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ATROPISOMERS OF 2-PURINYL-3-TOLYL-QUINAZOLINONE DERIVATIVES
AND METHODS OF USE

Related Applications

[0001] This application claims priority from U.S. provisional application Nos. 61/162,980
filed March 24, 2009; and 61/231,550 filed August 5, 2009. The contents of these documents

are incorporated herein by reference.

Technical Field

[0002] The invention is in the field of therapeutics and medicinal chemistry for the treatment
of inflammatory conditions and/or oncology disorders using compounds that inhibit
phosphatidylinositol-3,4,5-triphosphate kinase 6 (PI3K0) enzymes in vivo. In particular, the
invention concerns compounds, compositions, and methods of treatment of inflammatory
conditions and/or oncology disorders with enantiomerically enriched 2-((6-amino-9H-purin-9-
yl)methyl)-5-methyl-3-o-tolylquinazolin-4(3H)-one.

[0003] Cell signaling via 3’-phosphorylated phosphoinositides has been implicated in a
variety of cellular processes, e.g., malignant transformation, growth factor signaling,
inflammation, and immunity. The enzyme responsible for generating these phosphorylated
signaling products, phosphatidylinositol 3-kinase (PI 3-kinase; PI3K), was originally identified
as an activity associated with viral oncoproteins and growth factor receptor tyrosine kinases that
phosphorylates phosphatidylinositol (PI) and its phosphorylated derivatives at the 3’-hydroxyl of
the inositol ring. Furthermore, PI3K activation, is believed to be involved in a range of cellular
responses including cell growth, differentiation, and apoptosis.

[0004] Identification of the p1106 isoform of phosphatidylinositol 3-kinases (PI 3-kinases;
PI3Ks) is described in Chantry, et al., J Biol Chem (1997) 272:19236-19241. It was observed
that the human p1106 isoform is expressed in a tissue-restricted fashion. Itis expressed at high
levels in lymphocytes and lymphoid tissues, suggesting that the protein might play a role in PI
3-kinase-mediated signaling in the immune system. In addition particular isoforms of PI3K may

also play a role in PI3K-mediated signaling in certain cancers.
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[0005] Inflammatory responses are notably associated with the influx of leukocytes and/or
leukocyte chemotaxis. Inflammatory responses may result from infection with pathogenic
organisms and viruses, noninfectious means such as trauma or reperfusion following myocardial
infarction or stroke, immune responses to foreign antigens, and autoimmune diseases.
Leukocytes provide a first line of immune defense against many common microorganisms.

[0006] Lee, et al., FASEB J. (2006) 20:455-465 describes evidence that inhibition of PI3K4d
attenuates allergic airway inflammation and hyperresponsiveness in murine asthma models,
demonstrating that selective inhibitors of PI3Kd are useful to treat asthma and allergic reactions
as well as immune disorders.

[0007] With regards to cancer, compounds that express relatively high levels of p110d may
be useful for treating mainly hematologic cancers. The p110p isoform of PI3K may also play a
role in PI3K-mediated signaling in certain cancers, such as solid tumors.

[0008] There is a need for a treatment of PI3K-mediated disorders relating to cancers and
inflammatory conditions. The present invention provides a specific isomer of one quinazolinone

compound that is particularly useful for the treatment of inflammatory conditions and cancer.

Disclosure of the Invention

[0009] The invention relates to selective PI3K¢ inhibitors and methods to treat inflammatory
conditions and cancers with compounds that are selective PI3K9 inhibitors. In particular,
compounds of the invention exist as separable atropisomers and the invention provides separated
atropisomers having unexpected advantages over mixtures of atropisomers for use in treatment
of inflammation. The compounds, compositions, and methods of the invention are
therapeutically beneficial in treating inflammatory conditions.

[0010] In one aspect, the invention provides an optically active compound comprising an

atropisomer of formula 1(S)
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or a pharmaceutically acceptable salt or solvate thereof; wherein the atropisomer of formula

1(S) is present in excess of its corresponding enantiomer of formula 1(R)
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[0011] In another aspect, the invention provides an optically active compound comprising an
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atropisomer of formula 1(R)

or a pharmaceutically acceptable salt or solvate thereof; and wherein the atropisomer of formula

1(R) is present in excess of its corresponding enantiomer of formula 1(S)
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[0012] In another aspect, the invention provides a composition comprising an optically
active compound described herein, and a pharmaceutically acceptable carrier. In another aspect,
the invention provides a method of treating a condition in a mammal, wherein the condition is
characterized by inflammation. In some embodiments, the condition is selected from the group
consisting of chronic inflammatory diseases, tissue or organ transplant rejections, graft versus
host disease (GVHD), multiple organ injury syndromes, acute glomerulonephritis, reactive
arthritis, hereditary emphysema, chronic obstructive pulmonary disease (COPD), cystic fibrosis,
adult respiratory distress syndrome (ARDS), ischemic-reperfusion injury, stroke, rheumatoid
arthritis (RA), osteoarthritis (OA), asthma, allergic rhinitis, lupus nephritis, Crohn’s disease,
ulcerative colitis, necrotizing enterocolitis, pancreatitis, Prneumocystis carinii pneumonia (PCP),
inflammatory bowel disease (IBD), severe acute respiratory syndrome (SARS), sepsis,
community acquired pneumonia (CAP), multiple sclerosis (MS), myocardial infarction,
respiratory syncytial virus (RSV) infection, dermatitis, acute purulent meningitis, thermal injury,
granulocyte transfusion associated syndromes, cytokine-induced toxicity, and spinal cord injury;
which comprises administering to said mammal a therapeutically effective amount of an
optically active atropisomer described herein. In certain embodiments, the optically active
compound is represented by formula 1(S). In other embodiments, the optically active compound
is represented by formula 1(R).

[0013] In another aspect, the invention provides an optically active atropisomer obtained by

chiral chromatographic separation of a racemic mixture, of formula 1
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or a pharmaceutically acceptable salt or solvate thereof; wherein a racemic of formula 1 is

separated using a normal phase chiral column, and two peaks, A and B, are resolved, wherein

peak A and peak B represent the atropisomers, 1(S) and 1(R), respectively,
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wherein the optically active atropisomer obtained consists predominantly of the first isomer to
elute from the column. In certain embodiments, the optically active atropisomer obtained
consists of the compound of formula 1(S) substantially free of the compound of formula 1(R).
In another embodiment, the optically active atropisomer obtained consists of the compound of
formula 1(R) substantially free of the compound of formula 1(S).
[0014] In yet another aspect, the invention provides an optically active atropisomer obtained

by chiral chromatographic separation of a racemic of formula 1
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or a pharmaceutically acceptable salt or solvate thereof; wherein a racemic mixture of formula 1
is separated using a normal phase chiral column, and two peaks, A and B, are resolved, wherein

peak A and peak B represent the atropisomers, 1(S) and 1(R), respectively,
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wherein the optically active atropisomer obtained consists predominantly of the second isomer

to elute from the column.
[0015] In another aspect, the invention provides pharmaceutical compositions comprising
any of the optically active compounds described herein, and at least one pharmaceutically

acceptable excipient.

Brief Description of the Drawings

[0016] Figure 1 shows a synthetic scheme of the preparation of racemic compound 1.

[0017] Figure 2 shows HPLC traces of injected compound, 1, containing resolved
atropisomers on normal phase (Fig. 2A) or reverse phase (I'ig. 2B) chiral columns.

[0018] Figure 3 shows HPLC traces of resolved injected compound, 1, prior to preparatory
chromatographic separation (Fig. 3A), and isolated atropisomers peak 1 (Fig. 3B), 1(S), and
peak 2 (Fig. 3C), 1(R), after separation using a normal phase column method.

[0019] Figure 4 shows solubility data of compound 1 and the resolved atropisomers, 1(S)
and 1(R), in a series of aqueous solvents.

[0020] Figure 5 shows the differences in p110 activity of different isoforms between
racemic compound 1 and the atropisomers 1(S) and 1(R) in biochemical (Fig. 5A) and cell-
based assays (Fig. 5B).

[0021] Figure 6 shows the plasma concentration of atropisomers 1(S) and 1(R) in rats after

oral dosing with racemic compound 1.
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[0022] Figure 7 shows the plasma concentration of atropisomers 1(S) and 1(R) in dogs after
oral dosing with racemic compound 1.

[0023] Figure 8 shows the plasma concentration of atropisomers 1(S) and 1(R) in human
subjects after oral dosing with racemic compound 1.

[0024] Figure 9 shows a comparison of the plasma concentration of atropisomers 1(S) and
1(R) in rats subjects after either i.v. (Fig. 9A) or oral (Fig. 9B) dosing with compounds 1(S)
or 1(R).

[0025] Figure 10 shows a comparison of the plasma concentration of atropisomers 1(S) and
1(R) in human subjects after a single oral dose of 100 mg (Fig. 10A, 10B) or 10 mg
(Fig. 10C, 10D) of 1(S) or 1(R).

[0026] Figure 11 shows a comparison of plasma concentration of radiolabeled **C
atropisomers 1(S) and 1(R) in human subjects over 120 hours during daily administration of 25
mg of racemic compound 1.

[0027] Figure 12 shows LLC-MS analytical traces of metabolites in rat urine after
administration of atropisomer 1(S) (Fig. 12A) or atropisomer 1(R) (Fig. 12B).

[0028] Figure 13 shows analytical traces of metabolites in human plasma after
administration of atropisomer 1(S) or atropisomer 1(R), tested 1 hour (Fig. 13A, 13B) or 72
hours (Fig. 13C, 13D) after oral administration.

[0029] Figure 14 shows a plot of arthritis scores plotted against days post compound dosing
for 1(S) in collagen induced arthritis rat models.

[0030] Figure 15 shows a graph of anti-collagen antibody levels in rat after dosing the
subjects with vehicle, 1(S) or methotrexate.

[0031] Figure 16 shows a graph of X-ray score from a radiographic assessment of rats
treated with either vehicle, 1(S), or methotrexate.

[0032] Figures 17A-D shows images from histopathology data from subjects treated with

vehicle, 1(S), or methotrexate.

Detailed Description

[0033] Many organic compounds exist in optically active forms, i.e., they have the ability to
rotate plane-polarized light. The prefixes d and 1 or (+) and (-) are employed to designate the

sign of rotation of plane-polarized light by the compound, with (-) or 1 meaning that the
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compound is levorotatory. A compound prefixed with (+) or d is dextrorotatory. For a given
chemical structure, these compounds, called stereoisomers, are identical except that they are
mirror images of one another. Stereoisomers that are mirror images of one another may also be
referred to as enantiomers, and a mixture of such isomers is often called an enantiomeric
mixture. A 50:50 mixture of enantiomers is referred to as a racemic mixture or a racemate. The
terms ‘“racemic mixture” and “racemate” refer to an equimolar mixture of two enantiomeric
species, which is devoid of optical activity.

[0034] The term “chiral” refers to molecules which have the property of non-
superimposability of the mirror image partner, while the term “achiral” refers to molecules
which are superimposable on their mirror image partner.

[0035] The term “stereoisomers” refers to compounds which have identical chemical
constitution, but differ with regard to the arrangement of the atoms or groups in space.

[0036] The term “enantiomers” as used herein, refers to two stereoisomers of a compound.

[0037] The term “atropisomers” refers to conformational stereoisomers which occur when
rotation about a single bond in the molecule is prevented, or greatly slowed, as a result of steric
interactions with other parts of the molecule and the substituents at both ends of the single bond
are asymmetrical, i.e., they do not require a stereocenter. Where the rotational barrier about the
single bond is high enough, and interconversion between conformations is slow enough,
separation and isolation of the isomeric species may be permitted. Atropisomers are
enantiomers without a single asymmetric atom.

[0038] The energy barrier to thermal racemization of atropisomers may be determined by the
steric hindrance to free rotation of one or more bonds forming a chiral axis. Certain biaryl
compounds exhibit atropisomerism where rotation around an interannular bond lacking C2
symmetry is restricted. The free energy barrier for isomerization (enantiomerization) is a
measure of the stability of the interannular bond with respect to rotation. Optical and thermal
excitation can promote racemization of such isomers, dependent on electronic and steric factors.

[0039] Ortho-substituted biphenyl compounds may exhibit this type of conformational,
rotational isomerism. Such biphenyls are enantiomeric, chiral atropisomers where the sp2-sp2
carbon-carbon, interannular bond between the phenyl rings has a sufficiently high energy barrier

to prevent free rotation, and where substituents X#Y and U#V render the molecule asymmetric.
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[0040] The steric interaction between X:U, X:V, and/or Y:V, Y:U is large enough to make
the planar conformation an energy maximum. Two non-planar, axially chiral enantiomers then
exist as atropisomers when their interconversion is slow enough such that they can be isolated
free of each other. By one definition, atropisomerism is defined to exist where the isomers have
a half-life, ti/,, of at least 1,000 seconds, which is a free energy barrier of 22.3 kcal mol™
(93.3 kJ mol™) at 300K (Oki, M. “Recent Advances in Atropisomerism,” Topics in
Stereochemistry (1983) 14:1). Bold lines and dashed lines in the figures shown above indicate
those moieties, or portions of the molecule, which are sterically restricted due to a rotational
energy barrier. Bolded moieties exist orthogonally above the plane of the page, and dashed
moieties exist orthogonally below the plane of the page. The ‘flat’ part of the molecule (the left
ring in each of the two depicted biphenyls) is in the plane of the page.

[0041] Compounds with axial chirality, such as chiral biphenyl rings, can be described using
configurational nomenclature. For example, 2,2°; 6,6’ -tetra substituted biphenyls are assigned
the configurational descriptors as other axially chiral molecules. The molecules can be viewed
from either end of the chiral axis and it leads to the same configurational descriptor (R or S).
When, for instance, the molecule 2 is viewed from the left hand side along the 1-1° bond, one
arrives at projection 2.1 while the projection 2.2 is reached when the same molecule is now
viewed from the right hand end along the 1°’-1 bond. These projections conform to (S)

configuration.
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[0042] The S designation is assigned by applying sequence rules to name compounds with

axial chirality. These rules are applied to primarily the ortho substituents of the biphenyl ring.
The two linked rings may be represented by a horizontal and a vertical line. The lines represent
the two orthogonal rings; and the ends of the lines represent the substituents at the four ortho
positions of the two linked rings. These lines thus join each pair of ortho substituents. The two
groups on the nearest ring (the ‘front’ line) take precedence over the two far groups. Within the
pair, substituents are assigned priorities using the same priority rules used for describing R and §
enantiomers of a chiral center. For example, in the projection formula 2.1 above, the perspective
is viewing the molecule from the left side, looking down the axis from 1 to 1’. The near ring is
represented by the bold vertical line connecting -OCH; and H, which are numbered 1 and 2,
respectively, since —OCH3 has a higher priority over H. The horizontal line represents the ring
containing NO, and CO;H, which are numbered 3 and 4, respectively, based on their priority.
Thus, the sequence 1-> 2 -> 3, reveals the configurational descriptor, which in this example is §,
because following the numerical sequence in order requires going counter clockwise around the
center of the diagram. As done for enantiomers, the numbered substituents are then taken in
sequence by traveling either clockwise or counterclockwise around the point where the two lines
intersect. If the path around the center point had been clockwise, the atropisomer would be
designated R, just as it is for enantiomers of a stereocenter.

[0043] The same S configuration is deduced from viewing the molecule from the opposite

end of the 1-1’ axis, as shown in figure 3.2. From this perspective, the ring containing the ortho
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NO, and ortho CO,H is closer to the viewer and is represented by the bold horizontal line. The
ring containing ortho OCHs and ortho H is further from the viewer and is represented by the
vertical line.

[0044] In this biphenyl example, only the four ortho substituents are selected for
nomenclature purposes. In the case wherein two ortho substituents in a ring are identical, the
priority is given by considering meta substituents in the same ring.

[0045] This type of nomenclature assignment will be applied to the atropisomers described
herein. For instance, compound 3, which is representative of a portion of the some of the
compounds herein, such as compound 1(S), is assigned an absolute configuration of S as shown

below.

o)
! ]
H p H3Cﬁ—1 —H
2
HaC CHs
3.1 (S) 3.2 (S)

[0046] For purposes of the invention, the atropisomers are preferably sufficiently stable to
be stored and used without substantial thermal interconversion. Typically, the atropisomers
have a half-life of greater than 1 week when in solid form at room temperature.

[0047] In one embodiment, the compound of formula 1, 2-((6-amino-9H-purin-9-yl)methyl)-
5-methyl-3-o-tolylquinazolin-4(3H)-one, has two atropisomers represented by formulas 1(S)
and 1(R). Formula 1 represents a mixture of equal amounts of the two atropisomers 1(S) and

1(R). Formula 1(R) is the corresponding enantiomer of formula 1(S) and vice versa.

11
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[0048] As used herein, an atropisomer “substantially free” of its corresponding enantiomer
means that the composition contains at least 90% by weight of one atropisomer, and 10% by
weight or less of its stereoisomeric atropisomer. In some embodiments, the composition
contains at least 95% by weight of one atropisomer and 5% by weight or less of its stereoisomer.
In some embodiments, the composition contains at least 98% by weight of one atropisomer and
2% by weight or less of its stereoisomer. Alternatively, the relative amounts of the predominant
isomer and any of the minor enantiomer is at least 9:1, or at least 19:1, or at least 98:2. In some
embodiments, the composition contains at least 9% by weight of one atropisomer and 1% by
weight or less of its stereoisomer. In some embodiments, the composition contains at least
99.5% by weight of one atropisomer and 0.5% by weight or less of its stereoisomer.

[0049] The atropisomeric compounds of the invention are typically solid materials, and are
optionally purified to greater than about 90% purity, even if they exist as a mixture of
atropisomers. In certain embodiments, the atropisomeric compound of the invention is
substantially free of proteinaceous materials, or any materials having a molecular weight over
about 1000 amu. Typically, they are at least 90% pure (chemically pure, regardless of optical
purity), and preferably at least 95% chemically pure.

12
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[0050] In some embodiments, the compositions and methods of the invention utilize an
optically active form of the compounds described, meaning in each instance, the compound is
optically active and contains predominantly the S-stereoisomer, such as 1(S), although it may
contain the R-stereoisomer, such as 1(R), as a minor component. In other embodiments, the
compound is optically active and contains predominantly the R-stereoisomer, such as 1(R),
although it may contain the S-stereoisomer, such as 1(S), as a minor component. For clarity,
where a dosage of a compound is described herein, the dosage refers to the weight of the
compound including each stereoisomer that is present. Thus, a dosage of 100 mg of compound
1(S) as used herein, for example, refers to the weight of the mixture of stereoisomers rather than
the weight of the S-stereoisomer specifically. It could, for example, refer to 100 mg of a 9:1
mixture of S and R stereoisomers, which would contain about 90 mg of the S stereoisomer, or to
100 mg of a 19:1 mixture of S and R stereoisomers, which would contain about 95 mg of the §
stereoisomer.

[0051] In certain embodiments, the compound is preferably a non-racemic mixture wherein
the § isomer is the major component of the mixture. Typically such mixture will contain no
more than about 10% of the R isomer, meaning the ratio of S to R isomers is at least about 9:1,
and preferably less than 5% of the R-isomer, meaning the ratio of § to R enantiomers is at least
about 19:1. In some embodiments the compound has less than 2% R enantiomer, meaning it has
an enantiomeric excess of at least about 96%. In some embodiments, the compound has an
enantiomeric excess of at least 98%. In some embodiments, the compound has an enantiomeric
excess of at least 99%.

[0052] In certain embodiments, the compound is preferably a non-racemic mixture wherein
the R isomer is the major component of the mixture. Typically such mixture will contain no
more than about 10% of the § isomer, meaning the ratio of R to S isomers is at least about 9:1,
and preferably less than 5% of the S-isomer, meaning the ratio of R to § enantiomers is at least
about 19:1. In some embodiments the compound has less than 2% S enantiomer, meaning it has
an enantiomeric excess of at least about 96%. In some embodiments, the compound has an
enantiomeric excess of at least 98%. In some embodiments, the compound has an enantiomeric
excess of at least 99%.

[0053] An atropisomer which is present “in excess” of its corresponding enantiomer or an

“enantioenriched mixture” means that the atropisomer is present in an amount greater than its
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enantiomer, making the atropisomer mixture optically active. Typically this means the
compound present “in excess” predominates by at least a 60/40 ratio over its enantiomer.

[0054] The invention relates to selective PI3K4 inhibitors and methods to treat inflammatory
conditions and/or oncology disorders with compounds that are selective PI3K4 inhibitors. In
particular, compounds of the invention exist as separable atropisomers and the invention
provides separated atropisomers having unexpected advantages over mixtures of atropisomers
for use in treatment of inflammation. The compounds, compositions, and methods of the
invention are therapeutically beneficial in treating inflammatory conditions.

[0055] In one aspect, the invention provides an optically active compound comprising an

X

g

HoN 1(S)

[0056] or a pharmaceutically acceptable salt or solvate thereof; and wherein the atropisomer

atropisomer of formula 1(S)

of formula 1(S) is present in excess of its corresponding enantiomer of formula 1(R)

S

N (R,
[0057] In one embodiment, the atropisomer of formula 1(S) is substantially free of its
corresponding atropisomer of formula 1(R).
[0058] In another aspect, the invention provides an optically active compound comprising an

atropisomer of formula 1(R)
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or a pharmaceutically acceptable salt or solvate thereof; and wherein the atropisomer of formula

1(R) is present in excess of its corresponding enantiomer of formula 1(S)

X

g

HoN- o q(S).

[0059] In certain embodiments, the atropisomer of formula 1(R) is substantially free of its
corresponding atropisomer of formula 1(S).

[0060] In another aspect, the invention provides a pharmaceutical composition comprising
any of the optically active compounds described herein, and at least one pharmaceutically
acceptable excipient. In particular embodiments, the optically active compound is 1(S) or 1(R).
In other embodiments, the optically active compound is 1(S). In yet other embodiments, the
optically active compound is 1(R).

[0061] In one embodiment, the composition comprises a therapeutically effective amount
of the optically active atropisomer for the treatment of a condition, wherein the condition is
characterized by inflammation. In some embodiments, the condition is selected from the group
consisting of chronic inflammatory diseases, tissue or organ transplant rejections, graft versus
host disease (GVHD), multiple organ injury syndromes, acute glomerulonephritis, reactive
arthritis, hereditary emphysema, chronic obstructive pulmonary disease (COPD), cystic fibrosis,
adult respiratory distress syndrome (ARDS), ischemic-reperfusion injury, stroke, rheumatoid

arthritis (RA), osteoarthritis (OA), asthma, allergic rhinitis, diabetes, lupus nephritis, Crohn’s
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disease, ulcerative colitis, necrotizing enterocolitis, pancreatitis, Prneumocystis carinii
pneumonia (PCP), inflammatory bowel disease (IBD), severe acute respiratory syndrome
(SARS), sepsis, community acquired pneumonia (CAP), multiple sclerosis (MS), myocardial
infarction, respiratory syncytial virus (RSV) infection, dermatitis, acute purulent meningitis,
thermal injury, granulocyte transfusion associated syndromes, cytokine-induced toxicity, and
spinal cord injury. In certain embodiments, the optically active compound is represented by
formula 1(S). In other embodiments, the optically active compound is represented by
formula 1(R).

[0062] In another aspect, the invention provides a method of treating a condition in a
mammal, wherein the condition is characterized by inflammation. In some embodiments, the
condition is selected from the group consisting of chronic inflammatory diseases, tissue or organ
transplant rejections, graft versus host disease (GVHD), multiple organ injury syndromes, acute
glomerulonephritis, reactive arthritis, hereditary emphysema, chronic obstructive pulmonary
disease (COPD), cystic fibrosis, adult respiratory distress syndrome (ARDS), ischemic-
reperfusion injury, stroke, rheumatoid arthritis (RA), osteoarthritis (OA), asthma, allergic
rhinitis, diabetes, lupus nephritis, Crohn’s disease, ulcerative colitis, necrotizing enterocolitis,
pancreatitis, Preumocystis carinii pneumonia (PCP), inflammatory bowel disease (IBD), severe
acute respiratory syndrome (SARS), sepsis, community acquired pneumonia (CAP), multiple
sclerosis (MS), myocardial infarction, respiratory syncytial virus (RSV) infection, dermatitis,
acute purulent meningitis, thermal injury, granulocyte transfusion associated syndromes,
cytokine-induced toxicity, and spinal cord injury; which comprises administering to said
mammal a therapeutically effective amount of an optically active atropisomer described herein.
In certain embodiments, the optically active compound is represented by formula 1(S). In other
embodiments, the optically active compound is represented by formula 1(R). In some
embodiments, the mammal is one identified as in need of treatment for the disorder. In some
embodiments, the mammal is one at risk of the condition and the compound or composition is
administered to reduce or prevent the occurrence of inflammation. A method of the present
invention can be employed to treat subjects therapeutically or prophylactically who have or can
be subject to an inflammatory condition.

[0063] In some embodiments, the invention provides a method of treating a condition in a

mammal, wherein the condition is selected from the group consisting of allergic rhinitis, asthma,
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atopic dermatitis, chronic obstructive pulmonary disease (COPD), multiple sclerosis (MS),
rheumatoid arthritis (RA), and diabetes, which comprises administering to a mammal in need
thereof a therapeutically effective amount of the atropisomer 1(S) or a pharmaceutically
acceptable salt thereof.

[0064] In some embodiments, the invention provides a method of treating a condition in a
mammal, wherein the condition is selected from the group consisting of allergic rhinitis, asthma,
atopic dermatitis, chronic obstructive pulmonary disease (COPD), multiple sclerosis (MS),
rheumatoid arthritis (RA), and diabetes, which comprises administering to a mammal in need
thereof a therapeutically effective amount of the atropisomer 1(S) or a pharmaceutically
acceptable salt thereof, wherein the atropisomer is substantially free of its corresponding
enantiomer.

[0065] In some embodiments, the invention provides a method of treating a condition in a
mammal, wherein the condition is selected from the group consisting of allergic rhinitis, asthma,
atopic dermatitis, chronic obstructive pulmonary disease (COPD), multiple sclerosis (MS),
rheumatoid arthritis (RA), and diabetes, which comprises administering to a mammal in need
thereof a therapeutically effective amount of the atropisomer 1(S) or a pharmaceutically
acceptable salt thereof, wherein the atropisomer is substantially free of its corresponding
enantiomer and has an enantiomeric excess of at least 90%.

[0066] In some embodiments, the invention provides a method of treating a condition in a
mammal, wherein the condition is selected from the group consisting of allergic rhinitis, asthma,
atopic dermatitis, chronic obstructive pulmonary disease (COPD), multiple sclerosis (MS),
rheumatoid arthritis (RA), and diabetes, which comprises administering to a mammal in need
thereof a therapeutically effective amount of the atropisomer 1(S) or a pharmaceutically
acceptable salt thereof, wherein the atropisomer is substantially free of its corresponding
enantiomer and has an enantiomeric excess of at least 98%.

[0067] In some embodiments, the invention provides a method of treating a condition in a
mammal, wherein the condition is selected from the group consisting of allergic rhinitis, asthma,
atopic dermatitis, chronic obstructive pulmonary disease (COPD), multiple sclerosis (MS),
rheumatoid arthritis (RA), and diabetes, which comprises administering to a mammal in need

thereof a therapeutically effective amount of the atropisomer 1(S) or a pharmaceutically

17



WO 2010/111432 PCT/US2010/028554

acceptable salt thereof, wherein the atropisomer is substantially free of its corresponding
enantiomer and has an enantiomeric excess of at least 99%.

[0068] In some embodiments, the invention provides a method of treating allergic rhinitis in
a human, which comprises administering to a human in need thereof a therapeutically effective
amount of optically active atropisomer 1(S) or a pharmaceutically acceptable salt thereof,
wherein the atropisomer is substantially free of its corresponding enantiomer.

[0069] In some embodiments, the invention provides a method of treating asthma in a
human, which comprises administering to a human in need thereof a therapeutically effective
amount of optically active atropisomer 1(S) or a pharmaceutically acceptable salt thereof,
wherein the atropisomer is substantially free of its corresponding enantiomer.

[0070] In some embodiments, the invention provides a method of treating chronic
obstructive pulmonary disease (COPD) in a human, which comprises administering to a human
in need thereof a therapeutically effective amount of optically active atropisomer 1(S) or a
pharmaceutically acceptable salt thereof, wherein the atropisomer is substantially free of its
corresponding enantiomer.

[0071] In some embodiments, the invention provides a method of treating multiple sclerosis
in a human, which comprises administering to a human in need thereof a therapeutically
effective amount of optically active atropisomer 1(S) or a pharmaceutically acceptable salt
thereof, wherein the atropisomer is substantially free of its corresponding enantiomer.

[0072] In some embodiments, the invention provides a method of treating rheumatoid
arthritis in a human, which comprises administering to a human in need thereof a therapeutically
effective amount of optically active atropisomer 1(S) or a pharmaceutically acceptable salt
thereof, wherein the atropisomer is substantially free of its corresponding enantiomer.

[0073] In some embodiments, the invention provides a method of treating diabetes in a
human, which comprises administering to a human in need thereof a therapeutically effective
amount of optically active atropisomer 1(S) or a pharmaceutically acceptable salt thereof,
wherein the atropisomer is substantially free of its corresponding enantiomer.

[0074] In some embodiments, the invention provides a method of treating a condition in a
human, wherein the condition is selected from the group consisting of allergic rhinitis, asthma,

atopic dermatitis, chronic obstructive pulmonary disease (COPD), multiple sclerosis (MS),
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rheumatoid arthritis (RA), and diabetes, which comprises administering to a human in need

thereof a therapeutically effective amount of an optically active atropisomer having the formula

X

g

HN - 1(S),
or a pharmaceutically acceptable salt thereof.

[0075] Examples of inflammatory conditions include but are not limited to arthritic diseases
such as rheumatoid arthritis (RA), osteoarthritis (OA), gouty arthritis, spondylitis, and reactive
arthritis; Behget’s syndrome; sepsis; septic shock; endotoxic shock; gram negative sepsis; gram
positive sepsis; toxic shock syndrome; multiple organ injury syndrome secondary to septicemia,
trauma, or hemorrhage; ophthalmic disorders including but not limited to allergic conjunctivitis,
vernal conjunctivitis, uveitis, and thyroid-associated ophthalmopathy; eosinophilic granuloma;
pulmonary or respiratory conditions including but not limited to asthma, chronic bronchitis,
allergic rhinitis, adult respiratory distress syndrome (ARDS), severe acute respiratory syndrome
(SARS), chronic pulmonary inflammatory diseases (e.g., chronic obstructive pulmonary
disease), silicosis, pulmonary sarcoidosis, pleurisy, alveolitis, vasculitis, pneumonia,
bronchiectasis, hereditary emphysema, and pulmonary oxygen toxicity; ischemic-reperfusion
injury, e.g., of the myocardium, brain, or extremities; fibrosis including but not limited to cystic
fibrosis; keloid formation or scar tissue formation; atherosclerosis; autoimmune diseases
including but not limited to systemic lupus erythematosus (SLE), lupus nephritis, autoimmune
thyroiditis, multiple sclerosis, some forms of diabetes, and Reynaud's syndrome; tissue or organ
transplant rejection disorders including but not limited to graft versus host disease (GVHD) and
allograft rejection; chronic or acute glomerulonephritis; inflammatory bowel diseases including
but not limited to Crohn's disease, ulcerative colitis and necrotizing enterocolitis; inflammatory
dermatitis including but not limited to contact dermatitis, atopic dermatitis, psoriasis, and
urticaria; fever and myalgias due to infection; central or peripheral nervous system inflammatory

conditions including but not limited to meningitis (e.g., acute purulent meningitis), encephalitis,
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and brain or spinal cord injury due to minor trauma; Sjdgren’s syndrome; diseases involving
leukocyte diapedesis; alcoholic hepatitis; bacterial pneumonia; community acquired pneumonia
(CAP); Pneumocystis carinii pneumonia (PCP); antigen-antibody complex mediated diseases;
hypovolemic shock; Type 1 diabetes mellitus; acute and delayed hypersensitivity; disease states
due to leukocyte dyscrasia and metastasis; thermal injury; granulocyte transfusion associated
syndromes; cytokine-induced toxicity; stroke; pancreatitis; myocardial infarction, respiratory
syncytial virus (RSV) infection; and spinal cord injury.

[0076] In some embodiments, the condition is selected from the group consisting of allergic
rhinitis, asthma, atopic dermatitis, chronic obstructive pulmonary disease (COPD), multiple
sclerosis (MS), rheumatoid arthritis (RA), and diabetes. In specific embodiments, diabetes is
type I diabetes or type II diabetes.

[0077] In another aspect, the invention provides a method of treating a condition in a
mammal, wherein the condition is cancer, which comprises administering to a mammal in need
thereof a therapeutically effective amount of a compound described herein. In some
embodiments, the cancer is a hematological malignancy. In a particular embodiment, the
hematological malignancy is leukemia, lymphoma, or multiple myeloma. In other
embodiments, the cancer is a solid tumor.

[0078] In some embodiments, lymphoma is a mature (peripheral) B-cell neoplasm. In
specific embodiments, the mature B-cell neoplasm is selected from the group consisting of B-
cell chronic lymphocytic leukemia / small lymphocytic lymphoma; B-cell prolymphocytic
leukemia; Lymphoplasmacytic lymphoma; Marginal zone lymphoma, such as Splenic marginal
zone B-cell lymphoma (+/- villous lymphocytes), Nodal marginal zone lymphoma (+/-
monocytoid B-cells), and Extranodal marginal zone B-cell lymphoma of mucosa-associated
Iymphoid tissue (MALT) type; Hairy cell leukemia; Plasma cell myeloma/plasmacytoma;
Follicular lymphoma, follicle center; Mantle cell lymphoma; Diffuse large cell B-cell lymphoma
(including Mediastinal large B-cell lymphoma, Intravascular large B-cell lymphoma, and
Primary effusion lymphoma); and Burkitt's lymphoma/Burkitt's cell leukemia.

[0079] In some embodiments, lymphoma is selected from the group consisting of multiple
myeloma (MM) and non-Hodgkin’s lymphoma (NHL), mantle cell lymphoma (MCL), follicular
lymphoma, Waldenstrom’s macroglobulinemia (WM) or B-cell lymphoma and diffuse large B-

cell lymphoma (DLBCL).
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[0080] In a further particular embodiment, leukemia is selected from the group consisting of
acute lymphocytic leukemia (ALL), acute myeloid leukemia (AML), chronic lymphocytic
leukemia (CLL), and small lymphocytic lymphoma (SLL). Acute lymphocytic leukemia is also
known as acute lymphoblastic leukemia and may be used interchangeably herein. Both terms
describe a type of cancer that starts from the white blood cells, lymphocytes, in the bone
marrow.

[0081] In specific embodiments, the hematological malignancy is selected from the group
consisting of acute lymphocytic leukemia (ALL), acute myeloid leukemia (AML), chronic
Iymphocytic leukemia (CLL), multiple myeloma (MM), and non-Hodgkin lymphoma (NHL).
In certain embodiments, the non-Hodgkin lymphoma is selected from the group consisting of
large diffuse B-cell lymphoma (I.LDBCL), mantle cell lymphoma (MCL), Waldenstrom’s
macroglobulinemia (WM) and lymphoplasmacytic lymphoma.

[0082] In some embodiments, the invention provides a method of treating a hematological
malignancy in a mammal, which comprises administering to a mammal in need thereof a
therapeutically effective amount of optically active atropisomer 1(S) or a pharmaceutically
acceptable salt thereof.

[0083] In further preferred embodiments, the invention provides a method of treating a
condition in a mammal, wherein the condition is selected from the group consisting of acute
Iymphocytic leukemia (ALL), acute myeloid leukemia (AML), chronic lymphocytic leukemia
(CLL), multiple myeloma (MM), and non-Hodgkin lymphoma (NHL), which comprises
administering to a mammal in need thereof a therapeutically effective amount of optically active
atropisomer 1(S) or a pharmaceutically acceptable salt thereof.

[0084] In some embodiments, the invention provides a method of treating cancer in a
human, wherein the cancer is leukemia, lymphoma, or multiple myeloma, which comprises
administering to a human in need thereof a therapeutically effective amount of an optically

active atropisomer having the formula
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N

0

HoN 1(S)
or a pharmaceutically acceptable salt thereof.

[0085] In some embodiments, the invention provides a method of treating a condition in a
mammal, wherein the cancer is a solid tumor, which comprises administering to a mammal in
need thereof a therapeutically effective amount of the optically active atropisomer 1(S) or a
pharmaceutically acceptable salt thereof.

[0086] In specific embodiments, the cancer is breast, lung, colon, or prostate cancer. In
certain embodiments, the invention provides methods to treat a solid tumor that is associated
with abnormal or undesirable cellular signaling activity mediated by PI3Kp. In certain
embodiments, a solid tumor is selected from the group consisting of pancreatic cancer; bladder
cancer; colorectal cancer; breast cancer, including metastatic breast cancer; prostate cancer,
including androgen-dependent and androgen-independent prostate cancer; renal cancer,
including, e.g., metastatic renal cell carcinoma; hepatocellular cancer; lung cancer, including,
e.g., non-small cell lung cancer (NSCLC), bronchioloalveolar carcinoma (BAC), and
adenocarcinoma of the lung; ovarian cancer, including, e.g., progressive epithelial or primary
peritoneal cancer; cervical cancer; gastric cancer; esophageal cancer; head and neck cancer,
including, e.g., squamous cell carcinoma of the head and neck; melanoma; neuroendocrine
cancer, including metastatic neuroendocrine tumors; brain tumors, including, e.g., glioma,
anaplastic oligodendroglioma, adult glioblastoma multiforme, and adult anaplastic astrocytoma;
bone cancer; and soft tissue sarcoma.

[0087] In specific embodiments, the cancer is breast, ovarian, lung, colon, or prostate cancer.

[0088] In preferred embodiments, the mammal is a human.

[0089] In another aspect, the invention provides an optically active atropisomer obtained by

chiral chromatographic separation of a racemic mixture of formula 1
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es

AREUN
T
N =N
HN (D)
or a pharmaceutically acceptable salt or solvate thereof; wherein the mixture of formula 1 is

separated using a normal phase chiral column, and two peaks, A and B, are resolved, wherein

peak A and peak B represent the atropisomers, 1(S) and 1(R), respectively,

P

e .

HN  1(S) | and HeN- 1(R);

wherein the predominant isomer in the optically active atropisomer obtained is the first isomer
to elute from the column. In certain embodiments, the optically active atropisomer obtained
consists predominantly of the compound of formula 1(S) substantially free of the compound of
formula 1(R). In another embodiment, the optically active atropisomer obtained consists
predominantly of the compound of formula 1(R) substantially free of the compound of
formula 1(S).

[0090] In yet another aspect, the invention provides an optically active atropisomer obtained

by chiral chromatographic separation of a racemic mixture of formula 1

conl

N
TS
N =N
N (1),
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or a pharmaceutically acceptable salt or solvate thereof; wherein the racemic mixture of
formula 1 is separated using a normal phase chiral column, and two peaks, A and B, are

resolved, wherein peak A and peak B represent the atropisomers, 1(S) and 1(R), respectively,

P &

g .9

HN - (S) HoN- 1(R); and

wherein the optically active atropisomer obtained consists predominantly of the second isomer

to elute from the column. In specific embodiments, the optically active atropisomer obtained
consists predominantly of the compound of formula 1(S) substantially free of the compound of
formula 1(R). In certain embodiments, the predominant optically active atropisomer obtained
consists predominantly of the compound of formula 1(R) substantially free of the compound of
formula 1(S).

[0091] In another aspect, the invention provides an optically active atropisomer obtained by

separation of a racemic mixture of formula 1

es

CTY
N =N

N (1),
or a pharmaceutically acceptable salt or solvate thereof; wherein the optically active atropisomer
is characterized by a shorter retention time on a normal phase chiral column when compared to
its enantiomer. In some embodiments, the optically active atropisomer obtained consists
predominantly of the compound of formula 1(S) substantially free of the compound of

formula 1(R). In other embodiments, the optically active atropisomer obtained is the slower
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eluting isomer (longer retention time), and consists mostly of compound of formula 1(R)
substantially free of the compound of formula 1(S).
[0092] In another aspect, the invention provides an optically active atropisomer obtained by

separation of a racemic mixture of formula 1

or a pharmaceutically acceptable salt or solvate thereof; wherein the optically active atropisomer
is characterized by a longer retention time on a normal phase chiral column when compared to
its enantiomer. In some embodiments, the predominant optically active atropisomer obtained is
the compound of formula 1(S) substantially free of the compound of formula 1(R). In other
embodiments, the optically active atropisomer obtained is the faster eluting isomer (shorter
retention time), and consists mostly of the compound of formula 1(R) substantially free of the
compound of formula 1(S).

[0093] In one embodiment, the compound of the invention is separated using a chiral
chromatographic column. In certain embodiments, the chiral column has a normal phase. In
alternative embodiments, the chiral column has a reverse phase.

[0094] The atropisomers of formula 1 were separated by normal phase HPL.C methods
resulting in two resolved peaks. See Example 2 and Figure 2A for column and solvent
conditions. The peak to elute first at 7.4 minutes has been labeled 1(S) and the second peak to
elute at 12.3 minutes has been labeled 1(R). The absolute configuration of each isolated
compound has been elucidated from x-ray crystallographic data. The first peak to elute has been
assigned the S configuration, shown as compound 1(S), and the second peak to elute has been
assigned the R configuration, shown as compound 1(R). The elution order of the peaks is
reversed when a reverse phase column is used, as described in Example 2.

[0095] The in vitro activity of 1 and atropisomers, 1(S) and 1(R), have similar profiles in

various isoforms of p110 inhibition as shown in figures SA and 5B. All three compounds
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exhibit selective p110¢ inhibition in either biochemical (Fig. SA) or cell-based assays (Fig. 5B).
Although their ir vitro potency appears to be similar, there are surprising in vivo differences
observed between 1(S) and 1(R) as discovered in pharmacokinetic studies, mainly relating to the
increased exposure of 1(S) and decreased exposure of 1(R) in the subject.

[0096] In order to perform the pharmacokinetic studies, compound 1 was radiolabeled using

1€ at the ortho-methyl group of the phenyl at position 3 of the quinazolinone ring.

Radiolabeled 1:
CER
A
N N
ST
N =N

* denotes 14C label HN

[0097] The tagged racemic mixture or separated atropisomers were administered to rats,
dogs, and human subjects through oral and i.v. routes. The compounds were dissolved in PEG
100 such that any difference in dissolution rates would not play a role in the pharmacokinetic
profile of the compounds. Modest solubility differences between 1(S) and 1(R) were observed
in a variety of aqueous solutions as summarized in Figure 4. After administration of the
compound, blood plasma of the subjects were sampled over time and evaluated by analytical
HPLC methods developed to identify and measure concentrations of compound 1(S) or 1(R)
present in the sample. It was observed that the most abundant isomer measured in the plasma is
compound 1(S), which accounts for 70-80% of exposure to the subject.

[0098] Figure 6 shows the blood plasma concentration of 1(S) and 1(R) over 24 hours after a
single 50 mg/kg dose of racemic 1 was orally administered to female rats. Four hours after
dosing, the concentration of 1(S) steadily increases in the blood and 8 hours after dosing the
average concentration of 1(R) is approximately one-fourth the concentration of 1(R). This
demonstrates an in vivo difference in exposure between 1(S) and 1(R) when orally administered
to rats, wherein the subject has increased exposure to 1(S) than 1(R).

[0099] Figure 7 shows the blood plasma concentration of 1(S) and 1(R) over 24 hours after a
single 50 mg/kg dose of racemic 1 was orally administered to female dogs. In approximately

1 hour after dosing the maximum concentration of 1(S) and 1(R) is reached. At that point, the
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concentration of 1(R) is less than half the concentration of 1(S). This demonstrates an in vivo
difference in exposure between 1(S) and 1(R) when orally administered to dogs, wherein the
subject has increased exposure to 1(S) than 1(R). These large differences in pharmacokinetic
behavior were not predictable.

[00100] Figure 8 shows the blood plasma concentration of 1(S) and 1(R) over 72 hours after a
single 100 mg dose of racemic 1 was orally administered to human subjects. Within 2 hours, the
maximum concentration of 1(S) and 1(R) is reached. At the maximum concentration point, the
concentration of 1(R) is less than half the concentration of compound 1(S), which accounts for
approximately 70% of the exposure in the animal. Although the concentrations of both
compounds steadily decrease thereafter, at 72 hours post-dosing, the concentration of 1(S) is
well over 10 times the concentration of 1(R). This demonstrates a surprising in vivo difference
in exposure between 1(S) and 1(R) when orally administered to humans, wherein the subject has
increased exposure to 1(S) relative to 1(R). Furthermore, it appears that the half-life of 1(S) is
past the 72 hour time point. The half-life of 1(S) of several days in humans is greater than the
half-life in dogs. The long half-life of 1(S) in humans allows for a lower dosage of
administration. Reduced administrative dosages may also reduce, if any, undesired side-effects
of the compound in the subject and provides an advantage over administration of the racemic
mixture, or over 1(R).

[00101] Figure 9 shows the blood plasma concentration of 1(S) and 1(R) over a period of
24 hours after a single dose of 1(S) or 1(R) (1.5 mg/kg) administered either via a single bolus
i.v. dose (Fig. 9A) or an oral dose (Iig. 9B) to female rat subjects. In the intravenously
administered study at the 4 hour time point, the exposure level of 1(R) is approximately one-
fifth the concentration of 1(S). At 24 hours, the concentration of both compounds is very low
and within experimental error. The concentration of 1(S) in blood plasma of rats that were
orally administered the compounds was shown to greatly exceed the concentration of 1(R) at the
12 hour time point. This demonstrates an in vivo difference in exposure between 1(S) and 1(R)
when either intravenously or orally administered to rats, wherein the subject has increased
exposure to 1(S) relative to 1(R).

[00102] Table 1 summarizes the major pharmacokinetic parameters of 1(S) and 1(R)
following a single bolus i.v. dose in female Sprague Dawley (SD) rats. Most notable is the half

life of compound 1(R), which is about 2.8 times greater than the half life of either atropisomer
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1(S) or the racemic mixture 1. Compound 1(R) has a volume of the terminal phase (Vz) value

of 14,833 ml/kg, which is about 2.6 times greater than the Vz for either 1(S) or the racemic

mixture,
Table 1
Compound 1(S)  Compound 1(R) Compound 1
Parameter
............................................................. (IL5mghkeg)  (ASmeghkg  Cmekg
T1/2 (hr) 2.5£1.6 7.0£1.1 2.5+0.7
CL (ml/hr/kg) 18384503 1476£85 1560180
Vz (ml/kg) 5773£2740 14883+2034 5397£1568
AUCall (ng/ml x hr) 8654212 1010£55 19714243

[00103] The in vivo differences between compounds 1(S) and 1(R) are examined in human
subjects. Figures 10A and 10B show graphs of the blood plasma concentration of 1(S) and 1(R)
plotted against a period of 72 hours after administration of a single, oral dose of 100 mg of the
atropisomers. The maximum concentration of 1(S) is over 2 times as great as the maximum
concentration for 1(R). Although the concentration of the compounds in the blood plasma
decreases over the 72 hour period, the difference in concentration of the two compounds
maintained, if not further broadened. This difference in compound concentration in the blood
appears to broaden because compound 1(S) decreases more gradually over time whereas
compound 1(R) appears to be removed from the blood relatively more quickly. At a dose of
10 mg, the maximum blood plasma concentration of compound 1(S) is still about double the
maximum concentration of compound 1(R), see Figures 10C and 10D.

[00104] Figure 11 depicts the concentration of C radiolabeled compound 1(S) and 1(R) in
total blood plasma. Subjects were dosed with 25 mg of a racemic mixture of 1(S) and 1(R) each
day for 7 days. On day 4, the dose was ‘spiked’ with 40 nCi of labeled 1(S) or labeled 1(R).
(Total dosage was still 25 mg of the racemic mixture, since the amount of labeled material was
less than 0.1 mg so it did not materially affect the dosage.) FFigure 11 shows the
pharmacokinetic profile for total radiolabeled material starting when the spiked material was
administered on day 4, and continuing for several days thereafter.

[00105] Both compounds in this test quickly reached their maximum concentration values

and began a steady decline of concentration in the bloodstream. After day 1, the amount of
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1(R), about 500 neqg/ml., is about one-fourth the concentration of 1(S), which is about

2,000 neg/ml.. The more rapid decline of 1(R) in the blood compared to 1(S) is further evident
at 50 hours from dosing, wherein the blood plasma concentration of compound 1(S) is

between 500 to 1,000 neq/ml. compared to concentration of 1(R) which is about 10-50 neq/mlL..
The concentration of 1(R) decreases more rapidly than the concentration of 1(S) as shown by the
sharper slope of the 1(R) curve compared to the more gradual and gentle slope of 1(S) in

Figure 11.

[00106] Table 2 summarizes the half-life, C,,.x and AUC values in human subjects for
compounds 1(S) and 1(R) based on the data in Figure 11. At nearly 64 hours, compound 1(S)
has a half-life 6 times as long as the half-life of 1(R), which has a half-life of under 11 hours.
The Cy.x value for 1(S) is twice as long as that of 1(R), and the AUC value for 1(S) is over
4 times as that of 1(R). These results demonstrate that compound 1(S) has an unexpected and
very different pharmacokinetic profile compared to compound 1(R) in human subjects after oral
dosing. Compound 1(S) has a significantly longer half-life, as well as increased Cmax and AUC
values; thus compound 1(S) produces greater exposure in humans compared to 1(R).

Compound 1(S) therefore offers unexpected advantages over either 1(R) or a racemic mixture,
and treatment of a human with 1(S) can provide a higher, more stable plasma level of active
drug than treatment with 1(R) or the racemate, and simultaneously reduces exposure of the

subject to other materials or metabolites of 1(R).

Table 2
Cmax AUClast
T172 h] [neg/ml.] [neg*h/ml.]
Compound 1 69.9 +26.6 2780 £ 1163 51,032 + 22,383
Compound 1(S) 63.9 3930 90511
Compound 1(R) 10.6 1946 21676

[00107] Without being bound to theory, the lowered exposure of 1(R) compared to 1(S)
suggests a difference in absorption and elimination between the two compounds. According to
measurements using LC-MS (liquid chromatography-mass spectrometry), 1(R) is preferentially
eliminated in urine. Also, 1(R) has been shown to have a larger volume of distribution, V,, and

has a greater rate of excretion and lower rate of absorption than 1(S). 1(R) may also be
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metabolized faster than 1(S). Regardless of the reasons, 1(R) is far less available in plasma
(circulation) than 1(S) when administered orally, and 1(S) provides a far more stable exposure to
the drug and lower exposure to metabolites .

[00108] Another possible explanation for the difference in exposure is that 1(R) is
interconverted to 1(S) over time. Following administration of 1(R), it appears that
approximately 14% of 1(R) is converted to 1(S) in blood plasma within 4 hours, while
administration of 1(S) resulted in less than 1% of 1(S) converting to 1(R) over 4 hours.
However, this small amount of conversion should only account for a fraction of the difference in
exposure rates in vivo and other factors, such as selective elimination of 1(R), are likely to play
the major role in the lowered exposure rate of 1(R).

[00109] The in vivo differences between compounds 1(S) and 1(R) extend to the production
of metabolic products. For example, after a single 50 mg/kg oral dose of either atropisomer 1(S)
or 1(R), rat urine was sampled and analyzed for metabolites. Figure 12A and 12B show the
L.C-MS analysis results of the metabolites found in the urine. Rats which were exposed to 1(S)
produced mainly one compound represented by a peak at 13.4 minutes and a second compound
represented by a much smaller peak at 14.5 minutes. On the other hand, the analytical traces of
urine from rats which were administered compound 1(R) are characterized by three main peaks
at 13.5, 14.4, and 15.6 minutes, and a small peak at minute 12.1. This demonstrates that
compound 1(R) is metabolized in vivo to produce more metabolic products compared to
compound 1(S) and suggests that the two atropisomers are not metabolized by the body in
exactly the same way.

[00110] Figures 13A-13D further illustrate the unexpected stability of 1(S) in vivo relative to
1(R). For these tests, either radiolabeled 1(S) or radiolabeled 1(R) was administered orally to a
human subject. Samples of plasma from the subject were tested 1 hour and 72 hours after
administration, and were analyzed for their radiolabeled content. The analysis used HPLC
conditions that were known to separate 1(S) (eluting at about 21-22 minutes) from 1(R), so any
interconversion between these species could be observed. It also resolves these two materials
from the major metabolites formed from them in vivo.

[00111] Radiolabeled compounds were separated from human blood plasma and analyzed by
HPLC at 1 hour and 72 hours after administration of either radiolabeled compound as shown in

Figure 13A-13D. The UV trace in each spectrum is provided as a retention time standard to
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confirm the identity of the peaks, but the important data to observe is the C-14 radiolabel signal,
which is represented by small squares at the retention time for 1(S), 1(R), and the known
metabolites of these compounds. In Figure 13A, there are two radiolabeled peaks observed,
compound 1(S) (large peak at about 22 minutes) and a metabolite (small peak at about

14 minutes). In Figure 13B, there are two dominant C-14 data points, 1(R) at 22 minutes, and a
metabolite at 14 minutes. In this case, the metabolite level is nearly as large as the level of
compound 1(R), even just one hour after administration of 1(R). Thus, compound 1(S) results in
less metabolite formation than compound 1(R) in human plasma, and remains largely
unmodified after 1 hr. At 72 hours, the amount of metabolites formed from 1(S) is still less than
the amount of the parent compound 1(S), Figure 13C. It appears that a small amount of 1(R) is
present at this point in time, suggesting that some interconversion of 1(S) to 1(R) may occur in
vivo. For 1(R) at 72 hours, primarily the metabolites are detected and very little of 1(R) is seen;
indeed, it appears there may be more 1(S) than 1(R) present, again suggesting a small amount of
interconversion may occur: see Figure 13D.

[00112] Therefore, the abundance of metabolite after dosing with radiolabeled 1(R) suggests
that compound 1(R) is metabolized by the human body relatively quickly. The much lower
levels of metabolite in the plasma samples containing compound 1(S) suggests lower levels of
metabolism, and the higher concentration of 1(S) 72 hours after administration shows this
isomer provides longer exposure from a single dose.

[00113] Compound 1(S) offers the advantages of a longer half-life in vivo, reduced dosing
amount and increased exposure in vivo. However, the pharmacokinetic characteristics of 1(R)
also provide certain advantages for its use in some situations and subjects. The different
pharmacokinetic profile of 1(R) provides a slower delivery of the 1(S), which has a longer half-
life. For example, the interconversion of 1(R) to 1(S), as discussed previously, may provide a
way to deliver a delayed exposure to compound 1(S), with a shortened exposure to high plasma
concentration of active drug due to the short half-life of 1(R). Thus, the slower onset profile of
compound 1(R) may be advantageous when a drug that has a greater area under the curve
(AUC) profile is desired rather than a drug with a large Cy,. value, or when relatively rapid
elimination (short half-life) is desired. Accordingly, in certain embodiments, compounds,

compositions, and methods of the invention comprise 1(R). Preferred embodiments, particularly
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for treatment of inflammatory conditions or hematological cancers, the compounds,
compositions, and methods of the invention comprise 1(S).

[00114] Chiral resolution of enantiomers can be carried out by methods of high pressure
liquid chromatography (HPLC), crystallization or the use of enzymes. Described herein are
chiral resolution methods that employ HPLC to provide the compounds of the invention. For
instance, mixtures of the atropisomers of formula 1 can be separated into compounds of the
formulas 1(S) and 1(R). For purposes of discussion, resolved atropisomers of compound 1 that
were isolated by normal phase chromatographic separation and eluted at time 8.7 min and
13.0 min as described in Example 3, will be referred to as atropisomers 1(S) and 1(R),
respectively.

[00115] One of ordinary skill in the art will understand that many types of instruments,
columns and eluents can be used to separate the individual atropisomers. Suitable HPL.C
instruments are configured according to methods well known to those of ordinary skill in the art.
Such configuration invariably includes a pump, injection port and a detector.

[00116] Chromatographic columns may be characterized as ‘normal phase’ or ‘reverse
phase’. In general, normal phase columns have a polar stationary phase and reverse phase
columns have a non-polar stationary phase. Suitable chiral columns can be purchased
prepackaged or can be packed by one of ordinary skill in the art. Suitable chiral columns
include chiral CHIRALPAK®IA, IB, AD-H, AS, AD-RH, AS-RH and IC columns as well as
CHIRALCEL®OD-H, OB-H, OF, OG, OJ-RH and OJ which can be purchased from Chiral
Technologies Inc., 730 Springdale Drive, PO Box 564, Exton, Pa. 19341. The packing
composition for CHIRALPAK® IA columns is amylose tris (3,5-dimethylphenylcarbamate)
immobilized on 5 pM silica-gel. One of ordinary skill in the art will appreciate that many other
chiral columns, purchased from other vendors, would be adequate to separate the isomers of the
invention. The packing material can also be purchased in different bead sizes. Suitable bead
sizes for preparative separations are about 20 microns in diameter or less. Suitable bead sizes
for analytical separation are about 10 microns in diameter or less.

[00117] One of ordinary skill in the art will understand that the appropriate mobile phase used
in an HPL.C method can be selected from various combinations and ratios of solvents. A
suitable mobile phase is determined according to methods well known to those of ordinary skill

in the art. The mobile phase may include organic solvents such as alkanes, alcohols, ethers,
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chlorinated solvents as water, and buffered water. Non-limiting examples of organic solvents
include hexanes, n-hexane, methanol, ethanol, butanol, isobutanol, propanol, isopropanol (IPA),
acetonitrile, N,N-dimethylformamide (DMF), tetrahydrofuran (THF), methyl-t-butyl ether,
trichloromethane, dichlormethane, chloroform, 1,4-dioxane, toluene, acetone, methyl acetate and
ethyl acetate. Fior basic or acidic samples, an additive may be incorporated into the mobile
phase in order to optimize chiral separation. Primary amines, such as diethylamine (DEA),
diisopropylamine, butyl amine, and triethylamine (TEA) may be used as bases. Non-limiting
examples of acids include sulfuric acid, trifluoroacetic acid, hydrochloric acid, acetic acid, and
formic acid. Other inorganic mobile phase additives may also be used, such as KPFg, NaClOy,
NaBF,, NaH;PO,4. Non-limiting examples of mobile phase mixtures include 50:50:0.2
methanol/ethanol/DEA; 70:30:0.1 hexanes/ethanol/DEA; 70:30:0.1 hexanes/isopropanol/DEA;
40:60:0.06 hexanes/isopropanol/DEA; and 50:50, 60:40 or 70:30 water/acetonitrile. Non-
limiting examples of mobile phases used for reverse phase screenings of basic compounds
include 30:70 pH 9 borate/acetonitrile and 30:70 100mM aqueous KPFg/acetonitrile.

[00118] For a description of analytical or preparatory chromatographic methods, see
Examples 2 and 3, respectively.

[00119] The relative efficacies of compounds as inhibitors of an enzyme activity (or other
biological activity) can be established by determining the concentrations at which each
compound inhibits the activity to a predefined extent, then comparing the results. Typically, the
preferred determination is the concentration that inhibits 50% of the activity in a biochemical
assay, i.e., the 50% inhibitory concentration or “IC50.” IC50 determinations can be
accomplished using conventional techniques known in the art. In general, an IC50 can be
determined by measuring the activity of a given enzyme in the presence of a range of
concentrations of the inhibitor under study. The experimentally obtained values of enzyme
activity then are plotted against the inhibitor concentrations used. The concentration of the
inhibitor that shows 50% enzyme activity (as compared to the activity in the absence of any
inhibitor) is taken as the IC50 value. Analogously, other inhibitory concentrations can be
defined through appropriate determinations of activity. For example, in some settings it can be
desirable to establish a 90% inhibitory concentration, i.e., [C90.

[00120] “Treating™ as used herein refers to preventing a disorder from occurring in an animal

that can be predisposed to the disorder, but has not yet been diagnosed as having it; inhibiting
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the disorder, e.g., slowing or arresting its development; relieving the disorder, e.g., causing its

regression or elimination; or ameliorating the disorder, i.e., reducing the severity of symptoms
associated with the disorder. “Disorder” is intended to encompass medical disorders, diseases,
conditions, syndromes, and the like, without limitation.

[00121] The methods of the invention embrace various modes of treating an animal subject,
preferably a mammal, more preferably a primate, and still more preferably a human. Among the
mammalian animals that can be treated are, for example, humans, companion animals (pets),
including dogs and cats; farm animals, including cattle, horses, sheep, pigs, and goats;
laboratory animals, including rats, mice, rabbits, guinea pigs, and nonhuman primates; and zoo
specimens. Non-mammalian animals include, for example, birds, fish, reptiles, and amphibians.
In general, any subject who would benefit from the compounds and compositions of the
invention is appropriate for administration of the invention method.

[00122] Techniques for formulation and administration of pharmaceutical compositions can

be found in Remington's Pharmaceutical Sciences, 18th Ed., Mack Publishing Co, Easton, PA,

1990. The pharmaceutical compositions of the present invention can be manufactured using any
conventional method, e.g., mixing, dissolving, granulating, dragee-making, levigating,
emulsifying, encapsulating, entrapping, melt-spinning, spray-drying, or lyophilizing processes.
An optimal pharmaceutical formulation can be determined by one of skill in the art depending
on the route of administration and the desired dosage. Such formulations can influence the
physical state, stability, rate of in vivo release, and rate of in vivo clearance of the administered
agent. Depending on the condition being treated, these pharmaceutical compositions can be
formulated and administered systemically or locally.

[00123] The pharmaceutical compositions are formulated to contain suitable pharmaceutically
acceptable carriers, and optionally can comprise excipients and auxiliaries that facilitate
processing of the active compounds into preparations that can be used pharmaceutically. The
administration modality will generally determine the nature of the carrier. For example,
formulations for parenteral administration can comprise aqueous solutions of the active
compounds in water-soluble form. Carriers suitable for parenteral administration can be
selected from among saline, buffered saline, dextrose, water, and other physiologically
compatible solutions. Preferred carriers for parenteral administration are physiologically

compatible buffers such as Hank's solution, Ringer's solution, or physiologically buffered saline.
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For tissue or cellular administration, penetrants appropriate to the particular barrier to be
permeated are used in the formulation. Such penetrants are generally known in the art. For
preparations comprising proteins, the formulation can include stabilizing materials, such as
polyols (e.g., sucrose) and/or surfactants (e.g., nonionic surfactants), and the like.

[00124] Alternatively, formulations for parenteral use can comprise dispersions or
suspensions of the active compounds prepared as appropriate oily injection suspensions.
Suitable lipophilic solvents or vehicles include fatty oils, such as sesame oil, and synthetic fatty
acid esters, such as ethyl oleate or triglycerides, or liposomes. Aqueous injection suspensions
can contain substances that increase the viscosity of the suspension, such as sodium
carboxymethylcellulose, sorbitol, or dextran. Optionally, the suspension also can contain
suitable stabilizers or agents that increase the solubility of the compounds to allow for the
preparation of highly concentrated solutions. Aqueous polymers that provide pH-sensitive
solubilization and/or sustained release of the active agent also can be used as coatings or matrix
structures, e.g., methacrylic polymers, such as the EUDRAGIT® series available from R6hm
America Inc. (Piscataway, NJ). Emulsions, e.g., oil-in-water and water-in-oil dispersions, also
can be used, optionally stabilized by an emulsifying agent or dispersant (surface active
materials; surfactants). Suspensions can contain suspending agents such as ethoxylated
isostearyl alcohols, polyoxyethylene sorbitol and sorbitan esters, microcrystalline cellulose,
aluminum metahydroxide, bentonite, agar-agar, gum tragacanth, and mixtures thereof.

[00125] Liposomes containing the active agent also can be employed for parenteral
administration. Liposomes generally are derived from phospholipids or other lipid substances.
The compositions in liposome form also can contain other ingredients, such as stabilizers,
preservatives, excipients, and the like. Preferred lipids include phospholipids and phosphatidyl
cholines (lecithins), both natural and synthetic. Methods of forming liposomes are known in the
art. See, e.g., Prescott (Ed.), Methods in Cell Biology, Vol. XIV, p. 33, Academic Press,

New York (1976).

[00126] Pharmaceutical compositions comprising the agent in dosages suitable for oral
administration can be formulated using pharmaceutically acceptable carriers well known in the
art. Preparations formulated for oral administration can be in the form of tablets, pills, capsules,
cachets, dragees, lozenges, liquids, gels, syrups, slurries, elixirs, suspensions, or powders. To

illustrate, pharmaceutical preparations for oral use can be obtained by combining the active

35



WO 2010/111432 PCT/US2010/028554

compounds with a solid excipient, optionally grinding the resulting mixture, and processing the
mixture of granules, after adding suitable auxiliaries if desired, to obtain tablets or dragee cores.
Oral formulations can employ liquid carriers similar in type to those described for parenteral
use, e.g., buffered aqueous solutions, suspensions, and the like.

[00127] Preferred oral formulations include tablets, dragees, and gelatin capsules. These
preparations can contain one or excipients, which include, without limitation:

a) diluents, such as sugars, including lactose, dextrose, sucrose, mannitol, or sorbitol;

b) binders, such as magnesium aluminum silicate, starch from corn, wheat, rice,
potato, etc.;

¢) cellulose materials, such as methylcellulose, hydroxypropylmethyl cellulose, and
sodium carboxymethylcellulose, polyvinylpyrrolidone, gums, such as gum arabic and gum
tragacanth, and proteins, such as gelatin and collagen;

d) disintegrating or solubilizing agents such as cross-linked polyvinyl pyrrolidone,
starches, agar, alginic acid or a salt thereof, such as sodium alginate, or effervescent
compositions;

e) lubricants, such as silica, talc, stearic acid or its magnesium or calcium salt, and
polyethylene glycol;

f) flavorants and sweeteners;

g) colorants or pigments, e.g., to identify the product or to characterize the quantity
(dosage) of active compound; and

h) other ingredients, such as preservatives, stabilizers, swelling agents, emulsifying agents,
solution promoters, salts for regulating osmotic pressure, and buffers.

[00128] Gelatin capsules include push-fit capsules made of gelatin, as well as soft, sealed
capsules made of gelatin and a coating such as glycerol or sorbitol. Push-fit capsules can
contain the active ingredient(s) mixed with fillers, binders, lubricants, and/or stabilizers, etc. In
soft capsules, the active compounds can be dissolved or suspended in suitable fluids, such as
fatty oils, liquid paraffin, or liquid polyethylene glycol with or without stabilizers. Dragee cores
can be provided with suitable coatings such as concentrated sugar solutions, which also can
contain gum arabic, talc, polyvinyl pyrrolidone, carbopol gel, polyethylene glycol, and/or

titanium dioxide, lacquer solutions, and suitable organic solvents or solvent mixtures.
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[00129] The pharmaceutical composition can be provided as a pharmaceutically acceptable
salt of a compound of the invention. Salts are often more soluble in aqueous or other protonic
solvents than the corresponding free acid or base forms. Pharmaceutically acceptable salts are
well known in the art. Compounds that contain acidic moieties can form pharmaceutically
acceptable salts with suitable cations. Suitable pharmaceutically acceptable cations include, for
example, alkali metal (e.g., sodium or potassium) and alkaline earth (e.g., calcium or
magnesium) cations.

[00130] Compounds of the invention that contain basic moieties can form pharmaceutically
acceptable acid addition salts with suitable acids. For example, Berge, et al., J Pharm Sci
(1977) 66:1, describe pharmaceutically acceptable salts in detail. The salts can be prepared in
situ during the final isolation and purification of the compounds of the invention or separately by
reacting a free base function with a suitable acid.

[00131] Representative acid addition salts include, but are not limited to, acetate, adipate,
alginate, citrate, aspartate, benzoate, benzenesulfonate, bisulfate, butyrate, camphorate,
camphorolsulfonate, cinnamate, digluconate, formate, glycerophosphate, hemisulfate,
heptanoate, hexanoate, fumarate, hippurate, hydroxyacetate, hydrochloride, hydrobromide,
hydroiodide, 2-hydroxyethanesulfonate (isothionate), lactate, maleate, malonate, mandelate,
methanesulfonate or sulfate, nicotinate, 2-naphthalenesulfonate, oxalate, pamoate, pectinate,
persulfate, 3-phenylpropionate, picrate, pivalate, propionate, pyruvate, succinate, tartrate,
thiocyanate, phosphate or hydrogen phosphate, glutamate, bicarbonate, salicylate,
p-toluenesulfonate, and undecanoate.

[00132] Examples of inorganic acids include, but are not limited to, hydrochloric acid,
hydrobromic acid, sulfuric acid, nitric acid, and phosphoric acid.

[00133] Basic addition salts can be prepared in situ during the final isolation and purification
of the compounds of the invention or separately by reacting a carboxylic acid-containing moiety
with a suitable base such as the hydroxide, carbonate, or bicarbonate of a pharmaceutically
acceptable metal cation, or with ammonia or organic primary, secondary, or tertiary amine.
Pharmaceutically acceptable basic addition salts include, but are not limited to, cations based on
alkali metals or alkaline earth metals such as lithium, sodium, potassium, calcium, magnesium,
and aluminum salts and the like, and nontoxic quaternary ammonium and amine cations

including ammonium, tetramethylammonium, tetraethylammonium, methylammonium,
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dimethylammonium, trimethylammonium, ethylammonium, diethylammonium,
triethylammonium, and the like. Other representative organic amines useful for the formation of
base addition salts include ethylenediamine, ethanolamine, diethanolamine, piperidine,
piperazine, and the like.

[00134] Basic nitrogen-containing groups can be quaternized with such agents as lower alkyl
halides such as methyl, ethyl, propyl, and butyl chlorides, bromides and iodides; dialkyl sulfates
like dimethyl, diethyl, dibutyl, and diamyl sulfates; long chain alkyl halides such as decyl,
lauryl, myristyl, and stearyl chlorides, bromides, and iodides; arylalkyl halides such as benzyl
and phenethyl bromides; and others. Products having modified solubility or dispersibility are
thereby obtained.

[00135] Solvates for the purposes of the invention refer to those forms of the compounds of
the invention which in solid or liquid state form a complex through coordination with solvent
molecules. Non-limiting examples of a solvent are water, acetone, methanol, ethanol and acetic
acid.

[00136] The compounds of the invention may be prepared in the form of prodrugs, i.e.,
protected forms which release the compounds of the invention after administration to the
subject. Typically, the protecting groups are hydrolyzed in body fluids such as in the
bloodstream thus releasing the active compound or are oxidized or reduced in vivo to release the
active compound. A discussion of prodrugs is found in Smith and Williams Introduction to the
Principles of Drug Design, Smith, H.J.; Wright, 2nd ed., London (1988).

[00137] The formulation and route of administration chosen will be tailored to the individual
subject, the nature of the condition to be treated in the subject, and generally, the judgment of
the attending practitioner.

[00138] In some embodiments, the compounds of the invention are administered by injection
most preferably by intravenous injection, but also by subcutaneous or intraperitoneal injection,
and the like. Additional parenteral routes of administration include intramuscular and
intraarticular injection. For intravenous or parenteral administration, the compounds are
formulated in suitable liquid form with excipients as required. The compositions may contain
liposomes or other suitable carriers. For injection intravenously, the solution is made isotonic

using standard preparations such as Hank’s solution.

38



WO 2010/111432 PCT/US2010/028554

[00139] Besides injection, other routes of administration may also be used. The compounds
may be formulated into tablets, capsules, syrups, powders, or other suitable forms for
administration orally. By using suitable excipients, these compounds may also be administered
through the mucosa using suppositories or intranasal sprays. Transdermal administration can
also be effected by using suitable penetrants and controlling the rate of release.

[00140] The compounds may be administered as a single dose, a dose over time, as in i.v. or
transdermal administration, or in multiple dosages. Dosages may be higher when the
compounds are administered orally or transdermally as compared to, for example, i.v.
administration.

[00141] Suitable dosage ranges for the compounds of the invention vary according to these
considerations, but in general, the compounds are administered in the range of about
0.1 pg/kg-5 mg/kg of body weight; preferably the range is about 1 pg/kg-300 pg/kg of body
weight; more preferably about 10 pg/kg-100 pg/kg of body weight. TFor a typical 70-kg human
subject, thus, the dosage range is from about 0.7 ng-350 mg; preferably about 700 pg-21 mg;
most preferably about 700 pg-10 mg. In certain embodiments, the compound is administered in
the range of 5-15 mg/kg of body weight. In certain embodiments, the compound is administered
at a dose of less than 11 mg/kg of body weight. In certain embodiments, the compound is
administered at a dose of 10 mg/kg of body weight. In certain embodiments, suitable dosage is
an amount between 1-500 mg. In certain embodiments, suitable dosage is an amount between
1-250 mg. In certain embodiments, suitable dosage is an amount between 1-100 mg. In certain
embodiments, suitable dosage is an amount between 1-50 mg. In certain embodiments, suitable
dosage is an amount between 1-25 mg. In certain embodiments, suitable dosage is an amount
selected from the group consisting of 10 mg, 17 mg, 50 mg, 75 mg, 100 mg, 125 mg, 200 mg,
250 mg, and 400 mg, recognizing that small departures (+/-<10%) are generally tolerated. In
certain embodiments, the suitable dosage is administered orally.

[00142] Compositions comprising a compound of the invention formulated in a
pharmaceutically acceptable carrier can be prepared, placed in an appropriate container, and
labeled for treatment of an indicated condition. Accordingly, there also is contemplated an
article of manufacture, such as a container comprising a dosage form of a compound of the
invention and a label containing instructions for use of the compound. Kits also are

contemplated. For example, a kit can comprise a dosage form of a pharmaceutical composition
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and a package insert containing instructions for use of the composition in treatment of a medical
condition. In either case, conditions indicated on the label can include treatment of an
inflammatory condition.

[00143] Unless otherwise defined, all terms of art, notations and other scientific terms or
terminology used herein are intended to have the meanings commonly understood by those of
skill in the art to which this invention pertains. In some cases, terms with commonly understood
meanings are defined herein for clarity and/or for ready reference, and the inclusion of such
definitions herein should not necessarily be construed to represent a substantial difference over
what is generally understood in the art. Many of the techniques and procedures described or
referenced herein are well understood and commonly employed using conventional
methodology by those skilled in the art. As appropriate, procedures involving the use of
commercially available kits and reagents are generally carried out in accordance with
manufacturer defined protocols and/or parameters unless otherwise noted.

[00144] The discussion of the general methods given herein is intended for illustrative
purposes only. Other alternative methods and embodiments will be apparent to those of skill in
the art upon review of this disclosure.

[00145] A group of items linked with the conjunction “or” should not be read as requiring
mutual exclusivity among that group, but rather should also be read as “and/or” unless expressly
stated otherwise. Although items, elements, or components of the invention may be described or
claimed in the singular, the plural is contemplated to be within the scope thereof unless
limitation to the singular is explicitly stated.

[00146] The following examples are offered to illustrate but not to limit the invention.

Example 1
Preparation of 2-({(6-amino-9H-purin-9-y)methyl)-5-methyl-3-o-tolylquinazolin-4(3H)-one

[00147] The synthetic scheme for the preparation of 2-((6-amino-9H-purin-9-yl)methyl)-5-
methyl-3-o-tolylquinazolin-4(3H)-one, 1, is shown in Figure 1. 2-amino-6-methylbenzoic acid,
17, is reacted with 2-chloroacetyl chloride to produce the 2-(-2-chloroacetamido)-6-
methylbenzoic acid, 2”°. Reaction with o-toluidine and phosphoryl trichloride yields the

cyclized intermediate, 3”. Further reaction with diBOC-protected adenine give the BOC
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protected product, 4”°, which is deprotected resulting in 2-((6-amino-9H-purin-9-yl)methyl)-5-
methyl-3-o-tolylquinazolin-4(3H)-one, 1.

[00148] The atropisomers of compound 1 may be resolved by high-pressure liquid
chromatography (HPLC). Intermediate compounds 3" and 4” also contain atropisomers and
resolution of either of these intermediates by HPL.C can also be carried out prior to subsequent

steps ¢ and d, respectively.

Example 2
Analytical HPLC Method Development for Separation of Atropisomers

[00149] This example describes the development of HPLC analytic methods for separating
enantiomers of formula 1, 2-((6-amino-9H-purin-9-yl)methyl)-5-methyl-3-o-tolylquinazolin-
4(3H)-one. In order to develop and optimize the separation of various atropisomers, a person
having ordinary skill in the art can experiment with chromatographic parameters such as choice
of column, mobile phase and flow rate. Methods for normal phase and reverse phase columns
are described.

[00150] Normal phase. In this example, an enantiomeric mixture of compound 1 was initially
screened across CHIRALPAK®IA, IB, AD-H, AS and IC columns as well as
CHIRALCEL®OD-H and OJ and using 50:50:0.1 methanol/ethanol/DEA and 99.9:0.1
acetonitrile/DEA as polar organic mobile phases. A partial separation of atropisomers was
observed on CHIRALPAK®AD-H using the mobile phase 50:50:0.1 methanol/ethanol/DEA. In
order to determine if this partial separation could be improved, the column was eluted with
ethanol/DEA. Complete separation was obtained using these conditions, with an alpha of 1.66
and a run time of approximately 20 minutes.

[00151] Screening was also done across the same set of columns, as well as
CHIRALCEL®OB-H, OF, and OG using 70:30:0.1 hexanes/ethanol/DEA and 70:30:0.1
hexanes/isopropanol/DEA mobile phases. A promising separation appeared on the [A™ column
with the 70:30:0.1 hexanes/isopropanol/DEA mobile phase; however, the run time of 28 minutes
was a bit long. The run time was reduced to 15 minutes using a mobile phase of 40:60:0.06
hexanes/isopropanol/DEA. This separation was superior to the separation achieved on the AD-
H column, using ethanol/DEA mobile phase. A chromatogram of atropisomers of compound 1

on the [A™ column is illustrated in Figure 2a.
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[00152] Thus, the final conditions to separate the enantiomeric mixture of compound 1
include using CHIRALPAK®IA™ column with dimensions of 250 mm L x 4.6 mm ID. The
sample was dissolved in ethanol and a mobile phase of 40:60:0.06
hexanes/isopropanol/diethylamine was used. FFlow conditions were at a rate of 1.0 mL/min, at
25°C and UV detection of the product was monitored at 215 nm. The run time was about
15 minutes. The two main peaks at 7.4 min and 12.3 min represent the first and second
atropisomers of compound 1, 1(S) and 1(R), respectively.

[00153] Reverse phase. A sample of an enantiomeric mixture of 2-((6-amino-9H-purin-9-
yDmethyl)-5-methyl-3-o-tolylquinazolin-4(3H)-one, 1, was combined in acetonitrile and used
for screening. The sample was screened with CHIRALPAK® AD-RH®, AS-RH®, IB™, [C™T™,
and CHIRALCEL®OQOJ-RH® columns, eluted with 30:70 pH 9 borate/acetonitrile and 30:70
100 mM aqueous KPFs/acetonitrile mobile phases. Partial separations were observed for the
IC™ column with both mobile phases, and baseline separation was observed with both mobile
phases using the OJ-RH® column. Efforts were made to improve the separation demonstrated
on the OJ-RH® column. The column was eluted with 50:50, 60:40, and 70:30
water/acetonitrile. In these experiments, no buffer was added to the mobile phase in order to
determine if such buffer was actually needed. It is apparent from the results that no buffer is
needed for this separation, as all three of the water/acetonitrile mobile phases produced good
separations on the OJ-RH® column. Of these conditions, the separation on the OJ-RH® column
with 60:40 water/acetonitrile is recommended, although the separation with 50:50
water/acetonitrile acetonitrile was quite good, provided that there are no interfering peaks
eluting close to the solvent front. A chromatogram of the separation of atropisomers on the
OJ-RH® column using 60:40 water/acetonitrile is illustrated in Figure 2b. The two main peaks
at 4.7 min and 7.1 min represent the two atropisomers, of compound 1.

[00154] The enantiomeric mixture is fully resolved in both the normal phase and reverse
phase methods (Normal phase: CHIRALPAK® TA, 250 mm L x 4.6 mm ID, 40:60:0.06
hexanes/IPA/DEA, 1.0 mL/min, 25°C, 215 nm; Reverse phase: CHIRALCEL®0OJ-RH, 150 mm
L x 4.6 mm ID, 61:40 water/acetonitrile, 0.8mL/min, 25°C; 230 nm). It is observed that the two
peaks resolved in the normal phase method elute in reverse order in the reverse phase method.
This was determined after the compound from the first peak, eluted at 7.4 minutes, on the

normal phase was isolated and subjected to analysis on the reverse phase method. This isolated
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material eluted at a time corresponding to the second peak, 7.1 minutes, on the reverse phase

method, Figure 2b.

Example 3

Preparatory HPLC separation of atropisomers and absolute stereochemical configuration

[00155] This example demonstrates the separation of the two atropisomers of compound 1
using HPLC.

[00156] An analytical method was developed and a small sample of the enantiomeric mixture
was dissolved in isopropanol at a concentration of 1.45 mg/ml. and 5 pl. injected into a normal
phase column using the following conditions: CHIRALPAK® IA, 4.6 mm ID x 250 mm L.,
40/60/0.1 hexanes/IPA/DEA, 0.8 mI/min, 30°C. Two peaks are resolved at 8.7 min. and
13.0 min (Figure 3A). These analytical conditions and HPLC trace were used to identify the
compositions of the separated products.

[00157]2.80 g of compound 1 was separated on a CHIRALPAK® IA preparative column
using 40/60/0.1 hexanes/[IPA/DEA mobile phase at room temperature and using a detection
wavelength of 275 nm. Two enantiomers were isolated, 1(S) and 1(R), which correspond to the
first and second eluting peaks from the column, respectively.

[00158] 1.24 g of the first eluted enantiomer, atropisomer 1(S), was isolated and was
analyzed under the analytical method described above (0.96 mg in 0.8 mL [PA). The HPL.C
trace, shown in Figure 3B, has a major peak at 8.7 min and indicates 99.0% e.e.

[00159] 1.38 g of the second eluted enantiomer, atropisomer 1(R), was isolated and was
analyzed under the same analytical method (1.72 mg in 1 mlL. IPA) described above. The HPL.C
trace, shown in Figure 3C, has a major peak at 13.0 min. and indicates 98.8% e.e.

[00160] For purposes of discussion, resolved atropisomers of compound 1 that were isolated
by normal phase chromatographic separation and eluted at time 8.7 min and 13.0 min as
described in this example, will be referred to as atropisomers 1(S) and 1(R), respectively.

[00161] The absolute configuration of each isolated compound has been elucidated from x-
ray crystallographic data. The first peak to elute has been assigned the § configuration, shown
as compound 1(8S), and the second peak to elute has been assigned the R configuration, shown as

compound 1(R).
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Example 4
In vitro activity of 1. 1(S) and 1(R)

[00162] This example demonstrates the in vitro activity of 1, 1(S) and 1(R) against
pl10alpha, p110beta, p110 gamma and p110delta isoforms.

[00163] The in vitro activity of 1 and atropisomers, 1(S) and 1(R), have similar profiles in
various isoforms of p110 inhibition as shown in figures SA and 5B. All three compounds
exhibit selective p1106 inhibition in either biochemical (Fig. SA) or cell-based assays (Fig. 5B).
Although their ir vitro potency appears to be similar, there are surprising in vivo differences
observed between 1(S) and 1(R) as discovered in pharmacokinetic studies, mainly relating to the

increased exposure of 1(S) and decreased exposure of 1(R) in the subject.

Example 5

Blood plasma concentration of 1(S) and 1(R) in rats, dogs and humans

[00164] This example follows the concentration of compound 1(S) and 1(R) in the blood
plasma or rat, dog and human subjects over time.
[00165] In order to perform the pharmacokinetic studies, compound 1 was radiolabeled using

1€ at the ortho-methyl group of the phenyl at position 3 of the quinazolinone ring.

Radiolabeled 1:
CER
A
N N
N
{
.g

* denotes 14C label H.N
[00166] The tagged racemic mixture or separated atropisomers were administered in rats,
dogs, and human subjects through oral and i.v. routes. The compounds were dissolved in PEG
100 such that any difference in dissolution rates would not play a role in the pharmacokinetic
profile of the compounds. Modest solubility differences between compounds 1(S) and 1(R)
were observed in a variety of aqueous solutions as summarized in Figure 4. After administration

of the compound, blood plasma of the subjects were sampled over time and evaluated by
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analytical HPL.C methods developed to identify and measure concentrations of compound 1(S)
or 1(R) present in the sample. It was observed that the most abundant isomer measured in the
plasma is compound 1(S), which accounts for 70-80% of exposure to the subject.

[00167] Figure 6 shows the blood plasma concentration of 1(S) and 1(R) over 24 hours after a
single 50 mg/kg dose of racemic compound 1 was orally administered to female rats. 4 hours
after dosing, the concentration of 1(S) steadily increases in the blood and 8 hours after dosing
the average concentration of 1(R) is approximately one-fourth the concentration of 1(S). This
demonstrates an in vivo difference in exposure between 1(S) and 1(R) when orally administered
to rats, wherein the subject has increased exposure to 1(S) than 1(R).

[00168] Figure 7 shows the blood plasma concentration of 1(S) and 1(R) over 24 hours after a
single 50 mg/kg dose of racemic 1 was orally administered to female dogs. In approximately
1 hour after dosing the maximum concentration of compounds 1(S) and 1(R) is reached. At that
point, the concentration of 1(R) is less than half the concentration of compound 1(S). This
demonstrates an in vivo difference in exposure between compounds 1(S) and 1(R) when orally
administered to dogs, wherein the subject has increased exposure to compound 1(S) than 1(R).
These large differences in pharmacokinetic behavior were not predictable.

[00169] Figure 8 shows the blood plasma concentration of compounds 1(S) and 1(R) over 72
hours after a single 100 mg dose of racemic compound 1 was orally administered to human
subjects. Within 2 hours, the maximum concentration of compounds 1(S) and 1(R) is reached.
At the maximum concentration point, the concentration of compound 1(R) is less than half the
concentration of compound 1(S), which accounts for approximately 70% of the exposure in the
animal. Although the concentrations of both compounds steadily decrease thereafter, at 72
hours post-dosing, the concentration of compound 1(S) is well over 10 times the concentration
of compound 1(R). This demonstrates a surprising in vivo difference in exposure between
compound 1(S) and 1(R) when orally administered to humans, wherein the subject has increased
exposure to compound 1(S) relative to compound 1(R). Furthermore, it appears that the half-life
of compound 1(S) is past the 72 hour time point. The half-life of compound 1(S) of several days
in humans is greater than the half-life in dogs. By comparison, the half-life of 1(R) is around 9
hours. The long half-life of compound 1(S) in humans allows for a lower dosage of

administration. Reduced administrative dosages may also reduce, if any, undesired side-effects
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of the compound in the subject and provides an advantage over administration of the racemic

mixture, or over compound 1(R).

Example 6
Oral versus i.v. administration of 1(S) and 1(R) in rats

[00170] This example compares oral versus intravenous administration of compounds 1(S)
and 1(R) in rats.

[00171] A single dose of 1(S) or 1(R) (1.5 mg/kg) was administered either via a single bolus
i.v. dose (Fig. 9A) or an oral dose (I'ig. 9B) to female rat subjects. The blood plasma
concentration of either 1(S) or 1(R) was measured at different time points over a period of
24 hours after administration.

[00172] Figure 9 shows the blood plasma concentration of 1(S) and 1(R) over a period of
24 hours after a single dose of 1(S) or 1(R) (1.5 mg/kg) administered either 1(S) a single bolus
i.v. dose (Fig. 9A) or an oral dose (Iig. 9B) to female rat subjects. In the intravenously
administered study at the 4 hour time point, the exposure level of 1(R) is approximately one-
fifth the concentration of 1(S). At 24 hours, the concentration of both compounds is very low
and within experimental error. The concentration of 1(S) in blood plasma of rats that were
orally administered the compounds was shown to greatly exceed the concentration of 1(R) at the
12 hour time point. This demonstrates an in vivo difference in exposure between 1(S) and 1(R)
when either intravenously or orally administered to rats, wherein the subject has increased

exposure to 1(S) relative to 1(R).

Example 7

Pharmacokinetic parameters of 1(S) and 1(R) in rats following single i.v. dose

[00173] This example compares the pharmacokinetic parameters of compounds 1(S) and 1(R)
in female Sprague Dawley (SD) rats following a single i.v. dose. SD rats were administered a
single bolus intravenous dose of 1(S) (1.5 mg/kg), 1(R) (1.5 mg/kg) or 1 (3 mg/kg) and the
compound present in the subject was measured over time. Based on this data, pharmacokinetic

parameters were calculated as summarized in Table 3.
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[00174] Most notable is the half life of compound 1(R), which is about 2.8 times greater in
rats than the half life of either atropisomer 1(S) or the racemic mixture 1. Compound 1(R) has a
volume of the terminal phase (Vz) value of 14,833 ml/kg, which is about 2.6 times greater than

the Vz for either 1(S) or the racemic mixture.

Table 3
Compound 1(S) Compound 1(R) Compound 1

Parameter

(1.5 mg/kg) (1.5 mg/kg) (3 mg/kg)
T1/2 (hr) 2.5£1.6 7.0£1.1 2.5+0.7
CL (ml/hr/kg) 1838+503 1476£85 1560180
Vz (ml/kg) 57732740 14883+2034 5397+£1568
AUCall (ng/ml x hr) 8654212 1010£55 1971£243
Example 8

Pharmacokinetic parameters of 1(S) and 1(R) in humans following single oral dose

[00175] This example compares pharmacokinetic parameters of compounds 1(S) and 1(R) in
humans following a single oral dose of a racemic mixture. Two dosing studies were performed.
A single, 100 mg oral dose of racemic mixture 1 was orally administered to human subjects, and
blood plasma concentration levels of each of the atropisomer compounds was measured over a
period of 72 hours. In another study, a single, 10 mg oral dose of racemic mixture 1 was orally
administered to human subjects, and blood plasma concentration levels of each of the
atropisomer compounds was measured over a period of 120 hours.

[00176] Figures 10A and 10B show graphs of the blood plasma concentration of 1(S) and
1(R) plotted against a period of 72 hours after administration of a single, oral dose of 100 mg of
the individual atropisomers. The maximum concentration of 1(S) is over 2 times as great as the
maximum concentration for 1(R). Although the concentration of the compounds in the blood
plasma decreases over the 72 hour period, the difference in concentration of the two compounds
is maintained, if not further broadened. This difference in compound concentration in the blood
appears to broaden because compound 1(S) decreases more gradually over time whereas

compound 1(R) appears to be removed from the blood relatively more quickly.
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[00177] At a dose of 10 mg, the maximum blood plasma concentration of compound 1(S) is

still about double the maximum concentration of compound 1(R), see Figures 10C and 10D.

Example 9
Radiolabeled 1(S) and 1(R) in human plasma

[00178] This example compares the concentration of radiolabeled 1(S) and 1(R) in human
plasma in the middle of a daily dosing regimen.

[00179] Human subjects were dosed with 25 mg of a racemic mixture of 1(S) and 1(R) each
day for 7 days. On day 4, the dose was ‘spiked” with 40 nCi of labeled 1(S) or labeled 1(R).
(Total dosage was still 25 mg of the racemic mixture, since the amount of labeled material was
less than 0.1 mg so it did not materially affect the dosage.) From this point, the blood plasma of
the subject was sampled over time and the radiolabeled compound was detected and quantified.

[00180] Figure 11 depicts the concentration of MC radiolabeled compound 1(S) and 1(R) in
total blood plasma. Figure 11 shows the pharmacokinetic profile for total radiolabeled material
starting when the spiked material was administered on day 4, and continuing for several days
thereafter.

[00181] Both compounds in this test quickly reached their maximum concentration values
and began a steady decline of concentrations in the bloodstream. After day 1, the amount of
1(R), about 500 neg/ml., drops to about one-fourth the concentration of 1(S), which is about
2000 neg/ml.. The more rapid decline of 1(R) in the blood compared to 1(S) is further evident
at 50 hours from dosing, wherein the blood plasma concentration of compound 1(S) is between
500 to 1000 neq/ml. compared to concentration of 1(R) which is about 10-50 neq/ml.. The
concentration of 1(R) decreases more rapidly than the concentration of 1(S) as shown by the
sharper slope of the 1(R) curve compared to the more gradual and gentle slope of 1(S) in
Figure 11.

[00182] Table 4 summarizes the half-life, C,,,x and AUC values in human subjects for
compounds 1(S) and 1(R) based on the data in Figure 11. At nearly 64 hours, compound 1(S)
has a half-life 6 times as long as the half-life of 1(R), which has a half-life of under 11 hours.
The C,,.x value for 1(S) is twice as long as that of 1(R), and the AUC value for 1(S) is over
4 times as that of 1(R). These results demonstrate that compound 1(S) has an unexpected and

very different pharmacokinetic profile compared to compound 1(R) in human subjects after oral
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dosing. Compound 1(S) has a significantly longer half-life, as well as increased Cmax and AUC
values; thus compound 1(S) produces greater exposure in humans compared to 1(R).

Compound 1(S) therefore offers unexpected advantages over either 1(S) or a racemic mixture,
and treatment of a human with 1(S) can provide a higher, more stable plasma level of active
drug than treatment with 1(R) or the racemate, and simultaneously reduces exposure of the

subject to other materials or metabolites of 1(R).

Table 4
Cmax AUClast
T172 h] [neq/mL] [neq*h/mL]
Compound 1 69.9 +£26.6 2780 £ 1163 51,032 +£22 383
Compound 1(S) 63.9 3930 90511
Compound 1(R) 10.6 1946 21676
Example 10

Metabolic products formed from 1(S) and 1(R) in rats

[00183] This example compares the formation of metabolic products in rats after
administration of compounds 1(S) and 1(R).

[00184] A single 50 mg/kg oral dose of either atropisomer 1(S) or 1(R) was administered to
rat subjects. The rat urine was subsequently sampled and analyzed using LC-MS
instrumentation.

[00185] Figure 12A and 12B show LLC-MS results of the metabolites found in the urine. Rats
which were exposed to 1(S) produced mainly one compound represented by a peak at
13.4 minutes and a second compound represented by a much smaller peak at 14.5 minutes,
Figure 12A. On the other hand, the analytical traces of urine from rats which were administered
compound 1(R) are characterized by three main peaks at 13.5, 14.4, and 15.6 minutes, and a
small peak at minute 12.1, Figure 12B. This demonstrates that compound 1(R) is metabolized
in vivo to produce more metabolic products compared to compound 1(S) and suggests that the

two atropisomers are not metabolized by the body in exactly the same way.
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Example 11
Metabolic products formed from 1(S) and 1(R) in human subjects

[00186] This example compares the formation of metabolic products in human subjects after
administration of compounds 1(S) and 1(R).

[00187] For these tests, either radiolabeled 1(S) or radiolabeled 1(R) was administered orally
to a human subject. Samples of plasma from the subject were tested 1 hour and 72 hours after
administration, and were analyzed for their radiolabeled content. The analysis used HPLC
conditions that were known to separate 1(S) (eluting at about 21-22 minutes) from 1(R), so any
interconversion between these species could be observed. It also resolves these two materials
from the major metabolites formed from them in vivo.

[00188] Figures 13A-13D further illustrate the unexpected stability of 1(S) in vivo relative to
1(R). The UV trace in each spectrum is provided as a retention time standard to confirm the
identity of the peaks, but the important data to observe is the C-14 radiolabel signal, which is
represented by small squares at the retention time for 1(S), 1(R), and the known metabolites of
these compounds. In Figure 13A, there are two radiolabeled peaks observed, compound 1(S)
(large peak at about 22 minutes) and a metabolite (small peak at about 14 minutes). In
Figure 13B, there are two dominant C-14 data points, 1(R) at 22 minutes, and a metabolite at
14 minutes. In this case, the metabolite level is nearly as large as the level of compound 1(R),
even just one hour after administration of 1(R). Thus, compound 1(S) results in less metabolite
formation than compound 1(R) in human plasma, and remains largely unmodified after 1 hr. At
72 hours, the amount of metabolites formed from 1(S) is still less than the amount of the parent
compound 1(S), Figure 13C; so most of the detected '*C detected label corresponds to the active
drug. It appears that a small amount of 1(R) is present at this point in time, suggesting that some
interconversion of 1(S) to 1(R) may occur in vivo. For 1(R) at 72 hours, primarily the
metabolites are detected and very little of 1(R) is seen; indeed, it appears there may be more
1(S) than 1(R) present, again suggesting a small amount of interconversion may occur: see
Figure 13D.

[00189] Therefore, the abundance of metabolite after dosing with radiolabeled 1(R) suggests
that compound 1(R) is metabolized by the human body relatively quickly. The low to non-

existent levels of metabolite in the plasma samples containing compound 1(S) suggests lower
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levels of metabolism, and the higher concentration of 1(S) 72 hours after administration shows

this isomer provides longer exposure from a single dose.

Example 12

Evidence for Superiority of a Single Atropisomer over the Racemic Mixture

[00190] This example compares the metabolic differences of the single 1(S) atropisomer over
the racemic mixture. The atropisomer 1(S) was shown to have a greater exposure than the
racemic mixture, 1, in humans, which can be attributed to the greater metabolism of the
atropisomer 1(R) and the greater metabolic stability of atropisomer 1(S).

[00191] Human pharmacokinetic was obtained after both the racemic mixture and 1(S) were
administered at 10 mg once daily. The Cmax values for 1(S) were 30% greater than those of
racemic mixture, while the AUC,.,4 values were increased 2.4-fold on Day 1 and 40% on Day 7.
Since the dose is low and well absorbed, as evidenced by the determination of 100%
bioavailability, it is likely that the 1(R) metabolism is greater. The greater extent and
complexity of 1(R) metabolism was supported by studies on human and rat in vivo metabolism
as well as in vitro studies of human liver microsomes and protein binding.

[00192] Urine was collected from humans dosed the racemic mixture and evaluated for
possible metabolites using LC/MS/MS. Using authentic racemic standards in an achiral method,
5 metabolites were confirmed. Of the five confirmed metabolites, four are composed of racemic
mixtures of atropisomers. Therefore, a total of 9 metabolites were observed in human urine.

The figure below indicates approximate relative abundance using the thickness of the arrow.
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[00193] In addition, plasma from human subjects dosed with the racemic mixture was
confirmed to contain 2 metabolites and the 2 atropisomers. One of the metabolites (M1b) was
greater than 10% of the parent levels of the active test article. The figure below indicates

approximate relative abundance using the thickness of the arrow.
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[00194] In contrast, because 1(S) is more metabolically stable, and it is a single entity, the
plasma profile was simplified. In human plasma samples analyzed for metabolites, only one
metabolite, M1a was observed and it was at less than 10% of parent levels, presenting a lower

risk and a simplified drug development path.

1(S) Mila
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[00195] Based on the fact that conversion of the isomers has been shown to not isomerize the

chiral center, the expected excreted metabolites of human subjects that were dosed with 1(S) are

likely to be less complicated. It is anticipated to contain 5 total metabolites as opposed to 9 seen

with the racemic mixture. The figure below indicates approximate relative abundance using the

thickness of the arrow.
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Example 13

P

Evidence For Anti-Arthritic Activity Of Isomer 1(S) In Collagen Induced Arthritis Rats

[00196] The effect of compound 1(S) in collagen induced arthritis (CIA) rats was measured

and compared to subjects exposed to vehicle or methotrexate. Figure 14 shows a graph that
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compares the effect of vehicle, compound 1(S) or MTX on the severity of CIA in vivo. The
graph plots the arthritis score as a function of the days post compound dosing and shows that
compound 1(S) has activity in reducing the severity of arthritis in rat models. Figure 14
compares the effect of vehicle, compound 1(S), and varying levels of methotrexate on anti-
collagen antibody levels in CIA rat models. In figure 15 we see additional evidence of anti-
arthritic activity in vivo wherein rats that were administered compound 1(S) showed signs of
reduction of collagen antibody levels in comparison to rats that were administered only vehicle.
Radiographic assessments on CIA rat subject treated with the various compounds also show
reduction in the X-ray score of subjects treated with compound 1(S), Figure 16, compared to
subjects treated with vehicle only. Figures 17A-D show images of tissue samples taken from
CIA rats treated with vehicle, compound 1(S), or MTX (0.5 mg/kg and 2.5 mg/kg). The dark
areas of the images is reduced in samples from subjects treated with compound 1(S) compared
to the vehicle, and is similar to the images taken from subjects treated with MTX. These studies
in CIA rat models of arthritis show that compound 1(S) has anti-inflammatory activity in vivo

and can be used in treating inflammatory conditions such as arthritis.
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Claims

1. An optically active compound comprising an atropisomer of formula 1(S)

X

N N
T
N =N
H>N 1(S)

or a pharmaceutically acceptable salt or solvate thereof;

wherein the atropisomer of formula 1(S) is present in excess of its corresponding

S

HN o q(R).

enantiomer of formula 1(R)

2. The optically active compound according to claim 1, substantially free of its

corresponding atropisomer of formula 1(R).
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3. An optically active compound comprising an atropisomer of formula 1(R)

oe
8
N
N N
C 1)
N =N
HoN 1(R)

or a pharmaceutically acceptable salt or solvate thereof;

wherein the atropisomer of formula 1(R) is present in excess of its corresponding

Set

"y

enantiomer of formula 1(S)

HN - 1(S).
4. The optically active compound according to claim 3, substantially free of its
corresponding atropisomer of formula 1(S).
5. A pharmaceutical composition comprising the optically active compound

according to claim 1, and a pharmaceutically acceptable carrier.

6. A pharmaceutical composition comprising the optically active compound

according to claim 3, and a pharmaceutically acceptable carrier.

7. A method of treating a condition in a mammal, wherein the condition is selected
from the group consisting of allergic rhinitis, asthma, atopic dermatitis, chronic obstructive

pulmonary disease (COPD), multiple sclerosis (MS), rheumatoid arthritis (RA), and diabetes,
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which comprises administering to a mammal in need thereof a therapeutically effective

amount of the optically active compound according to claim 1.

8. A method of treating a condition in a human, wherein the condition is selected
from the group consisting of allergic rhinitis, asthma, atopic dermatitis, chronic obstructive
pulmonary disease (COPD), multiple sclerosis (MS), rheumatoid arthritis (RA), and diabetes,

which comprises administering to a human in need thereof a therapeutically effective

amount of an optically active atropisomer having the formula

X

g

HN - 1(S)

or a pharmaceutically acceptable salt thereof.

9, A method of treating cancer in a mammal, wherein the cancer is leukemia,
lymphoma or multiple myeloma, which comprises administering to a mammal in need thereof a

therapeutically effective amount of the optically active compound according to claim 1.

10. A method of treating cancer in a human, wherein the cancer is leukemia,
lymphoma, or multiple myeloma, which comprises administering to a human in need thereof a

therapeutically effective amount of an optically active atropisomer having the formula

X

N N
T
N =N
H:N 1(S)
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or a pharmaceutically acceptable salt thereof.

11. An optically active atropisomer obtained by separation of a racemic mixture of
formula 1
Z
N/\
NSNS
T
N =N
HN (D)

or a pharmaceutically acceptable salt or solvate thereof;
wherein the optically active atropisomer is characterized by a shorter retention time on a

normal phase chiral column when compared to its enantiomer.

12. The atropisomer according to claim 11, wherein the optically active atropisomer
obtained consists mostly of the compound of formula 1(S) substantially free of the compound of

formula 1(R), wherein 1(S) and 1(R) are depicted below:

S o

g g

H:N - 1(S) HN - (R,

13. The atropisomer according to claim 11, wherein the optically active atropisomer
obtained consists mostly of the compound of formula 1(R) substantially free of the compound of

formula 1(S), wherein 1(S) and 1(R) are depicted below:
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ey gioes

N N N N
A N
CTY ST
N =N N =N
H:N  1(S) HN- q(R).
14. An optically active atropisomer obtained by separation of a racemic mixture of

formula 1

es

CTY
N =N

BN (1)
or a pharmaceutically acceptable salt or solvate thereof;
wherein the optically active atropisomer is characterized by a longer retention time on a

normal phase chiral column when compared to its enantiomer.

15. The atropisomer according to claim 14, wherein the optically active atropisomer
obtained consists mostly of the compound of formula 1(S) substantially free of the compound of

formula 1(R), wherein 1(S) and 1(R) are depicted below:
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ey gioes

N N N N
A N
CTY ST
N =N N =N
H:N  1(S) HN- q(R).
16. The atropisomer according to claim 14, wherein the optically active atropisomer

obtained consists mostly of the compound of formula 1(R) substantially free of the compound of

formula 1(S), wherein 1(S) and 1(R) are depicted below:

SR &0

HN - 1(S) HN- (R,
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