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A SELECTIVE INHIBITOR OF PHOSPHATIDYLINOSITOL 3-KINASE-GAMMA

TECHNICAL FIELD OF THE INVENTION
[0001]  The present invention relates to a compound useful as an inhibitor of the
gamma isoform of phosphatidylinositdl 3-kinase (PI3Ky). The invention also
provides pharmaceutically acceptable compositions comprising the compound of the
invention and methods of using the compound and compositions in the treatment of

various disorders.

BACKGROUND OF THE INVENTION
[0002]  Any discussion of the prior art throughout the specification should in no
way be considered as an admission that such prior art is widely known or forms part
of common general knowledge in the field.
[0002A] PI3Ks are a family of lipid kinases that catalyze the phosphorylation of the
membrane lipid phosphatidylinositol (Pl) on the 3'-OH of the inositol ring to produce
Pl 3-phosphate [PI(3)P, PIP], PI 3,4-bisphosphate [PI(3,4)Pz, PIP2] and PI 3,4,5-
triphosphate [PI(3,4,5)Ps, PIP3]. PI(3,4)P2 and P1(3,4,5)P3 act as recruitment sites
for various intracellular signaling proteins, which in turn form signaling complexes to
relay extracellular signals to the cytoplasmic face of the plasma membrane.
[0003] Eight mammalian PI3Ks have been identified so far, including four class |
P|3Ks. Class la includes PI3Ka, PI3KB and PI3Ks. All of the class la enzymes are
heterodimeric complexes comprising a catalytic subunit (p1 10a, p1108 or p1100)
associated with an SH2 domain-containing p85 adapter subunit. Class la PI3Ks are
activated through tyrosine kinase signaling and are involved in cell proliferation and
survival. P13Ka and PI3KB have also been implicated in tumorigenesis in a variety of
human cancers. Thus, pharmacological inhibitors of PI3Ka and PI3Kg are useful for
treating various types of cancer.
[0004]  PI3Ky, the only member of the Class Ib PI3Ks, consists of a catalytic
subunit p110y, which is associated with a p101 regulatory subunit. PI3Ky is

regulated by G protein-coupled receptors (GPCRs) via association with By subunits
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of heterotrimeric G proteins. PI3Ky is expressed primarily in hematopoietic cells and
cardiomyocytes and is involved in inflammation and mast cell function. Thus,
pharmacological inhibitors of PI3Ky are useful for treating a variety of inflammatory
diseases, allergies and cardiovascular diseases.

[0005]  Although a number of PI3K-gamma inhibitors have been developed, there
is a need for additional compounds to inhibit PI3K-gamma for treating various
disorders and diseases. Particularly desirable are those PI3K-gamma inhibitors with
improved pharmacokinetic/pharmacodynamics behavior in vivo, such as, for
example, those inhibitors which increase the exposure of the drug to the target tissue
while minimizing nontarget effects. A greater exposure per unit dose decreases the
off target exposure relative to the exposure at the target tissue. Often the dose
limiting toxicities occur in organs involved in clearing the drug from the circulation or
in the case of an orally administered agent, in the gastrointestinal tract (GI).
Decreased clearance and improved bioavailability increases the Cmax in the plasma
while limiting the Cmaxin the elimination organs such as kidney, liver, and Gl. Further,
increased absorption and decreased clearance (improved bioavailability) frequently
results in less variability between patients in terms of exposure, thereby also
improving the safety profile of the administered agent. In addition, agents that
demonstrate improved physical properties, such as, for example, higher aqueous

solubility, are also desirable.

SUMMARY OF THE INVENTION

[0006] Unless the context clearly requires otherwise, throughout the description
and the claims, the words ‘comprise’, ‘comprising’ and the like are to be construed in
an inclusive sense as opposed to an exclusive or exhaustive sense; that is to say in
the sense of “including but not limited to”.

[0006A] It has been found that the compound of this invention, (R)-6-(1-(2,2-
difluoroethyl)-1H-pyrazol-4-yl)-4,7,7-trimethyl-2-(5-(2,2,2-trifluoro- I-
hydroxyethyl)pyridin3-yl)-6,7-dihydro-5H-pyrrolo[3,4-b]pyridin-5-one, and
pharmaceutically acceptable compositions thereof, is an effective and selective
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inhibitor of PI3Ky, with an improved pharmacokinetic/pharmacodyamic profile when
compared to other PI3Ky inhibitors. Accordingly, the invention features a compound

having the following structure:
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[0007] The invention also provides pharmaceutical compositions that include
Compound 1 and a pharmaceutically acceptable carrier, adjuvant, or vehicle. These
compounds and pharmaceutical compositions are useful for treating or lessening the
severity of a variety of disorders, including inflammatory and immunoregulatory
disorders, such as asthma, atopic dermatitis, rhinitis, allergic diseases, chronic
obstructive pulmonary disease (COPD), septic shock, idiopathic pulmonary fibrosis,
stroke, burn, joint diseases, rheumatoid arthritis, systemic lupus erythematosus,
atherosclerosis, acute pancreatitis, psoriasis, inflammatory bowel disease (IBD),
ulcerative colitis, Crohns’ disease, and Graves’ disease.

[0008] The compound and compositions provided by this invention are also useful
for the study of PI3K in biological and pathological phenomena; the study of
intracellular signal transduction pathways mediated by such kinases; and the

comparative evaluation of new kinase inhibitors.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Figure 1 shows the results for Compound 1 tested in the therapeutic
mouse collagen-induced arthritis (CIA) model at 2.5 mg/kg BID, 5 mg/kg BID, and 10
mg/kg BID (20 mg/kg/day).
[0010] Figure 2 shows the results for Compound 1 tested in the CIA model at 2.5
mg/kg BID, 5 mg/kg BID, and 10 mg/kg BID (20 mg/kg/day). The results are shown
only for those paws showing clinical signs of arthritis at enrollment
[0011] Figure 3 shows the results for Compound 1 tested in the CIA model at 2.5
mg/kg BID, 5 mg/kg BID, and 10 mg/kg BID (20 mg/kg/day). The results are shown
only for those paws showing no clinical signs of arthritis at enrollment.
[0012] Figure 4 shows the results for Compound 1 tested in the IBD model at 5
mg/kg BID and 10 mg/kg BID.

DETAILED DESCRIPTION OF THE INVENTION
Definitions and General Terminology
[0013] As used herein, the following definitions shall apply unless otherwise
indicated. For purposes of this invention, the chemical elements are identified in
accordance with the Periodic Table of the Elements, CAS version, and the
Handbook of Chemistry and Physics, 75" Ed. 1994. Additionally, general principles
of organic chemistry are described in “Organic Chemistry,” Thomas Sorrell,
University Science Books, Sausalito: 1999, and “March’'s Advanced Organic
Chemistry,” 5™ Ed., Smith, M.B. and March, J., eds. John Wiley & Sons, New York:
2001, the entire contents of which are hereby incorporated by reference.
[0014] Compounds that have been drawn with stereochemical centers defined
are stereochemically pure, but with the absolute stereochemistry still undefined.

Such compounds can have either the R or S configuration. In those cases where
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such an absolute assignment has been determined, the chiral center(s) will be
labeled R or S in the drawing. While Compound 1 herein is drawn in the R-
configuration, the present invention includes embodiments in the S-configuration and
in racemic mixtures of the R and S configurations.

[0015] The invention also features a pharmaceutical composition comprising any
compound of the invention and a pharmaceutically acceptable carrier, adjuvant, or
vehicle.

[0016] In one embodiment, the invention features a method of inhibiting PI3K
kinase activity in a patient by administering to the patient Compound 1, or a
pharmaceutical composition thereof. In a further embodiment PI3K-gamma is
selectively inhibited over PI3K-alpha, PI3K-beta, or PI3K-delta.

[0017] In another embodiment, the invention features a method of treating or
lessening the severity of a disease or condition selected from inflammatory and
immunoregulatory disorders, such as asthma, atopic dermatitis, rhinitis, allergic
diseases, chronic obstructive pulmonary disease (COPD), septic shock, idiopathic
pulmonary fibrosis, stroke, burn, joint diseases, rheumatoid arthritis, systemic lupus
erythematosus, atherosclerosis, acute pancreatitis, psoriasis, inflammatory bowel
disease, ulcerative colitis, Crohns’ disease, and Graves’ disease in a patient by
administering to the patient Compound 1, or a pharmaceutical composition thereof.
[0018] The invention also features a non-therapeutic method of inhibiting PI3K-
gamma kinase activity in a biological sample in vitro comprising contacting said
biological sample with Compound 1, or a composition containing said compound.
Compositions, Formulations, and Administration of Compounds of the Invention
[0019] In another aspect, the invention provides a pharmaceutical composition

comprising Compound 1. For example, the invention provides a composition
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comprising Compound 1 or a pharmaceutically acceptable derivative thereof and a
pharmaceutically acceptable carrier, adjuvant, or vehicle. In one embodiment, the
amount of compound in a composition of this invention is such that it is effective to
measurably inhibit PI3Ky in a biological sample or in a patient. In one embodiment,
the composition of this invention is formulated for administration to a patient in need
of such composition. In a further embodiment, the composition of this invention is
formulated for oral administration to a patient. The term “patient,” as used herein,
means an animal, preferably a mammal, and most preferably a human.

[0020] It will also be appreciated that certain of the compounds of present
invention can exist in free form for treatment, or where appropriate, as a
pharmaceutically acceptable derivative thereof. According to the present invention, a
pharmaceutically acceptable derivative includes, but is not Ilimited to,
pharmaceutically acceptable prodrugs, salts, esters, salts of such esters, or any
other adduct or derivative which upon administration to a patient in need is capable
of providing, directly or indirectly, the compound as otherwise described herein, or a
metabolite or residue thereof. As used herein, the term “inhibitory active metabolite
or residue thereof” means that a metabolite or residue thereof is also an inhibitor of
PI3K-gamma.

[0021]  As used herein, the term “pharmaceutically acceptable salt” refers to those
salts which are, within the scope of sound medical judgment, suitable for use in
contact with the tissues of humans and lower animals without undue toxicity,
irritation, allergic response and the like.

[0022] Pharmaceutically acceptable salts are well known in the art. For example,
S. M. Berge et al., describe pharmaceutically acceptable salts in detail in J.

Pharmaceutical Sciences, 66:1-19, 1977, which is incorporated herein by reference.
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Pharmaceutically acceptable salts of the compounds of this invention include those
derived from suitable inorganic and organic acids and bases. Examples of
pharmaceutically acceptable, nontoxic acid addition salts are salts of an amino group
formed with inorganic acids such as hydrochloric acid, hydrobromic acid, phosphoric
acid, sulfuric acid and perchloric acid or with organic acids such as acetic acid, oxalic
acid, maleic acid, tartaric acid, citric acid, succinic acid or malonic acid or by using
other methods used in the art such as ion exchange. Other pharmaceutically
acceptable salts include adipate, alginate, ascorbate, aspartate, benzenesulfonate,
benzoate, bisulfate, borate, butyrate, camphorate, camphorsulfonate, citrate,
cyclopentanepropionate, digluconate, dodecylsulfate, ethanesulfonate, formate,
fumarate, glucoheptonate, glycerophosphate, gluconate, hemisulfate, heptanoate,
hexanoate, hydroiodide, 2-hydroxy-ethanesulfonate, lactobionate, lactate, laurate,
lauryl sulfate, malate, maleate, malonate, methanesulfonate, 2-
naphthalenesulfonate, nicotinate, nitrate, oleate, oxalate, palmitate, pamoate,
pectinate, persulfate, 3-phenylpropionate, phosphate, picrate, pivalate, propionate,
stearate, succinate, sulfate, tartrate, thiocyanate, p-toluenesulfonate, undecanoate,
valerate salts, and the like. Salts derived from appropriate bases include alkali metal,
alkaline earth metal, ammonium and N*(Ci4 alkyl); salts. This invention also
envisions the quaternization of any basic nitrogen-containing groups of the
compounds disclosed herein. Water or oil-soluble or dispersible products may be
obtained by such quaternization. Representative alkali or alkaline earth metal salts
include sodium, lithium, potassium, calcium, magnesium, and the like. Further
pharmaceutically acceptable salts include, when appropriate, nontoxic ammonium,
quaternary ammonium, and amine cations formed using counterions such as halide,

hydroxide, carboxylate, sulfate, phosphate, nitrate, C1.s sulfonate and aryl sulfonate.
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[0023] As described above, the pharmaceutically acceptable compositions of the
present invention additionally comprise a pharmaceutically acceptable carrier,
adjuvant, or vehicle, which, as used herein, includes any and all solvents, diluents, or
other liquid vehicle, dispersion or suspension aids, surface active agents, isotonic
agents, thickening or emulsifying agents, preservatives, solid binders, lubricants and
the like, as suited to the particular dosage form desired. In Remington: The Science
and Practice of Pharmacy, 21st edition, 2005, ed. D.B. Troy, Lippincott Williams &
Wilkins, Philadelphia, and Encyclopedia of Pharmaceutical Technology, eds. J.
Swarbrick and J. C. Boylan, 1988-1999, Marcel Dekker, New York, the contents of
each of which is incorporated by reference herein, are disclosed various carriers
used in formulating pharmaceutically acceptable compositions and known
techniques for the preparation thereof. Except insofar as any conventional carrier
medium is incompatible with the compounds of the invention, such as by producing
any undesirable biological effect or otherwise interacting in a deleterious manner
with any other component(s) of the pharmaceutically acceptable composition, its use
is contemplated to be within the scope of this invention.

[0024] Some examples of materials which can serve as pharmaceutically
acceptable carriers include, but are not limited to, ion exchangers, alumina,
aluminum stearate, lecithin, serum proteins, such as human serum albumin, buffer
substances such as phosphates, glycine, sorbic acid, or potassium sorbate, partial
glyceride mixtures of saturated vegetable fatty acids, water, salts or electrolytes,
such as protamine sulfate, disodium hydrogen phosphate, potassium hydrogen
phosphate, sodium chloride, zinc salts, colloidal silica, magnesium trisilicate,
polyvinyl pyrrolidone, polyacrylates, waxes, polyethylene-polyoxypropylene-block

polymers, wool fat, sugars such as lactose, glucose and sucrose; starches such as
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corn starch and potato starch; cellulose and its derivatives such as sodium
carboxymethyl cellulose, ethyl cellulose and cellulose acetate; powdered tragacanth;
malt; gelatin; talc; excipients such as cocoa butter and suppository waxes; oils such
as peanut oil, cottonseed oil; safflower oil; sesame oil; olive oil; corn oil and soybean
oil; glycols; such as propylene glycol or polyethylene glycol; esters such as ethyl
oleate and ethyl laurate; agar; buffering agents such as magnesium hydroxide and
aluminum hydroxide; alginic acid; pyrogen-free water; isotonic saline; Ringer’s
solution; ethyl alcohol, and phosphate buffer solutions, as well as other nontoxic
compatible lubricants such as sodium lauryl sulfate and magnesium stearate, as well
as coloring agents, releasing agents, coating agents, sweetening, flavoring and
perfuming agents, preservatives and antioxidants can also be present in the
composition, according to the judgment of the formulator.

[0025] The compositions of the present invention may be administered orally,
parenterally, by inhalation spray, topically, rectally, nasally, buccally, vaginally or via
an implanted reservoir. The term “parenteral” as used herein includes subcutaneous,
intravenous, intramuscular, intra-articular, intra-synovial, intrasternal, intrathecal,
intraocular, intrahepatic, intralesional, epidural, intraspinal, and intracranial injection
or infusion techniques. Preferably, the compositions are administered orally,
intraperitoneally or intravenously. Sterile injectable forms of the compositions of this
invention may be aqueous or oleaginous suspension. These suspensions may be
formulated according to techniques known in the art using suitable dispersing or
wetting agents and suspending agents. The sterile injectable preparation may also
be a sterile injectable solution or suspension in a nontoxic parenterally acceptable
diluent or solvent, for example as a solution in 1,3-butanediol. Among the acceptable

vehicles and solvents that may be employed are water, Ringer’s solution and
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isotonic sodium chloride solution. In addition, sterile, fixed oils are conventionally
employed as a solvent or suspending medium.

[0026] For this purpose, any bland fixed oil may be employed including synthetic
mono-or diglycerides. Fatty acids, such as oleic acid and its glyceride derivatives are
useful in the preparation of injectables, as are natural pharmaceutically-acceptable
oils, such as olive oil or castor oil, especially in their polyoxyethylated versions.
These oil solutions or suspensions may also contain a long-chain alcohol diluent or
dispersant, such as carboxymethyl cellulose or similar dispersing agents that are
commonly used in the formulation of pharmaceutically acceptable dosage forms
including emulsions and suspensions. Other commonly used surfactants, such as
Tweens, Spans and other emulsifying agents or bioavailability enhancers which are
commonly used in the manufacture of pharmaceutically acceptable solid, liquid, or
other dosage forms may also be used for the purposes of formulation.

[0027] The pharmaceutically acceptable compositions of this invention may be
orally administered in any orally acceptable dosage form including, but not limited to,
capsules, tablets, aqueous suspensions or solutions. In the case of tablets for oral
use, carriers commonly used include lactose and corn starch. Lubricating agents,
such as magnesium stearate, are also typically added. For oral administration in a
capsule form, useful diluents include lactose and dried cornstarch. When aqueous
suspensions are required for oral use, the active ingredient is combined with
emulsifying and suspending agents. If desired, certain sweetening, flavoring or
coloring agents may also be added.

[0028] Alternatively, the pharmaceutically acceptable compositions of this
invention may be administered in the form of suppositories for rectal administration.

These can be prepared by mixing the agent with a suitable non-irritating excipient

10
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that is solid at room temperature but liquid at rectal temperature and therefore will
melt in the rectum to release the drug. Such materials include cocoa butter, beeswax
and polyethylene glycols.

[0029] Liquid dosage forms for oral administration include, but are not limited to,
pharmaceutically acceptable emulsions, microemulsions, solutions, suspensions,
syrups and elixirs. In addition to the active compounds, the liquid dosage forms may
contain inert diluents commonly used in the art such as, for example, water or other
solvents, solubilizing agents and emulsifiers such as ethyl alcohol, isopropyl alcohol,
ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate, propylene glycol,
1,3-butylene glycol, dimethylformamide, oils (in particular, cottonseed, groundnut,
corn, germ, olive, castor, and sesame oils), glycerol, tetrahydrofurfuryl alcohol,
polyethylene glycols and fatty acid esters of sorbitan, and mixtures thereof. Besides
inert diluents, the oral compositions can also include adjuvants such as wetting
agents, emulsifying and suspending agents, sweetening, flavoring, and perfuming
agents.

[0030] Injectable preparations, for example, sterile injectable aqueous or
oleaginous suspensions may be formulated according to the known art using
suitable dispersing or wetting agents and suspending agents. The sterile injectable
preparation may also be a sterile injectable solution, suspension or emulsion in a
nontoxic parenterally acceptable diluent or solvent, for example, as a solution in 1,3-
butanediol. Among the acceptable vehicles and solvents that may be employed are
water, Ringer’'s solution, U.S.P. and isotonic sodium chloride solution. In addition,
sterile, fixed oils are conventionally employed as a solvent or suspending medium.

For this purpose any bland fixed oil can be employed including synthetic mono- or

11
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diglycerides. In addition, fatty acids such as oleic acid are used in the preparation of
injectables.

[0031] The injectable formulations can be sterilized, for example, by filtration
through a bacterial-retaining filter, or by incorporating sterilizing agents in the form of
sterile solid compositions which can be dissolved or dispersed in sterile water or
other sterile injectable medium prior to use.

[0032] In order to prolong the effect of the compound of the present invention, it is
often desirable to slow the absorption of the compound from subcutaneous or
intramuscular injection. This may be accomplished by the use of a liquid suspension
of crystalline or amorphous material with poor water solubility. The rate of absorption
of the compound then depends upon its rate of dissolution that, in turn, may depend
upon crystal size and crystalline form. Alternatively, dissolving or suspending the
compound in an oil vehicle accomplishes delayed absorption of a parenterally
administered compound form. Injectable depot forms are made by forming
microencapsule matrices of the compound in biodegradable polymers such as
polylactide-polyglycolide. Depending upon the ratio of compound to polymer and the
nature of the particular polymer employed, the rate of compound release can be
controlled. Examples of other biodegradable polymers include poly(orthoesters) and
poly(anhydrides). Depot injectable formulations are also prepared by entrapping the
compound in liposomes or microemulsions that are compatible with body tissues.
The compounds of the present invention may be incorporated into other conventional
sustained release formulations to provide for controlled release thereof over a
desired time period, from hours to days to months.

[0033] Compositions for rectal or vaginal administration are preferably

suppositories which can be prepared by mixing the compounds of this invention with

12
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suitable non-irritating excipients or carriers such as cocoa butter, polyethylene glycol
or a suppository wax which are solid at ambient temperature but liquid at body
temperature and therefore melt in the rectum or vaginal cavity and release the active
compound.

[0034] Solid dosage forms for oral administration include capsules, tablets, pills,
powders, and granules. In such solid dosage forms, the active compound is mixed
with at least one inert, pharmaceutically acceptable excipient or carrier such as
sodium citrate or dicalcium phosphate and/or a) fillers or extenders such as starches,
lactose, sucrose, glucose, mannitol, and silicic acid, b) binders such as, for example,
carboxymethylcellulose, alginates, gelatin, polyvinylpyrrolidinone, sucrose, and
acacia, ¢) humectants such as glycerol, d) disintegrating agents such as agar-agar,
calcium carbonate, potato or tapioca starch, alginic acid, certain silicates, and
sodium carbonate, e) solution retarding agents such as paraffin, f) absorption
accelerators such as quaternary ammonium compounds, g) wetting agents such as,
for example, cetyl alcohol and glycerol monostearate, h) absorbents such as kaolin
and bentonite clay, and i) lubricants such as talc, calcium stearate, magnesium
stearate, solid polyethylene glycols, sodium lauryl sulfate, and mixtures thereof. In
the case of capsules, tablets and pills, the dosage form may also comprise buffering
agents.

[0035] Solid compositions of a similar type may also be employed as fillers in soft
and hard-filled gelatin capsules using such excipients as lactose or milk sugar as
well as high molecular weight polyethylene glycols and the like. The solid dosage
forms of tablets, dragees, capsules, pills, and granules can be prepared with
coatings and shells such as enteric coatings and other coatings well known in the

pharmaceutical formulating art. They may optionally contain opacifying agents and

13



WO 2015/048318 PCT/US2014/057499

can also be of a composition that they release the active ingredient(s) only, or
preferentially, in a certain part of the intestinal tract, optionally, in a delayed manner.
Examples of embedding compositions that can be used include polymeric
substances and waxes. Solid compositions of a similar type may also be employed
as fillers in soft and hard-filled gelatin capsules using such excipients as lactose or
milk sugar as well as high molecular weight polyethylene glycols and the like.

[0036] The active compounds can also be in micro-encapsulated form with one or
more excipients as noted above. The solid dosage forms of tablets, dragees,
capsules, pills, and granules can be prepared with coatings and shells such as
enteric coatings, release controlling coatings and other coatings well known in the
pharmaceutical formulating art. In such solid dosage forms the active compound may
be admixed with at least one inert diluent such as sucrose, lactose or starch. Such
dosage forms may also comprise, as is normal practice, additional substances other
than inert diluents, e.g., tableting lubricants and other tableting aids such a
magnesium stearate and microcrystalline cellulose. In the case of capsules, tablets
and pills, the dosage forms may also comprise buffering agents. They may optionally
contain opacifying agents and can also be of a composition that they release the
active ingredient(s) only, or preferentially, in a certain part of the intestinal tract,
optionally, in a delayed manner. Examples of embedding compositions that can be
used include polymeric substances and waxes.

[0037] Dosage forms for topical or transdermal administration of the compound of
this invention include ointments, pastes, creams, lotions, gels, powders, solutions,
sprays, inhalants or patches. The active component is admixed under sterile
conditions with a pharmaceutically acceptable carrier and any needed preservatives

or buffers as may be required. Ophthalmic formulations, eardrops, and eye drops are

14
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also contemplated as being within the scope of this invention. Additionally, the
present invention contemplates the use of transdermal patches, which have the
added advantage of providing controlled delivery of a compound to the body. Such
dosage forms can be made by dissolving or dispensing the compound in the proper
medium. Absorption enhancers can also be used to increase the flux of the
compound across the skin. The rate can be controlled by either providing a rate
controlling membrane or by dispersing the compound in a polymer matrix or gel.
[0038] The compounds of the invention are preferably formulated in dosage unit
form for ease of administration and uniformity of dosage. The expression “dosage
unit form” as used herein refers to a physically discrete unit of agent appropriate for
the patient to be treated. It will be understood, however, that the total daily usage of
the compounds and compositions of the present invention will be decided by the
attending physician within the scope of sound medical judgment. The specific
effective dose level for any particular patient or organism will depend upon a variety
of factors including the disorder being treated and the severity of the disorder; the
activity of the specific compound employed; the specific composition employed; the
age, body weight, general health, sex and diet of the patient; the time of
administration, route of administration, and rate of excretion of the specific
compound employed; the duration of the treatment; drugs used in combination or
coincidental with the specific compound employed, and like factors well known in the
medical arts.

[0039] The amount of the compounds of the present invention that may be
combined with the carrier materials to produce a composition in a single dosage form
will vary depending upon the host treated, the particular mode of administration.

Preferably, the compositions should be formulated so that a dosage of between 0.01
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- 100 mg/kg, such as 0.1 - 100 mg/kg and 0.1 - 10 mg/kg body weight/day of the
inhibitor can be administered to a patient receiving these compositions.

[0040] Depending upon the particular condition, or disease, to be treated or
prevented, additional therapeutic agents, which are normally administered to treat or
prevent that condition, may also be present in the compositions of this invention. As
used herein, additional therapeutic agents that are normally administered to treat or
prevent a particular disease, or condition, are known as “appropriate for the disease,
or condition, being treated.” Examples of additional therapeutic agents are provided
infra.

[0041] The amount of additional therapeutic agent present in the compositions of
this invention will be no more than the amount that would normally be administered
in a composition comprising that therapeutic agent as the only active agent.
Preferably the amount of additional therapeutic agent in the presently disclosed
compositions will range from about 50% to 100% of the amount normally present in a
composition comprising that agent as the only therapeutically active agent.

Uses of the Compounds and Compositions of the Invention

[0042] In one aspect of the invention, the invention features a method of treating
or lessening the severity of a PI3K-gamma-mediated condition or disease. The term
“‘PI3K-gamma-mediated disease”, as used herein means any disease or other
deleterious condition in which the PI3K-gamma isoform is known to play a role.
[0043] Accordingly, in a further embodiment, the compound of the invention is
selective for the inhibition of the PI3Ky-isoform. In one embodiment, a compound or
composition of the invention is selective for the inhibition of the PI3K gamma isoform
over the PI3K alpha isoform in an in vitro assay by at least 20-fold. In another

embodiment, the PI3Ky-selective compound of the invention inhibits the gamma
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isoform over each of the alpha, beta, and delta isoforms in an in vitro assay by at
least 20-fold. The present invention further includes using the selectivity of the
compounds and compositions of the present invention in vivo to treat patients in
need of such therapy.

[0044] The compound or compositions of the invention may be administered with
one or more additional therapeutic agents, wherein the additional therapeutic agent
is appropriate for the disease being treated and the additional therapeutic agent is
administered together with the compound or composition of the invention as a single
dosage form or separately from the compound or composition as part of a multiple
dosage form. The additional therapeutic agent may be administered at the same
time as the compound of the invention or at a different time. In the latter case,
administration may be staggered by, for example, 6 hours, 12 hours, 1 day, 2 days, 3
days, 1 week, 2 weeks, 3 weeks, 1 month, or 2 months.

[0045] The invention provides a method of inhibiting PI3K-gamma kinase activity
in a biological sample that includes contacting the biological sample with the
compound or composition of the invention. The term “biological sample,” as used
herein, means a sample outside a living organism and includes, without limitation,
cell cultures or extracts thereof; biopsied material obtained from a mammal or
extracts thereof; and blood, saliva, urine, feces, semen, tears, or other body fluids or
extracts thereof. Inhibition of kinase activity, particularly PI3K-gamma kinase activity,
in a biological sample is useful for a variety of purposes known to one of skill in the
art. Examples of such purposes include, but are not limited to, biological specimen
storage and biological assays. In one embodiment, the method of inhibiting PI3K-
gamma kinase activity in a biological sample is limited to non-therapeutic methods.

Preparation of the Compound of the Invention
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[0046] As used herein, all abbreviations, symbols and conventions are consistent
with those used in the contemporary scientific literature. See, e.g., Janet S. Dodd,
ed., The ACS Style Guide: A Manual for Authors and Editors, 2nd Ed., Washington,
D.C.: American Chemical Society, 1997. The following definitions describe terms and

abbreviations used herein:

ATP adenosine triphosphate

Brine a saturated NaCl solution in water

CRED carbonyl reductase

DCM dichloromethane

DIEA diisopropylethylamine

DMA dimethylacetamide

DMAP 4-dimethylaminopyridine

DMF dimethylformamide

DMSO dimethylsulfoxide

dppfPdCl,  1,1’-bis(diphenylphosphino)-ferrocene dichloro-palladium
DTT dithiothreitol

ESMS electrospray mass spectrometry

Et,O ethyl ether

EtOAC ethyl acetate

EtOH ethyl alcohol

HEPES 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid
HPLC high performance liquid chromatography
LC-MS liquid chromatography-mass spectrometry
mCPBA meta-chloroperbenzoic acid

Me methyl

MeOH methanol

MTBE methyl t-butyl ether

MC methyl cellulose

NAD nicotinamide adenine dinucleotide

NMP N-methylpyrrolidine

Ph phenyl

RT orrt room temperature (between 20°C and 25°C)
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tBu tertiary butyl

TBME tert-butyl methyl ether
TCA trichloroacetic acid
THF tetrahydrofuran

TEA triethylamine

Synthetic Procedure
[0047] In general, Compound 1 may be prepared by methods described herein or

by other methods known to those skilled in the art.

Example 1. Preparation of 2-chloro-6-{1-(22-diflnoroethy}- 1 H-pyrazol-4-vh-4.7, 7-trimethyl-
6,7-dihydro-3H-pyrrolo[3, 4 b]p‘yridin—i-(me {Compound [1006])
0
Ciw Ci
N /U\N
CH: O ) ,l\\ CH3 O J\ jH 0
. oh - : , ~
f‘\\ﬁ" 0™ CH, l\/\ ~ Sgh, MCPBA “, \j\/ 0" ™ cH,
"N e DCM, RT oM RT N7
1602 o - 1003
[1001] (step 1+i) { ! (step 1-ii) 0 {1003}
AN £
POCI, CHy O RN i“a o
95°C I SR O/\CH3 ~ °F E = N \[“‘i F
/[ A _Cl S rn e A NN
cr N T DIEA, i-PA, 55°C (i N i~
{step 1-i) ) ) }
{1004 {step 1-iv} [1005]

al, NaH, F /I<
MlNHDt\;& J\\[ {N j\

5°C =
(step 1-v) 4C CH3
(1006]

Scheme

[0048] As shown in step 1-i of Scheme 1, to a solution of ethyl 24-
dimethylpyridine-3-carboxylate (Compound 1001, 20.2 g, 1125 mmol) in
dichloromethane (100 mL) under an atmosphere of nitrogen was added portionwise
1,3,5-trichloro-1,3,5-triazinane-2,4,6-trione (31.4 g, 135.0 mmol) over 15 minutes.

The reaction mixture was stirred at room temperature for 18 hours. The resulting
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white precipitate was filtered and the filtrate was then washed sequentially with
aqueous saturated NaHCO3 solution (2 x 100 mL) and brine (100 mL). The organic
phase was dried (Na,SO,), filtered, and concentrated in vacuo to afford ethyl 2-
(chloromethyl)-4-methylnicotinate (22.9 g, Compound 1002) as a yellow oil: ESMS
(M+H)=213.96. This material was used in the next step without further purification:
[0049] As shown in step 1-ii of Scheme 1, to a solution of ethyl 2-(chloromethyl)-
4-methylnicotinate, (Compound 1002, 112.0 g, 524.2 mmol) in dichloromethane (484
mL) was added 3-chloroperoxybenzoic acid (141.0 g, 629.0 mmol). The reaction
mixture was stirred under an atmosphere of nitrogen at room temperature overnight.
The mixture was diluted with dichloromethane (200 mL) and washed sequentially
with aqueous saturated NaHCOs3 (100 mL), aqueous saturated Na,COs (100 mL of
2M solution), and brine. The organic phase was dried (NaxSO,), filtered, and
concentrated in vacuo to afford 2-(chloromethyl)-3-(ethoxycarbonyl)-4-
methylpyridine-1-oxide (Compound 1003): ESMS (M+H) = 230.25. This material was
used in the next step without further purification:

[0050] As shown in step 1-iii of Scheme 1, a solution of 2-(chloromethyl)-3-
(ethoxycarbonyl)-4-methylpyridine 1-oxide (Compound 1003, 69.3 g, 301.8 mmol) in
phosphorus oxychloride (450.1 mL, 4.8 mol) was stirred under an atmosphere of
nitrogen and heated at 95°C for 60 hours. The reaction mixture was cooled to room
temperature and the phosphorus oxychloride was distilled off in vacuo. The resulting
dark colored residue was dissolved in dichloromethane (100 mL) and poured onto
ice (500 g) in a 1L beaker. The resulting mixture was stirred for 10 minutes. The pH
of the mixture was adjusted to slightly above 7 with aqueous saturated NaHCOs3
solution. The organic phase was separated and the aqueous phase was back

extracted with additional dichloromethane. The combined organic phases were
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sequentially washed with brine, dried over Na,SO,, filtered, and concentrated in
vacuo. The residue was passed through a plug of silica gel using EtOAc/hexanes
(1:3) to afford 80% pure product (as indicated by 'H NMR analysis) after removal of
the volatiles under reduced pressure. This material was further purified via medium
pressure silica gel chromatography (10-25% EtOAc/hexanes, 330 g Teledyne ISCO
column) to afford ethyl 6-chloro-2-(chloromethyl)-4-methylnicotinate (Compound
1004, 36.5 g): ESMS (M+H) = 248.04.

[0051] As shown in step 1-iv of Scheme 1, to a solution of 1-(2,2-
difluoroethyl)pyrazol-4-amine (48.2 g, 327.5 mmol) in isopropanol (1.7 L) was added
ethyl 6-chloro-2-(chloromethyl)-4-methylnicotinate (Compound 1004, 65.0 g, 262.0
mmol) followed by N,N-diisopropylethyl amine (45.6 mL, 262.0 mmol). The reaction
mixture was heated at 55°C for 72 hours. The resulting thick white suspension was
cooled to room temperature, filtered, and washed with additional isopropanol (200
mL) and diethyl ether (500 mL). The resulting solid was dried at 50°C overnight in a
vacuum oven to provide 56 g of 2-chloro-6-(1-(2,2-difluoroethyl)-1H-pyrazol-4-yl)-4-
methyl-6,7-dihydro-5H-pyrrolo[3,4-b]pyridin-5-one (Compound 1005): 'H NMR (300
MHz, DMSO-d6) & 8.28 (s, 1H), 7.87 (d, J= 0.5 Hz, 1H), 7.52 (s, 1H), 6.37 (it, J=
54.9, 3.7 Hz, 1H), 4.85 (s, 2H), 4.67 (td, J=15.2, 3.7 Hz, 2H), 2.65 (s, 3H). This
material contained 7% of the un-cyclized by-product [ethyl 6-chloro-2-(((1-(2,2-
difluoroethyl)-1H-pyrazol-4-yl)Jamino)methyl)-4-methylnicotinate] and was used as is
in subsequent reactions.

[0052] As shown in step 1-v of Scheme 1, to a solution of 2-chloro-6-(1-(2,2-
difluoroethyl)-1H-pyrazol-4-yl)-4-methyl-6,7-dihydro-5H-pyrrolo[3,4-b]pyridin-5-one
(Compound 1005, 46.0 g, 147.1 mmol) in DMF (782.0 mL) was added methyl iodide

(20.1 mL, 323.6 mmol). The mixture was cooled to 5°C and sodium hydride (12.9 g,
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323.6 mmol of 60% dispersion in mineral oil) was added portionwise over 15
minutes. The reaction mixture was stirred at 3°C for 45 minutes. HPLC analysis
showed a mixture of monomethylation (10%), bis-methylation (74%), and tri-
methylation (15%) products along with consumption of starting material. Additional
sodium hydride (1.29 g, 32.36 mmol of 60% dispersion in mineral oil) was added and
after an additional hour, HPLC analysis showed 84% bis-methylation desired product
and 16% tri-methylated by-product. The reaction was quenched by the addition of
aqueous saturated NH4CI (1L), sodium thiosulfate (400 mL), and water (1L). The
aqueous phase was extracted twice with EtOAc (800 mL). The combined organic
phases were dried (Na,;SOy,), filtered, and concentrated in vacuo. The residue was
purified via medium pressure silica gel chromatography (0-40% EtOAc/hexanes
gradient using a 800 g Teledyne ISCO column) to afford 2-chloro-6-(1-(2,2-
difluoroethyl)-1H-pyrazol-4-yl)-4,7,7-trimethyl-6,7-dihydro-5H-pyrrolo[3,4-b]pyridin-5-
one (Compound 1006, 24 g) as a white solid: '"H NMR (400 MHz, DMSO-d6) &
8.21(s, 1H), 7.83 (s, 1H), 7.54 (s, 1H) 6.58-6.25 (m, 1H), 4.67 (td, J=15.1, 3.7 Hz,

2H), 2.65 (s, 3H), 1.51 (s, 6H).
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Example 2. Preparation of (R)-6-{1-(2.2-difluoroethyl)-1 H-pyrazol-d-y1)-4,7. 7-trimethyl-2-(5-
(2,2, 2-wrifluoro-1-hydroxyethylipyridin-3-y1}-6,7-dihydro-S H-pyrrelo[ 3 4-blpyridin-5-

one (Compound 1)
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Scheme 2

[0053] As shown in step 2-i of Scheme 2, water (10 L) was added to a 20 L
reactor, followed by KH,PO4 (136 g). The mixture was stirred until homogeneity was
achieved to provide a 0.1 M KH,PO4 buffer. The pH of this buffer was adjusted to pH
7.5 by the addition of 2M NaOH. The internal temperature was brought to 37°C.
Approximately 500 mL of buffer was removed to be used for the later addition of
NAD and CRED A131 cell paste (Almac Group, Ltd.). Accordingly, a solution of NAD
(20 g) in buffer (100 mL) was added to the remaining 9.5 L of buffer, followed by a
solution of 1-(5-bromopyridin-3-yl)-2,2,2-trifluoroethan-1-one (1020 g) in MTBE (1.5
L). Isopropanol (1 L) was used to rinse the addition flask into the reaction. The
reduction was initiated by the addition of a suspension of CRED A131 cell paste (100
g) in buffer (400 mL) to the stirred reaction mixture. Over the course of the reaction,
biphasic reaction samples (~2 mL) were taken from the stirring mixture, extracted
using EtOAc (10 mL), dried over MgSO,, evaporated, and analyzed by 'H NMR in

DMSO-d6 to monitor conversion of the starting material into product. After 1 hour
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50% conversion was observed. After 3 hours >99% conversion was observed. The
pH of the reaction was adjusted to 11 with 2M NaOH and stirred for 30 minutes in
order to denature the enzyme. The pH was readjusted to 9 with 2M HCI. EtOAc (5 L)
and diatomaceous earth (650 g) were added to the reaction mixture and stirring
continued for 10 minutes. The resulting emulsion was filtered through a pad of
diatomaceous earth to separate the organic and aqueous phases. The pad was
washed with EtOAc (2 L) and the organic layer separated. The aqueous layer was
re-extracted with EtOAc (6 L) and the combined organic phases were washed with
brine (4 L) and dried by adding MgSO4 (200 g) and stirring for 30 minutes. Filtration
and removal of the volatiles in vacuo afforded a pale yellow oil which rapidly
solidified upon standing. The solid was broken up into chunks and slurried in
cyclohexane (2 L). EtOAc (~500 mL) was added to the mixture which was stirred at
45°C to dissolve the solids. The mixture was then re-concentrated in vacuo until a
fine white solid started to precipitate from solution. Additional cyclohexane (2 L) was
added and the solution cooled to 0°C with an ice bath. After stirring for 30 minutes,
the solids were collected by filtration, washed with cyclohexane (500 mL), and dried
in a vacuum oven to afford 812 g of (R)-1)-1-(5-bromopyridin-3-yl)-2,2,2-
trifluoroethan-1-ol (Compound 1007, 99.95% ee by HPLC analysis) as a granular
white solid: '"H NMR (400 MHz, DMSO-d6) 5 8.72 (s, 1H), 8.61 (s, 1H), 8.08 (s, 1H),
5.09-5.15 (m, 1H).

[0054] As shown in step 2-ii of Scheme 2, a solution of (1R)-1-(5-bromo-3-
pyridyl)-2,2,2-trifluoro-ethanol (Compound 1007, 49.5 g, 193.3 mmol), 4,4,5,5-
tetramethyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1,3,2-dioxaborolane (58.9
g, 232.0 mmol) and KOAc (37.9 g, 386.6 mmol) in dioxane (1.2 L) was flushed with

nitrogen for 20 minutes. To the reaction mixture was added dppfPdCl.*DCM (7.8 g,
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9.7 mmol). The mixture was flushed with nitrogen for another 20 minutes and heated
to reflux for 2 hours. After cooling to room temperature, the mixture was filtered
through a pad of florisil (400 mL) and the cake was washed with 50% EtOAc/CH.Cl,
(1.5 L). The resulting filtrate was concentrated under reduced pressure to afford a
yellow oil which was diluted with hexanes (800 mL) and concentrated in vacuo to
afford a foamy yellow solid. Stirring the yellow solid with hexanes (800 mL) for 2
hours resulted in a white solid precipitate. The white solid was collected by filtration
and dried to afford (1R)-2,2,2-trifluoro-1-[5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)-3-pyridyl] ethanol (Compound 1008, 48.4 g): '"H NMR (400 MHz, CDCls) 5 8.97
(s, 1H), 8.78 (s, 1H), 8.29 (s, 1H), 5.10-5.21 (m, 1H); 1.38 (s, 6H), 1.29 (s, 6H).

[0055] As shown in step 2-iii of Scheme 2, a solution of 2-chloro-6-(1-(2,2-
difluoroethyl)-1H-pyrazol-4-yl)-4,7,7-trimethyl-6,7-dihydro-5H-pyrrolo[3,4-b]pyridin-5-
one, (Compound 1006, 42.0 g, 123.3 mmol), (1R)-2,2,2-trifluoro-1-[5-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)-3-pyridyl] ethanol (Compound 1008, 46.7 g,
148.0 mmol), and NaxCOs (28.8 g, 271.3 mmol) in DMF (630 mL) and water (210
mL) was flushed with nitrogen for 30 minutes. To the mixture was added
dppfPdCI2*DCM (2.99 g, 3.699 mmol) and the mixture was flushed with nitrogen for
another 30 minutes. The reaction mixture was heated to 103°C and stirred for 2
hours. The mixture was cooled to room temperature and diluted with water (2L). The
aqueous phase was extracted twice with EtOAc (1L). The combined organic phases
were concentrated in vacuo under high vacuum to remove DMF. The residue was
diluted with EtOAc and washed with water followed by washing with brine. The
organic phase was dried (Na,SOy,), filtered, and concentrated in vacuo. The crude
residue was purified via medium pressure silica gel chromatography (0-100%

EtOAc/hexanes gradient using a 1500 g Teledyne ISCO column) to afford 54 g of the
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desired product as a light red foamy solid. The solid was dissolved in
dichloromethane, pushed through a florisil plug (200 mL) which was washed
successively with EtOAc/CH2Cl2 mixtures [first 40% (1 L), then 60% (1L), and then
80% (1L)]. The filtrates were combined and concentrated in vacuo. The residue was
twice diluted with heptanes (400 mL) and concentrated in vacuo to afford a cake,
which was then washed with TBME to remove the light yellow color and dried in a
vacuum oven at 60°C for 4 days to afford (R)-6-(1-(2,2-difluoroethyl)-1H-pyrazol-4-
yh)-4,7,7-trimethyl-2-(5-(2,2,2-trifluoro-1-hydroxyethyl)pyridin-3-yl)-6,7-dihydro-5H-
pyrrolo[3,4-b]pyridin-5-one (Compound 1, 47 q): 'H NMR (400 MHz, CDCI3) 6 9.33
(s, 1H), 8.75 (s, 1H), 8.54 (s, 1H), 8.01 (s, 1H), 7.75 (s, 1H), 7.62 (s, 1H), 6.14 (it, J=
55.4, 3.6 Hz, 1H), 5.28 - 5.11 (m, 1H), 4.51 (td, J= 13.5, 4.2 Hz, 2H), 4.33 (d, J=4.6
Hz, 1H), 2.82 (s, 3H), 1.68 (s, 6H).

In Vitro Potency Against PI3K-gamma Lipid Kinase

Example 3. PI3K inhibition assay

[0056] Using a Biomek FX from Beckman Coulter, 1.5 uL of each of ten 2.5-fold
serial dilutions of the compound of the invention in 100% DMSO was added to an
individual well (hereafter, “test well”) in a 96 well polystyrene plate [Corning, Costar
Item No. 3697]. One test well also contained 1.5 pL of DMSO with no compound.
Another well contained an inhibitor in DMSO at a concentration known to completely
inhibit the enzyme, (hereafter “background well”). Using a Titertek Multidrop, 50 uL of
Reaction Mix [100 mM HEPES pH 7.5, 50 mM NaCl, 10 mM DTT, 0.2 mg/mL BSA,
60 uM phosphatidylinositol(4,5)-bisphosphate diC16 (PI1(4,5)P2; Avanti Polar Lipids,
Cat. No. 840046P) and PI3K isoform of interest (see Table 1 for isoform
concentrations)] was added to each well. To initiate the reaction, 50 uL of ATP Mix

[20 mM MgCl,, 6 M ATP (100 pCi/umole **P-ATP was added to each well, followed
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by incubating the wells for 30 min. at 25°C. Final concentrations in each well were 50
mM HEPES 7.5, 10 mM MgClz, 25 mM NaCl, 5 mM DTT, 0.1 mg/mL BSA, 30 uM
Pi(4,5)P2, 3 uM ATP, and the PI3K isoform of interest (see Table 2). Final

compound concentrations in each well ranged from 10 uM to 1 nM.

Table 1
PI3K Isoform Concentrations PI3K-a | PI3K-B | PI3K—y | PI3K-5
Enzyme concentration in Reaction Mix 4nM 20nM 4nM 4nM
Final enzyme concentration 2nM 10nM 2nM 2nM

[0057]  After incubation, the reactions in each well were quenched by addition of
50 uL of stop solution [30% TCA/Water, 10mM ATP]. Each quenched reaction
mixture was then transferred to a 96 well glass fiber filter plate [Corning, Costar ltem
No. 3511]. The plate was vacuum-filtered and washed three times with 150 uL of 5%
TCA/water in a modified Bio-Tek Instruments ELX-405 Auto Plate Washer. 50 uL of
scintillation fluid was added to each well and the plate read on a Perkin-Elmer
TopCount™ NXT liquid scintillation counter to obtain BP_counts representing
inhibition values.

[0058]  The value for the background well was subtracted from the value obtained
for each test well and the data were fit to the competitive tight binding Ki equation
described by Morrison and Stone, Comments Mol. Cell Biophys. 2: 347-368, 1985.
The degree of PI3K-gamma inhibition for Compound 1 varied linearly with ATP
concentration demonstrating competitive inhibition, with a Ki value of 8 +/- 4 nM. In
addition, isoform selectivity was also seen as Compound 1 was tested against PI3K-
alpha, PI3K-beta, and PI3K-delta isoforms and was determined to have a selectivity

of greater than 15 fold for PI3K-gamma as shown in Table 2.
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Table 2. PI3K Isoform Selectivity for Compound 1

Isoform Ki (uM) Fold Selectivity

PI3Ka 0.28+0.09 30

PI3KP 0.224+0.03 26

PI3Ka 0.16+0.05 19

PI3Ky 0.008+0.004 NA
Cellular Potency

[0059] PI3Ks are multisubunit complexes comprised of a regulatory subunit and a
catalytic subunit. This class of enzymes catalyzes the phosphorylation of
phosphatidylinositol-4,5-bisphosphate (PIP2) giving rise to second messenger
phosphatidylinositol-3,4,5-triphosphate (PIP3). Activation of receptors leads to
transient increase in PIP3 levels. PIP3 acts as a docking site at the plasma
membrane, recruiting and activating the pleckstrin homology (PH) domain containing
proteins, such as Akt, PDK-1, Tek kinases etc. These then regulate key cellular
functions such as growth, metabolism, migration, respiratory burst etc. As the
downstream effectors are common in the PI3K signaling pathway, it is the receptors
that determine which isoform of PI3K is recruited upon activation. Based on this, a
number of biochemical-pAkt based and functional assays were used to analyze
potency and selectivity of PI3K-gamma inhibitors relative to the other PI3K isoforms.

Example 4. MCP-1 stimulated pAkt in THP-1 cells

[0060] Chemokines like MCP-1 bind to their receptors resulting in activation of the
PI3K-gamma signaling pathway. PI3K-gamma leads to generation of PIP3 and
activation of downstream molecules like PDK-1 and Akt. Akt phosphorylation is a
measure of PI3K activity in the cell. In this assay, THP-1 cells (human monocytic cell
line) are starved overnight to deplete pAkt levels. Subsequent stimulation with MCP-
1 for 3 minutes leads to PI3K-gamma-induced phoshorylation of Akt at the Threonin

308 and Serine 473 sites. Cells were fixed and stained for intracellular phosphoAKT
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(Ser 473) then analyzed using a BD FACSCalibur™ cytometer resulting in a
measure of cellular PI3K-gamma activity. Compound 1 had an ICso of 0.24 + 0.07 uM

in this assay. See Table 3.

Table 3. Potency of Compound 1 in PI3Ke/B/o dependent in-vitro assays

PI3K isoform IC50 (uM) Average +  umber of
Cell Assay . Assays
dependency Standard Deviation )
THP-1/MCP-1/pAkt PI3K-gamma 0.24 £ 0.07 20
IsotliigtLeUKOCWe oxidative PI3K-gamma 0.22 1 0.08 3
Whole Blood oxidative burst PI3K-gamma 0,57+ 0.08 3

Example 5. Whole blood and leukocyte oxidative burst assay

[0061] Neutrophils, monocytes and macrophages are key mediators of innate
immunity. They release reactive oxygen species (ROS) as part of the innate immune
inflammatory response. ROS production is induced by inflammatory mediators like
chemokines, bacterial peptides and complement that recruit the innate immune cells
to the site of inflammation. These inflammatory mediators trigger activation of PI3K-
gamma and initiate a downstream signaling cascade that leads to the assembly of
the complete NADPH oxidase complex at the plasma membrane generating ROS.
PI3K-gamma functional activity was measured in whole blood and huffy coat
neutrophils and monocytes via the generation of ROS. The cells are stimulated with
TNF-alpha for 10 minutes, then with bacterial cell wall-derived chemotactic peptide,
fMLP, for 20 minutes, and loaded with a non-fluorescent dye dihydrorhodamine 1,2,3
(DHR). ROS produced by the cells oxidizes DHR to fluorescent rhodamine causing
an increase in fluorescent rhodamine content in the cells. PI3K-gamma functional
activity is measured by the ability of neutrophils and monocytes to generate ROS
following fMLP stimulation. Leukocytes and whole blood samples were analyzed on

a BD FACSCalibur™ to quantitate cells positive for fluorescent rhodamine. Buffy
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coat cells generate ICsps in the absence of serum and whole blood assay generates
ICs0s in the presence of serum. Compound 1 had an ICsp of 0.22 uM in the buffy coat
leukocyte assay and 0.57 uM in the whole blood assay. See Table 3.

Example 6. CSF-1 stimulated pAkt in THP-1 cells

[0062] Growth factors, cytokines and other ligands of receptor tyrosine kinases,
like CSF1, bind to their receptors leading to activation of the class IA PI3K signaling
pathway. PI3K activation leads to generation of PIP3 and activation of downstream
molecules like PDK-1 and Akt. Akt phosphorylation is a measure of PI3K activity in
the cell. THP-1 cells (a human monocytic cell line) are starved overnight to deplete
pAkt levels. Stimulation with CSF-1 for 5 minutes leads to PI3Ka/B/d induced
phoshorylation of Akt at the Threonine 308 and Serine 473 sites. Cells were fixed
and stained for intracellular phosphoAkt (Ser 473) then analyzed on the BD
FACSCalibur™ cytometer. This is a measure of cellular Class IA PI3K inhibition.
Compound 1 had an ICso of >9.7 uM in this assay, demonstrating selectivity over the
Class |IA PI3Ks. See Table 4.

Example 7. Human B cell proliferation assay

[0063] B cells are highly dependent on PI3K®d for their development and activity.
PI3K-gamma has an essential and non-redundant role in signaling via the B cell
receptor (BCR) complex. Both IgM induced Ca+ influx and proliferation are
attenuated in mice lacking PI3K-0 or with PI3K-d inhibitors. PI3K-gamma has no role
to play in any B cell activity. The specificity of the BCR complex for the PI3K-gamma
isoform makes this an ideal PI3K-gamma assay to evaluate the extent of PI3K-
gamma inhibition in cells. Purified human B cells are stimulated with anti-IgM in the
presence of test compounds. Four days later cell viability/proliferation was measured

using cell titer-glo to measure the ATP content of the cells in the well. Lack of or
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reduced proliferation is a measure of the extent of PI3K-gamma inhibition.
Compound 1 has an ICso of 3.05 £ 0.44 uM demonstrating a 11-fold selectivity
window over PI3K-5. See Table 4.

Example 8. HUVEC proliferation assay

[0064] PI3Ks are important signaling molecules downstream of a number of
growth factors that regulate cell survival, growth and cell cycle entry. Both PI3K-
alpha and PI3K-beta isoforms regulate cell cycle entry; inhibition of either isoform
leads to reduced cell growth. HUVECs are primary human umbilical vein endothelial
cells which express both the PI3Ka and PISKB isoforms. Inhibition of either or both
PI3K-alpha or PI3K-beta isoforms will inhibit the cell growth of HUVECs. Compounds
are plated onto HUVECs, cell proliferation/viability is measure 96 hours post
compound treatment using cell titer-glo to measure the ATP content of the cells in
the well. Lack of or reduced proliferation is a measure of the extent of PI3K-alpha
and/or PI3K-beta inhibition. Compound 1 had an ICsp of >19 pM in this assay,
demonstrating a selectivity of >74-fold over PI3K-alpha/beta. See Table 4.

Example 9. MCF-7 proliferation assay

[0065] The PI3K-Akt signaling pathway regulates many normal cellular processes
including cell proliferation, survival and growth that are critical for tumorigenesis.
Dysregulation of the PI3K signaling pathway occurs commonly in human cancers.
MCF7 is a human breast carcinoma cell line that has an activating E545K PI3Ka
heterozygous mutation in the helical domain of the p110a protein leading to
hyperactivity of the PI3K-alpha pathway. Inhibition of PI3K-alpha signaling in the
MCEF7 cells inhibits cell growth and hence inhibitors of PI3K-alpha can be evaluated
in the MCF7 proliferation assay. Compounds are added to MCF7 cells, cell

proliferation/viability is measured 96 hours post compound treatment using cell titer-
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glo to measure the ATP content of the cells in the well. Lack of or reduced
proliferation is a measure of the extent of PI3K-alpha inhibition. Compound 1 had an
ICs0 of > 17 uM in this assay, thus demonstrating a selectivity of >67-fold over PI3K-
alpha. See Table 4.

[0066] As shown above, Compound 1 has excellent potency, 0.25 uM in PI3K-
gamma associated cell assays, has a 12-fold selectivity over PI3K-delta, and 40-80

fold selectivity over PI3K-alpha and PI3K-beta in cell based assays.

Table 4. Potency of Compound 1 in PIIKGRS dependent i vitreg assayvs

. PIIK ssoform FOR {udhy Nomber of
Lol Assay , , i g -
- dependency Avg +- 8D Aszavs {N)
THE-LAOSF- TpAkt PIIK ~alphadbetaddeita PRT 47 28
B celifigMiProhidoration PLIK-gamma RREREER R 2 3
HUWVELS Proliferation Pi3K-alpha'beia Fin 3
MOFT Proliforation, Pi3K-alpha S 4

* ndoviduat wssay data (uy - 230 =30, 198
¥ dndioadual sasay data oMY - BST 0 20 381

Drug Metabolism

Example 10. Metabolism of Compound 1 by Recombinant CYP Enzymes

[0067] Microsomes that contained recombinant CYP enzymes (CYP1A2, 2B6,
2C8, 2C9, 2C19, 2D6, 2E1 and 3A4) were used to determine which CYP catalyzes
the oxidation of Compound 1. Accordingly, Compound 1 (1 uM) was incubated with
individual recombinant CYPs in the presence of the cofactor NADPH. The percent
parent drug remaining at the end of the incubation period was determined by LC-
MS/MS and compared to that present at the beginning. Results are shown in Table
5. Metabolism of Compound 1 was detected only in the incubation with CYP3A4,

albeit at a low apparent rate.
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Example 11. Inhibition of CYP Enzymes by Compound 1

[0068] The potential for Compound 1 (0.01 to 100 uM) to reversibly inhibit CYP
enzymes (CYP1A2, 2B6, 2C8, 2C9, 2C19, 2D6 and 3A4) in human liver microsomes
was evaluated. Inhibition assays were conducted with selective CYP probes for each
CYP enzyme at specific concentrations of substrate (close to its dissociation
constant (Km) value). Data are shown in Table 6. Compound 1 was a moderate
inhibitor of CYP 1A2, 2B6 and 2C8; ICxo values ranged from 4-7 uM.

Table 6. Inhibition by Compound 1 of CYP Enzymes in Human Liver Microsomes

Substrate Enzyme ICs0 (UM)
30 uM Phenacetin CYP1A2 7
100 uM Bupropion CYP2B6 4
2.5 UM Paclitaxel CYP2C8 7
2.5 uM Diclofenac CYP2C9 32
30 uM S-Mephenytoin CYP2C19 21
10 uM Bufuralol CYP2D6 64
50 uM Testosterone CYP3A4 >75
2.5 UM Midazolam CYP3A4 19

[0069] Time-dependent inhibition of CYP3A4 by Compound 1 also was evaluated
in human liver microsomes using the IC5y shift assay. In the study, Compound 1 at
0.1 to 50 pM was preincubated with human liver microsomes in the presence and
absence of NADPH for 0 and 30 minutes. Incubations were then diluted 10-fold with
buffer and the remaining CYP3A4 (testosterone-6-beta-hydroxylase) activity was
measured over a 10 minute period. There was no significant change (ICs shift =1) in

the 1Cs9 of Compound 1 in the presence or absence of NADPH.
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[0070] This result was verified in a follow-up study where CYP3A4 time-
dependent inhibition in human liver microsomes was evaluated after preincubation
with either 10 or 50 yM Compound 1 over a period of 0, 5, 10, 15 and 30 minutes.
The observed rate constant for loss of CYP3A4 activity in the study (Kobs) was
0.0039/min at both concentrations tested as compared with Kobs = 0.053/min for
mifepristone, the positive control. The data from both of these studies demonstrate
that Compound 1 does not inhibit CYP3A4 in a time-dependent manner.

Example 12. Enzyme induction

[0071]  The potential of Compound 1 to activate the pregnane-X receptor (PXR)
was evaluated over a range of six concentrations from 0.1-30 uM in DPX2 cells, a
human hepatoma cell line that is stably overexpressed with the human PXR gene
and a luciferase reporter gene linked to two promoters in the human CYP3A4 gene.
Rifampicin was used as a positive control. In that assay, Compound 1 showed an
insignificant level of activation giving a response that was 5% that of the positive
control with an EC50 value >30 uM.

[0072] The potential of Compound 1 to induce CYP1A2 and CYP3A4 also was
valuated in hepatocytes. Compound 1 at concentrations of 0.1-30 uM was incubated
with cultured cryopreserved primary human hepatocytes from three different donors
for 48 hours and was compared to the effect of positive controls (i.e., CYP inducers:
50 uM Omeprazole for CYP1A2 and 10 uM rifampicin for CYP3A4). CYP activity was
determined by monitoring metabolite formation of specific CYP probe substrates
(phenacetin for CYP1A2 and testosterone for CYP3A4) using LC-MS/MS. CYP
messenger ribonucleic acid (MRNA) was analyzed by RT-PCR to confirm CYP

induction potential. Results are shown in Table 7.

34



WO 2015/048318 PCT/US2014/057499

[0073] The change in CYP1A2 or CYP3A4 activity and mRNA levels in all three
hepatocyte lots after exposure to Compound 1 was less than 20% of the positive
control. These in vitro data indicate that Compound 1 has a low potential to induce

CYP1A2 or CYP3A4 after 48 hour exposure in human hepatocytes.
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Example 13. Permeability of Efflux Potential

[0074] The permeability of Compound 1 was evaluated using both Caco-2 and
MadinDarby canine kidney (MDCK) wild-type cell lines. Cells were exposed to drug
in buffer on the apical side (measuring permeability in the A-to-B direction) or
basolateral side (measuring permeability in the B-to-A direction) and incubated at

37°C for one hour. Results are shown in Table 7. Permeability was high in the A-to-B
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direction in both the MDCK and Caco-2 cell lines (33 and 18 x 10®° cm/sec,
respectively).

[0075] An assessment of whether Compound 1 is a substrate of efflux
transporters was conducted by using the MDCK cell line that is overexpressed with
human P-gp (MDR). Vectorial transport was detected in this cell line (efflux ratio =
35.1), indicating that Compound 1 is a P-gp substrate. See Table 8.
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In vivo pharmacokinetics

Example 14. Intravenous Bolus Dosing

[0076] Following intravenous administration of a single bolus dose, Compound 1
had low systemic clearance and a long half-life in all species tested. See Table 9.
The clearance values of Compound 1 represent approximately 5.4%, 3.6%, 13% and
26% of hepatic blood flow in mouse, rat, dog and monkey. The volume of distribution
was greater than the total body water, indicating distribution of Compound 1 to
tissues.

Table 9. Mean Pharmacokinetic Parameters for Compound 1 Following Single IV Bolus
Administration

Nominal | AUCx

; b * AUCKNE DN_AUC|N|: CL % T, Vs
Species ?ﬁ;ﬁ(g) (L‘;g hrim | igrhrimL) | (ugthrmL) | (mUmin/kg) | HBF® | (hr) | (Likg)
Mouse | 045 | 1.09 1.53 3.4 4.9 54 | 43 | 18
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Nominal | AUC
Species | Dose” | (ug’frim (pgyhf/ernFL) ([LNg?rﬁmeCﬂN)F (mL/in_n/kg) B (E?) (D//EB)
(mg/kg) | L)
Rat 0.5 | 2.69 3.1 6.2 2.8 36 | 82 | 18
Dog 0.5 1.9 2.0 4.0 5.4 13 [10.7| 3.9
Monkey | 0.5 0.7 0.74 15 11.5 26 | 6.6 | 3.3

@ HBF, hepatic blood flow

b Measured doses were 0.32, 0.47, 0.5 and 0.46 mg/kg for mouse, rat, and monkey, respectively. PK
calculations were based on nominal dose.

Example 15. Oral Bioavailability
[0077] As shown in Table 10, the oral bioavailability of Compound 1 was high
(>80%) following administration of a single dose of Compound 1 to mouse, rat, dog
and monkey. The bioavailability in monkey (greater than 100%) may be explained by
the tenfold difference between the IV and oral doses. Compound 1 was rapidly

absorbed in all species, with maximum systemic concentration observed within

approximately one to three hours of dosing.

Table 10. Mean Pharmacokinetic Parameters for Compound 1 Following Single Oral
Administration to Mouse, Rat, Dog and Monkey
Nominal | oiyc AUCwe | DN_AUCHs | ™ | Tpux | T |MRT| F
Species | Dose® 1 shimL) | (ug*homL) | (ugthoml) | 9/ | o) | hr) | (hr) | %
(mg/kg) mL)
Mouse? 1 272 2.76 2.76 029 | 2 3.8 | 58 | 81
Rat® 1 5 5.11 5.14 0.26 | 3.33 | 125 | 18.3 | 84
Dog” 3 9.11 9.29 3.1 129083 | 73| 9 |77
Monkey” 5 12.3 12.5 25 1.35|1.67 | 85 | 10.5 | 126

® Vehicle: 0.2%, MC/1%SLS

b Spray-dried dispersion, vehicle: 2% TPGS/1.5%HPMCAS-HF/1.5% PVP-VA with 50mM citrate pH5
¢ Measured doses were 0.95, 0.68, 2.6 and 4.4 mg/kg for mouse, rat, and monkey, respectively. PK
calculations were based on nominal dose.

[0078] Table 11 provides pharmacokinetic data for PI3K inhibitors described in
International Patent Application Pub. No. WO 2011/087776 (“the ‘776 application”),

each of which having the same core pharmacophore structure as that of Compound

37




WO 2015/048318 PCT/US2014/057499

1. See compounds 705, 709, 735, and 772 on pages 229, 229, 234, and 242,
respectively, of the ‘776 application. The systemic plasma clearance of Compound 1
following intravenous delivery was significantly (2.5 times to 8 times) lower than
observed in studies with other compounds. The plasma clearance data are in
agreement with intravenous data, oral exposure, AUC, and Cmax values. These data
show that Compound 1 has an unexpectedly favorable pharmacokinetic profile vs.
these compounds.

Table 11. Mean Pharmacokinetic Parameters for Orally Administered Compound 1 vs.
Comparator Compounds

1 2
Compound Struet Rat IV Rat IV Rat PO Rat PO
ructure
Number AUC CL AUC Crnax
(Mgehr/mL) (mL/min/kg) (Mgehr/mL) (Mg/mL)
1 3.1 2.8 18 1.0
A
(No. 705 in 0.22 22 0.3 0.06
WO 2011/087776)
B
(No. 709 in 0.33 22 0.6 012
WO 2011/087776)
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1 2
Compound Struct Rat IV Rat IV Rat PO Rat PO
ructure
Number AUC CL AUC Crax
(Mgehr/mL) (mL/min/kg) (Mgehr/mL) (pg/mL)
C
(No. 735 in 0.59 11 3 0.2
WO 2011/087776)
D
(No. 772in 1.2 7 9 0.5
WO 2011/087776)

" Intravenous bolus study, 0.5 mg/kg nominal dose; Vehicle 355 PEG400/25%NMP/40%Water
*Oral gavage study, 3 mg/kg nominal dose; vehicle 0.2%MC/1%SLS

Example 16. Tissue distribution in rats

[0079] Compound 1 distributed well into most tissues after an oral dose of 5

mg/kg administered to male rats. See Table 12. The brain and cerebrospinal fluid

(CSF) were the organs which showed very low exposure to Compound 1 with a Crax

of 111 ng/g and 27 ng/mL, respectively (< 0.1% of the plasma exposure). Compound

1 distributed well to the liver and kidney, with a Cnax of 11400 and 4770 ng/g,

respectively. The tissue to plasma ratio followed the trend of liver > kidney > heart >

lung > spleen > brain > CSF. The elimination kinetics of Compound 1 in each

examined organ followed plasma kinetics. There was no evidence for tissue

accumulation of Compound 1 after a single dose administration.
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Table 12. Mean Tissue and Plasma Concentrations and Tissue to Plasma Ratio of
Compound 1 Following a Single 5 mg/kg Oral Dose

Tissue Compound 1 Concentration Tissue to Plasma Ratio —
(ng/ml or ng/g)

Hr post dose 0.5 2 7 24 48 0.5 2 7 24 48
Brain 74 129 111 30 935 | 0.04 | 007 | 0.05 | 0.06 | 0.07
CSF 20 23.3 27 5 BQL | 0.01 | 0.01 | 0.01 | 0.01 | BQL
Heart 1730 3280 3100 771 196 | 098 | 167 | 140 | 146 | 1.39
Kidney 3070 4980 4770 1600 | 673 1.75 | 254 | 216 | 3.03 | 4.76
Liver 8710 | 13700 11400 [ 3010 | 750 | 4.96 | 6.99 | 513 | 5.69 | 532
Lung 2180 2710 2700 617 185 124 | 138 | 122 | 117 | 1.31
Spleen 1290 1790 491 125 BQL | 0.74 | 115 | 0.81 | 0.93 | 0.88
Plasma 1760 1960 2210 592 141 - - - -

BQL = Below the quantifiable limit. The compound was dosed as spray-dried dispersion in 2%
TPGS/1.5%HPMCAS-HF/1.5%PVP-VA with 50 mM citrate pH 5.

Example 17. Compound 1 in mouse CIA model

[0080] Compound 1 was tested in the therapeutic mouse collagen-induced
arthritis (CIA) model at 2.5 mg/kg BID (5 mg/kg/day), 5 mg/kg BID (10 mg/kg/day) or
10 mg/kg BID (20 mg/kg/day). Fostamatinib, a Syk small molecule inhibitor used as
a reference standard, was dosed orally at 30 mg/kg BID (60 mg/kg/day). Compounds
were dosed for 10 days in a 12/12-hour BID dosing regimen until the end of the
study. Compound 1 was formulated in 0.2%MC, 1% SLS. Dosing volume was
10mL/kg. Terminal plasma samples were collected at 2, 4 and 12 hours post last
dose. All four paws and both knees were collected and processed for histopathology.
[0081]  Treatment with Compound 1 showed significant beneficial effect in the CIA
model as determined by evaluation of clinical arthritis scores and histopathology of
the joints. Arthritis scores measured daily were significantly reduced toward normal
for mice treated with 2.5 mg/kg BID Compound 1 (*d2-11), 5 mg/kg BID Compound 1
(*d2-11), 10 mg/kg BID Compound 1 (*d2-11), or 30 mg/kg BID Fostamatinib (*d2-
11) as compared to vehicle controls. See Figure 1. When considering only those
paws showing clinical signs of arthritis at enrollment (therapeutic paws), clinical
arthritis scores were significantly reduced for mice treated with 5 mg/kg BID

Compound 1 (*d5-11) or 10 mg/kg BID Compound 1 (*d2-11), but not for the 30
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mg/kg BID Fostamatinib treatment groups. See Figure 2. When considering only
those paws showing no clinical signs of arthritis at enrollment (prophylactic paws),
clinical arthritis scores were significantly reduced for mice treated with 2.5 mg/kg BID
Compound 1 (*d2, 4-11), 5 mg/kg Compound 1 BID (*d2-11), 10 mg/kg Compound 1
BID (*d2-11) or 30 mg/kg BID Fostamatinib (*d5-9) as compared to vehicle controls.
See Figure 3.

[0082] As shown in Table 13, clinical arthritis scores expressed as area under the
curve (AUC) were significantly reduced toward normal for mice treated with 30 mg/kg
BID Fostamatinib (25%), 2.5 mg/kg BID Compound 1 (28%), 5 mg/kg BID
Compound 1 (63%) or 10 mg/kg BID Compound 1 (89%) as compared to vehicle
controls. When considering therapeutic paws only, arthritis scores AUC were
significantly reduced for mice treated with 10 mg/kg BID Compound 1 (79%). When
considering prophylactic paws only, arthritis scores AUC were significantly reduced
for mice treated with 30 mg/kg BID Fostamatinib (32%), 2.5 mg/kg BID Compound 1
(42%), 5 mg/kg BID Compound 1 (81%) and 10 mg/kg BID Compound 1 (98%) as

compared to vehicle controls.
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Table 13. Clinical arthritis scores for Compound 1 in CIA model

Histopathology Summed
Clinical Score Data

Score
All Paw Therapeutic Prophylactic . .
Treatméalrlljt)(mg/kg Score AUC Paw Score Paw Score S'(XS‘IJEOI\'An)tS (FS’aEv,\\//sl) :(Sngl\e;ls)
(SEM) AUC (SEM)  AUC (SEM)
. * . *O *O *O
Naive 0 (SE 0.00) 0 (0.00)
(0.00) (0.00) (0.00)
Vehicle control
31.69(142) 55.75(7.5)  71.00 (6.96) 1.3 12.69 8.63
(0.2%MC/1%SLS) (0.69) (0.46) (1.51)
*23.61
Fostamatinib, 30 46.15(6.04)  *48.30 (7.71) 9.80 10.25 8.90
(1.84) (8.0) (0.94) (0.97)
*22.76
Compound 1, 2.5 49.25(8.51)  *41.35 (8.37) 7.70 8.14 6.83
(2.33) (1.03) (1.05) (1.19)
*11.84 . . .
Compound 1, 5 34.00 (7.59)  *13.35 (6.03) 3.27 3.64 253
(2.48) (0.88) (1.08) (0.74)
Compound 1,10 *3.34 (142) *11.75(5.47)  *1.60 (1.60) "0.75 "0.79 "0.68
(0.42) (0.50) (0.57)

*p<0.05 ANOVA or Kruskal-Wallis test to Vehicle

Example 18. Compound 1 in mouse IBD model

[0083] The PI3Ky inhibitor, Compound 1, was tested in a CD40 induced colitis
model to determine its effect on disease course. The CD40 model of IBD is induced
by injecting an anti-CD40 monoclonal antibody (agonist, i.e., activating antibody
versus neutralizing antibody) into T and B cell deficient mice (Rag 1-/- mice) to
induce both systemic and intestinal inflammation that leads to colitis and wasting
disease via the innate immune pathway. (See, e.g., Immunity 25, 309-318, August
2006). Briefly, Rag1 knock-out mice were injected IP with the anti-CD40 monoclonal
antibody FGK45. Starting on Day 0, mice were treated with PBS, vehicle or
Compound 1 at 5 mg/kg b.i.d. or 10 mg/kg b.i.d. Compound 1 was administered IP
for 7 days on a 10/14-hour b.i.d. dosing regimen. Compound 1 was formulated in 5%
NMP/15% PEG-400/80% in a 0.5% HPMC-E50 solution in water. At study

termination, serum and colon samples were collected at 2 hours following the last
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dose for drug concentration analysis. Body weights were measured daily during the
study. Compound 1 concentrations were analyzed in the plasma samples collected 2
hours following the final dose at study termination. Concentrations were determined
using a high performance liquid chromatography/tandem mass spectrometry
(HPLC/MS/MS) method.

[0084] Mice injected with anti-CD40 monoclonal antibody and treated with vehicle
or PBS had body weight loss (measured as percent change from baseline) that
began on day 1 and peaked at day 3-4 before recovering towards baseline. As
shown in Figure 4, disease-induced body weight loss was 17.2% and 17% on days 3
and 4, respectively, in the PBS treated group and 12.8% and 12.6% on days 3 and
4, respectively, in the vehicle treated group. Figure 4 also shows that body weight
loss was significantly inhibited in mice treated with Compound 1 at 5 mg/kg b.i.d. (*p
< 0.05 d3, **p < 0.01 d4) or 10 mg/kg b.i.d. (***p < 0.001 d3-4) as compared to
vehicle controls.

Table 14 Tissue Concentrations of Compound 1 in the CD40-induced IBD Model

Treatment, mg/kg . .
2h Tissue Drug Concentration  Colon:Plasma

b.i.d.
Colon
Plasma (ng/mL
(ng/mb)  (hgimg)
Compound 1, 5 4020 + 4520 6110 + 6350 15
Compound 1, 10 6220 £ 6190 7480 £ 9700 1.2

[0085]  Although the foregoing invention has been described in some detail by
way of illustration and example for purposes of clarity of understanding, it will be
readily apparent to those of ordinary skill in the art in light of the teachings of this
invention that certain changes and modifications may be made thereto without

departing from the spirit or scope of the appended claims.
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CLAIMS
What is claimed is:

1. A compound having the formula:

aunlll|©
I

=N F
T |\/k
N\~
F
CH,4

or a pharmaceutically acceptable salt thereof.

2. A pharmaceutical composition comprising the compound according to
claim 1 and a pharmaceutically acceptable carrier, adjuvant, or vehicle.

3. A method of treating or lessening the severity of a disease or condition
selected from an autoimmune disease or an inflammatory disease selected from
asthma, atopic dermatitis, rhinitis, allergic diseases, chronic obstructive pulmonary
disease (COPD), septic shock, idiopathic pulmonary fibrosis, stroke, burn, joint
diseases, rheumatoid arthritis, systemic lupus erythematosus, atherosclerosis, acute
pancreatitis, psoriasis, inflammatory bowel disease, ulcerative colitis, Crohns’
disease, and Graves’ disease, comprising the step of administering to said patient
the compound or salt thereof according to claim 1, or a pharmaceutical composition
thereof.

4. The method according to claim 3, wherein said disease or disorder is
rheumatoid arthritis.

5. A method of inhibiting PI3K-gamma kinase activity in a biological
sample comprising contacting said biological sample with the compound according

to claim 1, or a composition comprising said compound.
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6. A method of selectively inhibiting a PI3K-gamma isoform over at least
one other PI3K isoform comprising contacting a biological sample with or
administering to a patient in need thereof a compound according to claim 1 or a
composition comprising said compound.

7. The method according to claim 6, wherein the at least one other PI3K
isoform is selected from the group consisting of PI3K-alpha, PI3K-beta, PI3K-delta

and combinations thereof
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