are not limited to, Dymista lestime
hydrochloride and fluticasone propionate), Kalyddo@caftor), Qnasl (beclomethasone dipropionata$ah
aerosol, Rayos (prednisone) delayed-release taBletfaxin (lucinactant), Tudorza Pressair (acligim bromide
inhalation powder), Arcapta (indacaterol maleatelation powder), Daliresp (roflumilast), Xalkodrizotinib),
Cayston (aztreonam for inhalation solution), Dulén@ometasone furoate + formoterol fumarate dihwjrat
Teflaro (ceftaroline fosamil), Adcirca (tadalafil)Tyvaso (treprostinil), Alvesco (ciclesonide), Rwtse
(olopatadine hydrochloride), Letairis (ambrisentanXyzal (levocetirizine dihydrochloride), Brovana
(arformoterol tartrate), Tygacil (tigecycline), K&t (telithromycin), Spiriva HandiHaler (tiotropiutoromide),
Aldurazyme (laronidase), Iressa (gefitinib), Xol@malizumab), Zemaira (alphal-proteinase inhipjtGtarinex,
Qvar (beclomethasone dipropionate), Remodulin (b=tmil), Xopenex, Avelox 1V. (moxifloxacin
hydrochloride), DuoNeb (albuterol sulfate and ipspium bromide), Foradil Aerolizer (formoterol furate
inhalation powder), Invanz, NasalCrom Nasal Spiayist (clemastine fumarate), Tracleer (bosentdahtolin
HFA (albuterol sulfate inhalation aerosol), Biaxh (clarithromycin extended-release tablets), Cefazand
Dextrose USP, Tri-Nasal Spray (triamcinolone ade®rspray), Accolate, Cafcit Injection, ProventiFA
Inhalation Aerosol, Rhinocort Aqua Nasal Spray, Uiag Tikosyn Capsules, Allegra-D, Clemastine funtara
syrup, Curosurf, Dynabac, Infasurf, Priftin, Pulmo®e (dornase alfa), Sclerosol Intrapleural AeroSatgulair,
Synagis, Ceftin (cefuroxime axetil), Cipro (cipafbhcin HCI), Claritin RediTabs (10 mg loratadingicky-
disintegrating tablet), Flonase Nasal Spray, FlbowRotadisk, Metaprotereol Sulfate Inhalation Santi(5%),
Nasacort AQ (triamcinolone acetonide) Nasal Spr@ynnicef, Raxar (grepafloxacin), Serevent, Tilade
(nedocromil sodium), Tobi, Vanceril 84 mcg DoubleeBgth (beclomethasone dipropionate, 84 mcq) &ituad
Aerosol, Zagam (sparfloxacin) tablets, Zyflo (Zilen), Accolate, Allegra (fexofenadine hydrochlodidastelin
nasal spray, Atrovent (ipratropium bromide), Augtirer(amoxicillin/clavulanate), Azmacort (triamciroie
acetonide) Inhalation Aerosol, Breathe Right, GlarSyrup (loratadine), Claritin-D 24 Hour ExtendBélease
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Tablets (10 mg loratadine, 240 mg pseudoephedrinéats), Covera-HS (verapamil), Nasacort AQ
(triamcinolone acetonide) Nasal Spray, OcuHistnfezlyme (dornase alfa), RespiGam (Respiratory Sghcit
Virus Immune Globulin Intravenous), Tavist (clenmastfumarate), Tripedia (Diptheria and Tetanus Tds@nd
Acellular Pertussis Vaccine Absorbed), Vancenase84Qmcg Double Strength, Visipaque (iodixanol), yos
(sterile piperacillin sodium/tazobactam sodium),d&e (ceftibuten), and Zyrtec (cetirizine HCI). bme
embodiment, the agent for pulmonary or respiratiseases is Arcapta, Daliresp, Dulera, Alvesco,vana,
Spiriva HandiHaler, Xolair, Qvar, Xopenex, DuoNé&tmradil Aerolizer, Accolate, Singulair, Flovent Rdisk,
Tilade, Vanceril, Zyflo, or Azmacort Inhalation Axol. In one embodiment, the agent for pulmonary o
respiratory diseases is Spiriva HandiHaler.

[00832] In some embodiments, a compound provided heeeip, Compound 1), or an enantiomer or a
mixture of enantiomers thereof, or a pharmacel§iGdceptable salt, solvate, hydrate, co-crystathcate, or
polymorph thereof) is administered in combinatioithwan agent for immunology or infectious diseases.
Examples of agents for immunology or infectiousedises include, but are not limited to, Horizanbégeentin
enacarbil), Qnasl (beclomethasone dipropionategnlnasrosol, Rayos (prednisone) delayed-releasetsabl
Stribild (elvitegravir, cobicistat, emtricitabingégnofovir disoproxil fumarate), Tudorza Pressaiclifinium
bromide inhalation powder), Arcapta (indacaterolaate inhalation powder), Benlysta (belimumab), @mra
(emtricitabine/rilpivirine/tenofovir disoproxil fuarate), Daliresp (roflumilast), Dificid (fidaxomitj, Edurant
(rilpivirine), Firazyr (icatibant), Gralise (gabap), Incivek (telaprevir), Nulojix (belatacept)ictrelis
(boceprevir), Cayston (aztreonam for inhalatiorusoh), Egrifta (tesamorelin for injection), Menv@oeningitis
vaccine), Oravig (miconazole), Prevnar 13 (Pneummoaiol3-valent Conjugate Vaccine), Teflaro (cefiam
fosamil), Zortress (everolimus), Zymaxid (gatiflaka ophthalmic solution), Bepreve (bepotastine laési
ophthalmic solution), Berinert (C1 Esterase InlibitHuman)), Besivance (besifloxacin ophthalmicpsussion),
Cervarix [Human Papillomavirus Bivalent (Types 16nda 18) Vaccine, Recombinant], Coartem
(artemether/lumefantrine), Hiberix (Haemophilus lpn{ligate Vaccine; Tetanus Toxoid Conjugate), llaris
(canakinumab), Ixiaro (Japanese Encephalitis Vagcdimactivated, Adsorbed), Kalbitor (ecallantid@utenza
(capsaicin), Vibativ (telavancin), Zirgan (ganciitoophthalmic gel), Aptivus (tipranavir), Astep(azelastine
hydrochloride nasal spray), Cinryze (C1 Inhibitddufnan)), Intelence (etravirine), Moxatag (amoxinjl)
Rotarix (Rotavirus Vaccine, Live, Oral), Tysabrafalizumab), Viread (tenofovir disoproxil fumaratéjtabax
(retapamulin), AzaSite (azithromycin), Doribax (genem), Extina (ketoconazole), Isentress (raltégra
Selzentry (maraviroc), Veramyst (fluticasone fuedat Xyzal (levocetirizine dihydrochloride), Eraxis
(anidulafungin), Gardasil (quadrivalent human gdapiavirus (types 6, 11, 16, 18) recombinant vag¢iNexafil
(posaconazole), Prezista (darunavir), Rotateq \irot vaccine, live oral pentavalent), Tyzeka (taliine),
Veregen (kunecatechins), Aptivus (tipranavir), Bérde (entecavir), Tygacil (tigecycline), Ketek
(telithromycin), Tindamax, tinidazole, Xifaxan @iimin), Amevive (alefacept), FluMist ( Influenzair\is

Vaccine), Fuzeon (enfuvirtide), Lexiva (fosampranacalcium), Reyataz (atazanavir sulfate), Alinia
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(nitazoxanide), Clarinex, Daptacel, Fluzone Prestrg-free, Hepsera (adefovir dipivoxil), Pedialaccine,
Pegasys (peginterferon alfa-2a), Restasis (cyctospamphthalmic emulsion), Sustiva, Vfend (voricoole),
Avelox L.V. (moxifloxacin hydrochloride), Cancida®eg-Intron (peginterferon alfa-2b), Rebetol (ribiay,
Spectracef, Twinrix, Valcyte (valganciclovir HCNjiread (tenofovir disoproxil fumarate), Xigris (drecogin
alfa [activated]), ABREVA (docosanol), Biaxin XL léithromycin extended-release tablets), Cefazal
Dextrose USP, Children's Motrin Cold, Evoxac, KaleCapsules and Oral Solution, Lamisil (terbinafine
hydrochloride) Solution (1%), Lotrisone (clotrimdefbetamethasone diproprionate) lotion, Malarone
(atovaquone; proguanil hydrochloride) Tablet, Rapaen (sirolimus) Tablets, Rid Mousse, Tri-Nasal $pra
(triamcinolone acetonide spray), Trivagizole 3 {iéfoazole) Vaginal Cream, Trizivir (abacavir suéat
lamivudine; zidovudine AZT) Tablet, Agenerase (aemavir), Cleocin (clindamycin phosphate), Famvir
(famciclovir), Norvir (ritonavir), Panretin Gel, Ramune (sirolimus) oral solution, Relenza, Syneicid,
Tamiflu capsule, Vistide (cidofovir), Allegra-D, @@ept, Clemastine fumarate syrup, Cleocin (clingleim
phosphate), Dynabac, REBETRON (TM) Combination &apgr Simulect, Timentin, Viroptic, INFANRIX
(Diphtheria and Tetanus Toxoids and Acellular Psmitu Vaccine Adsorbed), Acyclovir Capsules, Aldara
(imiquimod), Aphthasol, Combivir, Condylox Gel 0.5@b0kofilox), Famvir (famciclovir), Flagyl ER, Flase
Nasal Spray, Fortovase, INFERGEN (interferon alfat® Intron A (interferon alfa-2b, recombinant)pmir
(ritonavir), Rescriptor Tablets (delavirdine mesglatablets)) SPORANOX (itraconazole), Stromectol
(ivermectin), Taxol, Trovan, VIRACEPT (nelfinavir amylate), Zerit (stavudine), Albenza (albendazole),
Apthasol (Amlexanox), Carrington patch, Confidejx@an (Indinavir sulfate), Gastrocrom Oral Congatg
(cromolyn sodium), Havrix, Lamisil (terbinafine hyahloride) Tablets, Leukine (sargramostim), Orgid®ene,
RespiGam (Respiratory Syncitial Virus Immune Glabulntravenous), Videx (didanosine), Viramune
(nevirapine), Vistide (cidofovir), Vitrasert Implgrzithromax (azithromycin), Cedax (ceftibuten)a@ihromycin
(Biaxin), Epivir (lamivudine), Intron A (Interferomalfa-2b, recombinant), Invirase (saquinavir), Yait
(valacyclovir HCI), Western blot confirmatory degicZerit (stavudine), and Zyrtec (cetirizine HCI).

[00833] In some embodiments, the second agent is an HDAfbiiar, such as.e.g, belinostat,

vorinostat, panobinostat, ACY-1215, or romidepsin.

[00834] In some embodiments, the second agent is an mTOiRitor, such ase.g, everolimus (RAD
001).

[00835] In some embodiments, the second agent is a proteasthibitor, such ag.g, bortezomib or
carfilzomib.

[00836] In some embodiments, the second agent is a PHKRGhibitor, such ase.g, Enzastaurin
(LY317615).

[00837] In some embodiments, the second agent is a JAK/SHAibitor, such ase.g, INCB16562 or
AZD1480.

[00838] In some embodiments, the second agent is an datefeuch ag.g, pralatrexate.
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[00839] In some embodiments, the second agent is a fartrasgferase inhibitor, such a&sg, tipifarnib.
[00840] In some embodiments, the second agent is an agtiboca biologic agent, such as,g.,
alemtuzumab, rituximab, ofatumumab, or brentuximatiotin (SGN-035). In one embodiment, the secaehta
is rituximab. In one embodiment, the second agemituximab and the combination therapy is foratieg,
preventing, and/or managing iNHL, FL, splenic maajizone, nodal marginal zone, extranodal margioak,
and/or SLL.

[00841] In some embodiments, a compound provided heesf €ompound 1), or a pharmaceutically
acceptable derivativee (g, salt or solvate) thereof, is used in combinaliendamustine and one additional active
agent. In one embodiment, the cancer or hemat@bgialignancy is iNHL.

[00842] In some embodiments, a compound provided heeei) €ompound 1), or a pharmaceutically
acceptable derivativee (g, salt or solvate) thereof, is used in combinatituximab and one additional active
agent. In one embodiment, the cancer or hemat@bgialignancy is iNHL.

[00843] In some embodiments, a compound provided heesf €ompound 1), or a pharmaceutically
acceptable derivativee (g, salt or solvate) thereof, is used in combinaiendamustine and rituximab. In one
embodiment, the cancer or hematological malignasmdyHL.

[00844] In some embodiments, a compound provided heeei €ompound 1), or a pharmaceutically
acceptable derivativee (g, salt or solvate) thereof, is used in combinafiodarabine, cyclophosphamide, and
rituximab. In one embodiment, the cancer or hetogtocal malignancy is CLL.

[00845] In some embodiments, a compound provided heesf €ompound 1), or a pharmaceutically
acceptable derivative (g, salt or solvate) thereof, is used in combinatidth an antibody or a biologic agent,
such ase.g.,alemtuzumab, rituximab, ofatumumab, or brentuximeadiotin (SGN-035). In one embodiment, the
second agent is rituximab. In one embodiments&o®nd agent is rituximab and the combination theisfor
treating, preventing, and/or managing iNHL, FL espt marginal zone, nodal marginal zone, extranodaginal
zone, and/or SLL.

[00846] In some embodiments, a compound provided heesf €ompound 1), or a pharmaceutically
acceptable derivativee (g, salt or solvate) thereof, is used in combinati@th an antibody-drug conjugate, such
as,e.g, inotuzumab ozogamicin, or brentuximab vedotin.

[00847] In some embodiments, a compound provided heeei €ompound 1), or a pharmaceutically
acceptable derivative (g, salt or solvate) thereof, is used in combinatidth a cytotoxic agent, such asg,
bendamustine, gemcitabine, oxaliplatin, cyclophaspide, vincristine, vinblastine, anthracyclireg
daunorubicin or daunomycin, doxorubicin), actinomycactinomycin, bleomycin, clofarabine, nelarahin
cladribine, asparaginase, methotrexate, or prakiee

[00848] In some embodiments, a compound provided heeei €ompound 1), or a pharmaceutically
acceptable derivative (g, salt or solvate) thereof, is used in combinati@h one or more other anti-cancer

agents or chemotherapeutic agents, suck.gsfludarabine, ibrutinib, fostamatinib, lenalidorajdhalidomide,
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rituximab, cyclophosphamide, doxorubicin, vincristj prednisone, or R-CHOP (Rituximab, Cyclophosptam
Doxorubicin or Hydroxydaunomycin, Vincristine or Gavin, Prednisone).

[00849] In some embodiments, a compound provided heeei) €ompound 1), or a pharmaceutically
acceptable derivative (g, salt or solvate) thereof, is used in combinati@th an antibody for a cytokine(g, an
IL-15 antibody, an IL-21 antibody, an IL-4 antibqdyn IL-7 antibody, an IL-2 antibody, an IL-9 amtdy). In
some embodiments, the second agent is a JAK1 tohili JAK3 inhibitor, a pan-JAK inhibitor, a BTKhibitor,
an SYK inhibitor, or a PI3K-delta inhibitor. Ins® embodiments, the second agent is an antibody for
chemokine.

[00850] Without being limited to a particular theory, ageted combination therapy described herein has
reduced side effect and/or enhanced efficacy.ekample, in one embodiment, provided herein isnalioation
therapy for treating CLL with a compound describedein €.g, compound 1), or a pharmaceutically acceptable
derivative €.g, salt or solvate) thereof, and a second activaetagey, IL-15 antibodies, IL-21 antibodies, IL-4
antibodies, IL-7 antibodies, IL-2 antibodies, Ilaatibodies, JAK1 inhibitors, JAK3 inhibitors, paAK

inhibitors, BTK inhibitors, SYK inhibitors, and/ét3K-delta inhibitors).

[00851] Further without being limited by a particular thgdt was found that a compound provided
herein €.g, compound 1) does not affect BTK or MEK pathwa#ccordingly, in some embodiments, provided
herein is a method of treating or managing cancéematological malignancy comprising administetiog
patient a therapeutically effective amount of a poomd provided hereire(g, compound 1), or a
pharmaceutically acceptable derivatieeg(, salt or solvate) thereof, in combination with BKBinhibitor. In one
embodiment, the BTK inhibitor is ibrutinib. In oeenbodiment, the BTK inhibitor is AVL-292. In one
embodiment, the cancer or hematological maligna®LBCL. In another embodiment, the cancer or
hematological malignancy is iNHL. In another emibaoeht, the cancer or hematological malignancy i€.CL
[00852] In other embodiments, provided herein is a metHdceating or managing cancer or
hematological malignancy comprising administerimg tpatient a therapeutically effective amount of a
compound provided hereir.g, compound 1), or a pharmaceutically acceptablwatare (.9, salt or solvate)
thereof, in combination with a MEK inhibitor. Ime embodiment, the MEK inhibitor is trametinib/GSKRD212
(N-(3-{3-Cyclopropyl-5-[(2-fluoro-4-iodophenyl)amingg,8-dimethyl-2,4,7-trioxo-3,4,6,7-tetrahydropyrjd(3-
d]pyrimidin-1(2H)-yl}phenyl)acetamide), selumetinob (6-(4-bromo+#eroanilino)-7-fluoro-N-(2-
hydroxyethoxy)-3-methylbenzimidazole-5-carboxamjgnasertib/AS703026/MSC1935369 ((S)-N-(2,3-
dihydroxypropyl)-3-((2-fluoro-4-iodophenyl)aminodisicotinamide), XL-518/GDC-0973 (1-({3,4-difluoro{g2-
fluoro-4-iodophenyl)amino]phenyl}carbonyl)-3-[8piperidin-2-yl]azetidin-3-ol),
refametinib/BAY869766/RDEA119 (N-(3,4-difluoro-2-fRioro-4-iodophenylamino)-6-methoxyphenyl)-1-(2,3-
dihydroxypropyl)cyclopropane-1-sulfonamide), PD-88@1 N-[(2R)-2,3-Dihydroxypropoxy]-3,4-difluoro-2-
[(2-fluoro-4-iodophenyl)amino]-benzamide), TAK73®&R{-3-(2,3-Dihydroxypropyl)-6-fluoro-5-(2-fluoro-4-
iodophenylamino)-8-methylpyrido[2,3-d]pyrimidine743H,8H)-dione), MEK162/ARRY 438162 (5-[(4-Bromo-
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2-fluorophenyl)amino]-4-fluoro-N-(2-hydroxyethoxgyHmethyl-1H-benzimidazole-6-carboxamide), RO5126766
(3-[[3-Fluoro-2-(methylsulfamoylamino)-4-pyridyl]nieyl]-4-methyl-7-pyrimidin-2-yloxychromen-2-one), Xv
554, RO4987655/CH4987655 (3,4-difluoro-2-((2-flugréodophenyl)amino)-N-(2-hydroxyethoxy)-5-((3-oxo-
1,2-oxazinan-2-yl)methyl)benzamide), or AZD833(((2-fluoro-4-iodophenyl)amino)-N-(2-hydroxyethoxy)-
1,5-dimethyl-6-o0xo0-1,6-dihydropyridine-3-carboxamjd In one embodiment, the cancer or hematological
malignancy is DLBCL. In another embodiment, theasa or hematological malignancy is ALL. In anathe
embodiment, the cancer or hematological malignasa&TCL.

[00853] In other embodiments, provided herein is a metHdceating or managing cancer or
hematological malignancy comprising administerimg tpatient a therapeutically effective amount of a
compound provided hereie.g, compound 1), or a pharmaceutically acceptablwatére (.9, salt or solvate)
thereof, in combination with an EZH2 inhibitor. dme embodiment, the EZH2 inhibitor is EPZ-6438KGI6,
GSK-343, El1, or 3-deazaneplanocin A (DNNep). e @mbodiment, the cancer or hematological malignan
DLBCL. In another embodiment, the cancer or hefogtoal malignancy is iINHL. In another embodimehg
cancer or hematological malignancy is ALL. In drestembodiment, the cancer or hematological matignés
CTCL.

[00854] In other embodiments, provided herein is a metHdceating or managing cancer or
hematological malignancy comprising administerimg tpatient a therapeutically effective amount of a
compound provided hereir.g, compound 1), or a pharmaceutically acceptablwatare (.9, salt or solvate)
thereof, in combination with a bcl-2 inhibitor. éme embodiment, the BCL2 inhibitor is ABT-199 é{[2-(4-
Chlorophenyl)-4,4-dimethylcyclohex-1-en-1- ylmellpjperazin-1-yl]-N-[[3-nitro-4-[[(tetrahydro-2H- yran-4-
yl)methylJamino]phenyl]sulfonyl]-2-[(1H- pyrrolo[3-b]pyridin-5-yl)oxy]benzamide), ABT-737 (4-[4-[[4-
chlorophenyl)phenyllmethyl]piperazin-1-yl]-N-[4-BR)-4-(dimethylamino)-1-phenylsulfanylbutan-2-yl]am]-
3-nitrophenyl]sulfonylbenzamide), ABT-263 ((R)-4-(@ -chloro-4,4-dimethyl-3,4,5,6-tetrahydro-[1,1'-
biphenyl]-2-yl)methyl)piperazin-1-yl)-N-((4-((4-mpholino-1-(phenylthio)butan-2-yl)amino)-
3((trifluoromethyl)sulfonyl)phenyl)sulfonyl)benzade), GX15-070 (obatoclax mesylate, (22)-2-[(5Z)¢5;5-
dimethyl-1H-pyrrol-2-yl)methylidene]-4-methoxypytra-ylidenelindole; methanesulfonic acid))), or G31
(Oblimersen). In one embodiment, the cancer oratelmgical malignancy is DLBCL. In another embodirt
the cancer or hematological malignancy is iNHL.afrother embodiment, the cancer or hematological
malignancy is CLL. In another embodiment, the earr hematological malignancy is ALL. In another
embodiment, the cancer or hematological maligna&rTCL.

[00855] In other embodiments, provided herein is a metHddeating or managing iNHL comprising
administering to a patient a therapeutically effecamount of a compound provided herairg( compound 1),
or a pharmaceutically acceptable derivatieg{ salt or solvate) thereof, in combination witluxitmab. In one
embodiment, the patient is an elderly patientariother embodiment, iNHL is relapsed or refractory.
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[00856] In other embodiments, provided herein is a metHddeating or managing iNHL comprising
administering to a patient a therapeutically effecamount of a compound provided herairg( compound 1),
or a pharmaceutically acceptable derivatieg( salt or solvate) thereof, in combination with 8amustine. In
one embodiment, iINHL is relapsed or refractory.

[00857] In other embodiments, provided herein is a metHdceating or managing iNHL comprising
administering to a patient a therapeutically effecamount of a compound provided herairg( compound 1),
or a pharmaceutically acceptable derivativg( salt or solvate) thereof, in combination witluxitmab, and in
further combination with bendamustine. In one ednpent, iINHL is relapsed or refractory.

[00858] In other embodiments, provided herein is a metHdceating or managing iNHL comprising
administering to a patient a therapeutically effecamount of a compound provided hereairg( compound 1),
or a pharmaceutically acceptable derivatieg( salt or solvate) thereof, in combination withdédomide. In
one embodiment, iINHL is relapsed or refractory.

[00859] In other embodiments, provided herein is a mettdcdkating or managing CLL comprising
administering to a patient a therapeutically effecamount of a compound provided herairg( compound 1),
or a pharmaceutically acceptable derivatieg( salt or solvate) thereof, in combination witluxitmab. In one
embodiment, the patient is an elderly patientariother embodiment, CLL is relapsed or refractory.
[00860] In other embodiments, provided herein is a mettddkating or managing CLL comprising
administering to a patient a therapeutically effecamount of a compound provided herairg( compound 1),
or a pharmaceutically acceptable derivativg( salt or solvate) thereof, in combination with 8amustine. In
one embodiment, CLL is relapsed or refractory.

[00861] In other embodiments, provided herein is a mettdcdkating or managing CLL comprising
administering to a patient a therapeutically effecamount of a compound provided herairg( compound 1),
or a pharmaceutically acceptable derivatieg( salt or solvate) thereof, in combination witluxitmab, and in
further combination with bendamustine. In one edilpent, CLL is relapsed or refractory.

[00862] In other embodiments, provided herein is a mettddkating or managing CLL comprising
administering to a patient a therapeutically effecamount of a compound provided herairg( compound 1),
or a pharmaceutically acceptable derivatieg( salt or solvate) thereof, in combination withdédomide. In
one embodiment, CLL is relapsed or refractory.

[00863] In other embodiments, provided herein is a metHdreating or managing DLBCL comprising
administering to a patient a therapeutically effecamount of a compound provided herairg( compound 1),
or a pharmaceutically acceptable derivativg( salt or solvate) thereof, in combination witluximab. In one
embodiment, the patient is an elderly patientarinther embodiment, DLBCL is relapsed or refractory
[00864] In other embodiments, provided herein is a metHdreating or managing DLBCL comprising
administering to a patient a therapeutically effecamount of a compound provided hereairg( compound 1),
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or a pharmaceutically acceptable derivativg( salt or solvate) thereof, in combination with 8amustine. In
one embodiment, DLBCL is relapsed or refractory.

[00865] In other embodiments, provided herein is a metHdreating or managing DLBCL comprising
administering to a patient a therapeutically effecamount of a compound provided hereairg( compound 1),
or a pharmaceutically acceptable derivatieg( salt or solvate) thereof, in combination witluxitmab, and in
further combination with bendamustine. In one edmnent, DLBCL is relapsed or refractory.

[00866] In other embodiments, provided herein is a metHddeating or managing DLBCL comprising
administering to a patient a therapeutically effecamount of a compound provided hereairg( compound 1),
or a pharmaceutically acceptable derivatieg( salt or solvate) thereof, in combination with R4 (rituximab,
cyclophosphamide, vincristine and prednisone)oria embodiment, DLBCL is relapsed or refractony.ahother
embodiment, the treatment is done subsequentatment by R-CHOP.

[00867] In other embodiments, provided herein is a metHddeating or managing DLBCL comprising
administering to a patient a therapeutically effecamount of a compound provided herairg( compound 1),
or a pharmaceutically acceptable derivativg( salt or solvate) thereof, in combination withutonib. In one
embodiment, DLBCL is relapsed or refractory.

[00868] In other embodiments, provided herein is a metHddeating or managing T-cell lymphoma
(PTCL or CTCL) comprising administering to a patiartherapeutically effective amount of a compound
provided hereind.g, compound 1), or a pharmaceutically acceptablivatire (.9, salt or solvate) thereof, in
combination with rituximab. In one embodiment, ditdymphoma is relapsed or refractory.

[00869] In other embodiments, provided herein is a metHdckating or managing T-cell lymphoma
(PTCL or CTCL) comprising administering to a patiartherapeutically effective amount of a compound
provided hereind.g, compound 1), or a pharmaceutically acceptablivatare (.9, salt or solvate) thereof, in
combination with bendamustine. In one embodimeéstell lymphoma is relapsed or refractory.

[00870] In other embodiments, provided herein is a metHdckating or managing T-cell lymphoma
(PTCL or CTCL) comprising administering to a patiartherapeutically effective amount of a compound
provided hereind.g, compound 1), or a pharmaceutically acceptablivatére (.9, salt or solvate) thereof, in
combination with rituximab, and in further combiio&t with bendamustine. In one embodiment, T-cell
lymphoma is relapsed or refractory.

[00871] In other embodiments, provided herein is a metHddeating or managing T-cell lymphoma
(PTCL or CTCL) comprising administering to a patiartherapeutically effective amount of a compound
provided hereind.g, compound 1), or a pharmaceutically acceptablivatire (.9, salt or solvate) thereof, in
combination with romidepsin. In one embodimentell-lymphoma is relapsed or refractory.

[00872] In other embodiments, provided herein is a metHdceating or managing mantle cell
lymphoma comprising administering to a patiertierapeutically effective amount of a compound el
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herein €.g, compound 1), or a pharmaceutically acceptablatére (e.g, salt or solvate) thereof, in
combination with rituximab. In one embodiment, theaucell lymphoma is relapsed or refractory.

[00873] In other embodiments, provided herein is a metHdceating or managing mantle cell
lymphoma comprising administering to a patiertterapeutically effective amount of a compound piedli
herein €.g, compound 1), or a pharmaceutically acceptablwatare (e.g, salt or solvate) thereof, in
combination with bendamustine. In one embodimmaintle cell lymphoma is relapsed or refractory.
[00874] In other embodiments, provided herein is a metHddeating or managing mantle cell
lymphoma comprising administering to a patiertierapeutically effective amount of a compound el
herein €.g, compound 1), or a pharmaceutically acceptablatére (e.g, salt or solvate) thereof, in
combination with rituximab, and in further combiioat with bendamustine. In one embodiment, margle c
lymphoma is relapsed or refractory.

[00875] In other embodiments, provided herein is a metHddeating or managing mantle cell
lymphoma comprising administering to a patiertierapeutically effective amount of a compound piesli
herein €.g, compound 1), or a pharmaceutically acceptablatére (.9, salt or solvate) thereof, in
combination with ibrutinib. In one embodiment, riarcell lymphoma is relapsed or refractory.

[00876] Further, without being limited by a particular thedt was found that cancer cells exhibit
differential sensitivity profiles to doxorubicin drwompounds provided herein. Thus, provided héseinmethod
of treating or managing cancer or hematologicalgnahcy comprising administering to a patient a
therapeutically effective amount of a compound fated herein€.g, compound 1), or a pharmaceutically
acceptable derivative (g, salt or solvate) thereof, in combination withaxadrubicin. In one embodiment, the
cancer or hematological malignancy is ALL.

[00877] In some embodiments, provided herein is a methdrkafing or managing cancer or
hematological malignancy comprising administerimg tpatient a therapeutically effective amount of a
compound provided hereir.g, compound 1), or a pharmaceutically acceptablwatare (.9, salt or solvate)
thereof, in combination with a AraC. In one emlmoelnt, the cancer or hematological malignancy is AML
[00878] In specific embodiments, compound 1 or a pharm&zlyt acceptable form thereof, is used in
combination with one or more second agent or setiwerépy provided herein.

[00879] In some embodiments, the second agent is an agtitreg) conjugate, such asg, inotuzumab
0zogamicin, or brentuximab vedotin.

[00880] In some embodiments, the second agent is a cytoament, such ae,g, bendamustine,
gemcitabine, oxaliplatin, cyclophosphamide, virtimis, vinblastine, anthracycline.g, daunorubicin or
daunomycin, doxorubicin), actinomycin, dactinomyditeomycin, clofarabine, nelarabine, cladribine,
asparaginase, methotrexate, or pralatrexate.

[00881] In some embodiments, the second agent is one @ atber anti-cancer agents or

chemotherapeutic agents, sucheag, fludarabine, ibrutinib, fostamatinib, lenalidoraidhalidomide, rituximab,
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cyclophosphamide, doxorubicin, vincristine, prednis, or R-CHOP (Rituximab, Cyclophosphamide,
Doxorubicin or Hydroxydaunomycin, Vincristine or Gavin, Prednisone).

[00882] In some embodiments, the second agent is an agtfiooa cytokine €.g, an IL-15 antibody, an
IL-21 antibody, an IL-4 antibody, an IL-7 antibodn IL-2 antibody, an IL-9 antibody). In some eminoents,
the second agent is a JAK1 inhibitor, a JAKS infoibia pan-JAK inhibitor, a BTK inhibitor, an SYKhibitor,

or a PI3K-delta inhibitor. In some embodimentg, $econd agent is an antibody for a chemokine.

[00883] Without being limited to a particular theory, ageted combination therapy described herein has
reduced side effect and/or enhanced efficacy.ekample, in one embodiment, provided herein isnalination
therapy for treating CLL with a compound describedein €.g, compound 1)and a second active ager, (IL-
15 antibodies, IL-21 antibodies, IL-4 antibodids,7lantibodies, IL-2 antibodies, IL-9 antibodieAK1L
inhibitors, JAK3 inhibitors, pan-JAK inhibitors, ETinhibitors, SYK inhibitors, and/or PI3K-delta iiftitors).
[00884] Further without being limited by a particular thgdt was found that a compound provided
herein €.g, compound 1) does not affect BTK or MEK pathwa#\ccordingly, in some embodiments, provided
herein is a method of treating or managing cancéematological malignancy comprising administetiog
patient a therapeutically effective amount of a poomnd provided hereire(g, compound 1), or a
pharmaceutically acceptable derivatieeg(, salt or solvate) thereof, in combination with B<Binhibitor. In one
embodiment, the BTK inhibitor is ibrutinib. In oeenbodiment, the BTK inhibitor is AVL-292. In one
embodiment, the cancer or hematological maligna®LBCL. In another embodiment, the cancer or
hematological malignancy is CLL.

[00885] In other embodiments, provided herein is a metHdkating or managing cancer or
hematological malignancy comprising administerimg tpatient a therapeutically effective amount of a
compound provided hereie.g, compound 1), or a pharmaceutically acceptablwatdre (.9, salt or solvate)
thereof, in combination with a MEK inhibitor. Ime embodiment, the MEK inhibitor is trametinib,saktinob,
AS703026/MSC1935369, XL-518/GDC-0973, BAY869766/R{1H9, GSK1120212 (trametinib), pimasertib,
refametinib, PD-0325901, TAK733, MEK162/ARRY43816&%)5126766, WX-554, RO4987655/CH4987655 or
AZD8330. In one embodiment, the cancer or hemgicéd malignancy is DLBCL. In another embodimehg
cancer or hematological malignancy is ALL. In drestembodiment, the cancer or hematological matignés
CTCL.

[00886] In other embodiments, provided herein is a metHdceating or managing cancer or
hematological malignancy comprising administerimg tpatient a therapeutically effective amount of a
compound provided hereir.g, compound 1), or a pharmaceutically acceptablwatare (.9, salt or solvate)
thereof, in combination with a bcl-2 inhibitor. ¢me embodiment, the BCL2 inhibitor is ABT-199, ABB7,
ABT-263, GX15-070 (obatoclax mesylate) or G3139r({@&=nse). In one embodiment, the cancer or
hematological malignancy is DLBCL. In another ewlinoent, the cancer or hematological malignancylit.A

In another embodiment, the cancer or hematologiedignancy is CTCL.
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[00887] Further, without being limited by a particular tihedt was found that cancer cells exhibit
differential sensitivity profiles to doxorubicin drwompounds provided herein. Thus, provided héseinmethod
of treating or managing cancer or hematologicalgnahcy comprising administering to a patient a
therapeutically effective amount of a compound juted herein€.g, compound 1), or a pharmaceutically
acceptable derivativee (g, salt or solvate) thereof, in combination withaxadrubicin. In one embodiment, the
cancer or hematological malignancy is ALL.

[00888] In some embodiments, provided herein is a methackafing or managing cancer or
hematological malignancy comprising administerimg tpatient a therapeutically effective amount of a
compound provided hereie.g, compound 1), or a pharmaceutically acceptablivakiare (e.g., salt or solvate)
thereof, in combination with a AraC. In one emivoelnt, the cancer or hematological malignancy is AML
[00889] In specific embodiments, compound 1 or a pharm&zlyt acceptable form thereof, is used in
combination with one or more second agent or setioerdpy provided herein.

[00890] In certain embodiments, provided herein are phagotézal composition comprising a
therapeutically effective amount of a compound fated herein€.g, compound 1), or a pharmaceutically
acceptable form thereof, and a PI3K-delta inhibitor

[00891] In one embodiment, the PI3K-delta inhibitor is 8#delta selective inhibitor. In one
embodiment, the PI3K-delta inhibitor is GS-11011¢0a1), GSK-2269557, GS-9820, AMG319, or TGR-1202,

or a mixture thereof. In one embodiment, the Pt#ta inhibitor is of the formula:

or a pharmaceutically acceptable form thereof.

[00892] In one embodiment, the molar ratio of the compowand, pharmaceutically acceptable form
thereof, to the PI3K-delta inhibitor is in the rangf from about 10000:1 to about 1:10000. In amée@diment,
the molar ratio of the compound, or a pharmacelltieaceptable form thereof, to the PI3K-delta bitar is in
the range of from about 10:1 to about 1:10. In embodiment, the composition comprises the compoomal
pharmaceutically acceptable form thereof, at anwuahof in the range of from about 0.01 mg to abtiutng and
the PI3K-delta inhibitor at an amount of in thegarof from about 0.01 mg to about 1100 mg. In one
embodiment, the compound, or a pharmaceuticallg@able form thereof, and the PI3K-delta inhibdoz the

only therapeutically active ingredients.
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[00893] In one embodiment, the compound, or pharmaceutiealteptable form thereof, and the PI3K-
delta inhibitor are in a single dosage form. lie @mbodiment, the compound, or pharmaceuticallg@able
form thereof, and the PI3K-delta inhibitor are @parate dosage forms. In one embodiment, the csitigro
further comprising a pharmaceutically acceptablgpiant.

[00894] In one embodiment, the composition is synergistitteéating a cancer, inflammatory disease, or
autoimmune disease.

[00895] In one embodiment, provided herein is a methodeafting a PI3K-mediated disorder in a
subject, comprising administering to the subjetttesapeutically effective amount of the composition

[00896] In certain embodiments, provided herein are methedding a PI3K-mediated disorder in a
subject, comprising administering to the subjetttemapeutically effective amount of a compound jutes
herein €.g, compound 1), or a pharmaceutically acceptabim thiereof, in combination with a PI3K-delta
inhibitor.

[00897] In one embodiment, the compound, or a pharmacdlytaeceptable form thereof, is
administered concurrently with the PI3K-delta intoh In one embodiment, the compound, or a
pharmaceutically acceptable form thereof, is adsténed subsequent to the PI3K-delta inhibitorora
embodiment, the compound, or a pharmaceuticallg@teble form thereof, is administered prior to RHeK-
delta inhibitor. In one embodiment, the compowrdh pharmaceutically acceptable form thereof, is
administered alone after discontinuing the admiatigin of the PI3K-delta inhibitor.

[00898] In one embodiment, the PI3K-mediated disorderdaraer, autoimmune disease, or
inflammatory disease. In one embodiment, the aasag hematopoietic origin. In one embodimehg tancer
is a leukemia or lymphoma. In one embodiment}ébhkemia or lymphoma is a B-cell lymphoma, T-cell
lymphoma, non-Hodgkin lymphoma, Hodgkin lymphomaanaplastic large cell lymphoma.

[00899] In one embodiment, the cancer is a solid tumoron@ embodiment, the cancer is selected from
one or more of: a cancer of the pulmonary systelbrain cancer, a cancer of the gastrointestianat,ta skin
cancer, a genitourinary cancer, a pancreatic caadeng cancer, a medulloblastoma, a basal celir@ama, a
glioma, a breast cancer, a prostate cancer, aukstcancer, an esophageal cancer, a hepatocaaraer, a
gastric cancer, a gastrointestinal stromal tumd8{(, a colon cancer, a colorectal cancer, an amacancer, a
melanoma, a neuroectodermal tumor, head and neclkeica sarcoma, a soft-tissue sarcoma, fibrosarcom
myxosarcoma, liposarcoma, a chondrosarcoma, aogeste sarcoma, a chordoma, an angiosarcoma, an
endotheliosarcoma, a lymphangiosarcoma, a lympbangbtheliosarcoma, a synovioma, a mesothelioma, a
leiomyosarcoma, a cervical cancer, a uterine caaceendometrial cancer, a carcinoma, a bladdemgana, an
epithelial carcinoma, a squamous cell carcinomademocarcinoma, a bronchogenic carcinoma, a cefial
carcinoma, a hepatoma, a bile duct carcinoma, epeadocrine cancer, a carcinoid tumor, diffuse tyiaat cell

tumor, and glioblastoma.
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[00900] In one embodiment, the PI3K-delta inhibitor is 8#&delta selective inhibitor. In one
embodiment, the PI3K-delta inhibitor is of the fariax

or a pharmaceutically acceptable form thereof.

[00901] In one embodiment, the compound, or a pharmacdytaeceptable form thereof, and the PI3K-
delta inhibitor are in a single dosage form. e @mbodiment, the compound, or a pharmaceuticetlg@able
form thereof, and the PI3K-delta inhibitor are @parate dosage forms.

[00902] In one embodiment, the concentration of the comgdhat is required to achieve 50% inhibition
is at least 20%, 30%, 40%, or 50% lower when thegmund is administered in combination with the RtBHta
inhibitor than when the compound is administereatividually. In one embodiment, the concentratibthe
PI3K-delta inhibitor that is required to achieveé/athhibition is at least 20%, 30%, 40%, or 50% |lowhen the
PI3K-delta inhibitor is administered in combinatiaith the compound than when the PI3K-delta inbibis
administered individually. In one embodiment, thuse of the compound that is required to achie®é 50
inhibition is at least 20%, 30%, 40%, or 50% lowsren the compound is administered in combinatiah thie
PI13K-delta inhibitor than when the compound is adstered individually. In one embodiment, the dokthe
PI3K-delta inhibitor that is required to achieveé/sthhibition is at least 20%, 30%, 40%, or 50% |lowhen the
PI13K-delta inhibitor is administered in combinatiaith the compound than when the PI3K-delta inlbibis
administered individually.

[00903] In one embodiment, the combination is synergitimdicated by a combination index value that
is less than 0.7, 0.5, or 0.1 for the combinatibthe compound and the PI3K-delta inhibitor. Ireon
embodiment, the combination index value is assessBd% inhibition. In one embodiment, the combora
index value is assessed at 50% growth inhibitionone embodiment, the combination is synergistimdicated
by a Synergy Score that is greater than 1, 2,for the combination of the Compound 1 and the Piéita
inhibitor. In one embodiment, the combinationyaergistic as indicated by a Synergy Score thgtéater than

1, 2, or 3, for the combination of the compound tredPI3K-delta inhibitor for inhibition or growihhibition.
[00904] In one embodiment, the PI3K-mediated disorder iceg and the anti-cancer effect provided by
the combination is at least 2 fold greater, attl8dsld greater, at least 5 fold greater, or astelO fold greater

than the anti-cancer effect provided by Compounat pharmaceutically acceptable form thereof, aldneone
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embodiment, the PI3K-mediated disorder is canc®t the anti-cancer effect provided by the combamais at
least 2 fold greater, at least 3 fold greatereast 5 fold greater, or at least 10 fold greatan the anti-cancer
effect provided by the PI3K-delta inhibitor alone.

[00905] In one embodiment, wherein one or more side efi@xteciated with administration of the
compound, or a pharmaceutically acceptable formetifealone is reduced when the combination is athtered
at a dose that achieves the same therapeutic.effeohe embodiment, one or more side effectsciestsal with
administration of the PI3K-delta inhibitor alonerézluced when the combination is administereddatse that

achieves the same therapeutic effect.

Combinations with immune modulators

[00906] While not wishing to be bound by theory, it is bekd that tumor growth is influenced by at least
two classes of immune cells in the tumor microesinent: effector cells (including cytotoxic cellsdaM1
macrophages) which have anti-tumor activity, andduassociated suppressor cells (including M2 n@wges,
MDSC, Tregs, and regulatory dendritic cells) whigve pro-tumor activity because they inhibit tHeabr cells
or provide direct growth stimulation to the tumefls or tumor vasculature. An abundance of sugprresells
can lead to tumor immune tolerance, and enhanceofi¢mtnor growth. A combination cancer therapy ban
designed taking this mechanism into consideration.

[00907] For example, in embodiments, a PI3Kahibitor as described herein (or a compound redi
herein €.g, compound 1) is administered in combination witeaond therapeutic that blocks homeostatic
down-regulation of a T cell response in an effedteell. This second agent may be an immune clwokp
therapy as described below. As another exampleminodiments, a PI3KK4inhibitor as described herein is
administered in combination with a second therdpéhiat reduces or eliminates suppressive celilsértumor
microenvironment, e.g., may deplete MDSCs, TAM#@ macrophages, or any combination thereof. This
agent could comprise,.g, a CSF1R inhibitor, a CCL2 inhibitor, a CXCR4 ibldr, a MEK inhibitor, or an
MTOR inhibitor, or any combination thereof. Innse embodiments, the second agent is an immunothetegh
as a tumor vaccine, e.g., a tumor vaccine desctibegin. In some embodiments, the second aganted
therapy, e.g., a dendritic cell or a chimeric T,azl., as described herein. In some embodimdrgsecond
agent is an interleukin, e.g., IL7, IL12, IL15,l6R1. According to non-limiting theory, some inEukins exert
an anti-cancer effect by stimulating the growttinefune cell populations.

[00908] In another embodiment, a compound provided heee@ compound 1) is administered in
combination with a vaccine,g, a cancer vaccineg.g, a dendritic cell renal carcinoma (DC-RCC) vaeginin
certain embodiments, the combination of compourtithe DC-RCC vaccine is used to treat a camcge,a
cancer as described hereing, a renal carcinoma,g, metastatic renal cell carcinoma (RCC) or cledirrenal
cell carcinoma (CCRCC)).
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[00909] In some embodiments, a compound provided hereia,pbrarmaceutically acceptable derivative
(e.g, salt or solvate) thereof, is administered in cimation with one or more immune checkpoint therapitn
some embodiments, provided herein is a methodeafitrg a cancer in a subject, comprising admirigieo the
subject a PI3K-gamma inhibitor or a compound asrilesd hereing.g, compound 1) in combination with one
or more immune checkpoint therapiesy, PD-1 or PD-L1 inhibitors). In some embodimeptsvided herein is
a method of treating a solid cancer in a subjexhprising administering to the subject Compoundrg
pharmaceutically acceptable form thereof, in comtiim with one or more of PD-1 or PD-L1 inhibitors one
embodiment, the cancer is melanoma, bladder canead and neck cancer, lung caneeg,(non-small cell lung
cancer), or renal cell carcinoma. In one embodtrtee cancer is melanoma. In one embodimentdheer is
bladder cancer. In one embodiment, the cancenig¢ancer. In one embodiment, the cancer is naitsell
lung cancer. In one embodiment, the cancer id matlacarcinoma. In one embodiment, the canclesd and
neck cancer. In one embodiment, the cancer isboaacer. In one embodiment, the cancer is tripiative
breast cancer. In one embodiment, the cancetas cancer. In one embodiment, the cancer is gigtbma. In
one embodiment, the cancer is ovarian cancer.

[00910] In some embodiments, the subject is naive to imriamapy treatment. In some embodiments,
the subject is naive to radiation therapy treatmémisome embodiments, the subject is naive tonclieerapy
treatment.

[00911] In some embodiments, the subject has been predreatpreviously treated with one or more
immunotherapy treatments. In one embodiment, ubgest is responsive to the pre-treatment or presio
treatment with the immunotherapy. In one embodimte immunotherapy treatment is a checkpointrineat
such as a PD-1 or PD-L1 inhibitor. In one embodiimnthe subject is a smoker.

[00912] In one embodiment, the cancer is melanoma, ansubiect has been pre-treated or previously
treated with one or more immunotherapy treatmemmtsone embodiment, the subject has been pre-treate
previously treated with two or more immunotheraatments.

[00913] In one embodiment, the cancer is head and neclecdnng cancerg(g, non-small cell lung
cancer), renal cell carcinoma, or bladder cancet the subject has been pre-treated or previotesyed with
one immunotherapy treatment.

[00914] In one embodiment, the cancer is breast camcgr {riple-negative breast cancer), ovarian
cancer, glioblastoma, or colon cancer, and thesstiig naive to immunotherapy treatment.

[00915] In some embodiments, the immune checkpoint therdplits CTLA-4, PD-1, or PD-L1, or any
combination thereof. The immune checkpoint themapy be, e.g., a small molecule or an antibody.some
embodiments, the immune checkpoint therapy is &ibady that inhibits programmed cell death 1 (&sown

as PD-1). In another embodiment, the immune ch@okgtherapy is nivolumab (also known as Opdiva)sbme
embodiments, the immune checkpoint therapy isRDtL1 (programmed cell death ligand 1, also known a
cluster of differentiation 274 (CD274)), anti-PDL&,anti-CTLA-4 (cytotoxic T-lymphocyte antigendso
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known as cluster of differentiation (CD152)) antilgo Certain anti-PD-1, anti-PD-L1, and anti-CTLA-4
antibodies have activity in preclinical and cliditamor models. Cancer Res; 73(12) June 15, 20L&an M A
et al. PNAS 2010;107:4275-4280; Topalian et al.ngIE Med 2012; 366:2443-2454; Wolchok et al., 2013
NEJM 3609.

[00916] There are two main types of immune checkpoint fhiesa an activator of a costimulatory
molecule, and an inhibitor of an immune checkpaoiotecule.

[00917] When the immune checkpoint therapy is an activatar costimulatory molecule, it may be, e.g.,
chosen from an agonist.¢, an agonistic antibody or antigen-binding fragirtereof, or a soluble fusion) of
0OX40, CD2, CD27, CDS, ICAM-1, LFA-1 (CD11a/CD1850S (CD278), 4-1BB (CD137), GITR, CD30,
CD40, BAFFR, HVEM, CD7, LIGHT, NKG2C, SLAMF7, NKp8@D160, B7-H3 or CD83 ligand. In certain
embodiments, the immune checkpoint therapy is hibitor of OX40 or anti-OX40 ab.

[00918] In the second situation, the immune checkpointneis an inhibitor of an immune checkpoint
molecule, for instance, an inhibitor of PD-1, PD-PD-L2, CTLA4, TIM3, LAG3, VISTA, BTLA, TIGIT,
LAIR1, CD160, 2B4 and/or TGFR beta. For instarthe,inhibitor of an immune checkpoint molecule may
inhibit PD-1, PD-L1, LAG-3, TIM-3 or CTLA4, or angombination thereof.

[00919] Inhibition of an inhibitory molecule can be perfardhat the DNA, RNA or protein level. For
example, an inhibitory nucleic acid.§, a dsRNA, siRNA or shRNA), can be used to inhéxjpression of an
inhibitory molecule. In other embodiments, theilior of an inhibitory signal is, a polypeptigeg, a soluble
ligand €.g, PD-1-Ig or CTLA-4 Ig), or an antibody or antigbimding fragment thereof, that binds to the
inhibitory moleculeg.g, an antibody or fragment thereof (also refereetdrein as “an antibody molecule”) that
binds to PD-1, PD-L1, PD-L2, CTLA4, TIM3, LAG3, VI3, BTLA, TIGIT, LAIR1, CD160, 2B4 and/or TGFR
beta, or a combination thereof.

The antibody molecule may be, e.g., a full antibodfragment thereof(g, a Fab, F(aly) Fv, or a single chain
Fv fragment (scFv)). The antibody molecule mayebg,, in the form of a bispecific antibody molexuln one
embodiment, the bispecific antibody molecule héisstibinding specificity to PD-1 or PD-L1 and ased
binding specificity,e.g, a second binding specificity to TIM-3, LAG-3, BD-L2. In certain embodiments, the
antibody molecule is administered by injectierg( subcutaneously or intravenously) at a dose ofiab to 30
mg/kg,e.g, about 5 to 25 mg/kg, about 10 to 20 mg/kg, alaet5 mg/kg, or about 3 mg/kg. The dosing
schedule can vary fromg, once a week to once every 2, 3, or 4 weeks.

[00920] In certain embodiments, the immune checkpoint fheiraan inhibitor of PD-1¢.g, human PD-
1. In another embodiment, the immune checkpoiagy is an inhibitor of PD-L¥.g, human PD-L1. In one
embodiment, the inhibitor of PD-1 or PD-L1 is atilaody molecule to PD-1 or PD-L1. The PD-1 or PD-L
inhibitor can be administered alone, or in comboratvith other immune checkpoint therapiesy, in
combination with an inhibitor of LAG-3, TIM-3 or @A4. In some embodiments, the inhibitor of PD-1R&p-
L1, e.g, the anti-PD-1 or PD-L1 antibody molecule, is augatered in combination with a LAG-3 inhibita,g,
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an anti-LAG-3 antibody molecule. In another embught, the inhibitor of PD-1 or PD-L#,g, the anti-PD-1 or
PD-L1 antibody molecule, is administered in combarawith a TIM-3 inhibitor,e.g, an anti-TIM-3 antibody
molecule. In yet other embodiments, the inhibitbPD-1 or PD-L1g.g, the anti-PD-1 antibody molecule, is
administered in combination with a LAG-3 inhibitetg, an anti-LAG-3 antibody molecule, and a TIM-3
inhibitor, e.g, an anti-TIM-3 antibody molecule. Also provideerein are other combinations of immune
checkpoint therapies with a PD-1 inhibiterd, one or more of PD-L2, CTLA4, TIM3, LAG3, VISTATR.A,
TIGIT, LAIR1, CD160, 2B4 and/or TGFR). Any of thd3K inhibitor molecules known in the art or disséal
herein can be used in the aforesaid combinatioimghdditors of checkpoint molecule.

[00921] In some embodiments, the anti-PD-1 antibody is Nivab. Alternative names for Nivolumab
include MDX-1106, MDX-1106-04, ONO-4538, or BMS-&HB. In some embodiments, the anti-PD- 1 antibody
is Nivolumab (CAS Registry Number: 946414-94-4)vdumab is a fully human IlgG4 monoclonal antibody
which specifically blocks PD1. Nivolumab (clonegG@nd other human monoclonal antibodies that fipalty
bind to PD1 are disclosed in US 8,008,449 and WOAMX1168.

[00922] In other embodiments, the anti-PD-1 antibody is Bretizumab. Pembrolizumab (Trade name
KEYTRUDA formerly Lambrolizumabalso known as Merck 3745, MK-3475 or SCH-90047%) lmimanized
IgG4 monoclonal antibody that binds to PD1. Peidisumab is disclosed.g, in Hamid, Oet al (2013)New
England Journal of Medicing69 (2): 134—44, W02009/114335, and US 8,354,509.

[00923] In some embodiments, the anti-PD-1 antibody isliRighab. Pidilizumab (CT-011; Cure Tech)
is a humanized IlgG1k monoclonal antibody that biod8D1. Pidilizumab and other humanized anti-PD-1
monoclonal antibodies are disclosed in WO2009/101&2ther anti-PD1 antibodies are disclosed in US
8,609,089, US 2010028330, and/or US 2012011464Ber@nti-PD1 antibodies include AMP 514
(Amplimmune).

[00924] In some embodiments, the PD-1 inhibitor is an imoadhesing€.g, an immunoadhesin
comprising an extracellular or PD-1 binding portafPD-LI or PD-L2 fused to a constant regienxy, an Fc
region of an immunoglobulin sequence)). In someadithents, the PD-1 inhibitor is AMP-224. In some
embodiments, a PI3K inhibitor, e.g., a PIgkahibitor as described hereia.§, Compound 1), is administered
together with an immunoadhesidg, an immunoadhesin comprising an extracelluld?D@fl binding portion of
PD-LI or PD-L2 fused to a constant regi@ng, an Fc region of an immunoglobulin sequence))sdme
embodiments, the combination therapy is used irthod of treating a cancer, as described herein.

[00925] In some embodiments, the PD-LI inhibitor is anti-PCantibody. In some embodiments, the
anti-PD-LI inhibitor is chosen from YW243.55.S70PRL3280A, MEDI-4736, MSB-0010718C, or MDX-1105.
[00926] In one embodiment, the PD-L1 inhibitor is MDX-1108IDX-1105, also known as BMS-

936559, is an anti-PD-LI antibody described in WQ2005874.
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[00927] In one embodiment, the PD-L1 inhibitor is YW243S80. The YW243.55.570 antibody is an
anti-PD-LI described in WO 2010/077634 (heavy agltichain variable region sequences shown in SEQ |
Nos. 20 and 21, respectively).

[00928] In one embodiment, the PD-L1 inhibitor is MDPL3280@enentech / Roche). MDPL3280A is a
human Fc optimized IgG1 monoclonal antibody thatbito PD-L1. MDPL3280A and other human monoclonal
antibodies to PD-L1 are disclosed in U.S. Patent R@43,743 and U.S Publication No.: 20120039906.
[00929] In other embodiments, the PD-L2 inhibitor is AMP422AMP-224 is a PD-L2 Fc fusion soluble
receptor that blocks the interaction between PRILEfH1 (B7-DClg; Amplimmunee.g, disclosed in
W02010/027827 and WO2011/066342).

[00930] In one embodiment, the LAG-3 inhibitor is an anfit-3 antibody molecule. In one
embodiment, the LAG-3 inhibitor is BMS-986016.
[00931] In some embodiments, the anti-PD-LI binding antagfaa chosen from YW243.55.570,

MPDL3280A, MEDI-4736, MSB-0010718C, or MDX-1105. DIX-1105, also known as BMS-936559, is an
anti-PD-LI antibody described in WO2007/005874.tibody YW243.55.S70 (heavy and light chain variable
region sequences shown in SEQ ID Nos. 20 and 2feaotively) is an anti-PD-LI described in WO 201A7634.
[00932] In some embodiments, the anti-PD-1 antibody is Nivab. Alternative names for Nivolumab
include MDX-1106, MDX-1106-04, ONO-4538, or BMS-%&8. In some embodiments, the anti-PD-1 antibody
is Nivolumab (CAS Registry Number: 946414-94-4)vdlumab (also referred to as BMS-936558 or MDX1106;
Bristol-Myers Squibb) is a fully human IgG4 monawdb antibody which specifically blocks PD-1. Niuatab
(clone 5C4) and other human monoclonal antibodiasdpecifically bind to PD-1 are disclosed in US08,449,
EP2161336 and W0O2006/121168.

[00933] In some embodiments, the anti-PD-1 antibody is Pelizbimab. Pembrolizumab (also referred
to as Lambrolizumab, MK-3475, MK03475, SCH-90047TXK&YTRUDA®; Merck) is a humanized 1gG4
monoclonal antibody that binds to PD-1. Pembraliab and other humanized anti-PD-1 antibodies a@atied

in Hamid, O.et al (2013)New England Journal of Medicirg69 (2): 134—44, US 8,354,509 and
W02009/114335.

[00934] Pidilizumab (CT-011; Cure Tech) is a humanized Ig@bnoclonal antibody that binds to PD1.
Pidilizumab and other humanized anti-PD-1 monodlanébodies are disclosed in WO2009/101611.

[00935] Other anti-PD1 antibodies include AMP 514 (Amplimme), among otherg, g, anti-PD1
antibodies disclosed in US 8,609,089, US 2010028&83@/or US 20120114649.

[00936] In some embodiments, the anti-PD-L1 antibody is MI&B718C. MSB0010718C (also referred

to as A09-246-2; Merck Serono) is a monoclonaltaaty that binds to PD-L1. Pembrolizumab and other
humanized anti-PD-L1 antibodies are disclosed in2¥/L3/079174.

[00937] MDPL3280A (Genentech / Roche) is a human Fc opgohigG1l monoclonal antibody that
binds to PD-L1. MDPL3280A and other human monodi@mibodies to PD-L1 are disclosed in U.S. Pakémt
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7,943,743 and U.S Publication No.: 2012003990efanti-PD-L1 binding agents include YW243.55.570
(heavy and light chain variable regions are shaw8EQ ID NOs 20 and 21 in W0O2010/077634) and MDX-
1105 (also referred to as BMS-936559, and, anti-PD-L1 binding agents disclosed in WO20038104).

[00938] AMP-224 (B7-DClg; Amplimmunee.g, disclosed in W0O2010/027827 and W02011/066342), i
a PD-L2 Fc fusion soluble receptor that blocksititeraction between PD1 and B7-H1.
[00939] In some embodiments, the anti-LAG-3 antibody is B88$016. BMS-986016 (also referred to

as BMS986016; Bristol-Myers Squibb) is a monoclamaibody that binds to LAG-3. BMS-986016 and othe
humanized anti-LAG-3 antibodies are disclosed in20$1/0150892, W0O2010/019570, and W0O2014/008218.
[00940] In certain embodiments, the combination therapieslased herein include a modulator of a
costimulatory molecule or an inhibitory molecuteg, a co-inhibitory ligand or receptor.

[00941] In one embodiment, the costimulatory modulagog, agonist, of a costimulatory molecule is
chosen from an agonist.¢, an agonistic antibody or antigen-binding fragtrtbereof, or soluble fusion) of
0OX40, CD2, CD27, CDS, ICAM-1, LFA-1 (CD11a/CD18L@®S (CD278), 4-1BB (CD137), GITR, CD30,
CD40, BAFFR, HVEM, CD7, LIGHT, NKG2C, SLAMF7, NKp8@D160, B7-H3 or CD83 ligand.

[00942] In another embodiment, the combination therapissla$ed herein include a costimulatory
molecule,e.g, an agonist associated with a positive signdlititdudes a costimulatory domain of CD28, CD27,
ICOS and GITR.

[00943] Exemplary GITR agonists include,g, GITR fusion proteins and anti-GITR antibodiegy,
bivalent anti-GITR antibodies), such as, a GITRdngrotein described in U.S. Patent No.: 6,111,@0opean
Patent No.: 090505B1, U.S Patent No.: 8,586,023, Pablication Nos.: WO 2010/003118 and 2011/090654,
an anti-GITR antibody describeglg.,in U.S. Patent No.: 7,025,962, European Patent12.7183B1, U.S.
Patent No.: 7,812,135, U.S. Patent No.: 8,388,063, Patent No.: 8,591,886, European Patent No1868339,
PCT Publication No.: WO 2011/028683, PCT Publicatim.: WO 2013/039954, PCT Publication No.:
W02005/007190, PCT Publication No.: WO 2007/1338&2T Publication No.: WO2005/055808, PCT
Publication No.: WO 99/40196, PCT Publication N&© 2001/03720, PCT Publication No.: W0O99/20758, PCT
Publication No.: W0O2006/083289, PCT Publication:N®GO 2005/115451, U.S. Patent No.: 7,618,632, &d P
Publication No.: WO 2011/051726.

[00944] In one embodiment, the inhibitor is a soluble ligéa.g, a CTLA-4-Ig), or an antibody or
antibody fragment that binds to PD-L1, PD-L2 or @®L For example, a compound disclosed heeiy,
Compound 1, can be administered in combination aitlanti-CTLA-4 antibodye.g, ipilimumab, for example,
to treat a cancee(g, a cancer chosen from: a melanomg, a metastatic melanoma; a lung caneey, a non-
small cell lung carcinoma; or a prostate cancERemplary anti-CTLA4 antibodies include Tremelimuma
(lgG2 monoclonal antibody available from Pfizemnferly known as ticilimumab, CP-675,206); and tpilimab
(CTLA-4 antibody, also known as MDX-010, Yervoy, 6GAo. 477202-00-9). In some embodiments, a

compound provided herein is administered in contlmnawith an anti-PD-L1 inhibitor (e.g., nivolumahihd a
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CTLA-4 antibody (e.g., ipilimumab). In some embodimts, a compound provided herein is administered in
combination with nivolumab and ipilimumab.

[00945] In some embodiments, a compound provided hereia,pbrarmaceutically acceptable derivative
(e.g, salt or solvate) thereof, is administered in cimation with an anti-PD-L1 or anti-CTLA-4 antibodyn

some embodiments, a compound provided hereinpbaanaceutically acceptable derivatieeg(, salt or

solvate) thereof, is administered in combinatiothvain anti-PD-L1 antibody. In another embodimant,
compound provided herein, or a pharmaceuticallgpizble derivativeg(g, salt or solvate) thereof, is
administered in combination with anti-CTLA-4 antilyo In some embodiments, the anti-PD-L1 antibody is
selected from BMS-936559, MPDL3280A, and MDX-11bbsome embodiments, the anti-CTLA-4 antibody is
selected from ipilimumab and tremelimumab.

[00946] In some embodiments, provided herein is a methdrkafing breast cancer, colon cancer,
pancreatic cancer, melanoma, glioblastoma, or damger comprising administering to a patient aaheutically
effective amount of a compound provided hereig(compound 1), or a pharmaceutically acceptablatire
(e.g, salt or solvate) thereof, in combination withaami-PD-L1 or an anti-CTLA-4 antibody. In another
embodiment, the cancer is chosen form a carcinenga &dvanced or metastatic carcinoma), melanomduwirga
carcinomag.g, a non-small cell lung carcinoma. In one embadlitnthe cancer is a lung canaeg, a non-
small cell lung cancer. In one embodiment, theceais a melanoma.g, an advanced melanoma. In one
embodiment, the cancer is an advanced or unreectedbanoma that does not respond to other thexapie
other embodiments, the cancer is a melanoma vi&RAF mutation €.g, a BRAF V600E mutation). In another
embodiment, the cancer is a hepatocarcin@g,an advanced hepatocarcinoma, with or withouta v
infection, e.g, a chronic viral hepatitis. In another embodiméme cancer is a prostate caneeg, an advanced
prostate cancer. In yet another embodiment, theerds a myelomae.g, multiple myeloma. In yet another
embodiment, the cancer is a renal canegy, a renal cell carcinoma (RCQ@.¢, a metastatic RCC or clear cell
renal cell carcinoma (CCRCCQ)).

[00947] For example, , a compound provided hereig(compound 1) can be administered in
combination with an anti-CTLA-4 antibodg,g, ipilimumab, for example, to treat a canceig( a cancer chosen
from: a melanoma.g, a metastatic melanoma; a lung caneag, a non-small cell lung carcinoma; or a prostate
cancer). In one embodiment, , a compound provigedin €.g, compound 1) is administered after treatment
with an anti-CTLA4 antibodyd.g, ipilimumab) with or without a BRAF inhibitoe(g, vemurafenib or
dabrafenib).

[00948] In some embodiments, the immune checkpoint theiapycostimulatory ligand. In some
embodiments, the costimulatory ligand is OX40L, B1LBCD153, ICOSL, or CD40L.
[00949] In some embodiments, the immune checkpoint theiepyMCSF/CSF-1R inhibitor. An anti-

CSF-1R can deplete TAMSs, resulting in tumor groimtiibition. Cancer Cell 25, 1-14, June 16, 20lftsome
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embodiments, the CSF-1R inhibitor is BLZ945, GW288(05509554, or PLX3397. In some embodiments, the
CSF-1R inhibitor is BLZ945 or GW2850. In some embuoehts, the CSF-1R inhibitor is PLX3397.

[00950] In some embodiments, the immune checkpoint theisspg immunostimulant. In some
embodiments, the immunostimulant is GMCSF, TLRids 41BBL, or ICOSL.

In some embodiments, the immune checkpoint theisapyCXCR4/CXCL12 inhibitor. In some embodiments t
CXCR4/CXCL12 inhibitor is AMD3100, AMD11070, AMD12B, AMD11814, or AMD13073. In some
embodiments, the CXCR4/CXCL12 inhibitor is AMD3100.

[00951] In some embodiments, the immunotherapy is a CCd2oaCCR2 antagonist. In some
embodiments, the antagonist of CCL2 and/or CCRianti-CCL2 or CCR2 antibody. CCL2 is a chemokine
and CCR2 is a chemokine receptor. CCL2 and CC&arding to non-limiting theory, play a role in MBS
migration.

[00952] In some embodiments, a PI3Kinhibitor disclosed herein, e.g., Compound 1disimistered in
combination with a BTK inhibitor. In one embodimgttite BTK inhibitor is BTK inhibitors such as ibimwib,
AVL-292, Dasatinib, LFM-AI3, ONO-WG-307, and GDC-84&.

[00953] In some embodiments, a PI3Kinhibitor disclosed herein, e.g., Compound 1dsistered in
combination with an IDO (indoleamine 2,3-dioxygesigishibitor or an TDO (tryptophan 2,3-dioxygenase)
inhibitor. In one embodiment, the IDO inhibitorimeloximod, NLG919, INCB024360, FO01287, norharmane,
rosmarinic acid, or alpha-methyl-tryptophan. Alilgh IDO inhibitors act within the TME, they do not
specifically target MDSCs. The overexpression@®Iby dendritic cells creates an immunosuppredsiver
microenvironment.

[00954] In some embodiments, a PI3Kinhibitor disclosed herein, e.g., Compound 1disimistered in
combination with an inhibitor of one or more mensbef TAM family, a receptor tyrosine kinase (RTK)
subfamily comprising Tyro-3 (also called Sky), A2dd Mer. In one embodiment, the TAM inhibitor is B&4
(R428), S49076I'P0903,CEP-407830DN0-9330547, bosutinib (SKI1606, PF5208763), cabtimdmn(XL184),
sunitinib (SU11248), foretinib (XL880, GSK136308M)GCD265, BMS777607 (ASLANO002), LY2801653,
SGI7079,amuvatinib (SGI-0470-02, MP470), SNS314, PF-02381d&aminopyrimidine, spiroindoline,
UNC569, UNC1062, UNC1666, UNC2025, or LDC1267. Aiddal TAM inhibitors include those described in
Mollard et al, Med. Chem. Lett. 2011, 2, 907-912 and Feneyrelied, Mol. Cancer Ther. 13(9), Published
OnlineFirst August 19, 2014, the entireties of whéze incorporated by reference herein.

[00955] In some embodiment, a PI3Kinhibitor disclosed herein, e.g., Compound 1dsimistered to a
subject concurrent or prior to the administratibimnumune checkpoint therapy. In some embodiment, a
immunostimulant is administered to a subject cammiror prior to the administration of immune cheaikt
therapy. In some embodiment, chemotherapy (eagboplatin, oxaliplatin, or radiation) is adminisd to a
subject concurrent or prior to the administratibimamune checkpoint therapy.
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[00956] In some embodiments, a PI3Kinhibitor disclosed herein, e.g., Compound 1disimistered in
combination with an ARG inhibitor. While not wigly to be bound by theory, it has been reportetttimaor
associated myeloid cells establish an immunosupmesicroenvironment in tumors through the exgoesef
Arginase-1, which depletes the tumor microenvironind arginine, thereby the death or inhibitioraati-tumor
immune cells. Schmid et al., Proceedings: AACRrd@nual Meeting 2012, Cancer Research: April2(8,2;
Volume 72, Issue 8, Supplement 1. It has beerrtegthat suppression of PI3K-gamma or Arginase-1
expression blocked myeloid cell induced death oélls in vitro. Id. According to the non-limitirtgeory,
PI3K-gamma inhibition blocks Arginase-1 expressitiereby increasing the number of CD8+ T cellsimars,
stimulating T cell-mediated cytotoxicity of tumcelts, and suppressing growth and metastasis ofraimo
Combination therapies can be designed in accordaitieehis mechanism.

[00957] For instance, in some embodiments, a Pf3Khibitor disclosed herein, e.g., Compound 1, is
administered in combination with an ARGL1 inhibitdrhe ARG inhibitor may be, e.g., an inhibitorychaic
acid such as a siRNA, an inhibitory anti-ARG-1 batly, or an analog of arginine. Other exemplahytiitors of
ARG1 include N-hydroxy-guanidinium or N-hydroxy-nlearginine, and boronic acid derivatives, such24S)-
amino-6-boronohexanoic acid, and S-(2-boronoethgi)steine a-a-disubstituted amino acid based arginase
inhibitors [such as (R)-2-amino-6-borono-2-(2-(pige-1-yl)ethyl)hexanoic acid], and piceatanncicBp-d-
glucopyranoside (PG). Steppan et al., “Developménbvel arginase inhibitors for therapy of enddihl
dysfunction.”, Front Immunol. 2013 Sep 17;4:278: d6.3389/fimmu.2013.00278.

[00958] The PI3Ky inhibitors disclosed herein can have minimal éffem T-cell activation when
compared to the suppressive effect of a Fa3khibitor on T-cell activation. Lewis lung carcima tumor
growth can be reduced in PI3Kknockout mice and can have decreased tumor atsdciappressive myeloid
cell infiltrates. Tumor associated suppressive wigetells can include e.g., myeloid derived supgpoesells
(MDSCs) and tumor associated macrophages (TAMBK-R knockout mice have TAMs where the M2
phenotype is lost. M2 cells are immunosuppressinksaipport tumor growth. PI3K inhibitors provideerein
can block M2 phenotype(g, in anin vitro differentiation system), and thus can slow tuntomgh.

[00959] For example, the effect of PI3Kinhibitors and PI3KS inhibitors on T cell activation as
measured by inhibition of IFN-n response to ConA has shown that P&is-plays a role in mediating T cell
activation, while PI3Ky has minimal effects on T-cell activation. Thed®®r a PI3K$ inhibitor in this assay is
3nM, and the I for a PI3K« inhibitor is 2500 nM. Administration ¢?I13K-y inhibitors can lead to impaired T-
cell migration but may have reduced effects on [T greliferation or activation.

[00960] In some embodiments, the PI3Knhibitors disclosed herein can have potent effeattumor
associated suppressive myeloid cells without itinigpithe effector T-cell. The PI3Kinhibitors disclosed herein
can have potent effects on tumor associated sugppeesiyeloid cells without blocking anti-tumor THoeffects
and thus can increase T cell activity. In one editbent, this effect can be enhanced by adminigieCifiLA4

antagonists and/or PD-1 and PDL1 antagonists. T3k-finhibitors disclosed herein can increase T cell
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activation and proliferation. In some embodimeptsyided herein is a method of blocking tumor a&sted
suppressive myeloid cells without inhibiting tHéeets on anti-tumor T-cells comprising administerian
effective amount of a PI3K-inhibitor disclosed herein or a pharmaceuticatlgegptable salt thereof to a subject.
In some embodiments, provided herein is a methdaflozking tumor associated suppressive myeloidcell
without inhibiting the effects on anti-tumor T-celiomprising administering an effective amount ocbmpound
disclosed herein or a pharmaceutically acceptatitergereof to a subject. In some embodimentsstigect has
lung cancer, breast cancer, glioblastoma, or lymmh¢e.g., non-Hodgkin’s lymphoma).

[00961] Further provided herein are methods of modulatingde activity by contacting a kinase with an
amount of a compound provided herein sufficienhtmdulate the activity of the kinase. Modulate ban
inhibiting or activating kinase activity. In sorambodiments, provided herein are methods of inhipkinase
activity by contacting a kinase with an amount ebanpound provided herein sufficient to inhibit #adivity of
the kinase. In some embodiments, provided hereimgthods of inhibiting kinase activity in a sobuat by
contacting said solution with an amount of a conmgbprovided herein sufficient to inhibit the actyvof the
kinase in said solution. In some embodiments, ideal/herein are methods of inhibiting kinase attiin a cell
by contacting said cell with an amount of a comgbprovided herein sufficient to inhibit the activibf the
kinase in said cell. In some embodiments, proviger@in are methods of inhibiting kinase activityaitissue by
contacting said tissue with an amount of a compqurogided herein sufficient to inhibit the activiby the
kinase in said tissue. In some embodiments, peolittrein are methods of inhibiting kinase actiiritgn
organism by contacting said organism with an amofiatcompound provided herein sufficient to inhthie
activity of the kinase in said organism. In som&ediments, provided herein are methods of inmgikinase
activity in an animal by contacting said animaltwéin amount of a compound provided herein sufftdien
inhibit the activity of the kinase in said animah some embodiments, provided herein are methbiidibiting
kinase activity in a mammal by contacting said maiwith an amount of a compound provided herein
sufficient to inhibit the activity of the kinase said mammal. In some embodiments, provided hamein
methods of inhibiting kinase activity in a humandontacting said human with an amount of a compound
provided herein sufficient to inhibit the activity the kinase in said human. In some embodimémsyo of
kinase activity after contacting a kinase with enpound provided herein is less than 1, 5, 10, 2048, 50, 60,
70, 80 90, 95, or 99% of the kinase activity in #ifasence of said contacting step.

[00962] In certain embodiments, provided herein are phagotézal composition comprising a
therapeutically effective amount of a compound jued herein€.g, compound 1), or a pharmaceutically
acceptable form thereof, and an immunomodulator.

[00963] In one embodiment, the immunomodulator is an inbrof PD-1, PD-L1, LD-L2, CTLA-4,
TIM3, LAG3, VISTA, BTLA, TIGIT, LAIR1, CD160, 2B4,TGFR-beta, or IDO/TDO, or a combination thereof.
In one embodiment, the immunomodulator is an itbitef PD-L1. In one embodiment, the immunomodudat

is an antibody or fragment thereof, an inhibitongleic acid, a soluble ligand, or a fusion of a Pllgand with a
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Fc region of an immunoglobulin. In one embodim#ém, immunomodulator is a costimulatory ligand, a
MCSF/CSF-1R inhibitor, an immunostimulant, a CXCBX4LCL12 inhibitor, a CCL2 inhibitor, or a CCR2
inhibitor. In one embodiment, the immunomodulasocyclophosphamide, docetaxel, paclitaxel, 5-RU, o
temozolomide.

[00964] In one embodiment, provided herein is a methodeafting a PI3K-mediated disorder in a

subject, comprising administering to the subjetttemapeutically effective amount of the composition

Combination Therapy for Pulmonary and Respiratoigdases

[00965] In some embodiments, the compound provided heseadininistered in combination with one or
more other therapies. Such therapies include peetic agents as well as other medical intervestibehavioral
therapies€.g, avoidance of sunlight), and the like.

[00966] By “in combination with,” it is not intended to ihypthat the other therapy and the compound
provided herein must be administered at the samme aind/or formulated for delivery together, altHotigese
methods of delivery are within the scope of thiscltisure. The compound provided herein can berdsimied
concurrently with, prior tog.g, 5 minutes, 15 minutes, 30 minutes, 45 minutémur, 2 hours, 4 hours, 6 hours,
12 hours, 24 hours, 48 hours, 72 hours, 96 houngek, 2 weeks, 3 weeks, 4 weeks, 5 weeks, 6 w8ekseks,
12 weeks, or 16 weeks before), or subsequemt.¢n § minutes, 15 minutes, 30 minutes, 45 minutdmuk, 2
hours, 4 hours, 6 hours, 12 hours, 24 hours, 48h@@ hours, 96 hours, 1 week, 2 weeks, 3 weekseks, 5
weeks, 6 weeks, 8 weeks, 12 weeks, or 16 weeks,aftee or more other therapiesd, one or more other
additional agents). In general, each therapeggnawill be administered at a dose and/or on a sohedule
determined for that particular agent. The otherapeutic agent can be administered with the comgbou
provided herein in a single composition or sepdydtea different composition. Triple therapy is@
contemplated herein.

[00967] In general, it is expected that additional thersipeagents employed in combination be utilized at
levels that do not exceed the levels at which #reyutilized individually. In some embodiments tavels

utilized in combination will be lower than thoséliaed individually.

[00968] In some embodiments, the compound provided hesearfirst line treatment for a pulmonary or
respiratory diseasee., it is used in a subject who has not been prelyadministered another drug intended to
treat a pulmonary or respiratory disease, or ormaae symptoms of the disease.

[00969] In some embodiments, the compound provided hesearsiecond line treatment for a pulmonary
or respiratory diseasee,, it is used in a subject who has been previoudtyinistered another drug intended to
treat a pulmonary or respiratory disease, or omaare symptoms of the disease.

[00970] In some embodiments, the compound provided heseirthird or fourth line treatment for a
pulmonary or respiratory disease,, it is used in a subject who has been previoustyinistered two or three

other drugs intended to treat a pulmonary or ragmiy disease, or one or more symptoms of the sksea
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[00971] In embodiments where two agents are administehedagents can be administered in any order.
For example, the two agents can be administerecLicantly (.e., essentially at the same time, or within the
same treatment) or sequentially( one immediately following the other, or altermaty, with a gap in between
administration of the two). In some embodimeriie,dompound provided herein is administered setplignt

(i.e. after the first therapeutic).

[00972] In some embodiments, the compound provided heralritee second agent are administered as
separate compositions.g, pharmaceutical compositions. In some embodimémscompound provided herein
and the agent are administered separately, btlth@iaame routee(g, both by inhalation). In some
embodiments, the compound provided herein andgéetare administered in the same composigan,
pharmaceutical composition.

[00973] In some embodiments, the compound provided heeeiny PI3K-5 inhibitor or PI3Ky inhibitor)

is administered in combination with an agent thathits IgE production or activity. In some emhuoénts, the
compound provided hereie.g, PI3K-6 inhibitor or PI3Ky inhibitor) is administered in combination with an
inhibitor of MTOR. Agents that inhibit IgE prodiarn are known in the art and they include but arelimited to
one or more of TEI-9874, 2-(4-(6-cyclohexyloxy-2ph&yloxy)phenylacetamide)benzoic acid, rapamycin,
rapamycin analogs.€., rapalogs), TORCL inhibitors, TORC2 inhibitorsdamy other compounds that inhibit
MTORC1 and mTORC2. Agents that inhibit IgE activitglude, for example, anti-IgE antibodies suclicas
example Omalizumab and TNX-901.

[00974] In certain embodiments, wherein inflammatierg( COPD, asthma) is treated, prevented and/or
managed, a compound provided herein can be comhbiitiedfor example: PI3K inhibitors such as RP-658G
100-115, RV1729, GS-1101, XL 499, GDC-0941, and ABI®; BTK inhibitors such as ibrutinib and AVL-292;
JAK inhibitors such as tofacitinib and GLPG0636;KSivihibitors such as fostamatinib.

[00975] In some embodiments, a compound provided hereilbearombined with other agents that act to
relieve the symptoms of inflammatory conditions;tsas COPD, asthma, and the other diseases deshabain.
These agents include, but are not limited to, rtereglal anti-inflammatory drugs (NSAIDS,g, acetylsalicylic
acid; ibuprofen; naproxen; indomethacin; nabumetand tolmetin. In some embodiments, corticostkraire
used to reduce inflammation and suppress actifitg@immune system.

[00976] In some embodiments, a compound provided heeef Compound 1), or an enantiomer, a
mixture of enantiomers, or a mixture of two or mdrgstereomers thereof, or a pharmaceutically dab&pform
thereof, is administered in combination with anrdder pulmonary or respiratory diseases. Exampfegents
for pulmonary or respiratory diseases include dvatnot limited to, Abraxane (paclitaxel proteindhd particles
for injectable suspension), Adempas (riociguat)pdrEllipta (umeclidinium and vilanterol inhalatipowder),
Breo Ellipta (fluticasone furoate and vilanterdhaation powder), Opsumit (macitentan), Qnasl| (@®ethasone
dipropionate) nasal aerosol, Sirturo (bedaquiliDg)nista (azelastine hydrochloride and fluticasprapionate),

Kalydeco (ivacaftor), Qnasl (beclomethasone dipnaie) nasal aerosol, Rayos (prednisone) delayedse
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tablets, Surfaxin (lucinactant), Tudorza Pressalidinium bromide inhalation powder), Arcapta @odterol
maleate inhalation powder), Daliresp (roflumiladJkori (crizotinib), Cayston (aztreonam for inagbn
solution), Dulera (mometasone furoate + formot&roiarate dihydrate), Teflaro (ceftaroline fosanMjicirca
(tadalafil), Tyvaso (treprostinil), Alvesco (ciclasde), Patanase (olopatadine hydrochloride), tistai
(ambrisentan), Xyzal (levocetirizine dihydrochla)dBrovana (arformoterol tartrate), Tygacil (tigeline),
Ketek (telithromycin), Spiriva HandiHaler (tiotraph bromide), Aldurazyme (laronidase), Iressa (i,
Xolair (omalizumab), Zemaira (alphal-proteinasekitbr), Clarinex, Qvar (beclomethasone dipropie)at
Remodulin (treprostinil), Xopenex (levalbuterol)yélox I.V. (moxifloxacin hydrochloride), DuoNeb (aiterol
sulfate and ipratropium bromide), Foradil AerolifErmoterol fumarate inhalation powder), InvanaddiCrom
Nasal Spray, Tavist (clemastine fumarate), Tradleesentan), Ventolin HFA (albuterol sulfate inhiala
aerosol), Biaxin XL (clarithromycin extended-reledablets), Cefazolin and Dextrose USP, Tri-Napah$
(triamcinolone acetonide spray), Accolate (zafids#§, Cafcit Injection, Proventil HFA Inhalation fsol,
Rhinocort Aqua Nasal Spray, Tequin, Tikosyn Capsuiegra-D, Clemastine fumarate syrup, Curosurf,
Dynabac, Infasurf, Priftin, Pulmozyme (dornase)alflerosol Intrapleural Aerosol, Singulair (mdakast
sodium), Synagis, Ceftin (cefuroxime axetil), Cigegprofloxacin HCI), Claritin RediTabs (10 mg |éagine
rapidly-disintegrating tablet), Flonase Nasal SpFgvent Rotadisk, Metaprotereol Sulfate Inhakat8nlution
(5%), Nasacort AQ (triamcinolone acetonide) Nagah@, Omnicef, Raxar (grepafloxacin), Serevenidél
(nedocromil sodium), Tobi, Vanceril 84 mcg DoubteeBgth (beclomethasone dipropionate, 84 mcg) Hilvad
Aerosol, Zagam (sparfloxacin) tablets, Zyflo (Zilen), Allegra (fexofenadine hydrochloride), Astefiasal
spray, Atrovent (ipratropium bromide), Augmentim@icillin/clavulanate), Azmacort (triamcinoloneedonide)
Inhalation Aerosol, Breathe Right, Claritin Syrdprétadine), Claritin-D 24 Hour Extended Releasbl&is (10
mg loratadine, 240 mg pseudoephedrine sulfate)ef@eMS (verapamil), OcuHist, RespiGam (Respiratory
Syncitial Virus Immune Globulin Intravenous), Triba (Diptheria and Tetanus Toxoids and Acellulartirssis
Vaccine Absorbed), Vancenase AQ 84 mcg Double §theVisipaque (iodixanol), Zosyn (sterile pipethti
sodium/tazobactam sodium), Cedax (ceftibuten),Zmtec (cetirizine HCI). In one embodiment, theagfor
pulmonary or respiratory diseases is Arcapta (iatiaol maleate inhalation powder), Daliresp (roflast),
Dulera (mometasone furoate + formoterol fumaratgdtiate), Alvesco (ciclesonide), Brovana (arformaite
tartrate), Spiriva HandiHaler (tiotropium bromid&plair (omalizumab), Qvar (beclomethasone dipropie),
Xopenex (levalbuterol), DuoNeb (albuterol sulfatel #pratropium bromide), Foradil Aerolizer (formoae
fumarate inhalation powder), Accolate (zafirlukaSingulair (montelukast sodium), Flovent Rotadisk
(fluticasone propionate inhalation powder), Tilddedocromil sodium), Vanceril (beclomethasone dioate,
84 mcq), Zyflo (Zileuton), and Azmacort (triamcinak acetonide) Inhalation Aerosol. In one embodirrtar

agent for pulmonary or respiratory diseases isi&pkandiHaler (tiotropium bromide).
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[00977] Examples of agents for pulmonary or respiratorgakes include, but are not limited to,
acetylcysteine (mucomyst) selected from Tudorzadie (aclidinium bromide), Atrovent (ipratropiunand
Spiriva (tiotropium).

[00978] Examples of agents for pulmonary or respiratorgales include, but are not limited to, beta2
agonists selected from short-acting beta2 agoaigidong acting beta2 agonists. Short acting begaists
include, but are not limited to, Proventil (albwtgr Tornalate (bitolterol), Xopenex (levalbuterdi)axair
(pirbuterol), and Alupent (metaproterenol). Lomgireg beta2 agonists include, but are not limitedBrovana
(arformoterol tartrate), Foradil (formoterol), Apta Neohaler (indacaterol maleate), and Serevalmhéterol).
[00979] Examples of agents for pulmonary or respiratorgaies include, but are not limited to,
combination of two agents. In one embodiment, tiralination is administered through inhalation. The
combination of two agents includes, but is nottigdito a beta2 agonist and an anticholinergi ssdieftom
Combivent (albuterol and ipratropium) and Anordd (umeclidinium and vilanterol inhalation powjlerhe
combination of two agents include, but are nottiuito a beta2 agonist and a corticosteroid seldaben Advair
(fluticasone and salmeterol), Breo Ellipta (flusoae furoate and vilanterol inhalation powder),ébal
(mometasone furoate and formoterol fumarate), ambo®&ort (budesonide and formoterol).

[00980] Examples of agents for pulmonary or respiratorgaies include, but are not limited to,
corticosteroids selected from Vanceril Beclovemic{bmethasone), Pulmicort (budesonide), Alvesco
(ciclesonide), Aerobid (flunisolide), Flovent (fichsone), Asmanex (mometasone furoate), and Azrmacor
(triamcinolone).

[00981] Examples of agents for pulmonary or respiratorgakes include, but are not limited to,
leukotriene inhibitors selected from Singulair (rtednkast), Accolate (zafirlukast), and Zyflo (ziten).

[00982] Examples of agents for pulmonary or respiratorgakies include, but are not limited to, mast cell
stablizers selected from Intal (cromolyn sodiung ailade (nedocromil).

[00983] Examples of agents for pulmonary or respiratorgakes include, but are not limited to,
phosphodiesterase 4 (PDE4) inhibitors selected Patiresp (roflumilast).

[00984] In some embodiments, a compound provided heeef Compound 1), or an enantiomer, a
mixture of enantiomers, or a mixture of two or mdrgstereomers thereof, or a pharmaceutically dab&pform
thereof, is administered in combination with anrader immunology or infectious diseases. Exampliesgents
for immunology or infectious diseases include, dmt not limited to, Kineret (anakinra), Lovenoxdgaparin
sodium) Injection, Makena (hydroxyprogesterone caf# injection), Myalept (metreleptin for injectjp@nasl
(beclomethasone dipropionate) nasal aerosol, Sinfgolimumab), Sitavig (acyclovir) buccal tabletecfidera
(dimethyl fumarate), Tivicay (dolutegravir), VariZ| Varicella Zoster Immune Globulin (Human), Flublo
(seasonal influenza vaccine), Flucelvax (influevirzas vaccine), Fulyzaq (crofelemer), Horizant (gaéntin
enacarbil), Qnasl (beclomethasone dipropionateglrssosol, Rayos (prednisone) delayed-releasetsabl

Stribild (elvitegravir, cobicistat, emtricitabinesnofovir disoproxil fumarate), Tudorza Pressaiti¢hnium
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bromide inhalation powder), Arcapta (indacateroleate inhalation powder), Benlysta (belimumab), Glara
(emtricitabine/rilpivirine/tenofovir disoproxil fuarate), Daliresp (roflumilast), Dificid (fidaxomitj, Edurant
(rilpivirine), Firazyr (icatibant), Gralise (gabag@), Incivek (telaprevir), Nulojix (belatacep¥jctrelis
(boceprevir), Cayston (aztreonam for inhalatiomsoh), Egrifta (tesamorelin for injection), Menvéaeningitis
vaccine), Oravig (miconazole), Prevnar 13 (Pneurncetiol 3-valent Conjugate Vaccine), Teflaro (cefiam
fosamil), Zortress (everolimus), Zymaxid (gatifl@ia ophthalmic solution), Bepreve (bepotastine lagsi
ophthalmic solution), Berinert (C1 Esterase Inlib{Human)), Besivance (besifloxacin ophthalmigmunsion),
Cervarix [Human Papillomavirus Bivalent (Types 1®ld8) Vaccine, Recombinant], Coartem
(artemether/lumefantrine), Hiberix (Haemophilusdnffigate Vaccine; Tetanus Toxoid Conjugate), llaris
(canakinumab), Ixiaro (Japanese Encephalitis Vagdiractivated, Adsorbed), Kalbitor (ecallantid@utenza
(capsaicin), Vibativ (telavancin), Zirgan (gancigloophthalmic gel), Aptivus (tipranavir), Asteptazelastine
hydrochloride nasal spray), Cinryze (C1 Inhibitdunan)), Intelence (etravirine), Moxatag (amoxia}l
Rotarix (Rotavirus Vaccine, Live, Oral), Tysabratalizumab), Viread (tenofovir disoproxil fumaratajtabax
(retapamulin), AzaSite (azithromycin), Doribax (g&nem), Extina (ketoconazole), Isentress (raltiegra
Selzentry (maraviroc), Veramyst (fluticasone fue)akyzal (levocetirizine dihydrochloride), Eraxis
(anidulafungin), Gardasil (quadrivalent human gapikvirus (types 6, 11, 16, 18) recombinant vag¢ciNexafil
(posaconazole), Prezista (darunavir), Rotateq\imtg vaccine, live oral pentavalent), Tyzeka (teldine),
Veregen (kunecatechins), Baraclude (entecavir)ag@ydtigecycline), Ketek (telithromycin), Tindamax
tinidazole, Xifaxan (rifaximin), Amevive (alefacgpEluMist (Influenza Virus Vaccine), Fuzeon (enitide),
Lexiva (fosamprenavir calcium), Reyataz (atazanswifate), Alinia (nitazoxanide), Clarinex, Daptadduzone
Preservative-free, Hepsera (adefovir dipivoxil)diaex Vaccine, Pegasys (peginterferon alfa-2axt&ss
(cyclosporine ophthalmic emulsion), Sustiva, Vféndriconazole), Avelox I.V. (moxifloxacin hydrochide),
Cancidas, Peg-Intron (peginterferon alfa-2b), Ral{eibavirin), Spectracef, Twinrix, Valcyte (valgeiclovir
HCI), Xigris (drotrecogin alfa [activated]), ABREV&locosanol), Biaxin XL (clarithromycin extendede@se
tablets), Cefazolin and Dextrose USP, Children'sriMcCold, Evoxac, Kaletra Capsules and Oral Sofuyti
Lamisil (terbinafine hydrochloride) Solution (1%)ptrisone (clotrimazole/betamethasone diproprioniatéon,
Malarone (atovaquone; proguanil hydrochloride) €gtiRapamune (sirolimus) Tablets, Rid Mousse, Tasi
Spray (triamcinolone acetonide spray), Trivagizblglotrimazole) Vaginal Cream, Trizivir (abacasulfate;
lamivudine; zidovudine AZT) Tablet, Agenerase (aemavir), Cleocin (clindamycin phosphate), Famvir
(famciclovir), Norvir (ritonavir), Panretin Gel, Ramune (sirolimus) oral solution, Relenza, Synetaid
Tamiflu capsule, Vistide (cidofovir), Allegra-D, @@ept, Clemastine fumarate syrup, Dynabac, REBENRO
(TM) Combination Therapy, Simulect, Timentin, Vitap INFANRIX (Diphtheria and Tetanus Toxoids and
Acellular Pertussis Vaccine Adsorbed), AcyclovipSales, Aldara (imiquimod), Aphthasol, Combivir, riyglox
Gel 0.5% (pokofilox), Flagyl ER, Flonase Nasal §pifeortovase, INFERGEN (interferon alfacon-1), ¢mtrA
(interferon alfa-2b, recombinant), Rescriptor T&blglelavirdine mesylate tablets), SPORANOX (itrzazole),
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Stromectol (ivermectin), Taxol, Trovan, VIRACEPTe(finavir mesylate), Zerit (stavudine), Albenza
(albendazole), Apthasol (Amlexanox), CarringtorchatConfide, Crixivan (Indinavir sulfate), Gastroor Oral
Concentrate (cromolyn sodium), Havrix, Lamisil fi@afine hydrochloride) Tablets, Leukine (sargratimos
Oral Cytovene, RespiGam (Respiratory Syncitial ¥ilnmune Globulin Intravenous), Videx (didanosine),
Viramune (nevirapine), Vitrasert Implant, Zithromgzithromycin), Cedax (ceftibuten), Clarithromyg¢Biaxin),
Epivir (lamivudine), Invirase (saquinavir), Valtréxalacyclovir HCI), and Zyrtec (cetirizine HCI).

[00985] Further therapeutic agents that can be combinddanéiubject compound can be found in
Goodman and Gilman’sThe Pharmacological Basis of Therapeuti€enth Edition edited by Hardman,
Limbird and Gilman or the Physician’s Desk Refemrmth of which are incorporated herein by refeegn
their entirety.

[00986] The compounds described herein can be used in oatitn with the agents provided herein or
other suitable agents, depending on the conditgmgatreated. Hence, in some embodiments, the congs as
provided herein will be co-administered with othgents as described above. When used in combinatio
therapy, the compounds described herein can benétared with the second agent simultaneously jparseely.
This administration in combination can include ditewoeous administration of the two agents in threesdosage
form, simultaneous administration in separate desagns, and separate administration. That isnapound
described herein and any of the agents describegeatan be formulated together in the same dosagednd
administered simultaneously. Alternatively, a conmnpd as provided herein and any of the agentsitdescr
above can be simultaneously administered, whemim the agents are present in separate formulations
another alternative, a compound as provided heaairbe administered just followed by and any ofahents
described above, or vice versa. In the separaténéiration protocol, a compound as provided hreagid any of
the agents described above can be administered mifeutes apart, or a few hours apart, or a feveagart.
[00987] Administration of the compounds as provided hecaim be effected by any method that enables
delivery of the compounds to the site of actiom effective amount of a compound as provided herambe
administered in either single or multiple doseshy of the accepted modes of administration of tsgesving
similar utilities, including rectal, buccal, intrasal and transdermal routes, by intra-arteriattige,
intravenously, intraperitoneally, parenterallyramhuscularly, subcutaneously, orally, topicallyaasnhalant, or
via an impregnated or coated device such as g sbemxample, or an artery-inserted cylindricalypaer.
[00988] When a compound as provided herein is administaragoharmaceutical composition that
comprises one or more agents, and the agent Hestarshalf-life than the compound as provided imgnenit

dose forms of the agent and the compound as pmbvideein can be adjusted accordingly.

-202-



6. EXAMPLES
[00989]

provided herein and methods of preparing such comg It is to be understood that the scope opthsent
disclosure is not limited in any way by the scopéhe following examples and preparations. Inftilowing
examples molecules with a single chiral centergesmbtherwise noted, exist as a racemic mixturesdh

molecules with two or more chiral centers, unleb&wise noted, exist as a racemic mixture of dia@stmers.

The examples and preparations provided below fuitlistrate and exemplify the compounds as

Single enantiomers/diastereomers can be obtainadklbiyods known to those skilled in the art.

Abbreviations/Acronyms Full Name/Description
ACN or MeCN acetonitrile
DCM dichloromethan
DMF dimethylformamid
EtOAC ethyl acetat
IPA isopropyl alcohc
IPAC isopropyl aceta
MEK methyl ethyl keton
2-MeTHF 2-methyltetrahydrofure
MIBK methylisc-butyl keton:
MTBE or TBME tert-butyl methyl ethe
THF tetrahydrofura
DIPEA diisopropylethylamin
DIPA Diisopropanolamin
EDCI 3-(3-Dimethylaminopropyl-1-ethyl-carbodiimide hydrochloric

Example 1 Preparation of Compound 1

A. Method 1
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[00990] Compound 1 was prepared in 3 steps from compouaccArding to the following procedures:
Compound A was coupled to 2-((tert-butoxycarbomyiye)pyrazolo[1,5-a]pyrimidine-3-carboxylic acid
according to the following procedure: Compound2&.4 mmol, 1.0 equiv), HOBt hydrate (1.2 equiv)(t&rt-
butoxycarbonyl)amino)pyrazolo[1,5-a]pyrimidine-3Hdsaxylic acid (1.05 equiv) and EDCI (1.25 equiv)ree
added to a 200 mL round bottomed flask with alstit N,N-Dimethylformamide (50 mL) was added and the
suspension was stirred at RT for 2 min. Hunig'seb@.0 equiv) was added and after which the ssamen
became homogeneous and was stirred for 22h rggitdtitne formation of a solid cake in the reacfilesk. The
solid mixture was added to water (600 mL) andetifior 3h. The resulting cream colored solid witsréd and
washed with water (2 x 100 mL) and dried. Thedsalas then dissolved in methylene chloride (40 aftgr
which trifluoroacetic acid (10 equiv, 20 mL) wasdad and the reaction was stirred for 30 min at &dr avhich
there is no more starting material by LC/MS analysihe solution was then concentrated and coeatgabwith
a mixture of methylene chloride/ethanol (1:1 v/mildahen dried under high vacuum overnight. Thaltieg
solid was triturated with 60 mL of ethanol for Itdathen collected via vacuum filtration. The bespiid was
then neutralized with sodium carbonate solutiord(fL) and then transferred to a separatory funiitil w
methylene chloride (350 mL). The water layer wesaeted with an additional 100 mL of methyleneottde.
The combined organic layers were dried over sodiulfate, filtered and concentrated under vacuupraweide a
pale yellow solid that was purified using flashcsilgel chromatography (Combiflash, 24g columndignat of O-
5% methanol/methylene chloride) to provide amideE&I-MS m/z: 459.4 [M+H]+.

[00991] Amide B was placed in a sealed tube (0.67 mmolediv) followed by
dichlorobis(acetonitrile)palladium (15 mol%), X-Rh@5 mol%), and cesium carbonate (3.0 equiv)
Propionitrile (5 mL) was added and the mixture Wwabbled with Ar for 1 min. 4-Ethynyl-1-methyl-1H#azole
(1.24 equiv) was added and the resulting orangéuneixvas sealed and stirred in an oil bath &Btor 1.5h.
The resulting brownish-black mixture was alloweda ¢l at which point there was no more SM by LC/MS
analysis. The mixture was then filtered througthart plug of cotton using acetonitrile and methglehloride.
The combined filtrates were concentrated ontoasijel and purified using flash silica gel chromaapdpy
(Combiflash, 4g column, gradient of 0-5% methylehiride/methanol). The resulting material wasHer
purified by reverse phase HPLC (15-90% acetonitvith 0.1% formic acid/water with 0.1% formic wakeo
provide desired Compound 1. The solution contgidompound 1 was lyophilized to give amorphous
Compound 1. ESI-MS m/z: 529.5 [M+H]+.

B. Method 2
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NH; i) PdCl,(MeCN), /XPhos/ iy EDCI/ HOBY/ DIPEA
A Cs,CO53/MeCN/ 70 °C DMF/ r.t
ii) Pd scavenging ii) 0.1M K,CO4
iii) Solvent exchange i) Recrystallization
to PrOAc IPA/water
iv) Recrystallization
PrOAc/Heptane
[00992] The first step started with palladium-catalyzedssrooupling of Compound A with 4-ethynyl-1-

methyl-1H-pyrazole in acetonitrile to form Compoutid The allowable temperature range for this dogplas
70 £ 5°C. Once the cross-coupling reaction wasptets, the reaction mixture was cooled to room terafjure
and filtered to remove insoluble inorganic saltfie resulting solution was first treated with adtionalized

silica gel followed by regular silica gel. Cruder@pound C was collected by filtration and washifthe silica
gel with a 30% propyl acetate/ acetonitrile solaticCrystallization of Compound C was achieved dlyent
exchange into n-PrOAc and crystals were isolatefiltbgtion and drying to within specification lins. Typical
chemical purity is > 98 % area. Typical yields @ée- 80%.

[00993] More specifically, acetonitrile (ACS grade, MeCNaswdegassed with nitrogen for at least 30
minutes. Degassed acetonitrile (2 volumes) undesgen was charged to the reaction vessel. CompAufdat,

1 equ.)dichlorobis(acetonitrile)palladium (II) (0.05 equdjcyclohexyl[2-(2,4,6-
triisopropylphenyl)phenyl]phosphane (XPhos) (0.1@85.)and cesium carbonate (1.2 equ.) under nitrogen were
also charged to the reaction vessel. The reactigtura was agitated. 4-ethynyl-1-methyl-1H-pyraz@l.2 equ.
corrected for assay content) was charged intoethetion vessel. Heat the reaction mixture to 20G (internal
temperature).

[00994] The reaction was monitored by HPLC after 3 hosce the reaction was determined complete
the heat was turned off and the reaction mixtuezbto room temperature (22 £@) over a minimum of 2
hours and held at r.t. far2 hours. The suspension was filtered and the walshed with acetonitrile (2 x 2
volumes). The washes were combined with the fidtproduct layer). The filtrate (product layer)sateansferred
back into the reaction vessel. The vessel wakdlisvith nitrogen for at least 2 minutes and aigitate-started.
2-mercaptoethyl ethyl sulfide Silica [Phosphonid&V26] (0.5 wt% with respect to Compound A) was ¢iear

at room temperature (22 +@). The mixture was stirred fer4 hours at r.t.. The resin was filtered off and
washed with acetonitrile (2 x 2 volumes). The vessWwere combined with the filtrate (product layer).

[00995] The acetonitrile solution (product layer) was puthgi@ough a pre-packed silica cartridge (flow

rate~ 50 mL/min) and collected the filtrate in a cleassel. The silica column was washed with 30% propyl
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acetate in acetonitrile (5 x 4 volumes). The washkere combined with the previous filtrate. Thetawirile/
propyl acetate solution was transferred into arcliatillation vessel. The volume was reduced todlomes
under vacuum (200 Torr, 48). Propyl acetate (10 volumes) was charged tali$télation vessel. The reaction
volume was reduced to 10 volumes under vacuum T4 50°C). The vacuum was released and propyl acetate
(10 volumes) was charged to the distillation vesEe¢ reaction volume was reduced to 10 volumesgund
vacuum (100 Torr, 5C).

[00996] The PrOAc solution/mixture was heated to refluxrfea 102'C) with stirring, under nitrogen,
and was held for 30 minutes. The heat was turned off and the méxivas cooled to r.t. (22 +'8) over 4

hours. Heptane (10 volumes, ACS grade) was chamgiek suspension at r.t. (22 #@ over 30 minutes. The
mixture was aged for 1 hour at r.t. (22 + &C). The solid was filtered off and washed with laget (2 x 5
volumes). The solid was deliquored under vacuurz ours. The solid was transferred to drying trayd
placed in a vacuum oven and dried ai@@nder vacuum, with a nitrogen bleed, until comsteeight was
achieved.

[00997] The second step is an amide coupling reaction eetv@@mpound C and the carboxylic acid
employing EDCI and HOBt at 30°C. Compound C waated with the carboxylic acid, HOBt, EDCI and
DIPEA in DMF and stirred at 3G under nitrogen until judged complete by HPLC e Teaction mixture was
polish filtered and pumped slowly into a 0.1M petam carbonate aqg. solution. After ageing, theltieg
suspension was filtered. The crude Compound 1swhsequently purified by recrystallization. Thédswas
dissolved in a mixture of hot IPA/water (1:1) anebtted with water. On cooling Compound 1 prededdgrom
solution. The crystals were isolated by filtratisrashed with water and dried. Typical chemicaltgus > 98 %
area. Typical yields are 60 - 70%.

[00998] Specifically, the reaction vessel was charged @itimpound C (1 wt, 1 equ.), 2-
aminopyrazolo[1,5-a]pyrimidinecarboxylic acid (1.6u), 1-hydroxybenzotriazole hydrate (0.1 equgthyl-(3-
dimethylaminopropyl)carbodiimide hydrochloride, gdhous (1.2 equ.)\,N-dimethylformamide, ACS grade (10
volumes), andN,N-diisopropylethylamine, ReagentPlus (3 equ.) a{22 + 3 °C) with under nitrogen at r.t.. The
reaction mixture was heated at 30 + 5°C under gétno The reaction was stirred at 30 = 5°C (Tar@et@. The
reaction was monitored by HPLC after 16 hours.sTaaction could also be conducted without the bése
diisopropylethylamine.

[00999] The reaction mixture was quenched as follows. MOsblution of potassium carbonate in water
was prepared. The quench vessel was charged aiisgium carbonate (3.2 equ) followed by water (80
volumes). The mixture was stirred at r.t. untilyfalissolved. The DMF reaction solution (prodiayer) was
polish filtered. The reaction vessel was rinsedhaismall amount of DMF (0.5 volumes). The DMF eingas
passed through the polish filter. The DMF solufjproduct layer) was slowly transferred into thegasium
carbonate solution over2 hours at r.t (22 £ 3 °C). The suspension was &ye> 1 hour at r.t. (22 + 3 °C). The
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solid was filtered off under house vacuum (tabfefttter), de-liquored and washed with water (20kvblumes).
It was deliquored under vacuum at r.t. until consteeight was achieved.

[001000]
(10 volumes). The mixture was agitated. The suspengas heated to 80 + 3 °C (Target 80 °C). Thetunexwas

A vessel was charged with crude Compound 1, isgpredpohol (10 volumes) followed by water

aged for> 15 minutes. Water (10 volumes) was charged todissel at such a rate to maintain the internal
temperature between 80 + 5 °C (Target 80 °C).Tterrial temperature was adjusted to 80 °C and loeld 20
minutes before proceeding to the next step. Theesnisson was cooled to r.t. (22 + 3 °C) over 4 holihe
suspension was aged at r.t. o4 hours. The solid was filtered under vacuum. 3dl&l was washed with 20%
isopropyl alcohol in water (2 x 5 volumes). Theidgebas deliquored under vacuum fod hour. The solid was
transferred to drying trays and placed in a vacouen and dry at 40 °C under vacuum, with a nitrdglerd,
until constant weight was achieved. Characteonatif the solid showed it was Form 1.

C. Method 3
<L
\
N-N N
cl o N N
Ph _
W I L
¥ D
T —_— —_—
NH; i) PdCI,(MeCN), /XPhos/ i) DIPEA y
A Cs,CO5/MeCN/ 70 °C MeCN/ 60 °C HN__O
ii) Pd scavenging i) KOH aq
iii) Solvent exchange i) filter N— 7 —NH;
1 % /
to PrOAc iv) acetone/H,O <\/N—N
iv) Recrystallization v) solvent switch to IPA/H,0
PrOAc/Heptane vi) filter
[001001] The first step is palladium-catalyzed cross-coupbhCompound A with 4-ethynyl-1-methyl-

1H-pyrazole in acetonitrile to form Compound C. Haene procedures from Method 2 above can be used to

produce compound C. Compound C was coupled withpooimd D to form Compound 1.

[001002]

CO.H

Compound D was prepared by converting the carboagdid to its NHS activated ester.

o= ]
N

i) NHS/ EDCI/ DMF/ r.t O
O

A
Q/ NH
/) 2
SoN<y

i) Water/ 0°C
e . = /N / NH
i) Filter &/N‘N/ 2

D
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[001003] The reaction vessel was flushed with nitroger>f@5 minutes. DMF (2 volumes) was charged to
the vessel. The jacket temperature was set to 28dydroxysuccinimide (HOSu or NHS) (1.3 equ.) was
charged to the reaction vessel, followed by 2-apyrazolo[1,5-a]pyrimidinecarboxylic acid (1 wt, gje) and
EDCI (1.3 equ.) and DMF (13 volumes) at 23°C und&pgen.

[001004] The reaction mixture was stirred at 23°C undeogin. The reaction was monitored by HPLC.
Once judged complete the reaction contents werkeddo 0 + 5°C. Water (20 volumes) was added ovér
hours to the reaction mixture via peristaltic pumapjler nitrogen at such a rate to maintain theniale
temperature at 0 + 5°C. The suspension was agedfour at 0 + 5°C. The solid was filtered off undacuum
and washed with water (2 x 5 volumes). The solid deliquored for1 hour then transferred into a vacuum oven
and dried at 40°C, under vacuum, with a slightogién purge until constant weight was achievedanin
alternative example, the reaction was ran withdetEA.

[001005] The coupling of compound C with compound D wasiedrout as follows. The reaction vessel
was evacuated and purged with nitrogersfd5 minutes. Compound C (1 wt, 1 equ.), Compour{d.D5 equ.)
and acetonitrile (15 volumes), were charged tadaetion vessel at 22 + 3°C, under nitrogen. Thetien vessel
was evacuated and back filled with nitrogen. Thetune was agitatedN,N-Diisopropylethylamine (DIPEA) (1.1
equ.) at 22 + T was charged to the reaction vessel under nitcofjeam reaction mixture was heated to 60°& 2
and stirred under nitrogen. The reaction was moettdy HPLC.

[001006] Once the reaction was judged complete by HPLC adMtion of potassium hydroxide (0.5
equ., 1.21 volumes) was charged to the reactiosel@s such a rate to maintain an internal temperdietween
52 — 60°C. The suspension was aged at 60 + 2°€ liours, then cooled to 22 + 3°C over 1 hour. Tdiiel svas
filtered off under vacuum then washed with acetdaif2 x 2.5 volumes) followed by 4:1 /water: amsitrile (2 x
2.5 volumes). It was deliquored under vacuum afart> 12 hours.

[001007] Water (8 volumes), crude compound 1 (1 wt) from acetone (32 volumes) were charged to the
recrystallization vessel. The mixture was agitated heated to 55 + 5°C. The solution was aged atS&
(Target 50°C) for 10 minutes and then cooled thetism to 23 + 3°C. The reaction solution was tfan®d into

a holding drum. The recrystallization vessel wased with acetone (twice). The reflux condensersxatanged
for a short path distillation setup on the recrjigtation vessel and flushed with nitrogen for animium of 15
minutes. The reaction solution was transferredugincan inline polish filter (media PTFE, pore slzgm) back
into the recrystallization vessel. Acetone (2 vobs)was charged into the holding drum and the sinse
transferred into the recrystallization vessel tigtothe inline filter. The mixture was agitated ahe jacket
temperature was set to 45°C.

[001008] The solvent volume was reduced to 20 volumes uradirced pressure maintaining an internal
temperature at 30°C (Target 35°C). The vacuum was released aniktaire of 3 : 2 / isopropyl alcohol : water
(20 volumes) was charged to the recrystallizatiessel. The solvent volume was reduced to 20 volumeder

reduced pressure maintaining an internal temperatizr 30°C (Target 35°C). The vacuum was released and a
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mixture of 3 : 2 / isopropyl alcohol : water (20lwmmes) was charged to the recrystallization ve3dw. solvent
volume was reduced to 20 volumes under reducedymesnaintaining an internal temperature 80°C (Target
35°C). The vacuum was released and a mixture & Bisopropyl alcohol : water (10 volumes) wasrged to

the recrystallization vessel. The short path didgidn head was replaced with a reflux condenser.

[001009] The reactor was purged with nitrogen for at le&sirinutes. The stirred suspension was heated
to 60 + 2°C (Target 60°C). The suspension was atjé0 + 2°C (Target 60°C) for 14 + 2 hours and thas
cooled to 23 + 3°C over 1 hour. A small sample was taken to confirm cosioerto Form 1 was complete. The
suspension was aged o3 hours. The solid was filtered off under vacuurd washed the solid with 20%
isopropyl alcohol in water (2 x 5 volumes). Theidebas deliquored under vacuum fod hour, transferred to
drying trays, placed in a vacuum oven and drie¢Da@ under vacuum, with a nitrogen bleed, until comsta
weight was achieved. Characterization of the ssitiolwed it was Form 1.

[001010] The typical yield for Method 3 is about 75 — 85%.

Example 2 Polymorph Screen

A. Solubility Screen
[001011] Amorphous Compound 1 (30 mg) was weighed out al@dulL(~3 vols) solvent was added at
room temperature. Many samples initially dissollet precipitated back out again after stirringddew
minutes. It was assumed that these samples hadltirgsd, so additional portions of solvent wereled to
determine the solubility of the crystalline materigee Table 1 for solubility assessment of amaugho
Compound 1.
[001012] Samples were stirred at 50 °C for 1 hour then abtileéd °C using a linear cooling rate of 0.1
°C/min. Samples were stirred at 5 °C for ~9 hobentobservations were made and small portionseo$aimples
containing solids were filtered, air dried and gmat by XRPD.
[001013] Crystalline samples were filtered and dried in euan oven for 3 days at RT prior to
characterization. Amorphous samples were matuteké in cycles of 4 hours at RT/4 hours at 50&i@) were
analyzed by XRPD after 32 days. Solutions wereestar the freezer, and then left to evaporate dtiemif no
precipitate formed at -20 °C. Solids produced bgpevation were analyzed by XRPD.

B. Maturation Screen
[001014] This screen was carried out using all the solvinta the solubility screen except DMF (as it
was too soluble to make a slurry) and those sobvitvatt were very poorly soluble (as suspensiohésé solvents
from the solubility screen were already maturig)isole was added as an additional solvent forgbisen.
[001015] Amorphous Compound 1 (30 mg) was prepared in giats and 50Qu (~17 vols) solvent was
added at 25 °C. The samples were shaken in theatiatuchamber (cycles of 4 hours at RT/4 houis0atC)
for 3 days. Small aliquots of samples containifgisavere filtered and analyzed by XRPD. Samplegaiaing

crystals were analyzed by optical microscopy tesssuitability for SXRD determination prior to XBP
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analysis. Solutions were left to evaporate at antlgenditions then any resulting solids were aredyay XRPD.
Selected solids were filtered and dried in a vacowan for 2 days prior to characterization.

C. Low Temperature Screen
[001016] This screen was carried out with the same setleésts as were used in the solubility screen and
one additional solvent (anisole).
[001017] Amorphous Compound 1 (30 mg) was prepared in giass and cooled to 5 °C. Solvent (either
500ul (~17 vols) or 25Qul (~8 vols) based on the results from solubilityesn) was added and samples were
stirred at 5 °C overnight. Small aliquots of samspientaining solids were filtered and analyzed RPX.
Solutions were left to evaporate at ambient cooitithen any resulting solids were analyzed by XR&ddected
solids were filtered and dried in a vacuum over2fdiays prior to characterization. Samples comgipioorly
crystalline solids were left to stir at 5 °C fotagal of 40 days and then were re-analyzed by XRPD.

D. Maturation Screen — Mixed Solvents
[001018] Amorphous Compound 1 (30 mg) was prepared in giats and 50Ql (~17 vols) of mixed
solvents (pre-mixed using 50/50 v/v) was addedairtemperature. Samples were matured (shakercliescyf
4 hours at 25 °C/4 hours at 50 °C) for 2 days. Batigluots of samples containing solids were féttand
analyzed by XRPD. Solutions were left to evaposttembient conditions then any resulting solidsenaaralyzed

by XRPD.
E. Results
[001019] Table 1 summarizes the solubility assessment ofgimoos Compound 1. During the initial

solubility assessment of the amorphous matenahg observed that many samples initially dissolwetd
precipitated back out again after stirring for & fainutes. It was assumed that these had pregdits a
crystalline form of the free base. Further solwgas added to assess the solubility of the cryséaform, which
was found to be much less soluble than the amorsphaierial.

[001020] The results of the polymorph screen are summaiiz&dble 2. The results of the maturation
screen in mixed solvents are summarized in Tabl&H& polymorph screens showed a total of sixrtisfiorms
of the free base. Forms 1, 2, 3 and 4 were ctiggdlfrom a range of solvents. Forms 5 and 6 weaee by
maturing in anisole and by slurrying at low tempems in nitromethane, respectively. All samplest t
displayed good crystallinity were filtered and drieefore being analyzed by high resolution XRPD.
[001021] Table 4 provides the results of the damp and dv@edples of various samples. Table 5 provides
further characterization results of the variousrfeiof Compound 1.

[001022] Forms 2, 3 and 4 were found to be a set of psesmkiriictural solvates. The XRPD
diffractograms are grouped into Forms 2, 3 andtdilithin each group there are small differencethan
diffractograms, indicating some variation in thgstal lattice due to the inclusion of differentexizsolvent
molecules. A representative ORTEP (Oak Ridge TheEtipsoid Plot) plot of crystal structure of For is

shown in FIG. 21, which shows that there is onearue of solvent for each molecule of Compound tie

-210-



same relationship may apply to all samples of Fa&2n&and 4, e.g., that they are all mono-solvatbi;h
partially de-solvate on drying. This is borne oytthe residual solvent levels seen in tHENMR data (not
shown), which are mostly slightly less than 1 maflsolvent.

[001023]
some had reduced crystallinity. Where most of thieenit was removed by drying, the samples showed a

Most of the samples analyzed after drying weresttrae form as the damp sample, although

conversion to Form 7 (a partially crystalline, gty solvated form).
[001024]
TGA and DSC followed by a melt, then a re-crystaliion event. The re-crystallized sample was cterdisvith

The thermal behavior of all of these samples shewesits relating to the loss of solvent in the

Form 1, showing that these solvates all conveFRoion 1, once the solvent has been removed by lgeatin
[001025]
The characterization data for this dried sample eaasistent with Form 1.
[001026]

in the cocrystal experiments provided herein (fld@N/water 50/50 v/v). The sample showed no presefice

Form 5 was a meta-stable anisole solvate that ctet/éeo Form 1 on drying in a vacuum oven.

Form 6 was made in the polymorph screen (from migtthane) and was also made by sonication

acetonitrile or conformer. This form is a hydrafedn of Compound 1. Using the weight loss seet@TGA
experiment this form is a tri-hydrate form of tmed base.

[001027] Representative XRPD, TGA, DSC, and GVS charactéoizsiof Forms 1-7 are shown in FIGs.
1-19.

Table 1. Solubility assessment of amorphous Compdun

Solubility Solubility

n-Heptang = 17 mgml 1 4-Dioxane < 17 mgml
Ethwi acetate < 17 mgml Tolene =< 17 mgml
T=opropvl acetate < 17 mgml Chloroform < 17 mgml
MIBK < 17 mgml 1 2-Dimethoxvethane < 17 moiml
2-Propanol < 17 mzml Tetmlvdrofiran < 17 mzml
MFE < 17 mgml Dichloromethans 17 - 20 mg/'mi
1 -Propanol < 17 mgml 2-Methoxyethanol =333 mo'ni
Acewmns < 17 mgml Methanol < 17 mgml
Ethanol <17 mgml | N N-Dimetviformamide | >= 333 mo'ni
Dimetird sulfoxide >=333 mgm Acetonifrie = 17 mgml
Water < 17 mgml Etirienegyeol < 17 mgml
tert-Burvire thyd ether < 17 mgml Niromethans 25 - 33 mgni
2-Methi-1-propanol < 17 mgml THF Water (953 vv) < 17 mgml
Cvclohexans < 17 moml IPA/Water (95/5 v < 17 moiml
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Table 2. Summary of results from the polymorph ease

. Low
. Maturation
Solubility screen temperature
screen screen
Solvent after maturation after after
initial result (mat) or evaporation evaporation evaporation
(evap) (evap) (evap)
crystalline, Form :
n-Heptane amorphous (mat) n/a amorphous
partially crystalline,| partially crystalline, crystalline Form
Ethyl acetate Form 1 Form 1 (mat) n/a 1
Isopropyl acetate partially crystalline amorphous (mat) n/a crystalline Fornr
Form 1 1
MIBK crystalline, Form 1 n/a crystallllne, Fornm crystallllne Fornr
2-Propanol crystalline crystalline Form ¢ crystalline, Forn | crystalline Forn
(mat) 4 4
MEK crystalline Form 3 n/a crystalllge, Fornm crystaII|3ne Fornr
1-Propanol crystalline Form 3 n/a crystalline, Form| crystalline Form
P + extra peaks 2 4
Acetone crystalline, similal n/a crystalline, Forn | crystalline Forn
to Form 3 2 4
partially partially
Ethanol crystalline, Form 1 n/a crystalline, Form| crystalline Form
1 1
Dlmethyl crystalline Form 4 n/a crystalline, Forn | crystalline Forn
sulfoxide 4 (evap) 3
Water amorphous crystal(l:g;)Form ) n/a amorphous
tert-Butylmethyl crystalline, Form 3 n/a crystalline, Forn | crystalline Forn
ether 3 3
2-Methyl-1- . crystalline Form ¢ crystalline, Forrr | crystalline Fornr
propa):\ol crystalline, Form 3 y (mat) y 3 y 4
Cyclohexane amorphous crystal(l:rr]lgi)Form ) n/a amorphous
1 4-Dioxane partially crystalline solution (mat), oi crystalline, Forn | crystalline Forn
' Form 4 (evap) 4 4
Toluene crystalline, Form 1 n/a crystallllne, Forn crystallllne Form
. partially
Chloroform crystalline, Form 2 n/a crystalh;e, Form crystalline Form
4
1,2- . crystalline, Forn | crystalline Forn
Dimethoxyethane crystalline, Form 1 n/a 1 1
Tetrahydrofuran | crystalline, Form n/a crystalh;rle, Forn crystallllne Forr
. . crystalline, Form ¢ | crystalline, Forrr | crystalline Fornr
Dichloromethane solution (evap) 2 (evap) 5
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. Maturation Low
Solubility screen temperature
screen
Solvent screen
after maturation after after
initial result (mat) or evaporation evaporation evaporation
(evap) (evap) (evap)
weakly crystalline Form
2-Methoxyethanol|  crystalline, Form n/a crystalline, Form Y 4
1 (evap)
. partially
Methanol crystalline, Form 1 n/a crystaIIT e, Form crystalline Form
1
. N\ .| crystalline, Form 1 crystalline, Form
Dimethylformami ’ n/a n/a ’
de + extra peak 1 (evap)
Acetonitrile crystalline, Form 1 n/a crystaIIT e, Form crystallllne Forr
. weakly .
Ethyleneglycol crystalline crystalline, Form 1 crystalline, Form crystalline Form
(mat) 1 1
. weakly .
Nitromethane solution CrySta(”e'CZ’ ;: orm 1 crystalline, Form crystaII|6ne Form
P 1 (evap)
THF/Water (95/¢ . crystalline, Forn | crystalline Forn
crystalline, Form 4 n/a
v/v) 4 4
IPA/Water (95/% | partially crystalline | crystalline Form ¢ crystalline, Forn | crystalline Forn
v/V) Form 4 (mat) 4 4
. partially
Anisole n/a n/a crystalllge, Form crystalline Form
1

Table 3. Summary of results from polymorph screéh mixed solvents

Solvent mixture
(mixtures are 50/50 v/v)

2-Methyl THF
2-Methyl THF/IPA

XRPD results

crystalline Form 3
crystalline Form 3

2-Methyl THF/Ethanol crystalline Form 3 + extra gea

2-Methyl THF/Toluene
Anisole/IPA
Anisole/Ethanol
Anisole/Toluene

crystalline Form 3
crystalline Form 1
crystalline Form 1
crystalline Form 1

Anisole/THF crystalline Form 4
Acetonitrile/Water crystalline Form 1
Toluene/THF crystalline Form 4

Toluene/Ethanol crystalline Form 1

-213-



Toluene/IPA

crystalline Form 4

DCM/Acetone

crystalline Form 2

Table 4. Damp and dry screening samples of Compaund

XRPD of damp

cocrystal screen

Method Solvent sample XRPD of dried sample
maturation 1-propanol Form 2 Form 2
solubility screen chloroform Form 2 Form 2
solubility screen DCM Form 2 Form 2
maturation 2-methyl-1-propanal Form 3 Form 3
high temperature MEK Form 3 partlag)l:]ya(;reyf:tgrllrl:? nev
solubility screen 1-propanol Form 3 weakly crystedlForm 7
solubility screen acetone Form 3 weakly crystalkioem 7
solubility screen TBME Form 3 partially crystallif@rm 7
maturation 2-propanol Form 4 Form 4
maturation IPA/water 95/5 v/v Form 4 Form 4
solubility screen DMSO Form 4 Form 4
solubility screen THF Form 4 weakly crystalline Fo4
solubility screen THF/water 95/5 v/\ Form 4 weaktystalline Form 4
maturation chloroform Form 4 partially crystallirerm 4
maturation THF/water 95/5 vV Form 4 some changes, similar
Form 2
low temperature 1-propanol Form 4 partially cryigtal Form 4
low temperature acetone Form 4 weakly crystalliogr7
low temperature 2-methyl-1-propanol Form 4 weaklstalline Form 4
low temperature 1,4-dioxane Form 4 weakly crysialkForm 4
low temperature 2-methoxyethano Form 4 (im?f?éizmc:gme)
maturation anisole Form 5 changes to Form 1
low temperature nitromethane Form 6 |nconclu2|;/rel;pl)r||:uff|0|ent
sonication in ACN/water 50/50 v/v Form 6 crystalline, Form 6
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Table 5. Characterization of crystalline forms @in@ound 1

XRPD of | XRPD of Purity Static Stabilit
Method Solvent damp dried NMR by TGA DsC 40 °C/75 % R&
sample sample HPLC 0
0.85 mole e 0.9 wt% loss| broad endotherm onset 25 °C (5.4 J/g)
. 4 9 993 25-75 °C sharp endotherm onset 151 °C (57.9 JJ@morphous after 7
maturation 1-propano Form 2 Form 2 1-propanol P P
prop (8p7 v?/to/) area% | 8.5 wt% loss| broad exotherm onset 179 °C (29.7 Jfg) and 36 days
’ ° 75-250 °C | sharp endotherm onset 244 °C (75.5 J/g)
broad endotherm onset 29 °C (11.8 J/g) remains Form 3
0,
>-methvi- %7n2eTh0|ﬁle-q 99.2 0.;35\/_\/;?[]833 small endotherm onset 126 °C (0.9 J/g)  but loss of
maturation Y Form 3 Form 3 Y ) sharp endotherm onset 148 °C (54.5 J/ggrystallinity after
1-propanol propanol area% | 10.4 wt% loss o
(10.0 wt%) 75.300 °C broad exotherm onset 181 °C (26.9 J/g) days and furthe
' 0 sharp endotherm onset 246 °C (42.8 J/gpss after 36 days
broad endotherm onset 30 °C (21.6 J/g) remains Eorm 7
. 2.0 wt% loss | sharp endotherm onset 127 °C (2.7 J/g)
. partially | 0.25 mole eq o o but loss of
high MEK = . 99.5 25-80 °C sharp endotherm onset 137 °C (7.2 J/g) s
orm 3 | crystalline MEK o o o crystallinity after
temperature area% | 3.4 wt% loss| broad exotherm onset 169 °C (3.2 J/g)
Form 7 (3.3 wt%) o o 7 days and furthe
80-175 °C sharp endotherm onset 207 °C (1.3 J g)loss after 36 davs
broad endotherm onset 250 °C (7.7 J/g) Y
0.9 mole e 0.7 wt% loss | broad endotherm onset 30 °C (5.2 J/g) rerg:tlrll(s);o(;;n 4
. i ' 91 990 25-75 °C sharp endotherm onset 156 °C (69.0 J/g% =
maturation 2-propano Form 4 Form 4 IPA o o o rystallinity after
(9.3 Wi%) area% | 9.3 wt% loss| broad exotherm onset 190 °C (28.0 J/g days and furthe
' 75-225 °C | sharp endotherm onset 245 °C (43.7 J/g
oss after 36 days
0.83 mole e 0.8 wt% loss| broad endotherm onset 28°C (13.3 J/g) rer‘kr)llzjltlr;z;og;n 4
maturation IPA/water Form 4 Form 4 ’ IPA 9 992 25-75 °C sharp endotherm onset 156 °C (68.3 J/gzr stallinity after
95/5 viv (8.6 Wi%) area% | 8.6 wt% loss| broad exotherm onset 201 °C (17.2 J/g ga < andyfurthe
' ° 75-250 °C | sharp endotherm onset 247 °C (29.1 J/g Y
0ss after 36 days
no low
. isol changes tq 0.12 T“O:e €4 990 tempﬁr?ture small endotherm onset 126 °C (2.7 J/g)no change after 7
maturation anisole Form 5 Form 1 anisole area% | V€9 L l0ss sharp endotherm onset 254 °C (79.1 J/g) and 36 days
(2.4 wt%) 2.1 wt% loss '
175-300 °C
0,
large water Iégfsg)_rgo broad endotherm (onset 46 °C, 274.0
sonication ACN/water Form 6 Form 6 peak but no n/a °C J/g) n/a
50/50 v/v ACN or (3.3 mole e small endotherm (onset 154 °C, 21.6 J/g)
coformer .Water) 91 small endotherm (onset 243 °C, 4.9 J/g)
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Example 3. Preparation of Compound 1 Form 1 and Fan 6

A. Preparation of Compound 1 Form 1
[001028] Exemplary methods to prepare Form 1 are describ&tethod 2 and Method 3 of Example 1.
[001029] Another method to prepare Form 1 is described helbarm 1 was scaled-up using ethanol.
Ethanol was chosen as a suitable ICH Class 3 solxemorphous Compound 1 (1 g) was prepared ingelar
glass vial and warmed to 50 C. Ethanol (17 ml, di8)wvas added at 50 °C and the sample was stirgd0
rpm. Initially the sample formed a gum but aftéristg for a few minutes, the gum converted to igluryellow
suspension. The sample was stirred at 50 °C faut then an aliquot of the solid was filtered,dried and
analyzed by XRPD. The sample was matured (shakeycias of 4 hours at 25 °C/4 hours at 50 °C) fdags
then another aliquot was filtered and analyzed BPR.
[001030] The remaining sample was allowed to cool to roampkerature and was filtered through a 0.45
pm PTFE filter. The sample was air dried under vatfor 1 hour and was dried in a vacuum oven oghitreat
30 °C. The resulting solid, 930 mg (93 wt%), waalgred by XRPDH NMR and by HPLC for purity. This
method successfully produced crystalline Form lenmtin a 93 wt% vyield.
[001031] Another method to prepare Form 1 is described hdld~water (2 ml-2 ml IPA-water) was
mixed with amorphous Compound 1 (106 mg). Heataygdied to the sample until all Compound 1 is digsb.
The sample was left at room temperature overn@lid was collected and dried in vacuum over atG%or 2

hours. The XRPD shows that the material is Form 1.

B. Preparation of Compound 1 Form 6
[001032] Small-scale preparations of Form 6 were carriechofohous Compound 1 (30 mg) was prepared
in glass vials and cooled to 5 °C. Solvent 1 wateddsolvent and volume depend on the experimeatTable
6) and observations were made. Sample was stitfed@ for a few seconds then Solvent 2 was adsielge€nt
and volume depend on the experiment, see Tabledbjusther observations were made. Samples waredtt
5 °C for ~ 10 minutes then aliquots of the sampeenfiltered, air dried and analyzed by XRPD. Sasplere
left to stir at 5 °C for a further 2 hours then tires set of aliquots were filtered, air dried andlszed by XRPD.

All experiments were carried out at 5 °C.

Table 6. Summary of small scale experiments totiffea method to make Form 6

Obs after Obs after 2
Solvent Obs. in Solvent Obs. On 10 mins hours
Vols ' Vols | addition of S XRPD - XRPD
1 solvent 1 2 stirring at stirring at 5
solvent 2 o o
5°C C
2- . 20 | suspensiorn suspension suspension
methoxy| 3 vol solution water amorphous amorphous
vol /gum /gum (less gum)

ethanol
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Obs. On Obs after Obs after 2
Solvent Vols Obs. in Solvent Vols | addition of :I_.O_mms XRPD _ h_ours XRPD
1 solvent 1 2 stirring at stirring at 5
solvent 2 o o
5°C C
gummy
nitromet 3 vol solution water 20 emulsion gummy | crystalline | solid (more | crystalline
hane vol /gum solid Form 6 solid less Form 6
gum)
gum/ 20 | suspensior suspension suspension
ACN 3 vol solution water vol fqum fqum amorphous qum amorphous
. partially weakly
ACN \:/Lgl sgllljjl;ri]én water 3(?' suipl:el:]smn ggg;if;ly crystalline | suspension| crystalline
9 Form 6 Form 6
17 dry solid 17 . .| crystalline . partlal_ly
water : ACN suspensiorn]  suspension suspension| crystalline
vol (floating) vol Form 6
Form 6
Obs. - observation
[001033] Form 6 material was successfully prepared in tbfdbe five experiments; the remaining

experiments produced amorphous material. The Ipgstiatlinity was obtained from the experiments in

nitromethane and water/ACN (50/50 v/v). Resultssstimat all the samples except the water/ACN expenim

formed gums (some of which converted to solids wsfitring). Adding the water before the acetorgtseems to

prevent the formation of the gum, although the darmpwater required vigorous shaking to wet thdipies

effectively. In addition, the crystallinity seemidbe worse after extended stirring. The best miktboscale-up
is the water/ACN (50/50 v/v) method with a shoit ttne before isolation.

[001034]

A large scale-up to prepare Form 6 was carriedAmbrphous Compound 1 (1 g) was prepared

in a large glass vial and cooled to 5 °C. Water§ 1!, 12 vols) was added at 5 °C and the samptesivaken

vigorously to wet the particles. The sample wasestiat 500 rpm for a few minutes to form a susjgens

Acetonitrile (7.2 ml, 7 vols) was added, initiafyrming a yellow gum. The sample was stirred fd& minutes at

5 °C after which time the gum had converted toadery solid. The sample can be seeded with a fdligraims

of Form 6. An aliquot of the sample was filtereid,died and analyzed by XRPD. The sample wasréitle

through a 0.45 um Nylon filter.

[001035]

During filtration, a large lump of hard solid wasufid in the suspension (from the gum). This

solid was broken up with a spatula to produce adeswsuspension and left to stir at 5 °C for ahfertl0

minutes. An aliquot was taken and analyzed by XRRi&. remaining sample was filtered through the sfiiee

(added to the first crop) and the whole sample aitadried under vacuum for 2.5 hours and was driexd

vacuum oven at RT for 1 hour. The resulting sal@h mg (80 wt%), was analyzed by XRPD. This method
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successfully produced crystalline Form 6 materian 80 wt% yield. This method was repeated anthFowas
obtained in 87 wt% yield.

[001036] A comparison of the results for Forms 1 and 6 tsaghin Table 7. The Form 6 sample was
found to be a hydrated form of the free base. Taemcontent of the sample varied depending omtiadysis
and time. Two slightly different XRPD diffractogranwvere recorded approximately 24 hours apart, eetwe
which the sample had been stored at ambient conditi

[001037] The weight loss in the TGA and the water conteniKhyl Fischer do not agree exactly. These
results can be explained by the GVS data. Theeswtiplot shows a large weight change, i.e. a large
uptake/release of water between 20 and 60 %RH.ribans that at ambient conditions the water cortethte
sample will be very sensitive to the ambient hutyidi seems that the water content is approxirgatel.5
moles water at ambient conditions (approximately#RH) but this is not a fixed amount. The GVS resshow
a total change of approximately five moles of wétetween 0 and 90 %RH; however, there are no plateahe
isotherm plot, which would indicate a zone of ditibfor any particular water content. Thereforee tvater
content is not stable with respect to humidity. Vheying water content also causes subtle chamgiag iXRPD

diffractogram.

Table 7. Characterization of Forms 1 and 6 of Caimplol

Sample Form 1 reference Form 1 Form 6
Appearance white powder pale yellow powder paleoyepowder
XRPD crystalline, Form 1 crystalline, Form 1 cryste, Form 6
. . consistent with structure, consistent with structure,
1 consistent with structure . . .
H NMR . contains 0.29 mole contains no residual solvent
contains 0.05 mole IPA
ethanol but some water
Purity by HPLC 98.3 area% 99.1 area% 98.8 area%

]

mixture of fused agglomeratg

tiny irregular particles in and primary particles.

(approximately 1-jum) <1 pm up to ~ 40 um, average
~20 um
Karl Fischer n/a n/a 4.9 wt% water (1.5 moles

R 4.1 wt% loss 25-90 °C (1.25
TGA gégrvgiﬁtilgﬁsaﬁz?isl% & n/a moles water)
~ degradation after ~375 °C
broad endotherm (2 peaks)
onset 38 °C (-163.9 J/g),
consistent with weight loss

sharp endotherm onset
255 °C (-85.7 J/g)

DSC . ; n/a broad endotherm onset 156 9C
signs of degradation after
395 °C (-24.4 Jlg)
signs of degradation after 350
°C
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Sample Form 1 reference Form 1 Form 6
total weight change 0-90 total weight change 0-90 %RH
%RH ~0.5 wt%, non- 15.0 wt% (5.2 moles water),
hygroscopic. Steady hygroscopic. Large steps 40+
GVS adsorption/desorption n/a 60 %RH on adsorption and
with no hysteresis. XRPL 40-20 %RH on desorption
analysis of the residue with significant hysteresis.
showed no change in XRPD analysis of the residue
form showed small changes
no change after 7 days, subtle changes in XRPD after
Static Stability at| after 63 days no change n/a 7 days, still Form 6
40 °C/75 %RH in form but loss of no further changes after 26
crystallinity days
no change after 7 days,
Static Stability at| after 63 days no change n/a no change in XRPD after 26
25 °C/96 %RH in form but loss of days
crystallinity
Example 4. Preparation of Compound 1 Form 8
[001038] A method of preparing Form 8 is described below.h@ating, Form 6 loses the water at

relatively low temperatures and changes form torF®r Form 8 is not consistent with the non-solddterm 1
or with any of the other forms seen in the polynmospreens. It is likely to be another non-solvdteth of
Compound 1. Further heating of Form 8 shows a emelbtherm in the DSC (onset 156 °C, confirmed mgl
by VTX, data not shown). On cooling, the mater@ahgains amorphous. A representative XRPD of Foan 8i
shown in FIG. 20.

Example 5. Competitive Slurry/Water Activity Experiments with Forms 1 and 6

[001039] IPA/water and ACN/water were selected as suitadileests for the competitive slurry/water
activity experiments. These solvent mixtures wetected to have some solubility of the Compounce# base
and to be able to obtain a wide range of watevidies by varying the water content. IPA/water gatected as
this solvent often formed solvated forms of thefbase and ACN/water was selected as this solvedtiped
only Form 1 of the free base during the polymorptesning experiments.

[001040] Results for the preparation of the saturated smistare given in Table 8 and show that the
amorphous material slurried in IPA/water mixturegstallized to give the solvated Form 4. The AChliev
mixtures also showed that the amorphous matenataitized as Form 1 in all conditions. There wae
exception to this — the IPA/water sample at 50 i@ at a water activity of 0.8 gave Form 1 rathantkrorm 4.

The results of the competitive slurry experimeméesgiven in Table 9.
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Table 8. Experimental details and XRPD results fthenpreparation of saturated solutions

3 33333 33 3 3

nl

nl

m 1

*re-dissolved on filtering

Table 9. XRPD results from the competitive slurrgfer activity experiments

Solvent Vc')AI\l(J:rEe(LIID)A/ W\;?LL:TS) a\1lc\:/t’cil\5iet;/ Tem?)((a:r)a ture Observation XRPD result
IPA/water 980 20 0.2 5 suspension  crystalline Fér
IPA/water 980 20 0.2 25 suspensign  crystalline Fér
IPA/water 980 20 0.2 50 suspensign  crystalline Fér
IPA/water 960 40 0.4 5 suspension  crystalline Fér
IPA/water 960 40 0.4 25 suspensign  crystalline Fér
IPA/water 960 40 0.4 50 suspensign  crystalline Fér
IPA/water 920 80 0.6 5 suspension  crystalline Fér
IPA/water 920 80 0.6 25 suspensign  crystalline Fér
IPA/water 920 80 0.6 50 suspensign  crystalline Fér
IPA/water 840 160 0.8 5 suspensign  crystalline Fér
IPA/water 840 160 0.8 25 suspensiogn  crystallinexér
IPA/water 840 160 0.8 50 suspension  crystallineyFbr

ACN/water 990 10 0.2 5 suspension  crystalline Forr
ACN/water 990 10 0.2 25 suspensiop  crystalline Form 1
ACN/water 990 10 0.2 50 suspension  crystalline Form 1
ACN/water 980 20 0.4 5 suspension  crystalline Forr
ACN/water 980 20 0.4 25 suspension  crystalline Form 1
ACN/water 980 20 0.4 50 suspension  crystalline Form 1
ACN/water 950 50 0.6 5 suspension* n/a - no solig
ACN/water 950 50 0.6 25 suspensiop  crystalline Form 1
ACN/water 950 50 0.6 50 suspension  crystalline Form 1
ACN/water 850 150 0.8 5 suspension* n/a - no solid
ACN/water 850 150 0.8 25 suspension  crystalline Fori
ACN/water 850 150 0.8 50 suspension  crystalline Fori

m1

Volume Volume Observation
Solvent 'IA\FZ:AI\II water ;/c\:/t?\tﬁ; Tem(pl((a:r)a ture stirﬁggrfor XRPD result
(uh (W) 4 days

IPA/water 980 20 0.2 5 suspensign crystalline, Fbrm
IPA/water 980 20 0.2 25 suspensign  partially chiisg Form 1
IPA/water 980 20 0.2 50 suspensign  partially ciiistg Form 1
IPA/water 960 40 0.4 5 suspensign crystalline, Fbrm
IPA/water 960 40 0.4 25 suspensign crystallinendr
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Volume Volume Observation
Solvent ,IA\PCA|\/| water !gg‘\tﬁ; Tem?,‘g? ture stirﬁ]r:tgrfor XRPD result
(uh (W) 4 days
IPA/water 960 40 0.4 50 suspensign crystallinepd=r
IPA/water 920 80 0.6 5 suspensian crystalline, Fbrm
IPA/water 920 80 0.6 25 suspensign crystallinepdr
IPA/water 920 80 0.6 50 suspensign crystallinendr
IPA/water 840 160 0.8 5 suspensign crystallinepd=r
IPA/water 840 160 0.8 25 suspensian crystallinerFb
IPA/water 840 160 0.8 50 suspensian crystallineg-b
ACN/water| 990 10 0.2 5 suspension crystalline, Form 1
ACN/water| 990 10 0.2 25 suspension crystalline, Form 1
ACN/water| 990 10 0.2 50 suspension crystalline, Form 1
ACN/water| 980 20 0.4 5 suspension crystalline, Form 1
ACN/water| 980 20 0.4 25 suspension crystalline, Form 1
ACN/water| 980 20 0.4 50 suspension  partially crystalline ni-Gr
ACN/water| 950 50 0.6 5 suspension crystalline, Form 1
ACN/water| 950 50 0.6 25 suspension crystalline, Form 1
ACN/water| 950 50 0.6 50 ss\};j":n crystalline, Form 1
ACN/water| 850 150 0.8 5 suspension crystalline, Form 6
ACN/water| 850 150 0.8 25 suspensiop crystalline, Form 1
ACN/water| 850 150 0.8 50 suspension crystalline, Form 3
[001041] Results show that Form 1 is more stable than Foimre@l the IPA/water experiments regardless

of the temperature or water activity. No evidentany remaining Form 6 material was seen in arthef
IPA/water experiments after slurrying for 4 days.
[001042]

water activity of 0.8 (where Form 3 was made) arfsl &C for a water activity of 0.8 (where Form 6snaade).

Form 1 is also the most stable form in all the A®ater experiments except at 50 °C with a

The experiment that gave Form 3 material visualbked as though the solid has completely disscwesbme
point as the material was stuck to the walls ofvilaéand there was no solid in the liquors. Thiyrexplain why
the unexpected solvated form was produced in #tpsrment.

[001043]
with a water activity of 0.8 (15 vol% water), ia.cold temperatures and very high water activitielsus, if a

Therefore, the only conditions where Form 6 is netadble than Form 1 is at 5 °C in ACN/water
crystallisation solvent with a low water activiyé¢hosen, if the solvent is wet, Form 6 may ngptoeluced. The

water activity (and therefore the water contenpesls on the solvent, alcohols have a much lowterveativity
for a given water content than acetates, acetlendriacetone.
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Example 6. Single Crystal Experiments
[001044] A full crystal structure of Form 2 was collectedlaolved. A summary of structural data for
Compound 1 Form 2 is provided in Table 10. Foramy8tallizes in the orthorhombic system, space grou

P2:2,2; with the final R1 [I>2(1)] = 4.93%.

Table 10. Sample details and crystal data for Cam@d. Form 2

Parameter Value
Crystallisation solven DCM/aceton
Crystallisation methc As supplied from colurr

Empirical formul: Cs1H26Cl2NgO2
Formula weigk 613.5(
Temperatur 100(2) k

Wavelengt| 1.54178 /

Crystal siz 0.500 x 0.100 x 0.050 Ir

Crystal hab Colorless Prisi

Crystal systel Orthorhombit
Space groL P2:2:2,
a=8.7289(3) / a=90°
Unit cell dimensions | b=13.2219(4) / B=90°
c=25.9554(7) + y =90°
Volume 2995.59(15) &
Z 4
Density (calculated) 1.360 Mg/n$
Absorption coefficient 2.307 mml
F(000 127:
[001045] The asymmetric unit of Form 2 contains one fullgared molecule of Compound 1 and one

molecule of dichloromethane. See FIG. 21. Anguitr atomic displacement ellipsoids for the non+ogen

atoms are shown at the 50% probability level. Hgdroatoms are displayed with an arbitrarily snedius.
[001046] The absolute configuration of Compound 1 has beterchined as depicted below with the Flack
parameter = 0.005(9)SeeParsons, S and Flack, Agta Cryst 2004, A60, s61. The chiral center has an S

configuration.
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[001047] The DCM molecules sit in voids in the structure anel not bonded to the APl molecules.
Without being bound to a particular theory, thisyreaplain why some of the solvent can be removedrgimg
without disrupting the crystal lattice and also whg same crystalline form can be made from a rafige
solvents.

[001048] Table 11 provides the details on data collectich structure refinement.

Table 11. Data collection and structure refinenfien€Compound 1 Form 2

Parameter Value
Diffractomete SuperNova, Dual, Cu at zero, Al
Radiation sourc SuperNova (Cu) -ray Source, Cul
Data collection methc omega scal
Theta range for dacollectior 9.084 to 74.47¢
Index ranges -8< h< 10, -16< k< 16,-32< | < 31
Reflections collecte 3179
Independent reflectio 6103 [R(int) = 0.051¢
Coverage of independent reflecti 99.4 ¥
Variation in check reflectior n/e
Absorptior correctior Sem-empirical from equivalen
Max. and min. transmissi 1.00000 and 0.631.
Structure solution techniq Direct method
Structure solution progre SHELXTL (Sheldrick, 201z
Refinement techniqt Full-matrix leas-squares oIF?
Refinemer progran SHELXTL (Sheldrick, 201z
Function minimized Z W(Fe - F)?
Data / restraints / paramet 6103/0/41
Goodnes-of-fit on F? 1.03¢
Alomax 0.00z
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Parameter Value

Final R indices
5464 data; I>&(1) R1 = 0.0493, wR2 = 0.13
all datz R1 =0.0561, wR2 0.142¢
w =1/ [6% (Fo?)+(0.0956P*+0.7150F
where P=Fy*+2F)/3

Weighting scheme

Absolute structure parame 0.005(9
Extinction coefficien n/e
Largest diff. peak and hole 0.404 and -0.445%A
Refinement summary:
Ordered Non-H atoms, XYZ Freely refining
Ordered Non-H atoms, U Anisotropic
H atoms (on carbon), XYZ Idealized positions rglion attached atoms
H atoms (on carbon), U Appropriate multiple of g)(éor bonded atom
H atoms (on heteroatoms), XYZ Freely refining
H atoms (on heteroatoms), U Isotropic
Disordered atoms, OCC 2 part model constraineohiiy
Disordered atoms, XYZ freely refining
Disordered atoms, U anisotropic

Example 7. Cocrystal screening

Materials

[001049] A diverse set of 28 pharmaceutically acceptablercoérs was selected based on the potential
bonding motifs of Compound 1. Compound 1 usetisméxample is amorphous unless stated otherwike.

list of conformers used for the cocrystal screen aitric acid, L-malic acid, L-tartaric acid, famic acid,
succinic acid, maleic acid, sorbic acid, ketogligtacid, salicylic acid, benzoic acid, 3-hydroxyheit acid, 2,4-
dihydroxybenzoic acid, 4-aminobenzoic acid, oratitd, urea, nicotinic acid, isonicotinic acid, rticamide,
isonicotinamide, saccharin, L-lactic acid, L-seribhgoroline, glycine, maltol, succinimide, sulfaaetide, and p-

toluenesulfonic acid monohydrate.

Solvent Drop Grinding

[001050] A 1:1 stoichiometric mixture of Compound 1 and toéormer was weighed to produce a total of
50 mg in a 2 ml stainless steel grinding jar witle @ mm grinding ball. The materials were wettethwblvent

(10 ul of nitromethane) and ground for 30 min atH0using a Retsch Mixer Miller MM300. Solids obted

after grinding were initially analyzed by XRPD. &y solids or liquids obtained after grinding wéet to dry

for 1 day and any solids obtained were initiallalgmed by XRPD. A control experiment with no comhar

present was also performed following the same phaee
Dry Grinding
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[001051]

50 mg in a 2 ml stainless steel grinding jar witle @ mm grinding ball. The materials were ground3fd min at

A 1:1 stoichiometric mixture of Compound 1 and toéormer was weighed to produce a total of

30 Hz using a Retsch Mixer Miller MM300. Solids ailoted after grinding were initially analyzed by XBPA
control experiment with no conformer present was glerformed following the same procedure.

Sonication
[001052]
vials and suspended in MeCN: water 1:1 (1 ml).dadlbund was then applied in a cup horn at 50% pfawer

A 1:1 stoichiometric mixture of Compound 1 (25 nagd the coformer was placed in 2 ml HPLC

10 min with pulses of 30 s on and 1 min off. Selabtained after sonication were filtered and dueder
suction for 10 min and the residues were initialhalyzed by XRPD. Solutions obtained after soricetvere
placed at 5 and -20 °C for a day and any solidgiobd were filtered and analyzed by XRPD. If nadsolvere
obtained after cooling, samples were allowed tgerate at RT and any solids obtained were analpyed
XRPD.
[001053]
alone. MeCN was added to produce a suspensionjrefptinat MeCN: water 1:1 mixture produces a suspens

An initial control experiment with no coformer sheavthat Compound 1 is not wettable in water

[001054] The results of the experiments are provided befoWable 12.
Table 12 Cocrystal screen results
Coformer Procedure Solvent Isolation | Observation XRPD
None Sol\{en'F drog Nitromethane Grinding | Yellow solid Form 1
grinding
Citric acid Sol\{en‘g drog Nitromethane Grinding _YeIIow . Amorphous
grinding sticky solid
L-Malic acid Sol\{en'F drog Nitromethane Grinding YeIIovx_/ wet Form 1
grinding solid
L-Tartaric acid ch;/iﬁggndéor Nitromethane Grinding | Yellow solid Form P1C3
Fumaric acid Sol\{en‘g drog Nitromethane Grinding | Yellow solid Form 1+
grinding Coformer
Amorphous +
Succinic Acid SO"’.e”F drop Nitromethane Grinding Ye”ow wet Coformer +
grinding solid
Poor Form 1
Maleic Acid SO"’.e”F drog Nitromethane Grinding _YeIIow . Amorphous
grinding sticky solid
Sorbic acid SO"’.e”F drog Nitromethane Grinding |  Yellow solid Form 1 +
grinding Coformer
Ketoglutaric acid SoIv_en'F drog Nitromethane Grinding _YeIIow . Amorphous +
grinding sticky solid peak
Salicylic acid SO"’.e”? drog Nitromethane Grinding _YeIIow . Amorphous
grinding sticky solid
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Coformer Procedure Solvent Isolation | Observation XRPD
Benzoic acid 50"’.9”? droy Nitromethane Grinding _YeIIow . Form 1
grinding sticky solid
3-
Hydroxybenzoic SO"’.e”F drop Nitromethane Grinding _YeIIow i -
. grinding sticky solid
acid
oA . | Solvent drop| ,,. - Yellow
Dihydroxybenzoic L Nitromethane Grinding . i -
acid grinding sticky solid
4-Aminobenzoic | Solvent drog . o Yellow Amorphous +
. - Nitromethane Grinding . .
acid grinding sticky solid Coformer
Orotic acid SO"’.e”F drog Nitromethane Grinding |  Yellow solid Form 1 +
grinding Coformer
Urea Sol\{en'F drog Nitromethane Grinding | Yellow solid Form 1 +
grinding Coformer
Nicotinic acid Sol\{en'F drog Nitromethane Grinding | Yellow solid Form 1 +
grinding Coformer
Isonicotinic acid SO"’?”? drog Nitromethane Grinding |  Yellow solid Form 1+
grinding Coformer
Nicotinamide Sol\{en'F drog Nitromethane Grinding | Yellow solid Form 1
grinding
Isonicotinamide Sol\{en'F drog Nitromethane Grinding | Yellow solid Form 1
grinding
Saccharin 50"’.6”? drog Nitromethane Grinding |  Yellow solid Form 1+
grinding Coformer
L-Lactic acid Sol\{en'F drog Nitromethane Grinding | Yellow solid Similar to Forrr
grinding 3 + Coformer
L-Serine Sol\{en'F drog Nitromethane Grinding | Yellow solid Form 1+
grinding Coformer
Nicotinic acid Sol\{en‘g drog Nitromethane Grinding | Yellow solid Form 1+
grinding Coformer
Isonicotinic acid Sol\{en‘g drog Nitromethane Grinding | Yellow solid Form 1+
grinding Coformer
Nicotinamide SO"’.e”F drog Nitromethane Grinding | Yellow solid Form 1
grinding
Isonicotinamide Solv_en‘g drog Nitromethane Grinding | Yellow solid Form 1
grinding
Saccharin 50"’.9”? drog Nitromethane Grinding |  Yellow solid Form 1+
grinding Coformer
L-Lactic acid SO"’.e”F drog Nitromethane Grinding |  Yellow solid Similar to Forrr
grinding 3 + Coformer
. Solvent drog . o . Form 1 +
L-Serine grinding Nitromethane Grinding | Yellow solid Coformer
L-Proline 50"’.9”? drog Nitromethane Grinding |  Yellow solid Form 1+
grinding Coformer

-226-




Coformer Procedure Solvent Isolation | Observation XRPD
Glycine 50"’.9“? drog Nitromethane Grinding |  Yellow solid Form 1+
grinding Coformer
Maltol 50"’.9“? drog Nitromethane Grinding |  Yellow solid Form 1+
grinding Coformer
Succinimide 50"’.9“? drog Nitromethane Grinding | Yellow solid Form 1
grinding
Sulfacetamide SO"’.e“F drog Nitromethane Grinding |  Yellow solid Form 1 +
grinding Coformer
p-Toluenesulfonic| Solvent drog . I Yellow i
acid-HO grinding Nitromethane Grinding liquid
None Sonication 1:1 MeCN: Filtering | Yellow solid Form 1
Water
Citric acid Sonication 1:1 MeCN: Filtering | Yellow solid Similar to Forrr
Water 6
L-Malic acid Sonication 1:1 MeCN: Filtering | Yellow solid Similar to Forr
Water 6
L-Tartaric acid Sonication 1:1 MeCN: Filtering | Yellow solid Similar to Form
Water 6
. , Sonication 4| 1:1 MeCN: . . Form 1 +
Fumaric acid . Evaporation| Yellow solid
Evaporation Water Coformer
Succinic Acid Sonication 1:1 MeCN: Filtering | Yellow solid Form 1
Water
Maleic Acid Sonication 1:1 MeCN: Filtering | Yellow solid Form 1
Water
Sorbic acid Sonication 1:1 MeCN: Filtering | Yellow solid Similar to Forrr
Water 6
. . _— 1:1 MeCN: . .| Similar to Form
Ketoglutaric acid Sonication Water Filtering | Yellow solid 6 + 5 new peaks
Salicylic acid Sonication 1:%/\/'\2,[93\]: Filtering | Yellow solid Form P1C9
Benzoic acid Sonication 1:1 MeCN: Filtering | Yellow solid Form 1
Water
3- : .
Hydroxybenzoic | Sonication 1'%NM9CN' Filtering | Yellow solid Form 1
. ater
acid
2,4 1:1 MeCN:
Dihydroxybenzoic| Sonication .W ' Filtering | Yellow solid Form 1
’ ater
acid
4-Am|no.ben20|c Sonication 1:1 MeCN: Filtering | Yellow solid Form 1
acid Water
. . C 1:1 MeCN: . . | Similar to Form
Orotic acid Sonication Water Filtering | Yellow solid 6 + Coformer
Urea Sonication 1:1 MeCN: Filtering | Yellow solid Similar to Formr

Water

6
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Coformer Procedure Solvent Isolation | Observation XRPD
Nicotinic acid Sonication 1:1 MeCN: Filtering | Yellow solid Similar to Form
Water 6
Isonicotinic acid Sonication 1:1 MeCN: Filtering | Yellow solid Form 1+
Water Coformer
Nicotinamide Sonication 1:1 MeCN: Filtering | Yellow solid Similar to Form
Water 6
Isonicotinamide Sonication 1:1 MeCN: Filtering | Yellow solid Form 1
Water
Saccharin Sonication 1:1 MeCN: Filtering | Yellow solid Form 1
Water
L-Lactic acid Sonication 1:1 MeCN: Filtering | Yellow solid Form 1
Water
L-Serine Sonication 1:1 MeCN: Filtering | Yellow solid Form 1
Water
L-Proline Sonication 1:1 MeCN: Filtering | Yellow solid Form 1
Water
Glycine Sonication 1:1 MeCN: Filtering | Yellow solid Form 1
Water
Maltol Sonication 1:1 MeCN: Filtering | Yellow solid Similarto Form
Water 6
Succinimide Sonication 1:1 MeCN: Filtering | Yellow solid Similar to Forrr
Water 6
Sulfacetamide Sonication 1:1 MeCN: Filtering | Yellow solid Form 1
Water
p-Toluenesulfonic o 1:1 MeCN: . Yellowish
acid-H20 Sonication Water Filtering solid Form 1
None Dry grinding None Grinding|  Yellow solid Amorqins
L-Tartaric acid Dry grinding None Grinding]  Yellowld Amorphous
-: not performed,
Table 13 Preliminary characterization of the cotalyscreen sample
XRPD after
XRPD 7d 40 °C 75%
Coformer High H-NMR TGA DSC RH 25 °C
resolution 97% RH
0.5% weight los:
Consistent | between 30 - 100 °C. engcrp[ﬁgr?rr\o(?)crl]set
with structure. 1.9% weight loss 335 °C. peak 57.8
L-Tartaric Form 1.1 Eq. of | between 100 - 160 °C. ‘.’C 5,2p7 J/g) "I No change for
acid P1C3 acid. 15.9% weight loss End(;thérm (gn.set both.
Water peak | between 170 - 260 °Q, 129.2 °C. peak
present. followed by 148.9 ;’C 7E’3F:18 3/
degradation. ' T 9)
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XRPD XRPD after
° 0
Coformer High 'H-NMR TGA DSC 7dR‘|1'_|0 2% 078@
resolution
97% RH
Large broac
Consistent 0 . endotherm (onset
with structure. b;g’;’i fn"‘:’g%'thtcl)%sfc 46.4 °C, 274.0 J/g).
L-Tartaric Form 6 No peaks of No other weight Ioss. Small endotherm i
acid the acid. until samole o?e rades (onset 154.1 °C,
Water peak ot~ 540 ng ° 21.6 J/g). Small
present. ' endotherm (onset
242.9 °C, 4.9 J/g).
Consistent Iaarﬂe broa
L with structure endotherm (onset
Salicylic Form . 42.8 °C, 149.6 J/g).
. 0.5 Eg. of acid - -
acid P1C9 .VVate.r eak Small endotherm
resepnt (onset 120.3 °C,
P ' 16.7 J/g).
- = Not performed.
[001055] Solvent-drop grinding experiments and dry grindéxgeriments resulted in mostly amorphous

pattern, Form 1 or mixtures of Form 1 and Form thwhe coformer. Few experiments only producedgtic
solids or liquids that were not suitable for XRPialyses. One of the solvent drop grinding experinén

tartaric acid) resulted in a new crystalline pattérorm P1C3) that did not correspond to any ofkiinawvn
crystalline forms of the Compound 1 or the coform€RPD, TGA and DSC characterizations of Form Pa@3
shown in FIGs. 22-23. GVS analysis of Form P1Cshiswn in FIG. 28.

[001056] The sonication experiments performed resulted istitpéorm 1, Form 6 or mixtures of Form 1
and Form 6 with the coformer. One of the experimésalicylic acid) resulted in a new crystallingtea (Form
P1C9) that did not correspond to any of the knowystalline forms of the Compound 1 or the coforméRPD,
TGA and DSC characterizations of Form P1C9 are shawIGs. 24-25.

[001057] Both samples displaying the new crystalline Forh€®and P1C9 were characterized further.
As the initial amount of Form 6 obtained in theymbrphism screen was very limited, one of the sasfiat
displayed Form 6 was also further characterizeuke rEsults are summarized in Table 13.

[001058] High resolution XRPD analysis of the potential gatal Form P1C3 was consistent with the low
resolution XRPD, showing no presence of the stamiatgerials'H-NMR showed that material was consistent
with the structure of Compound 1 with no evidentdegradation. ThéH-NMR also showed the presence of 1.1
eg. of the coformer and of water. Thermal analyddsorm P1C3 show a DSC with a small broad endaiiter
event between ~ RT and ~100 °C, which correlaits a0.45% weight loss in the TGA and a seconglar
endothermic event (onset 129.2 °C), which correlatiéh 1.9% weight loss in the TGA. The thermaladat

Form P1C3 is consistent with a cocrystal solvath wiequivalent of water. Preliminary stability dies were
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carried out at 40 °C/ 75% RH and 25 °C/ 97% RHAorm P1C3 and no changes in the XRPD patterns were
observed after a week.

[001059] High resolution XRPD analysis of the potential gatal Form P1C9 was consistent with the low
resolution XRPD, showing no presence of the stamiaterials!H-NMR showed that material was consistent
with the structure of Compound 1 with no evidentdegradation. ThéH-NMR also showed the presence of 0.5
eg. of the coformer and of water. Thermal analgddsorm P1C9 by DSC (no sample available for TGA
analyses) showed clear differences to the staniaiggrials, showing a broad endothermic event betw&6 and
100 °C, which indicate that these could be a set/&brm.

[001060] High resolution XRPD analysis of the free base F6rwas consistent with the low resolution
XRPD, showing no presence of the coformer or ahgrotorms of the free bas#-NMR showed that material
was consistent with the structure of Compound h wit evidence of degradation and no presence of the
coformer. TheH-NMR also shows a large water peak. The DSC aealgé Form 6 show a broad endothermic
event between ~30 and 100 °C, which indicate thatdould be solvated form. The TGA of Form 6 msoal
consistent with a solvate, showing a weight logg/ben ~30 and 100 °C that is consistent with Jégater.
[001061] In order to investigate the potential cocrystalsgotential development the forms obtained from
L-tartaric (Form P1C3) and salicylic acids (FormCP) were selected for scale up and further studies.

Example 8. Scale up preparation of cocrystals

[001062] Compound 1 used in this example is amorphous ustassd otherwise.
Slow cooling
[001063] A 1:1 stoichiometric mixture of Compound 1 (40 @4mg) and the coformer (L-tartaric acid or

salicylic acid) was placed in 4 ml vials and therpriate solvent amounts were added to the vah@es were
placed in a multireactor and were left at 40°C @M experiments) and 50 °C for other solvents. flamwere
checked after 10 to 30 min of heating and if n@alistion was observed more solvent was added contilplete
dissolution was reached. Dissolution was obsemexdl icases except for one experiment, which shaseede
coformer crystals in solution. For this experimetiitanol was added until complete dissolution ofcibfermer
was reached. The samples were then cooled dowAGmb50.1 °C/ min and 0.25 °C/ min. The resulting
suspensions or solutions were left at 5 °C fo2dah. Any solids obtained were filtered and anadyag XRPD.
Solutions obtained were placed at -20 °C for 2hamdsolids obtained were filtered and analyzeXRPD. If
no solids were obtained after cooling, samples \aéosved to evaporate at RT and any solids obtainee
analyzed by XRPD. The details and the results®fttale-up experiments are summarized in tablesvbel

Sonication
[001064] A 1:1 stoichiometric mixture of Compound 1 at 26, 850 or 500 mg and the coformer (salicylic

acid) was placed in a glass vial and suspended/ia@N-water or an ethanol-water mixture. Ultrasowas
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then applied in a cup horn at 50% or 100% powed@®min with pulses of 30 s on and 1 min off. 8sli

obtained after sonication were allowed to staridTafor between 30 and 120 min and then filtered dmed

under suction for 10 min and the residues wereyaadlby XRPD. The details and the results of theedrments

are summarized in tables below.

Characterization of cocrystals

[001065]

Certain scaled up cocrystal samples were charaeteliy: high resolution XRPD, VT-XRPD,

DSC, TGA,'H-NMR, stability after 7 days at 40 °C/ 75% RH ai®5 °C/ 97% RH, microscopy (PLM and
SEM), GVS, Karl Fischer, HPLC purity and kinetidudaility after 30 min in water and in 0.1M HCI. Stables

below for the summarized results.

Results
[001066]

The results of the scale up and further charaetioiz on selected cocrystals are summarized in

the following tables.

Table 14. Cocrystal scale up results (1/3)

amount Solvent Isolated
Coformer Procedure Solvent amount Final result XRPD
(mg) (ml) after
L-Tartaric Cooling to 5 Suspension in|  Similar to
. Slow cooling 40 DMSO 0.150 o 9 a yellow Form 2 and
acid C .
solution Form 4
. . Suspensionin| Form 1 +
L-Tarftarlc Slow cooling 40 2- 0.150 Coollng 05 a yellow hints of Form
acid Methoxyethanol C .
solution 2
. . . Suspension in
L-Tartaric . Nitromethane Coolingto 5
acid Slow cooling 40 (Bottle H02937) 2.00 °oC a bro_wn Coformer
solution
. . . Crystals in a
L-Tar_tanc Slow coohng 40 Dichlormethane- 5.00 Evaporation vellow Form 2
acid + evaporation 40% ethanol .
solution
L-Tartaric | Slow coolin Nitromethane Suspension in
: 9 40 (Bottle H02937)-| 2.00 Evaporation a brown FormP1C3
acid + evaporation .
5% water solution
L . Suspension in|  Similar to
Sallgyllc Slow cooling 40 DMSO 0.150 Coollng 5 a yellow Form 2 and
acid C .
solution Form 4
- . Suspensionin| Form 1 +
Sallc_yllc Slow cooling 40 2- 0.150 Coolcl)ng 05 a yellow hints of Form
acid Methoxyethanol C .
solution 2
Salicylic Slow cooling Nitromethane . .
acid + evaporation 40 (Bottle H02937) 2.00 Evaporation Resin
Sallqyllc Slow °°°'”.‘9 40 Dichloromethane 3.00 Evaporatio Resin -
acid + evaporation
C Nitromethane . . -
Sallqyllc Slow cooling 40 (Bottle H02937)- 200 Coolmog to - Needles ina Similar to
acid 506 water 20 °C brown solution Form 6
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amount Solvent Isolated
Coformer Procedure Solvent amount Final result XRPD
(mg) after
(ml)
- . Suspension in
Sallc_yllc Slow coohng 40 MeCN- 2.00 Evaporation a yellow Form 1
acid + evaporation 50% water -
solution
- = Not performed
Table 15. Cocrystal scale up results (2/3)
amount Solvent | Sonication Result after Tlmaeftitr o
Coformer | Procedure Solvent amount | amplitude - L XRPD
(mg) sonication | sonication
(ml) (%) :
(min)
Salicylic L MeCN- . )
acid Sonication 25 50%Water 1.00 50 Suspension 30 min Form 1
Salicylic C MeCN- . .
acid Sonication 50 50%Water 1.00 50 Suspensior 30 min | FormP1C9
Salicylic L MeCN- . .| Form P2C9
acid Sonication 25 50%Water 1.00 50 Suspensior > 120 min + Form 1
Salicylic C MeCN- . .
acid Sonication 50 50%Water 1.00 50 Suspensior > 120 mip FormP2C9
Salicylic L MeCN- . . P1C9 +1
acid Sonication 50 50%Water 1.00 50 Suspension > 60 min new peak
Salicylic N MeCN- . .
acid Sonication 50 2506\Water 1.00 50 Suspensior > 60 min FormP1C9
Salicylic C MeCN- . .
acid Sonication 50 596Water 1.00 50 Suspensior] > 60 min Form 1
Salicylic Sonication 50 Ethanol- 1.00 50 Suspensior] > 60 min Form 1
acid 50%Water ' P
Salicylic L Ethanol- . .
acid Sonication 50 2506\Water 1.00 50 Suspension > 60 min Form 1
Salicylic Sonication 50 Ethanol- 1.00 50 Suspensior > 60 min Form 1
acid 5%Water ' P
i 1 - 0,
Sallgyhc Sonication 500 MeCN-50% 20.00 50 Suspensio 60 min Form 1
acid water
i 1 - 0,
Sallthc Sonication 500 MeCN-50% 10.00 50 Suspensior 60 min Form 1
acid water
— =)
Sallgyhc Sonication 250 MeCN-50% 5.00 50 Suspensior 60 min Form 1
acid water
i 1 - 0,
salicylic | oo ication| 250 | MECN-50% | 5 4, 100 Suspensio >120 mi Form 1
acid water

- = Not performed
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Table 16. Cocrystal scale up results (3/3)

Solvent Final
amount Isolated )
Coformer | Procedure Solvent amount Final result amount XRPD
(mg) after
(ml) (mg)
Slow Nitromethane Cooling to Suspension in
L-Tartaric | cooling + 40 (Bottle 2.00 5°C+ 1 apellow 28.39 Form
acid . H03010) - ' day ye! ' P1C9
evaporation . solution
5%Water evaporation
Cooling to
Slow Nitromethane
. 5°C+ 4
L-Tartaric |  cooling + 400 (Bottle 20.00 Brown- black
acid evaporation H02937) - ' day resin
S%Water evaporation
. Cooling to
Slow Nitromethane 5°C + 4 | Suspension ir
L-Tartaric |  cooling + 400 (Bottle 20.00 apellow 369.39 Form
acid . H03010) - ' day yer ' P1C9
evaporation ) solution
5%Water evaporation

- = Not performed
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Table 17 Characterization of selected cocrystalpbasn

XRPD 30 min
and Microsco Kinetic
High HPLC Py HPLC | solubility
1 -
Form | €M | mes. | psc TGA H after7d | e | Gvs Purity (pH)
er XRPD NMR 40 °C (%,
75% RH AUC)
25°C
97% RH
1st broad
endother 1.2%
. Crystals of
m onset | weight loss
o lath and
~30 °C | correspond . .
. Consiste plate-like
(11.95 Ing to the nt with morpholo
Jig). | firstDSC XRPD: pholog
Form L- Form 2nd event structure. no y of
1 ) - i 0, -
P1C3 tartz?mc P1C3 | endother 280 1.15 eq. change typically 98.4 %
Acid : ; of less than
mic large | weight loss for both.
coformer 300 pm,
peak correspond
. most
onset at | ing to the around 100
120.94 °C| second m
(65.86 | DSC event. Hm.
J/g).
Crystals of
acicular
Consiste morpholog
nt with y of
Form 6 | Salicylic ) ) ) structure. ) ) typically ) ) )
Acid No less than
coformer 700 pum,
present. most
around 300
pm.
10.15 %
Form S weight loss
P1C9 Si':%"c - - from RT . - - - - - - -
up to ~100
°C
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High XRPD HPLC 30 min
Coform 1H- and . Purity Kinetic
Form er XF\F)Qbe DSC TGA NMR HPLC KF GVS Microscopy (%, solubility
after 7d AUC) (pH)
1 large
broad o Consiste
endother 5.'64 % nt with
weight loss
Form o m onset correspond structure.
P2CY Salicylic | Form ~30 °C ina to the 1.2 eq. of ) ) ) ) ) ) )
Acid P2C9 | and peak ?Z)SC coformer
at 96.2 °C endothermil - 0.48
(AH=116. c event eq. of
8 J/g). ' MeCN
Consist Solu
1st broad Consiste ent with Solubil bilit
0 : .
er,-’rr:(lcﬁ::tr we(i).?]tf)oss ntt\évelth XRPD: 3.67% ml(;:rosc ity dgter
~30 °C cor?es ond| structure no weight gain resri};ts determ mine
. P ‘| change from 0-90% Lath . 88.4% | inedin .
(6.907 ingtothe | 1.35 eq. showing . din
. for both. RH, cycle 2.| shaped (sample| duplica .
J/g). first DSC of } 3.5 lath dupli
Form L- HPLC: No crystals of 1) te as
. Form 2nd event. coformer % . . shaped cate
P1C3 tartaric P1C3 | endother 2804 0.08 e shows a Wat hysteresis sizes crvstals 96.5% 0.04 as
Acid mic larae wei.ht loss ' of q: purity er observed. | between ~ v%ith (sample| and 0.02
9 9 change of XRPD after| 5to 750 2) 0.05 ‘
peak correspond| MeNO.. . smooth and
onset at | ingto the Other less than analysis km long. flat mg/m| 0.02
o 3 % for shows no (pH .
124.64 °C| second peaks both chanae surfaces 59 mg/
(67.93 | DSC event.| observed ’ ge. and 3'05 ml
J/g). . sharp ) (pH
edges. 1.3)

- = not performed, * = free base Compound 1 salyldletermined as 0.01 and 0.01 mg/ml (pH 7.1 aB) 8* = free base Compound 1 solubility
determined as 0.01 and 0.01 mg/ml (pH 1.5 and 1.3).

-235-



Scale up of L-tartaric acid cocrystal Form P1C3

[001067] Preliminary slow cooling experiments with L-tartasicid showed that while four of the solvents
used resulted in crystallization of the free basefdhe coformer, the experiment performed usirgN@,-5%
water resulted in a solution that after 1 day evajan produced the cocrystal Form P1C3.

[001068] Following the small scale investigations furth@vslcooling and evaporation experiments were
carried out at 500 mg scale using MeNg®6 water in order to produce the L-tartaric a@drgstal Form P1C9.
All the preliminary small scale experiments perfethwith MeNQ showed a brown solution which were related
to some potential contamination or degradatiohefMeNQ.

[001069] Characterization of the sample obtained from Latdctacid showed that the XRPD was
consistent with the Form P1C3 previously obtaimethe cocrystal screen with no evidence of coforondree
base forms present. Thermal analysis showed a D8Cavirst small broad endothermic event betwedil~

and ~100 °C, which correlates with a 0.45 % welgbs in the TGA. A second large endothermic everié

DSC with onset at 124.6 °C correlates with 2.8 %ghieloss in the TGA. These two thermal eventsdat

some initial residual solvent loss before 100 Wlpfved by solvent loss corresponding to c.a. livedent of
water (calculated 2.5% water for a 1:1:1 Compounid-thrtaric acid: water cocrystal). The Karl Fisclanalyses
showed 3.5 % water content, which is also condistéh a cocrystal hydrate. VT-XRPD showed no clengtil
140 °C, where the sample shows an amorphous patibich does not change after cooling the samp89teC.
'H-NMR shows that the material is consistent with structure of Compound 1 and it also shows peaks
corresponding to the coformer that integrate aS &d (note that there is only one diagnostic méake
coformer). GVS analyses show that the materialademately hygroscopic with 3.67% weight gain frora%o
RH. No hysteresis is observed and the XRPD post 8\8vs no change. Analysis by PLM and SEM show only
one type of crystal habit with the same lath motpgp and of sizes ranging between 5 and 750 pniilBya
under different temperature and RH conditions slibm@significant change in the purity or in the XRR&fter a
week at 25°C / 96% RH and at 40°C / 75% RH. Kmstlubility determined after 30 min in water antiNd

HCI showed values very similar to the free basatstily for the 0.1M HCI experiments, but a slightligher
solubility values were obtained for the water ekpents. The XRPD of the solubility residues showed:hange

with respect to the staring materials.

Scale up of salicylic acid cocrystal Forms P1C9 Rag9

[001070] Preliminary slow cooling experiments with salicyéicid only produced crystallization of
polymorphic forms of the free base or the formatdgums.

[001071] Preliminary sonication experiments were perforn@lbiving the same procedure that initially
produced the salicylic acid cocrystal Form P1C9,the materials were allowed to settle for longmes before
filtering to potentially increase the yield. Howeythese experiments showed that if the sampleallased to

settle for more than 120 min a new pattern desgritseP2C9 that did not correspond to the knownlfese
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forms or to the coformer was obtained. Also theeexpents showed that even when the sample wasedloov
settle only for 30 min the cocrystal Form P1C9 wasconsistently obtained, producing the cocrystam P1C9
for the 50 mg scale experiment and free base Fdonthe 25 mg scale.

[001072] Characterization of the sample obtained from shdi@cid showed that the XRPD was consistent
with the Form P1C9. The TGA analyses showed a 1% #eight loss before 100 °C that correlates withfirst
endothermic event observed in the DSC of Form PI&®. together with the previous data obtained=mm

P1C9 is consistent with a cocrystal hydrate witreg4of water.

[001073] Characterization of the sample obtained from skidi@cid showed a new potential cocrystal
Form P2C9. XRPD, TGA and DSC characterizationsasfrFP2C9 are shown in FIGs. 26-27. Thermal analysis
showed a DSC with a large broad endothermic evetmiden RT and ~110 °C, which correlates with a 564
weight loss in the TGA'H-NMR shows that the material is consistent with structure of Compound 1 and it
also shows peaks that integrate as 1.2 eq. ofofloenaer, as well as the MeCN peak that integrase®.48 eq. of
MeCN. Thermal data together with tHé-NMR data indicate that P2C9 is a salicylic aadnystal solvate with
MeCN (calculated 5.6% MeCN for a 1:1:1 Compoundadlicylic acid: MeCN cocrystal).

[001074] A cocrystal screen was carried out on Compoundrigu® coformers. Sonication and solvent-
drop grinding methodologies were used for the cxtatyscreen.

[001075] Two different cocrystals were identified in theesam from 2 different coformers: cocrystal Form
P1C3 obtained from L-tartaric and cocrystal Fornrc®bbtained from salicylic acid. These potentiargstals
showed diffractograms that did not correspond toafrthe known crystalline forms of the Compoundrthe
coformers. FurthelH-NMR characterization on cocrystal Forms P1C3Rh@9 confirmed the presence of the
coformer, with 1.1 and 0.5 eq. of acid respectivélyermal DSC and TGA analyses also indicated ctaly
formation in both cases showing clear differenciéh respect to the starting materials.

[001076] Both cocrystal Forms P1C3 and P1C9 obtained fraiartaric and salicylic acids were selected
for scale up and further investigations.

[001077] The L-tartaric acid cocrystal Form P1C3 was sudadgscaled up to c. a. 500 mg from slow
cooling and evaporation and fully characterizedictvttonfirmed that Form P1C3is a 1:1:1 Compourd 1:
tartaric acid: water cocrystal hydrate. Kineticudality studies on the cocrystal Form P1C3 showstigint
improve in solubility with respect to the free baatempts to produce the salicylic acid cocrystatm P1C9
from slow cooling and evaporation experiments warsuccessful, even in a small scale. Preliminargliem
scale attempts to produce Form P1C9 from sonicatisulted in the formation of Form P1C9 in somésinses,
however some of these experiments also producewaatential cocrystal Form P2C9. FurtfidiNMR and
thermal characterization of this new Form P2C9dat#d that the material was potentially an aceftmit

cocrystal solvate, so no further scale up was gitedi Attempts to produce Form P1C9 on a 500 mig $icam
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sonication experiments only produced the free Basm 1. Further characterization on the availalleP1C9

indicated that the material is likely to be a 1:8.6ompound 1:salicylic acid: water cocrystal hydra

Example 9. Solid Form Characterization

X-Ray Powder Diffraction (XRPD)

[001078] Bruker AXS C2 GADDSX-Ray Powder Diffraction patterns were collectgda Bruker AXS C2
GADDS diffractometer using Cudradiation (40 kV, 40 mA), automated XY Z stageelagideo microscope for
auto-sample positioning and a HiStar 2-dimensiangd detector. X-ray optics consists of a singlbeb
multilayer mirror coupled with a pinhole collimatof 0.3 mm. A weekly performance check is carriatiusing

a certified standard NIST 1976 Corundum (flat platEhe beam divergence, i.e. the effective sizinefX-ray
beam on the sample, was approximately 4 mné-64continuous scan mode was employed with a sample -
detector distance of 20 cm which gives an effe@eange of 3.2° — 29.7°. Typically the sample wegsosed

to the X-ray beam for 120 seconds. The softwaed fer data collection was GADDS for XP/2000 4.1a4i8l
the data were analyzed and presented using DifffaeEVA v15.0.0.0. Samples run under ambient conaktio
were prepared as flat plate specimens using poasiezceived without grinding. Approximately 1 — g of the
sample was lightly pressed on a glass slide tamohtélat surface. Samples run under non-ambientlitions
were mounted on a silicon wafer with heat-condgctiompound. The sample was then heated to the g
temperature at 10 °C/maémd subsequently held isothermally for 1 minuteoteeflata collection was initiated.
[001079] Bruker AXS D8 AdvanceX-Ray Powder Diffraction patterns were collecteda Bruker D8
diffractometer using Cu & radiation (40 kV, 40 mA)) - 20 goniometer, and divergence of V4 and receiving
slits, a Ge monochromator and a Lynxeye detecfbe instrument is performance checked using afieetti
Corundum standard (NIST 1976). The software useddta collection was Diffra@lus XRD Commander
v2.6.1 and the data were analyzed and presentegd Dfffrac Plus EVA v15.0.0.0.

Single Crystal X-Ray Diffraction (SCXRD)

[001080] Data were collected on an Oxford Diffraction SupemanDual Source, Cu at Zero, Atlas CCD
diffractometer equipped with an Oxford Cryosystébadbra cooling device. The data was collected uSimigo.
radiation. Structures were typically solved usgither the SHELXS or SHELXD programs and refinethwine
SHELXL program as part of the Bruker AXS SHELXTLiteuV6.10). Unless otherwise stated, hydrogemato
attached to carbon were placed geometrically dodad to refine with a riding isotropic displacerhen
parameter. Hydrogen atoms attached to a heteros&smlocated in a difference Fourier synthesisvaek

allowed to refine freely with an isotropic displatent parameter.

Nuclear Magnetic Resonance (NMR)
[001081] NMR spectra were collected on a Bruker 400MHz urstent equipped with an auto-sampler and
controlled by a DRX400 console. Automated experitmerere acquired using ICON-NMR v4.0.7 running with
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Topspin v1.3 using the standard Bruker loaded éx@aits. For non-routine spectroscopy, data wereised)
through the use of Topspin alone. Samples wergaped inDMSO-ds, unless otherwise stated. Off-line analysis

was carried out using ACD Spectrus Processor 2012.

Differential Scanning Calorimetry (DSC)

[001082] TA Instruments Q2000DSC data were collected on a TA Instruments Q2&flipped with a 50
position auto-sampler. The calibration for thereegbacity was carried out using sapphire and thieradon for
energy and temperature was carried out using iegtiifidium. Typically 0.5 - 3 mg of each sampleaipin-
holed aluminium pan, was heated at 10 °C/min fré&niQto 375 °C. A purge of dry nitrogen at 50 nitiwas
maintained over the sample. Modulated temperd&€ was carried out using an underlying heating ot

2 °C/minand temperature modulation parameters of + 0.6@aAdplitude) every 60 seconds (period). The
instrument control software was Advantage for Qe3ev2.8.0.394 and Thermal Advantage v5.5.3 andidte
were analyzed using Universal Analysis v4.5A.

[001083] Mettler DSC 823e DSC data were collected on a Mettler DSC 823kmmed with a 34 position
auto-sampler. The instrument was calibrated fergyand temperature using certified indium. Tgpic0.5-3
mg of each sample, in a pin-holed aluminium pars heated at 10 °C/min from 25 °C to 375 °C. Aagén
purge at 50 ml/min was maintained over the samphee instrument control and data analysis softwae
STARe v12.1.

Thermo-Gravimetric Analysis (TGA)

[001084] TA Instruments Q500TGA data were collected on a TA Instruments QBG®, equipped with
a 16 position auto-sampler. The instrument was &eatpre calibrated using certified Alumel and Nicke
Typically 5 — 10 mg of each sample was loaded antoe-tared aluminium DSC pan and heated at 10ifiC/m
from ambient temperature to 450 °C. A nitrogen puag60 ml/minvas maintained over the sample. The
instrument control software was Advantage for Qe8ev2.5.0.256 and Thermal Advantage v5.5.3 andidte
were analyzed using Universal Analysis v4.5A.

[001085] Mettler TGA/SDTA 851eTGA data were collected on a Mettler TGA/SDTAL8%quipped with
a 34 position auto-sampler. The instrument wapezature calibrated using certified indium. Typlica

5 - 30 mg of each sample was loaded onto a prehgdigluminium crucible and was heated at 10 °Cfroim
ambient temperature to 450 °C. A nitrogen purdgelanl/minwas maintained over the sample. The instrument
control and data analysis software was STARe v12.1.

Water Determination by Karl Fischer Titration (KF)
[001086] The water content of each sample was measuredvetrahm 874 Oven Sample Processor at
150 °C with 851 Titrano Coulometer using Hydranal@mat AG oven reagent and nitrogen purge. Weighe
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solid samples were introduced into a sealed sawigle Approx 10 mg of sample was used per titratmd

duplicate determinations were made. Data colleaimhanalysis using Tiamo v2.2.

Gravimetric Vapour Sorption (GVS)

[001087] Sorption isotherms were obtained using a SMS DMi$nkic moisture sorption analyser,
controlled by DVS Intrinsic Control software v1.2X or v 1.0.1.3). The sample temperature wastaiaied at
25 °C by the instrument controls. The humidity waatrolled by mixing streams of dry and wet nigogwith a
total flow rate of 200 ml/min The relative humidiyas measured by a calibrated Rotronic probe (diceange
of 1.0 — 100 %RH), located near the sample. Thghwehange, (mass relaxation) of the sample asetibn of
%RH was constantly monitored by the microbalanceygacy +0.005 mg). Typically 5 — 20 mg of sampées
placed in a tared mesh stainless steel basket anggient conditions. The sample was loaded anchdeld at
40% RH and 25 °C (typical room conditions). A ntoie sorption isotherm was performed as outlinddvio€2
scans giving 1 complete cycle). The standard &athwas performed at 25 °C at 10% RH intervals av@ér
90% RH range. Data analysis was carried out Udiicgosoft Excel using DVS Analysis Suite v6.2 (ol @&r
6.0).

Example 10. Micronized Compound 1 Form 1
[001088] Micronized Compound 1 Form 1 was prepared usinlyia Energy Jet-O-Mizer 00 Jet Mill with
a 2" loop. Approximately 9 g of Compound 1 Formvds passed through the jet-mill twice with paramsete

outlined below.

Supply Air Grinding Pusher Nozzl| Feeder Spet

Pressure (psi Nozzle Pressure (psi
Pressure (psi
114 90 80 3

[001089] Approximately 7.3 g of micronized Compound 1 Formvds collected (81% yield). The particle
size distribution after each pass is measured éwit dispersion method (using water as dispersars)

Malvern Mastersizer 2000 and the results are pealid the table below.

Sampl Particle Size (un
Do Dso Do
Unmilled* 2.7 12.C 40.C
1°' Pas 0.2 2.1 6.4
2" Pas 0.2 14 2
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Example 11. Synthesis and Recrystallization of Compound 1

\
N-N
\ \
N-N X
\
A
i ﬁ L2 O
=N
f o} O {N%O/N 1.36 °C, 4:1 DOM:EtOH__ N
N N= o} 2. KOH N Me
_ Me NH, 3. recrystallization Hlil o

NH2 1 N\X/NHZ
c D </\/N—N

[001090] In a 50 L jacketed reactor equipped with an ovedtstimrer, thermocouple and condenser was
placed Compound C (1000 g, 2714 mmol) and Comp@uith7 g, 2714 mmol) in 28.7 L (28.7 vol relatie t
Compound C, 20 vol relative to the product Compolind:1 DCM:EtOH. The suspension was stirred 36dtC
21h and the reaction conversion was monitored blyG4iP

[001091] After the reaction was stopped, 1M KOH (152 g, 2@iol) in EtOH was charged to the
reaction. The mixture was stirred at 36 °C for &t then the temperature was adjusted to 20 °Cldve7.2 L
DI water was charged and stirred for 15 min. Thages were allowed to separate. The bottom or¢gyec was
drained to 3 carboys. The aqueous layer was dta@ind saved. The reactor was cleaned with DI veatdr
EtOH. The organic layer and another 7.2 L DI watere charged back to the reactor. The carboys viesed
with 3.6 L 4:1 DCM:EtOH (2.5 vol relative to producompound 1) and the rinse was combined with ¢lse of
the organic phase. The mixture was stirred fomirs The bottom organic layer was drained to tidaoys and
kept overnight at rt. The aqueous layer was ddaarel saved. The reactor was disassembled cotypdeict
cleaned with acetone, DI water and EtOH and puayednight with nitrogen.

[001092] The distillation setup was assembled onto the oeadthe organic layer was pumped through a
capsule filter (polycap, PTFEuf, cat# 2603T) back into the clean reactor usipgrap (KNF lab liquiport).
The flask was rinsed with 3.6 L 4:1 DCM:EtOH (24 welative to product Compound 1) and the rinse wa
pumped through the capsule filter to be combinet thie rest of the organic layer.

[001093] Distillation was started with stirring (controlleet to 30). Jacket temperature was to 45 °C
during the distillation. Pot temperature was at8427 °C during the distillation. Highest vacuwas about
400 torr. The volume of solution was reduced toutli4.4 L (10 vol). The solution remained cleiatha end of
the distillation. Some solid formed on the wallloé reactor above the solution. The solution staeed
(controller set at 20) overnight. Jacket tempeeatuas set to 25 °C.

[001094] 28.8L (20 vol) EtOH was charged. The distillativas restarted. Jacket temperature was set to
55 °C. Pot temperature was about 44-47 °C. Highsesium was about 250 torr. The volume of solutias
reduced to about 1.5 L (15 vol). Solid formed dgrihe distillation.
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[001095] A mixture of 750 ml (7.5 vol) EtOH and 750 ml (%6l) DI water was charged to the
suspension. The internal temperature was adjust@d °C. The solids redissolved as the temperanareased.
No solid was left when temperature reached 60T@.of Compound 1 (1 wt%) was charged as seed.al\tite
seeds dissolved. The mixture was stirred at 6ff@ total of 6 h, cooled to 20 °C over 10 h, #meh stirred at
20 °C for 6 h. The solid was collected by filtcatithrough a Buchner funnel equipped with a fiteper. The
filter cake was washed with 2x 500 ml 1:4 EtOH:wd8x 5 vol). The solid was dried in the Buchnemriiel with
house vac for 2 d. The cake was then dried ircawa oven at 40 °C with a nitrogen bleed overnfghtl8 h.
The product Compound 1 was isolated as an off vealie. HPLC (~0.3 mg/ml in 1:1 acetonitrile:wateXNMR
and DSC of the isolated solid was obtained. Th€ Dlicates the solid is Form 1. NMR indicatesper
level of residual EtOH is present in the solid.

[001096] Compared to Method 3 of Example 1, comparable otedraind chiral purity were obtained.
Reaction was telescoped to polish filtration armtystallization. Isolation of crude Compound 1 wediminated.
Less number of solvents were used. The processlaasr, and the product contained residual ethanol
[001097] In order to reduce the residual ethanol contethiéproduct, various modifications to the

recrystallization conditions were investigated.e Thsults are listed in the table below.

Conditions Purity DCM content | Ethanol content Ethanol content Yield
(area %) (GO) (GC) (NMR mole ratio) (%)
Chase with EtOH 99.5 445 ppm 10590 ppm 0.10 90
Chase with 80% EtOH/#®D | 99.6 0.06 80
Chase with 60% EtOH/#®D | 99.6 ND 9623 ppm 0.07 82
Chase with 40% EtOHA® | 99.5 252 ppm 25315 ppm 0.18 85
Chase with 80% EtOH/# | 98.6* ND 6926 ppm 0.05 77
Chase with EtOH to 15 vol,| 99.6 196 ppm 6981 ppm 0.05 80
add 5 vol HO, then seed
Chase with EtOH to 15 vol,| 99.6** 0.03 75

add 5 vol HO, then seed, 4
heat/cool cycles (3h at 60
°C, cool to rtin 2h)

Chase with EtOH to 15 vol,| 99.8 0.05 78
add 5 vol HO, then seed, 3
heat/cool cycles (3h at 50
°C, cooltortin 2h

Chase with EtOH to 15 vol,| 99.8 0.03 72
add 5 vol HO, then seed, 2
final volume

* containing Compound D. Compound D can be remdaeduenching with KOH in ethanol.

** containing 0.11% area of impurity

[001098] FIG. 29 shows Compound 1 solubility in ethanol/wated corresponding ethanol content in
isolated Compound 1. The results show that usithgeat mixture with higher Compound 1 solubilityrthg
chase results lower residual ethanol content ilaisd Compound 1. Prolonged drying did not affestdual

ethanol content (data not shown).
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[001099] A crystal structure of Form 1 was collected andeatl FIG. 30 shows the crystal structure of

Form 1 of Compound 1 obtained by heating 13.5 m@orhpound 1 in 80% ethanol/water to 60 °C then tmol

rt. There is no ethanol in unit cell. A summafswouctural data for Compound 1 Form 1 is providethe table
below. Form 1 crystallizes in the orthorhombicteys, space group2:2:12;.

Parameter Value
Formule CasH31NOs
Deac/ g e 1.279
wmnrt 0.744
Formula Weigh 441.51
Color colorless
Shape chunk
Max Size/mir 0.30
Mid Size/mm 0.15
Min Size/mm 0.15
TIK 173(2)
Crystal Systen orthorhombic
Flack Paramete -0.03(8)
Hooft Paramete 0.01(8)
Space Grou P212121
alA 11.14000(10
b/A 12.75790(10
c/A 16.1306(2)
al 90
Bl 90
W 90
VIAZ 2292.53(4)
z 4
Z' 1
Ominl 4.418
Omal 72.157
Measured Refl 14293
Independent Ref 4454
Reflections Use! 4179

-243-



Rint 0.0301
Parameter 294
Restraints 0

Largest Pea 0.172
Deepest Holi -0.237
GooF 1.041
wk; (all data) 0.0928
wR, 0.0904

R; (all data) 0.0393
R1 0.0364

Example 12. Screening Reaction Conditions for Preparation ah@ound A by Amide Coupling of Compound

C and Compound G

CO.H
-
N p NH2 - Me
N HN__O
NH
1 /N\E/ 2
G L/N—N
[001100] Different coupling reagents were investigated far preparation of Compound 1 through direct

amide coupling of Compound C and Compound G. Theasgents include: DECP, HDMA, HBTU, COMU,

PyBOP, HATU, DEPC, DPPA, and BOPCI.

[001101] EDCI coupling reactions with various activators gvatso investigated using the following
condition: EDCI (1.15 eq), & (1.1 eq), 4:1 MeCN/BD (20 vol), 21 °C. The results are listed in tlzdbdle

below.

EDCI + Activator | Activator Equiv | HPLC purity (time)
HOBt 1.1 94% (16 h

HOBt 0.2 74% (91 h)
HBTriazinone 1.1 75%

Oxyma 1.1 58%

Oxyma 15 56%

Oxyma 1.1 35%

NHS 1.1 33%
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Oxyma 2.0 31%
No activator 0 20%
K-Oxyma 1.1 16%

[001102] The following phosphorus-based coupling reagentg atso investigated: DEPBT (59.5% IPC
purity after 51 hours), BrOP (30.4% IPC purity a& hours), (EtQJP(0)-Cl (3-10% IPC purity), (EtQP(O)-
Oxyma (62.2% IPC purity, 96% purity after isolafipand T3P (72.0% IPC purity after 48 hours, bagedine,
Temp: 40 °C, solvent: MeCN (20 vol)). A scale up was carried out with T3P (3.0 eq.) and pyridiné eq.)

at 40 °C for 2 days (63.8% IPC purity).

[001103] The following mixed anhydride coupling reagentsevalso investigated: pivaloyl chloride
(15.8% IPC purity), and iso-butyl chloroformate @% IPC purity in MeCN, 14.0% IPC purity in 4:1
MeCN:H;0).

[001104] The following triazine-based coupling reagents wadse investigated: CDMT and DMTMM.
[001105] An example reaction of DMTMM coupling was carrieat as the follows. To 1.15 eq DMTMM,
1.1 eq EN (or DIPEA), 1.05 eq Compound G was charged 4:CNi#1,0. The reaction mixture was stirred
and activated overnight. 1.0 eq Compound C was déldeled in one bolus as a solid. The reaction §a%
HPLC purity after 21 hours.

[001106] The reaction mixture was warmed to 40 °C. Waterg1ol) was added over 2 h. The mixture
was cooled to 21 °C over 2 h, then filtered, ringétth 2:1 HO:MeCN (2x 5 vol), and dried to provide granule
product. Crude yield (79.6 — 84.4%), purity (94.27.5%).

[001107] The crude product was further purified by polidtrdtion in 4:1 DCM:EtOH, followed up
recrystallization from 3:1 EtOH:#D (30 vol). Overall yield (56 — 62%), final puri(99.5 — 99.6%).

[001108] Further screenings for DMTMM coupling conditionsre@lso carried out for solvent (3:1
EtOH:H;0, 14.4:4.8:1 EtOH:pD:DCM, 4:1 acetone:$D, 4:1 DCM/MeOH, 4:1 DCM/EtOH, and 100% DCM);
reaction volumes (5, 7.5, 10, 15, and 20); readgomperature (5, 20, and 40 °C); baseNEiP:NELt, pyridine,
NMM, DBU, NaOH, and DMAP); base equivalents (3.4,,/and 0.2); DMTMM equivalents (1.15, 1.10, 1.05,
and 1.00); Compound C addition (as a solid onesh@nd in solution over time); and addition of watfter

reaction reaches completion.
Example 13. Controlled Crystallization and Recrystallization@mpound 1
[001109] Controlled crystallization and recrystallizatioh@mpound 1 from a solvent of a mixture of

acetonitrile and water were studied.

Controlled Crystallization Procedure
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[001110] A reaction mixture was produced following MethodfExample 1 (after quench of the
reaction), consisting of Compound 1 at ~124 mgfmcentration (~8.06 L/kg volume), in a 90/10 v/v
acetonitrile/water mixture.

[001111] An appropriate amount of acetonitrile/water werdeatito bring the solution to 80/20 v/v
acetonitrile/water at 20 L/kg of Compound 1. Thery was agitated and heated to 75 °C until al@ompound
1 was dissolved. The clear solution was polisihilestéd with a Zapcap filter (0.45m). The solution was put
back into the reactor and cool down to 65 °C. Frai Compound 1 was used to seed with 10 wt%ef th
estimated amount of Compound 1 in the slurry (chbekthe seeds did not dissolve). The mixture eaaded
down to 22 °C over 16 hours (solubility was broufgbin ~50 mg/ml to ~18 mg/ml at a rate of 2 mg/m)lAith
agitation., and held under agitation for 2 houtsradompletion of cooling step.

[001112] 20L/kg of water was added to bring the solutiodA®60 v/v acetonitrile/water (total volume of
40L/kg of Compound 1) over 4 hours (solubility imibght from ~18 mg/ml to ~3 mg/ml) with a syringenp.
The mixture was held under agitation at 22 °C forafter the end of water addition.

[001113] The slurry was filtered with a Buchner funnel, tdake was washed twice with a 40/60 v/v
acetonitrile/water mixture. The Buchner funnel \pésced into oven at 60 °C under vacuum with nitropleed
to dry residual solvents and provide Form 1 of Coumml 1. In one exemplary run, the yield was 7584, the
purity was 99.7 area%.

[001114] The controlled crystallization procedure was alswied out on a reaction mixture produced
following the DMTMM coupling in Example 12. In orexemplary run, the yield was about 90%, and thréypu

was 97.6 area%.

Controlled Recrystallization Procedure

[001115] Compound 1 was synthesized following Method 3 adiBgle 1(after isolation from
acetonitrile/water).

[001116] 20L/kg of 80/20 v/v acetonitrile/water was addecCmmpound 1 solid charged into a reactor.
The slurry was agitated and heated to 75 °C uthft@mpound 1 was dissolved. The clear solutios malish
filtered with a Zapcap filter (0.4pm). The solution was put back into the reactor esmled down to 65 °C.
Form 1 of Compound 1 was used to seed with 10 witfheoestimated amount of Compound 1 in the slurry
(check that the seeds did not dissolve). The meéxtvas cooled down to 22 °C over 16 hours (solybilias
brought from ~50 mg/ml to ~18 mg/ml at a rate @h@ml/hr) with agitation, and held under agitatfon2 hours
after completion of cooling step.

[001117] 20L/kg of water was added to bring the solutioA®60 v/v acetonitrile/water (total volume of
40 L/kg of Compound 1) over 4 hrs (solubility wasught from ~18 mg/ml to ~3 mg/ml) with a syringanp.
The mixture was held under agitation at 22 °C forRafter the end of water addition.
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[001118]

acetonitrile/water mixture. The Buchner funnel ygéeced into oven at 60 °C under vacuum with niérogleed

The slurry was filtered with a Buchner funnel. Tdake was washed twice with a 40/60 v/v

to dry residual solvents and provide Form 1 of Coumul 1. In one exemplary run, the purity was #9ea%.
[001119]
following the DMTMM coupling in Example 12. In oxemplary run, the yield was about 75%, and thiéypu

The controlled crystallization procedure was alBied out on a reaction mixture produced

was 99.4 area%.

Example 14.Preparation of amorphous compound 1
[001120]
crystalline solids and amorphous sample in onearersolvents and preforming lyophilisation on thiigon.

Amorphous compound 1 can be prepared by dissobvicrystalline solid or a mixture of

Amorphous compound 1 can also be prepared by pnéfgrlyophilisation on a solution of the materigtained
after purification through column chromatographih& methods of preparing amorphous compound ieclud

spray drying.
[001121] Examples of spray solutions are described belov thigir respective compositions:
Componer Spray Solution # Spray Solution # Spray Solution #
(100% Compound 1) (2:1 Compound (2:1 Compound
1:PVP/VA 64) 1:HPMC-AS)
Compound 8.14 ¢ 6.33 ¢ 6.33¢g
Polyme - 3.15¢ 3.15¢
DCM 48 mL 56 mL 56 mL
(63.84 g) (74.48 g) (74.48 g)
MeOH 12 mL 14 mL 14 mL
(9.50 g) (11.09 g) (11.09 g)
% Solids Content 10% 10% 10%
(wiw)

[001122]

The DCM and MeOH were added to a glass jar anddnixeneeded, the polymer was added to

the solvent matrix while stirring and the solutivas allowed to stir until all solids dissolved. Quoand 1 was
then added to the solution while stirring. Allébrspray solutions were mixed for an hour prispiay drying.
Spray drying was done using the Buchi B-290 mibidaale spray dryer and the spray parameters avelpd

below:
Aspirator Inlet Temp (°C) Outlet Temp. | Nozzle Pressure Pump Speed Spray Rate
Rate (%) (°C) (psi) (%) (g/min)*
100 95 63 — 65 30 20 10

*pump was calibrated using 80:20 DCM:MeOH and mighit be representative of the spray rate of thayspolutions with polymer
due to the difference in viscosity
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[001123] The spray dried products were dried in a vacuunmage5°C for ~22 hours. The post-drying

products were analyzed on TGA and DSC and thetsearéd provided in the table below.

Thermograms for Compound 1 Spray Dried SDDs — t=0

Samplt TGA Comment

Spray Dried Compoun FIG. 31 Expected g 147°C
1 Observed § 146°C

2:1 Compount FIG. 32 Predicted ‘q: 132°C
1:PVP/VA 64 Observed § 136°C

2:1 Compount FIG. 3¢ Predicted ‘q: 143°C
1:HPMC-AS Observed § 133°C

Example 15. Formulation of Compound 1
[001124] Compound 1 was spray dried according to the mettiedsribed herein. The sample was blended

with excipients, which was then encapsulated, petisand packaged. Below is a table of the formanidibr 5

mg capsule and 30 mg capsule.

Componer 5 mg capsul 30 mg capsu
% wiw mg % wiw mg
Compound 1 spray dri 1.92% 5.0C 9.38% 30.0¢
(Neat Amorphous API)
Starch 150( 46.29% 120.3¢ 42.56% 136.2(
(Pre-gelatinized Starch)
Parteck M100 (Mannitc 46.29% 120.3¢ 42.56Y 136.2(
Ac-Di-Sol 5.00% 13.0( 5.00% 16.0(
(Croscarmellose Sodium)
Magnesiur 0.50% 1.3C 0.50% 1.6C
Stearate
TOTAL 100% 260.0( 100% 320.0(
HPMC Capsule She Size 2, Swedish Oran Size 1, Whit
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Example 16. Screening Reaction Conditions for Preparation ah@ound C

Cl O \
_Ph N_’:l Catalyst/ligand/Base/Solvent
N X -
=
NH, l
A E

Metal and Pd Source Screen

[001125] Different metal sources with XPhos and alternatiases were investigated. Pd catalysts
generally work better than Ni catalyst (NiPh),). Cu catalyst (Cul) was also explored as a calgsttto the
Pd catalyst or Ni catalyst.

[001126] Xphos-Pd-G3 and Bftbay/Xphos (1:1 L:M) worked as well as control reacttmut without
observed delay. R@ba): Xphos (1:1 L:M) worked well with BCOs and KPQs. PACh(MeCN), : XPhos (2:1
L:M) worked well with KCOs and KPQu. Pd(OAc) : XPhos worked better with 2:1 L:M ratio than tatio.
Pd(PPh)s and PAGAPPh). also worked. The relative rates of reaction (fifast to slow) are: Pd(OAcy
Pa(dba} > PACHCHsCN).. Pd(OAc) and Pd(dba} achieved near 100% conversion at 5 hours.
PdCL(CHsCN), achieved >80% conversion at 5 hours and near X@d¥ersion at 24 hours. #dba) (1
mol%) achieved >60% conversion at 24 hours.

[001127] The stabilities of the alkyne starting material #imel product were also investigated under
reaction conditions. The product appeared stahlEnviPdCI(MeCNY),, Pd(dba}, or Pd(OAc) were used as the
catalyst. The alkyne starting material appearaldistwhen PdG{MeCN),, or Pd(dba} were used as the

catalyst, while degradation of the alkyne startimaterial was observed when Pd(OAwhs used.

Base Screen
[001128] The effect of the base was studied usinG®, KsPO, and DIPEA with two different metal
sources Pd@MeCN), and Pd(dba}. All experiments were conducted at 70° C usirgf@utrile as the solvent.

The experiments using.RO; and KPQ: as the base showed faster and better conversiandXiPEA.

Ligand Screen

[001129] Various ligands were screened using the followeegygtion conditions: Pd(OACh» mol%, 2:1
L:M ratio for monodentate ligands and 1:1 L:M rdftio bidentate ligands, 1.2 eq. alkyne, 1.2 eG®;, MeCN
(30 rv), 70 °C. XPhos was used as control reactiime results are listed in the Table below. [idends
MePhos and cBRIDP were also tested. cBRIDP pravile highest conversion other than the XPhos abntr
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Phosphine Ligand Co(nzvleLs)lon Phosphine Ligand Co(nzvleLs)lon Blszgc;%hme Co(nzvlerhs)lon
PCy 50.5 DavePhos 80.7 dppp 30.5
PCy:Ph 39.4 'Bu Triplecage 4.9 dppe 23.1
PPr 20.8 PBU,Cy 25 dppb 435
PCy'Bu 55.9 FBus 61.8 BINAP 52.5
CataCXium A 72.5 CataCXium PICy 87.9 DPEPhos 65.6
P(MeOGH4)3 53.2 FBu(PhNMe) 52.0 dppf 67.0
PPh(CsH4CO,H) 10.3 PPh 41.3 dbpf 80.8
PPh(CeH4SOsH) 24.2 No ligand 0 XantPhos 58.4
SPhos 65.6 Control reaction 100 'BlLP azetine 65.9
JohnPhos 89.2
Solvent Screen
[001130] Five water immiscible solvents were screened usiadollowing reaction conditions: Rdba)

5 mol%, 2:1 L:M ratio for monodentate ligands antl 1:M ratio for bidentate ligands, 1.5 eq. alkyde? eq.
K2CQ;, solvent (30 rv), 70 °C. The results showed #flatcreened solvents worked, and the relatives ratte
reaction are (from fast to slow): MeCN (controlPrOAc > 2-MeTHF > EtCN, MEK >> toluene. All scresh
solvents (except toluene) achieved >90% convei@nhours and the performances were close to MeCN
control. Toluene achieved >90% conversion at 24fhoWater immiscible solvents may be advantagaous

work up to remove Pd residues.

[001131] Further studies were carried out to screen foottegall reaction conditions. Three ligands
(XPhos, cBRIDP , and CataCXiumPICy), two basef® and KCOs), three solvents (MeCN, 2-Me-THF, and
toluene), Pgldba} as Pd source with Pd load from 1 to 5 mol % wardied. Based on the results, the condition

of Pa(dba) (1 mol %), XPhos (2 mol %), RQx as the base in MeCN was selected for further etudi

Example 17. Scale up of Compound C

cl o \
@i@ NN Pd,dbas, XPhos

z | | K3PO4, MeCN, 70 OC

\
/
\
@)
o

% Me
A E -
c NH,
[001132] A 1L jacketed reaction vessel, equipped with agrlogad stirrer, temperature probe, condenser

and stirrer was purged with nitrogen for a minimoid hour. Potassium phosphate tribasic (1.2 42185 g), 4-
ethynyl-1-methyl-1H-pyrazole (1.2 equ, 21.34 g) &ainpound A (1 wt, 1 equ. 50.05 g) were chargetti¢o
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reaction vessel. Acetonitrile (14 volumes, 700 mias charged to the reaction vessel. A small ainwas used
to rinse out the bottles used for solid chargiAgitation was started. Agitation was set at 47@,rps found to
be sufficient to suspend all the solids. Reaatimixture was heated to 40 + 2 °C (internal tempeegtu
[001133] To a second vessel (100 ml round bottom flask) et@sged, in a nitrogen inerted glovebox,
tris(dibenzylideneacetone)dipalladium(0) (0.01 eén633 g), 2-dicyclohexylphosphino-2',4’,6'-
triisopropylbiphenyl (XPhos) (0.02 equ. 1.595 g)i aeetonitrile (1 volume, 50 mL). Catalyst/ligasmlution
was stirred at 40 °C for 40 mins.

[001134] The first reaction vessel was purged with nitrofgera further 30 minutes before catalyst
solution was transferred to the reaction vessbk datalyst solution was transferred using a nesuliesyringe to
minimise air/moisture exposure. Reaction mixtues\weated to 70 °C (internal temperature). Raavtas
monitored by HPLC. Reaction was complete when $zangit 20.5 hours. Heat was turned off and thetiea
mixture was allowed to cool to 25 °C for 2.5 hours.

[001135] The suspension was filtered using a glass sintardiuand the residue was washed with
acetonitrile (1 x 2 volumes, 100 mL). The wash wasbined with the filtrate (product layer). Tligréte
(product layer) was transferred back into the ieactessel. Reaction vessel was placed undera@geit purge.
2-Mercaptoethyl ethyl sulfide Silica [PhosphonidSV&26] (50 wt% wrt Compound A, 25 g) was chargeth
vessel. Scavenger was stirred for 6 hours at 285€venger was filtered off and washed with ad#tie (1 x 2
volumes, 100 mL). The wash was combined with iltrate (product layer). Solution was transferted clean
distillation vessel. Reaction volume was reduce8l Yolumes at atmospheric pressure (jacket terhyperaf 95-
100 °C). Vessel was cooled to 50 °C (internal terapure) over 75 minutes. MTBE was added slowdyr(f
aliquots) keeping the batch temperature above 43VTBE addition was held for 15 minutes once
crystallization began. Remaining MTBE added slowil total of 15 volumes (750 mL) added. Held fo
hour. Reaction mixture was cooled back to 25 °€r@hours and held overnight. Additional MTBEd@umes
(250 mL) added over 5 minutes. Held for 1 hourodact was filtered off and washed with acetorgt(l x 2
volumes, 2 x 100 mL). The wash was combined wighrhother liquors. Solid was deliquored under vattor
15 minutes. Solid was transferred to crystall@atiish and placed in a vacuum oven and dried aC4thder
vacuum, with an air bleed for 40 hours. Recoveitl = 52.88 g, Yield = 85.8 %.

Example 18. Preparation of Compound E

N /
DIPA/Cul N—l:l N—N
N—N PdClz(PPh3)2 N K2CO3 //
e e
MeOH/ 15 - 25°C
Sitte, | DCM/ rt. Il I
SiMeg

E E
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[001136] Step 1: i) DIPA (1.3 equ.)/ Cul (0.02 equ.)/Pg4EPh), (0.01 equ.)/TMSacetylene (1.2
equ.)/CHCIz (10 vol)/ r.t.- 40 °C/2 hrs; ii) Cool to r.t. affitter; iii) Wash with 2M HCI (1.3 equ.); iv) Treat
SiliaMetS Diamine at r.t.; v) Fitler and reduce £ to 5 vol. under reduced pressure; vi) Solventcwib
Hexane (5 vol) under reduced pressure; vii) Coolttpand viii) Filter, wash and dry.

[001137] Step 2: Compound F was taken directly into stégride product); Dissolved in MeOH and
treated with KCO; at r.t.; When the reaction was complete the basefiltered off; Solvent evaporated to
dryness; Qil dissolved in MTBE and passed throughug of Silica; Filtrate concentrated to dryneRBsyduct
isolated by vacuum distillation (2 — 3 times). Me 68%.

Example 19. Screening Reaction Conditions for Preparation ah@ound F

[001138] Step 1 of Example 18 used 0.01 eq. of R@@h). and 0.02 eq. of Cul. 20 experiments were
conducted to investigate whether the amount ofystacan be reduced to avoid or reduce the scavgmngeded
to remove Palladium/color. The experiments werfop@ed on 2 g scale, with 5 loadings of P4EPhH),
(0.001, 0.002, 0.004, 0.0055, and 0.01 eq.) amedinhgs of Cul (0.001, 0.005, 0.0125, and 0.02 && of the
reaction mixture at different time points: 4 mi®, 1iin, 1 hr, 2 hrs, 4 hrs, 6 hrs, 8 hrs and 24 Bamples
analyzed by HPLC to determine evolution of conv@rsind %area of SM and impurities (particularly the

s
'?l// — ::J/\E

homocoupling diyne s:ide—produzztN = ).

[001139] FIG. 34A shows the reaction conversion at 2 hd#ralea); FIG. 34B shows the reaction

conversion at 24 hours (% area); FIG. 34C showsptbéuct/diyne ratio (% area) at 24 hours; and BdD
shows the diyne content at 24 hours (% area). réfidts show that the reaction conversion is agfkbly both

Pd and Cu content, but the diyne formation is prinaffected by Pd content. Copper has a bigggyact when
the Pd content is low. Reaction can reach congpietith lower levels of Pd. Reducing the amounPdfcan
reduce the formation of the diyne impurity. Basedhe results, 0.003 eq. of Pd catalyst and 0.@4j75f Cul
may be an optimal condition.

[001140] An exemplary study using 0.003 eq. of Pd catalggt@0175 eq. of Cul was conducted as
follows. 4-iodo-1-methylpyrazole (250 g, 1190 mjnabpper iodide (3.99 g, 20.82 mmol, 0.0175 ean}y
bis(triphenylphosphine)palladium(ll) chloride (2.833.57 mmol, 0.003 eq) were charged to a reattot under
nitrogen. DIPA (219 mL, 1547 mmol) was chargeth®reactor under nitrogen at 22 °C via syringa @ingle
portion. ACS grade DCM (2500 mL) was charged. fdactor was flushed with nitrogen fai5 minutes and the
temperature was set to 15 °C. Trimethylsilylaaaigl (205 mL, 1428 mmol) was charged via syringeppauer
30 minutes (or 82 mL/hr or 1.4 ml/min) at 15 °Q) rhL of toluene was added in the flask at the drttle
addition to rinse the vessel. The reaction wasitoed by HPLC after 24 hours (reaction completetileen 8 -
24 hours).

[001141] HCI (1785 mL, 3570 mmol) was charged at 15 + 3 A@ the mixture was stirred vigorously for
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> 15 minutes. The mixture was then allowed tosettid the layers were separated evéd minutes. The upper
layer was clear yellow and the lower was clear geanThe layers were split, and the upper layerdissarded.
10 volumes (2500 mL) of 20% wt sodium thiosulfatsveharged to the lower layer to scavenge palladiogin
copper. The mixture was stirred for overnight und&rogen at r.t. The phases were allowed torsepaver

10 minutes. The layers were separated.

[001142]
(1250 mL). 5 volumes of hexanes (1250 mL) was ddudtel distilled down to 5 volumes. 5 volumes ofdres

The organic layer was transferred back into thar@e reactor, and distilled down to 5 volumes

(1250 mL) was added again and distilled down tolbimes. Another 5 volumes of hexanes (1250 mL) was
added and heated to reflux during 1 hour, and teeled down to r.t. The mixture was filtered withwhatman
filter paper to remove the alkyne dimer side-pradude mother liquor the crystals formed in it eéransferred
back to a clean reactor. The solvent was distdledn to 5 volumes ( 1250 mL), cooled down to 24%er an

hour, then cooled down to 0 °C, and aged for am.h®he crystal product was filtered, washed witHL2solume

of cold hexanes, dried, and collected.

Example 20. Screening Reaction Conditions for Preparation ah@ound E
A\ /
N N-N
base [ Y

—_—

| | biphasic solvent | |

N—
N

SiMe;
F E

[001143]

and a water immiscible solvent) was investigat€de results are summarized in the table below. The

The deprotection of Compound F in biphasic solagstem (mixture of aqueous base solution

experiments were performed on 100 mg scale. Us#ag and a phase transfer catalyst did not impttoveield.

MTBE DCM Ethyl Acetate
2 hrs 15 hrs 24 hrs 2 hrs 15h 24 hrs hrs2| 15hrs| 24 hrs
KOH 92% 100% X 17.87% 93.20%  98.39% 0% 0% 0%
NaOH 6.90% | 67.90% 85.28% 4.28% 18.90¢ 26.700%% 0% 0% 0po
NaHCO3 0% 2.64% 2.74% 0.00% 0% 0% 09 0% 0%
K3POqy 5.78% | 96.46% | 100.00% 5.21% 37.79¢ 54.62%  3.8[1%.22% | 4.96%
K2CO3 9.98% | 62.22% 78.96% 1.04% 10.48¢ 1454%  1.0598.88% | 3.68%
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Example 21. Scale up of Compound E

\
N-N NN
\
N-N  PdCly(PPhs), N KOH )
R SR T,
_ u MTBE,15~25°C
SiMes ! iPr,NH I
SiMe;  Yield: 96.6%
20~30°C e E

Step 1:

[001144] A clean and dry 500 L glass-lined reactor A wasceated to -0.08--0.05MPa and filled with
nitrogen to normal pressure. It was repeated tom8s. The reactors were sampled for oxygen combeensure
it was<3%.

[001145] Diisopropylamine (106.0 kg) and 1-methyl-4-iodo-plfazole (24.3 kg, 23.6 kg corrected) were
added to the reactor A at 15-25 °C. Cuprous io¢lid&7 kg) was added to reactor A under the priatecif
nitrogen at 15-25 °C. Bis(triphenylphosphine)pdillan(ll) chloride (1.09 kg) was added to the mietuinder the
protection of nitrogen at 15-25 °C. The mixturesvgéirred for 20-30 min. Trimethylsilylacetyler22(2 kg, 14.0
kg corrected) was added to the mixture in portiwite 4-5 kg and an interval of 20-30 min for eadntfpn at
15-30 °C. The mixture was allowed to react at @0@. After 2h, the mixture was sampled every Hetpurity
analysis by HPLC until area% of 1-methyl-4-iodo-pitazole was 0.5%.

[001146] After reaction completion, the mixture was filteneidh a stainless steel centrifuge. The filter
cake was rinsed twice with methyl tert-butyl etffe@ kg x2). The filtrate was transferred to rea& and
concentrated under reduced pressure {8208 MPa) at & 45 °C until 40-60 L was left. Methyl tert-butyther
(92.5 kg) was added to the mixture and concentratias continued until 40-60 L was left. Methyittbutyl
ether (92.2 kg) was added to concentrated mixtudetlze mixture was sampled for diisopropylaminédies
analysis to ensure it wasl%. Active carbon (4.9 kg) was added to the méetat 15-25 °C and the mixture was
maintained for 6-8 h under stirring. The mixturaswiltered with stainless steel nutsche filtet 525 °C. The
filter cake was rinsed twice with methyl tert-buggher (9.2 kg x2). A solution of citric acid mdnyalrate (6.1
kg) in purified water (121.6 kg) was added to titteate at 15-25 °C. The mixture was stirred f6r320 min and
settled for 20-30 min before separation. The eionlgyer was separated to aqueous phase. Theusphase
was sampled for pH analysis and wt% analysis tarensH was < 7. Active carbon (4.9 kg) was addeithé
mixture at 15-25 °C and the mixture was maintaifoed-8 h under stirring. The mixture was filteneith
stainless steel nutsche filter at 15-25 °C. Therfcake was rinsed twice with methyl tert-butiier (9.2 kg x2).
The filtrate was checked to ensure it was yellolutsm.

[001147] The filtrate was transferred to reactor B and catre¢ed under reduced pressurec({®.08MPa)
at T< 35 °C until 30-40 L was left. Anhydrous ethar@.(3 kg) was added to the mixture and concentratias
continued at K 45 °C until 30-40 L was left. The mixture was gded for methyl tert-butyl ether residual
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analysis to ensure it was0.5%. The mixture was cooled to 15-25 °C. Peudifivater (121.3 kg) was added to
the mixture through peristaltic pump at 15-25 °@ atference rate of 25-50 kg/h. Brown yellowdoli
precipitated.

[001148] The mixture was allowed to crystallize at 15-25 4&ter 2h, the mixture was sampled every 1-
2h for mother liquor wt% analysis until it wa€.5% or the difference between the two sampleswa8%.

The mixture was filtered with a stainless steebobe filter. The filter cake was rinsed twice wgtlrified water
(12.1 kg x2). The filter cake was swept in thendéss steel nutsche filter. After 12h, the selis sampled
every 6-8h for ethanol residual until it wad%. The product was packaged in one plastic Bagduct weight =
12.0 kg, Yield = 52.3%, Purity (HPLC) = 98.9%.

Step 2:

[001149] A clean and dry 1000 L glass-lined reactor A amgbhas-lined reactor 500 L reactor B were
evacuated to -0.08--0.05MPa and filled with nitnoge normal pressure. It was repeated for 3 tinids
reactors were sampled for oxygen content to erisw@s no more than 3%.

[001150] Methyl tert-butyl ether (88.8 kg) and Compound E.(lkg crude from Step 1, 10.5 kg adjusted)
were added to the reactor A at 15-25 °C. Theestitias started. Then a solution of potassium hydeo(12.0
kg) in purified water (108.0 kg) was added to thgtare at 15-25 °C. The mixture was allowed toctest 15-25
°C. After 4h, the mixture was sampled every 2fdrtpurity analysis by HPLC until area% of Compouhdias
no more than 1.0%.

[001151] Active carbon (1.2 kg) was added to the mixturg&sf5 °C. The mixture was stirred for 2-3 h.
The mixture was filtered with a stainless steebobe filter at 15-25 °C. The filter cake was rohseice with
methyl tert-butyl ether (22.2 kg x2). The filtratas stirred for 20-30 min and settled for 20-3@ wati 15-25 °C
before separation. The mother liquor of step #(@%g) and methyl tert-butyl ether (205.6 kg) wadeled to
reactor B. The mixture was stirred for 30-40 mial aettled for 20-30 min at 15-25 °C before sepamatActive
carbon (1.2 kg) was added to the organic phasg-a6TC. The mixture was stirred for 2-3 h. Thietore was
filtered with a stainless steel nutsche filter &2b °C. The filter cake was rinsed twice with Ingtert-butyl
ether (22.2 kg x2). The organic phases and ttratélwere combined into reactor B and concentraeibr
reduced pressure at<I25 °C until 160-190 L was left. The mixture weanisferred to 200L iron drum. Methyl
tert-butyl ether (24.2 kg) was added to reactoo Brise reactor wall and the rinsing liquor was borad with

the mixture.

[001152] A clean and dry 80L glass reactor C was evacuate@l®8--0.05MPa and filled with nitrogen to
normal pressure. It was repeated for 3 times. réaetor was sampled for oxygen content to ensuvas< 3%.
The mixture was transferred to reactor C in pogiand concentrated under reduced pressure&sr°C (until
25L was left.
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[001153] n-Heptane (16.3 kg) was added to the mixture @235 and the mixture was sampled for
methyl tert-butyl ether residual analysis. Thetoni& was heated to 55-60 °C under stirring. Themtixture
was cooled to -10-0 °C at a reference rate of 10€IB. The mixture was stirred at -10-0 °C forstajlization.
After 1-2h, the mixture was sampled every 2-3hwitho analysis of mother liquor until it wa8 wt%. The
mixture was filtered with a filter flask and thétdr cake was rinsed twice with pre-cooled n-hept@hl kg total,
-10-0 °C). The filter cake and methyl tert-butther (8.9 kg) were added to 20L flask at 15-25 T®e mixture
was stirred until all solid was dissolved completey visual check.

[001154] The mixture was transferred to reactor C and maérdbutyl ether (35.5 kg) was added to the
mixture through in-line filter at 15-25 °C. Thexthire was concentrated under reduced pressure &51°C
until 10-15 L was left. Methyl tert-butyl ether26.6 kg x2) was added to the mixture and the cdraton was
continued. Methyl tert-butyl ether (26.7 kg) walklad to the mixture and the mixture was sampledFfor
analysis to ensure it was0.4%. The mixture was concentrated under redpoessure at € 25 °C until no
distillate was observed (~10L was left). The migtwas transferred to 10L flask E and evacuateéursdiuced
pressure with oil pump until solid was formed. Theduct was heated to 25-30 °C and then transféorsix
liquid pails. Inner package: bagged with pharmécaligrade HDPE liquid pail. Outer package: phaceutical
grade LDPE bag with food grade security seal. &ebdeight 6.1 kg, Yield=94.4%, Purity (HPLC)=98.9%

Example 22. Preparation of Compound E

/
DIPA/Cul N- ’;‘ N-N
N-N  PdCly(PPhs), 10 wt% KOH (2equ. [
\‘l + Q " wTeE/
DM rt. MTBE/ rt.
SiMe; | M I
SiMe;
F E

[001155] Step 1 was conducted according to the procedustegsl of Example 18.

[001156] Step 2: At the end of the reaction the organiedayas separated off. The solvent was distilled
off under vacuum followed by Compound E. Yield5-88% as a colorless crystalline solid.

[001157] When Compound F crude product was telescoped tew Bwithout further purification, the
overall yield of the two step was about 57%. Thage split was difficult because both layers hald Heown

and solid material was present. A carbon treatmmet be necessary to remove some of the color.diEti#ed
Compound E was provided as a yellow oil.

[001158] Alternatively, Compound F was recrystallized af¢ep 1 before being used in Step 2. The
recrystallization yield was about 71-78%, and al25i% of Compound F was lost to the mother liquitie

overall yield of the two step was about 85-88%.lyGnphase split and single distillation was regdito afford
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Compound E as a colorless crystal. The brine wsashcarbon treatment from the telescope approatbea

avoided.

Example 23. Preparation of Compound M

o o 22 Vol. MeCN, 0’ O\

2.0 eq. NaOH
_N )]\
=+ c| ——
EtoJ\/ o o Reflux 1 h \/0\[(\[&\\
Recrystallize from MeOH fo) N
79% (75 g scale) M
22 Vol. MeCN, O} 0‘

0 o 2.0 eq. NaOH
_N )J\ S
2 Cl
EtOJ\/ clI o Refux1h >0 X
Crystallize from 1-BuOH fo)
76% (75 g scale)

N

M
[001159] Recrystallization from MeOH led to relatively hitgss due to moderate solubility.
[001160] Re-slurry with 1-propanol was less effective oméarscale or when clumps were present.
[001161] An exemplary study where 1-butanol was used fostatljization was carried out as follow. The
solvent of 1-BuOH is convenient as it is also thiwent for the next reaction.
[001162] MeCN (15 volumes) and NaOH (2 equivalents) weregdthto an appropriately sized jacketed

reactor. Mixing was started and the jacket wascsptaintain an internal temperature of 15 °C. yEth
cyanoacetate was charged to the reactor over adper20 to 30 minutes, adjusting the jacket tontzain
temperature as necessary. Once the charge wadetentpe jacket was set to maintain 20 °C andrsgiiwvas
continued for 2 h. The exotherm from the depraionavas mild and was easy to control even at lasgeles.
After two hours, the jacket was set to maintainrgernal temperature of 10 °C. A solution of 2arblethyl
chloroformate (1 equivalent) in MeCN (2 volumes)kveharged to the reactor over the course of at lelasur.
The jacket was adjusted as necessary to maintimtirnal temperature at 10 — 15 °C. Once thegehaas
completed the solution was refluxed for 1 hourlldvang reflux, the reactor contents were cooleddom
temperature and the NaCl generated was removeittragién. The solution can be held overnighttas point if
required.

[001163] The solution was charged back to the cleaned neantbdistilled under vacuum to remove
MeCN until 5 volumes remained. Once at five volsntie vacuum was broke and 5 volumes of 1-BuOH was
charged to the reactor. The distillation was mésteand continued to 5 volumes. During the coofghis
distillation the material started to precipitatence at five volumes, the vacuum was broke andrpleeof the
mother liquor was taken for analysis by NMR or GEpassing IPC (in-process control) at this po@guired <

5 mol% MeCN in 1-BuOH. If the IPC failed, distifian was continued and re-sampled at a later tioietpthe
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IPC would eventually pass. Once a passing IPCalbtained, the slurry was cooled to room temperaiack
held overnight if necessary.

[001164] The slurry was filtered using a Buchner funnel trelcake was slurry washed once with 1.33
volumes 1-BuOH and displacement washed once waB dolumes of 1-BuOH. The cake was dried in a vatu
oven until reaching constant weight. The typidald/of this step is 75 — 80% and the reaction lbeeh carried

out on 225 g scale.

Example 24. Preparation of Compound J

r 7 . H Et0,C  NH,
I\ 1.5 eq. NH2NH2 Hzo H,N N. 2
o o 105eq.NH,OH HN O _~ OH RT - Reflux 2 | NH, Reflux, 3 days R
1-Propanol, 25 °C o | _— ~_O o H,N N’N
~_0O - — |~ \\N \\N 76% (10 g scale) H
o J
M ) L )
H
H,N__O EtO,C NH
O __O  1.05eq. NHOH ;R\/\OH 1.5 6. NHsNH, H,0 H,N | N\NH2 Reflux. 36 h 2/2’( 2
~0 Ny 1-BUOH, 25°C SN RT-70C,2h | NN | 70-75% (10 g scale) HzN N
o 1 hour o o 58% (160 g scale) H
M L K J
[001165] An exemplary study where 1-butanol was used aesbivas carried out as follow.

[001166] Compound M and 1-BuOH (6.5 volumes) were chargexhtappropriately sized jacketed
reactor. Mixing was started and the jacket wascsgtaintain an internal temperature of 25 °C. émus
ammonia (1.1 equivalents) was charged to the readteere was an initial endotherm from the dissotuof the
ammonia and then a very mild exotherm as the m@abtigins. An IPC sample should be taken folloveing
minimum of 1.5 hours and the passing criteria isatea% remaining starting material. Once a pgdBi€ was
obtained, hydrazine monohydrate (1.5 equivalents) eharged to the reactor and the jacket was seditttain
an internal temperature of 70 °C. After 2 hourdR@ sample can be taken and a passing test hasea%
remaining intermediate (Compound L). Once thispas|IPC occurred, the jacket was set to maintaiimternal
temperature of 105 — 110 °C (reflux). The reacti@s then allowed to proceed for about 40 hours.

[001167] The solution was then cooled to 80 °C and an IRfGptawas taken. The reaction was then re-
heated to reflux at this time. The passing cat@ras < 1 area% remaining intermediate (CompoundXjce
this passing IPC was obtained, the solution watedomver 2 hours to 20 °C and the slurry was hel®fh once
that temperature was reached. The slurry wasdidtesing a Buchner funnel and the cake slurrywsashed
twice with 2 volumes of 1-BuOH and displacementlveasonce with 1 volume of 1-BuOH. The cake wasdlri

in a vacuum oven to constant weight. This procedthad been carried out on 200 g scale.
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Example 25. Preparation of Compound G

EtO,C NH, 0] OEt 1. Distill off AcOH (0] OH
N\ 0 O AcOH, reflux 2.2MLiCH
RIS () Gl N~
HoN N’ 0 0O 1h L/ »)—NH, 3. Neutralize with HCI & ,»—NH,
H ~x-N-N to pH 4 x-N-N
J H G

96% yield (2 g scale)

96% yield (10 g scale)

93% yield (50 g scale)
[001168] In an exemplary study, 3 volumes of AcOH were us&dOH is distilled off under mild vacuum
at elevated temperature to keep in solution. Qimtélation ended, LiOH solution was added dirgctOverall
purity was about 95%.
[001169] Another exemplary study was carried out as foll@dampound J and AcOH (7.5 volumes) were
charged to an appropriately sized jacketed readitixing was started and the jacket was set to ta&iran
internal temperature of 25 °C. Tetramethoxypropdn@l equivalents) was charged to the reactotlamghcket
was set to maintain an internal temperature of®50nce at temperature, the reaction continuedhgifor 1.5
hours and then an IPC sample was taken. The pgassiaria for this IPC was < 1 area% remaining @oond J.
If necessary, a further addition of 0.05 equivaeafttetramethoxypropane may be added to pustetiwion to
completion. Once a passing IPC was obtained,dh®ien was concentrated to 3 volumes by vacuurilldison
maintaining a solution temperature > 60 °C to pn¢yemature precipitation. Once the target voluvae
reached the jacket was set to maintain an inteenaperature of 50 °C. A 4 M solution of NaOH whsrt
charged to the reactor via cannula to neutraliee¢maining AcOH. This typically required approzitely 10
volumes of the base solution. The neutralizatias monitored by pH probe. Solids began to preatipitiuring
the course of the charge.
[001170] Once neutralized, the slurry was cooled to 20 °€laid at that temperature for 1 hour prior to
isolation via Buchner funnel. The cake was wadtéck with 2 volumes of water and once with 2 voaswof
MeOH. The solids were then dried to constant wdigla vacuum oven to provide Compound H. This
procedure had been performed on 110 g scale taupeoa granular light brown solid.
[001171] Compound H and MeOH (3.6 volumes) were chargea @ppropriately sized jacketed reactor.
Mixing was started and the jacket was set to mairga internal temperature of 25 °C. A solutior_@H (4.4
equivalents) in water (12 volumes) was chargetiea¢actor slowly over several minutes. There avaimall
exotherm upon charging, but it was small and easdpaged. Once the charge was complete, the slasy
heated to 50 °C for a minimum of 2 hours. Aftés time an IPC sample was taken with a targetedipgs
specification of < 1 area% Compound H. Once aipgdBC was obtained, the jacket was set to mairites
slurry at 10 °C. pH was adjusted to 4 using 6 M &M HCI transferred via cannula. The 6 M HCI wasd for
the initial adjustment and the 1 M HCI was usedi@rend of the titration. The slurry was heldroight at this

point if necessary.
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[001172] The slurry was filtered with a Buchner funnel ahd take was washed twice with 3 volumes of
water and once with 3 volumes of MeOH. The cake than dried to constant weight in a vacuum oven to

provide Compound G. This procedure had been paddron 122 g scale to produce a pale yellow solid.

EtO,C  NH, O oFt 1.3 M LiOH to pH 12-14 0. oH
/Z/’\{N . /OWO\ 2 MHCI, 50 C /N% 2.50C,1h /N%
H,N H 0 O 1h &/"LN/ NH, 3. Neuttrgl:}z;a| Xvith HCI &/N\N/ NH,
J H G
89% yield (2 g scale)
[001173] In an alternative example, the reaction was cawigdising HCI as the acid instead of AcOH.
[001174] The overall average yield in three steps (prepamaif Compound M, preparation of Compound

J, and preparation of Compound G) was about 40-&b%the product was obtained in off white color.

[001175] While exemplary embodiments of the present disctohave been shown and described herein, it
will be obvious to those skilled in the art thats®embodiments are provided by way of example only.
Numerous variations, changes, and substitutionsait occur to those skilled in the art without demg from

the disclosure. It should be understood that waradternatives to the embodiments described heegirbe
employed in practicing the subject matter of theeldisure. All such equivalents are considerecetwithin the
scope of the claimed subject matter and are encgsegday the appended claims.
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CLAIMS

1. A solid form of a compound of Formula (1), of a solvate of a compound of Formula (1), or

of a cocrystal of a compound of Formula (1):

wherein the solid form is:

Form 1 of a compound of formula (I), having an X-ray powder diffraction (XRPD)
pattern comprising peaks at 16.8, 23.6, and 25.6 degrees 20, plus or minus 0.2;

Form 2 of a 1-propanol, acetone, chloroform, or dichloromethane solvate of a compound
of formula (I), having an XRPD pattern comprising peaks at 13.6, 14.9, and 21.0 degrees 26, plus
or minus 0.2;

Form 3 of a MEK, 1-propanol, acetone, dimethyl sulfoxide, tert-butylmethyl ether, 2-
methyl-1-propanol, or 2-methyl THF solvate of a compound of formula (1), having an XRPD
pattern comprising peaks at 17.9, 20.6, and 25.8 degrees 20, plus or minus 0.2;

Form 4 of a 2-propanol, 1-propanol, dimethyl sulfoxide, 2-methyl-1-propanol, 1,4-
dioxane, chloroform, THF, 2-methoxyethanol, or acetone solvate of a compound of formula (1),
having an XRPD pattern comprising peaks at 7.4, 18.0, and 20.7 degrees 260, plus or minus 0.2;

Form 5 of an anisole solvate of a compound of formula (I), having an XRPD pattern

comprising peaks at 21.0, 22.1, and 25.2 degrees 20, plus or minus 0.2;
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Form 6 of a hydrate of a compound of formula (1), having an XRPD pattern comprising
peaks at 4.8, 19.9, and 26.7 degrees 20, plus or minus 0.2;

Form 7 of a MEK, 1-propanol, acetone, or tert-butylmethyl ether solvate of a compound
of formula (I), having an XRPD pattern comprising peaks at 7.5, 12.3, and 20.7 degrees 26, plus
or minus 0.2;

Form 8 of a compound of formula (I), having an XRPD pattern comprising peaks at 18.8,
20.8, and 24.5 degrees 260, plus or minus 0.2;

Form P1C3 of a cocrystal of a compound of Formula (I) and L-tartaric acid, having an
XRPD pattern comprising peaks at 11.2, 17.4, and 17.7 degrees 26, plus or minus 0.2;

Form P1C9 of a cocrystal of a compound of Formula (I) and salicylic acid, having an
XRPD pattern comprising peaks at 6.9, 10.1, and 12.0 degrees 26, plus or minus 0.2; or

Form P2C9 of a cocrystal of a compound of Formula (1) and salicylic acid, having an

XRPD pattern comprising peaks at 11.4, 13.4, and 24.0 degrees 20, plus or minus 0.2.

2. The solid form of claim 1, wherein the solid form is Form 1 of a compound of formula
(), having an X-ray powder diffraction (XRPD) pattern comprising peaks at 16.8, 23.6, and 25.6

degrees 20, plus or minus 0.2.

3. The solid form of claim 2, having an XRPD pattern further comprising at least one peak

selected from 14.6 and 21.2 degrees 20, plus or minus 0.2.
4. The solid form of claim 2, having an XRPD pattern substantially as shown in FIG. 1.

5. The solid form of claim 2, which exhibits an endothermic event, as characterized by

DSC, with an onset temperature at about 255 °C and/or a peak temperature at about 257 °C.

6. The solid form of claim 2, which exhibits a weight loss of about 0.6% upon heating from
about 230 °C to about 310 °C.

7. The solid form of claim 2, which exhibits a weight increase of about 0.5 % when

subjected to an increase in relative humidity from about 0 to about 90 % relative humidity.
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8. The solid form of claim 2, having approximately unit cell dimensions of: a = 11.1 A, b =
12.8 A, c=16.1 A, a.=90°, B =90°, and y = 90°.

9. The solid form of claim 2, which is anhydrous.
10.  The solid form of claim 2, which is non-hygroscopic.

11.  The solid form of claim 1, wherein the solid form is Form 2 of a 1-propanol, acetone,
chloroform, or dichloromethane solvate of a compound of formula (1), having an XRPD pattern

comprising peaks at 13.6, 14.9, and 21.0 degrees 20, plus or minus 0.2.

12.  The solid form of claim 11, having an XRPD pattern further comprising at least one peak

selected from 7.4 and 16.7 degrees 26, plus or minus 0.2.
13.  The solid form of claim 11, having an XRPD pattern substantially as shown in FIG. 4.

14.  The solid form of claim 11, having approximately unit cell dimensions of: a=8.7 A, b =
13.2 A, c=26.0 A, a=90°, B =90°, and y = 90°.

15.  The solid form of claim 1, wherein the solid form is Form 3 of a MEK, 1-propanol,
acetone, dimethyl sulfoxide, tert-butylmethyl ether, 2-methyl-1-propanol, or 2-methyl THF
solvate of a compound of formula (1), having an XRPD pattern comprising peaks at 17.9, 20.6,

and 25.8 degrees 26, plus or minus 0.2.

16.  The solid form of claim 15, having an XRPD pattern further comprising at least one peak

selected from 11.7 and 23.5 degrees 26, plus or minus 0.2.
17.  The solid form of claim 15, having an XRPD pattern substantially as shown in FIG. 9.

18.  The solid form of claim 1, wherein the solid form is Form 4 of a 2-propanol, 1-propanol,
dimethyl sulfoxide, 2-methyl-1-propanol, 1,4-dioxane, chloroform, THF, 2-methoxyethanol, or
acetone solvate of a compound of formula (1), having an XRPD pattern comprising peaks at 7.4,

18.0, and 20.7 degrees 20, plus or minus 0.2.

19.  The solid form of claim 18, having an XRPD pattern further comprising at least one peak

selected from 11.9 and 13.6 degrees 260, plus or minus 0.2.
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20.  The solid form of claim 18, having an XRPD pattern substantially as shown in FIG. 11.

21. The solid form of claim 1, wherein the solid form is Form 5 of an anisole solvate of a
compound of formula (1), having an XRPD pattern comprising peaks at 21.0, 22.1, and 25.2

degrees 20, plus or minus 0.2.

22.  The solid form of claim 21, having an XRPD pattern further comprising at least one peak

selected from 14.5 and 19.2 degrees 26, plus or minus 0.2.
23.  The solid form of claim 21, having an XRPD pattern substantially as shown in FIG. 13.

24.  The solid form of claim 1, wherein the solid form is Form 6 of a hydrate of a compound
of formula (1), having an XRPD pattern comprising peaks at 4.8, 19.9, and 26.7 degrees 20, plus

or minus 0.2.

25.  The solid form of claim 24, having an XRPD pattern further comprising at least one peak

selected from 11.9 and 24.8 degrees 26, plus or minus 0.2.
26.  The solid form of claim 24, having an XRPD pattern substantially as shown in FIG. 15.

27.  The solid form of claim 1, wherein the solid form is Form 7 of a MEK, 1-propanol,
acetone, or tert-butylmethyl ether solvate of a compound of formula (1), having an XRPD pattern

comprising peaks at 7.5, 12.3, and 20.7 degrees 26, plus or minus 0.2.

28.  The solid form of claim 27, having an XRPD pattern further comprising at least one peak

selected from 13.7 and 17.2 degrees 20, plus or minus 0.2.
29.  The solid form of claim 27, having an XRPD pattern substantially as shown in FIG. 18.

30.  The solid form of claim 1, wherein the solid form is Form 8 of a compound of formula

(D), having an XRPD pattern comprising peaks at 18.8, 20.8, and 24.5 degrees 20, plus or minus
0.2.

31.  The solid form of claim 30, having an XRPD pattern further comprising at least one peak

selected from 16.0 and 17.9 degrees 26, plus or minus 0.2.

32.  The solid form of claim 30, having an XRPD pattern substantially as shown in FIG. 20.
264



33.  The solid form of claim 1, wherein the solid form is Form P1C3 of a cocrystal of a
compound of Formula (1) and L-tartaric acid, having an XRPD pattern comprising peaks at 11.2,

17.4, and 17.7 degrees 20, plus or minus 0.2.

34.  The solid form of claim 33, having an XRPD pattern further comprising at least one peak

selected from 21.2 and 22.5 degrees 260, plus or minus 0.2.
35.  The solid form of claim 33, having an XRPD pattern substantially as shown in FIG. 22.

36.  The solid form of claim 1, wherein the solid form is Form P1C9 of a cocrystal of a
compound of Formula (1) and salicylic acid, having an XRPD pattern comprising peaks at 6.9,

10.1, and 12.0 degrees 26, plus or minus 0.2.

37.  The solid form of claim 36, having an XRPD pattern further comprising at least one peak

selected from 17.8 and 20.0 degrees 260, plus or minus 0.2.
38.  The solid form of claim 36, having an XRPD pattern substantially as shown in FIG. 24.

39.  The solid form of claim 1, wherein the solid form is Form P2C9 of a cocrystal of a
compound of Formula (1) and salicylic acid, having an XRPD pattern comprising peaks at 11.4,

13.4, and 24.0 degrees 26, plus or minus 0.2.

40.  The solid form of claim 39, having an XRPD pattern further comprising at least one peak

selected from 25.1 and 26.9 degrees 20, plus or minus 0.2.
41.  The solid form of claim 39, having an XRPD pattern substantially as shown in FIG. 26.

42. A pharmaceutical composition comprising a solid form of claim 1 and a pharmaceutical
acceptable excipient thereof.

43. A pharmaceutical composition consisting essentially of the solid form of claim 1.
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